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ABSTRACT In this paper, a new and efficient passive islanding detection technique for a grid-connected
hybrid distributed generating system has been proposed using Second Generation Wavelet Trans-
form (SGWT) and Maximum Overlap Discrete Wavelet Transform (MODWT). In this technique, the ripple
content of the voltage signal is measured at the Point of CommonCoupling (PCC) and it is monitored through
the decomposition of the signal by applying SGWT and MODWT technique up to suitable finer levels.
This algorithm able to detects all kinds of islanding at nearly 0.3 sec, even with zero power mismatch. It is
verified on a wide range of operational conditions and is also validated in various non-islanding conditions.
Furthermore, the proposed technique is simple, there is no need for a classifier requirement, not depends
on system parameters, zero non-detection zone (NDZ), and its operation is independent of the capacity and
nature of distributed generation (DG) connected to the utility grid.
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INDEX TERMS Grid connected distributed generation, maximum overlap discrete wavelet transform,
passive islanding detection, second generation wavelet transform, time domain analysis, zero-non-detection
zone.

I. INTRODUCTION14

A. MOTIVATION15

The accelerated degradation of traditional energy supplies16

and increasing emissions levels have driven researchers to17

focus on accessible renewable energy sources. Globally,18

renewable energy sources such as wind and solar photo-19

voltaic (P.V.) system-based power generation are strongly20

promoted. These sources are widespread in the harvesting21

domains of residential and industrial areas. There have been22

many installations of renewable power sources over the past23

couple of years, so the wind and solar P.V. power generation24
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prices have declined sharply. The superior task is integrating 25

renewable energy sources with the utility grid and protecting 26

D.G. systems against unintentional islanding. As per IEEE 27

standard 1547-2018, if a D.G. system is isolated from the grid 28

when breaker isolation, a part of the power system becomes 29

continually energized from the D.G. Islanding harm infras- 30

tructure and power quality problems related to voltage and 31

frequency fluctuations in the D.G. system’s connection to the 32

grid. As a result, islanding is always quickly identified [1], [2] 33

to safeguard electrical devices and the D.G. 34

B. LITERATURE REVIEW 35

Islanding detection techniques may be classified generally 36

into passive, active, and communication-based approaches. 37
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Each approach has several merits and limitations. However,38

these are the most often used strategies for islanding detec-39

tion. The communication-based approach delivers better out-40

comes without altering the efficiency of the power system41

network. Additionally, considering its high cost and complex42

processes, the decreased NDZ benefits [3]. Active methods43

can detect islanding when deliberately injecting perturba-44

tions into the D.G. unit. Active approaches introduce power45

quality issues that affect the power system’s efficiency, even46

though it appears to be a small NDZ [4]. Passive methods47

are concerned, even though the passive methods are well48

developed. Still, they rely on continuous measurement of49

system parameters such as variation in the voltage, frequency,50

harmonic distortion, etc. By setting specific threshold values51

for the system parameters, islanding and non-islanding cases52

can be differentiated [5]. Various passive islanding detec-53

tion techniques are available in the literature, including con-54

ventional, signal processing, and intelligent techniques. The55

most often employed passive islanding detection approaches56

are dependent on voltage and frequency components that57

are either under or over. The rate in change of voltage58

or frequency shift was used to monitor the islanding. The59

effectiveness of the passive islanding detection techniques60

could be increased by using more responsive indications such61

as rate of change of frequency, rate of change of reactive62

power, voltage unbalances, total harmonic distortion, and63

oscillation frequency estimation, etc. However, they may64

fail to predict the islanding condition whenever the local65

load matches the D.G. power. Later, the islanding detection66

strategies focused on modern signal processing techniques67

for quick and accurate detection. S-transforms [6], [7] pro-68

vide multi-resolution analysis that is insensitive to signal-69

to-noise ratios. Nonetheless, it takes more computing time,70

and the computational complexity increases significantly for71

transient situations and harmonic distortion, reducing the72

islanding detection’s efficiency. The wavelet transform seems73

useful for evaluating non-stationary signals whose frequency74

changes with time. It provides information on time to derive75

transient information through the frequency component of76

non-stationary signals [8], [9]. The DWT has a disadvan-77

tage of limitation of signal length, i.e., multiple-power-of-78

two, and lack of translation-invariance. Data processing is79

carried out in DWT using a memory-intensive algorithm,80

which requires a convolution and filtering operation. So, the81

computational difficulty increases as the length of the filter82

increases. The DWT requires high computational time, more83

memory, and sensitivity for selecting a signal starting posi-84

tion. Empirical Mode Decomposition (EMD) [10], Orthog-85

onal EMD (OEMD) [11], Variational-Mode Decomposition86

(VMD) [12], Transient Monitoring Function (TMF) [13],87

Mathematical Morphology (MM) [14] and Matrix Pencil88

(MP) [15] algorithms were also used for islanding detection.89

These algorithms perform better compared to the above-90

discussed techniques, but these methods still have certain91

limitations. The EMD and OEMD approaches were having92

a problem with mode mixing, whereas the TMF and MM93

algorithm’s performance reduces with a rise in noise lev- 94

els. Apart from the limitations mentioned above in island- 95

ing detection algorithms using signal processing techniques, 96

some techniques require a classifier to distinguish islanding 97

and non-islanding cases; this raises the computational bur- 98

den of the algorithm. Some algorithms do not require any 99

classifier, but they will work by setting the threshold. While 100

setting the threshold for non-islanding situations, proper care 101

should be taken such that the deviations are always lower 102

than the threshold values. It may fail to detect islanding when 103

considering full ranges of non-islanding events. Therefore, 104

there is a need for an effective signal decomposition approach 105

in passive islanding detection methods. 106

C. CONTRIBUTION AND ORGANIZATION OF THE PAPER 107

During islanding, the lack of stability of the grid can cause 108

an unexpected and persistent change in the amplitude of the 109

voltage at the PCC, which can be used to detect the islanding. 110

In this paper, to overcome the limitations in the existing 111

techniques, two new techniques are proposed for islanding 112

detection: SGWT and MODWT. The proposed techniques 113

detect the islanding by considering the lower frequency 114

components of the PCC voltage signal. These techniques 115

have no NDZ limitation, even when load power matches 116

the D.G. power and effectively separates the non- islanding 117

and islanding cases without any classifier. The following 118

are the main contributions of this paper: i) The suggested 119

criterion could rapidly recognize the distinction between the 120

islanded mode and the grid-connected mode, even when 121

demand and generation are perfectly matched. Because of 122

this, the proposed islanding detection criteria have no NDZ, 123

which is different from passive detection approaches. ii) Iden- 124

tifies islanding under dynamic loading scenarios and dif- 125

ferentiates accurately between non-islanding and islanding 126

conditions without the need for a classifier. iii) Selecting 127

a single threshold value that obviates the requirement for 128

adaptive thresholds in a range of operational conditions. The 129

proposed work is implemented using MATLAB / Simulink 130

andOPAL-RTReal-TimeHardware-in-Loop (HIL) simulator 131

environment.The proposed methods are being tested for dif- 132

ferent operating conditions, and their effectiveness is verified 133

through simulation and HIL results. 134

This paper is organized as follows: Section 2 illustrates 135

the determination of wavelet coefficients using SGWT and 136

MODWT. The description of the hybrid D.G. system and 137

algorithm of the proposed method is presented in section 3. 138

Section 4 gave the results and discussion of the proposed 139

approach. Finally, conclusions are provided in Section 5. 140

II. CALCULATION OF WAVELET COEFFICIENTS 141

A. SECOND GENERATION WAVELET TRANSFORMATION 142

(SGWT) 143

The fast and straightforward SGWT solution is ideal for 144

islanding detection. The SGWT’s low memory requirement 145

and lower computational time properties make it significant 146
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FIGURE 1. Block diagram of the PMSG-PV hybrid system.

in detecting islanding. The Lifting Scheme (L.S.) in the147

SGWT decreases the number of unnecessary computations of148

DWT. The L.S. is more versatile than the wavelet in design149

and execution [16]. The following three steps were included150

in the lifting wavelet scheme adopted on a voltage signal151

Y [n] with ’n’ samples to convert into an approximation signal152

‘a[n]′ and a detailed signal ‘d[n]′ as follows:153

Split: The voltage signal, Y[n] split into two disjoint sub-154

sets, that is Yeven[n] = E[n], even indexed samples, and155

Yodd [n] = O[n], odd indexed samples, which are strongly156

correlated. This correlation mechanism is local.157

Y [n] = E[n]+ O[n] (1)158

Predict: This step is used to generate detailed coefficients159

d[n] of the signal Y [n] from the decomposition of the wavelet160

using Eq. 2 given below. Prediction Operator (P) is a linear161

combination of neighboring even indexed samples.162

d[n] = O[n]− P(E[n]) (2)163

Update: The approximation coefficients a[n] of the initial164

signal Y[n] are estimated using Eq. 3. It updates the even165

components based on a linear combination of different sam-166

ples collected from the predicted step. Update operator (U ) is167

a linear combination of the neighboring detailed coefficient168

values.169

a[n] = E[n]− U (d[n]) (3)170

First-level approximations have been used to iterate the 171

operation. The SGWT needs half the number of computa- 172

tions compared to the traditional convolution-based Wavelet 173

transforms. 174

B. MAXIMUM OVERLAP DISCRETE WAVELET 175

TRANSFORMATION (MODWT) 176

It also has a decomposition of the original signal based on 177

the quadrature of the mirror filter, which separates the fre- 178

quency spectrum, and the coefficients of scale andwavelet are 179

extracted at the output of every filter. The critical distinction 180

between MODWT and DWT is that in the DWT, the number 181

of samples of the signal decreases at each level of decompo- 182

sition, whereas in MODWT, it preserves the signal’s length. 183

There is no limit on the signal size in the MODWT, unlike 184

the standard DWT. So, for all signal lengths, the MODWT 185

may be implemented. By eliminating down-sampling, the 186

tolerance to the first selection position can be reduced. The 187

MODWT can be used for any section ′N ′ with an integer 188

multiple of ′2j’for j = 1, 2, 3, . . . , J, where ′j′ is the scale, 189

and J is the decomposition level of the MODWT [17]. The 190

Eq. 4 and 5 give the MODWT scaling coefficients Ṽj and the 191

wavelet coefficient W̃j at the ′nth’ element of the ′jth’ stage 192

with the input signal Y (n) and scaling filter h̃1 and wavelet 193

filter g̃1 of the MODWT. 194

Ṽj,n =
Lj−1∑
k=0

g̃j,1Ỹn−1modN (4) 195
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FIGURE 2. Flowchart for the proposed algorithm of SGWT and MODWT.

W̃j,n =

Lj−1∑
k=0

h̃j,1Ỹn−1modN (5)196

where n=1,2,3,. . . , N. N is the length of the signal, k=197

0,1,2,. . . ,L-1. L is the filter length. The Eq. 6 and 7 provide198

the approximations Ãj and the details D̃j) of the nth element199

of a jth stage of the MODWT.200

Ãj,n =
Lj−1∑
k=0

g̃0j,k Ṽn+kmodN (6)201

D̃j,n =
Lj−1∑
k=0

h̃0j,kW̃n−1modN (7)202

where g̃0 and h̃0 periodized g̃ and h̃ to length N. In terms203

of approximations and details, the original time series signal204

Y(n) can be expressed as shown in Eq. 8.205

Y (n) =
j∑

k=0

(D̃j)+ Ãj (8)206

III. TEST SYSTEM AND PROPOSED METHOD207

A. ARCHITECTURE AND CONTROL SCHEME208

The test system consists of a wind turbine connected to209

a Wind Side Converter (WSC), and a grid-connected Grid210

Side Converter (GSC). A dc-link capacitor connects the pho-211

tovoltaic array directly to the back-to-back voltage source212

converter. Both the WSC [18] and GSC [19] are six-cell213

converters consisting of an IGBT switch. The block dia-214

gram of the proposed wind turbine fed PMSG-PV hybrid215

FIGURE 3. (a) Single-phase voltage at PCC (b) approximate coefficients
(c) ISDW.

scheme is shown in FIGURE 1; the proposed hybrid test 216

system is evaluated under wind velocity of 12m/s and irra- 217

diation of 1000 W/m2. Maximum power is derived from 218

the P.V. array through an independent PV-MPPT controller 219

under rapidly varying irradiation and load resistance [20]. 220

The voltage of the DC-link is controlled according to the 221

output from PV-MPPT. Maximum power is derived from 222

wind turbine-driven PMSGs using an optimal torque MPPT 223

controller [21], reference torque is produced, and associated 224

switching pulses are generated. Consequently, the wind side 225

converter delivers maximum power to the DC-link, giving 226

both power sources maximum power in all atmospheric con- 227

ditions. The voltage and frequency needed to drive the utility 228

and maintain the unity power factor are entirely controlled by 229

GSC.PMSG and photovoltaic sources are rated at 8 kW and 230

100 kW, respectively [22]. 231

B. PROCESS ALGORITHM OF THE PROPOSED METHODS 232

FIGURE 2 represents the flow chart of the process algo- 233

rithm of the proposed methods. There will be no island- 234

ing detection in many passive approaches when the inverter 235

output power equals the load power because this is coun- 236

terproductive to the power system. We have monitored the 237

voltage variations at PCC to overcome this kind of situation 238

in our proposed techniques. Variations are attributed to the 239

high switching frequency and voltage ripple as in the D.C. 240

link. FIGURE 3(a) shows a voltage measured at the PCC, 241

FIGURE 3(b) depicts the output waveform of the third level 242

approximate coefficients of the MODWT technique. The 243

coefficients are obtained using ’db4’ as the mother wavelet 244

and third-level approximation generated from the iterative 245

operation of the SGWT technique. FIGURE 3(c) shows an 246

islanding detection waveform (ISDW) from the mean of the 247

upper envelope for the third-level approximate coefficients 248
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TABLE 1. Different tested scenarios.

in the SGWT and MODWT. There is a significant difference249

in ISDW magnitude before and after the islanding condition.250

The magnitude of the ISDW is compared with the threshold251

values for predetermined delay time; then, the islanding can252

be detected.253

IV. RESULTS AND DISCUSSION254

A wide variety of islanding and non-islanding cases are255

tested to evaluate the proposed algorithm’s effectiveness.256

Table 1 presents the various scenarios and the number of tests257

performed in each scenario.258

A. ISLANDING CASES259

1) ISLANDING DETECTION WHEN ZERO-POWER260

MISMATCHED CONDITION261

In this case, the proposed algorithm’s performance is tested262

when the amount of D.G. power is equal to the load power.263

FIGURE 4(a) depicts ISDWwithMODWT and SGWTwhen264

zero-power mismatched condition with a load quality factor265

is one (Q=1). FIGURE 4(b) shows the trigger signal. The266

breaker opens at one second and senses islanding after 0.3 sec267

of breaker opening. Before the breaker opens, the amplitude268

variance of the detection waveform (ISDW) is less than the269

pre-defined threshold. After the breaker opens, the amplitude270

variation of the detection waveform (ISDW) is more than the271

pre-defined threshold value with a delay; with this informa-272

tion, islanding could be detected. The proposed method can273

detect islanding even under zero power mismatch conditions.274

So, the NDZ of the proposed algorithm is almost zero.275

2) VARIATION IN LOAD QUALITY FACTOR276

As per IEEE std, the range of load quality factors consid-277

ered during islanding detection is between 1 and 2.5. Using278

MODWT and SGWT, FIGURE 5(a) illustrated the impact of279

a variable load quality factor on ISDW in the presence of a280

zero-power mismatch. The gap between the grid-connected281

and islanding ISDW magnitudes is minimized by increasing282

the load quality factor. Higher’ Q’ indicates an increased283

FIGURE 4. Zero Power Deviation case (a) ISDW (b) Trigger signal.

load of reactance, which will decrease the number of voltage 284

and current waveform frequency oscillations after islanding. 285

A similar phenomenon for all other islanding situations is 286

found in the ISDW. FIGURE 5(b) showed the trigger signal 287

in MODWT and SGWT. The proposed algorithm assures 288

the accurate detection of islanding even under zero power 289

mismatch conditions. So, the NDZ of the proposed algorithm 290

is null. 291

3) REAL POWER MISMATCH 292

FIGURE 6(a) and 7(a) showed the ISDW variations for real 293

power imbalances of the D.G. power and load power, con- 294

sidering the MODWT and the SGWT. The ISDW magnitude 295

is greater than the threshold level after the breaker open- 296

ing. Therefore both the transformation techniques detect the 297

islanding condition shown in FIGURE 6(a) and 7(a). The 298

D.G. capacity is greater than the load capacity if there is 299

a positive real power imbalance. Real power deviations are 300

considered to increase and decrease cases by changing real 301

power from 2% to 20%. If the power imbalance varies by 302

more than 20%, the voltage levels would be divergent from 303

the region of NDZ—accordingly, the maximum imbalance, 304

which we estimated to be about 20%. FIGURE 6(b) and 7(b) 305

showed the trigger signal for real power mismatches in the 306

MODWT and the SGWT. 307

4) REACTIVE POWER MISMATCH 308

FIGURE 8(a) and 9(a) showed the ISDW signal for reac- 309

tive power imbalance for inductive and capacitive-load. 310

Whenever the breaker opens at 1.0 seconds, the magnitude 311

of the detection signal (ISDW) increases and crosses the 312

threshold level. The algorithm determines islanding condi- 313

tion is present. Suppose there is a positive mismatch; it 314

implies that the capacitive demand becomes less than the 315

inductive and conversely. For reactive power analysis, 0.2% 316

to 2% of the total reactive power variance is considered. 317

If the reactive power imbalance extends predefined limits 318

of +2% and −2%, the frequency deviates from the NDZ. 319
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FIGURE 5. (a) ISDW for different quality factors utilizing MODWT & SGWT
(b) Trigger signal.

FIGURE 6. (a) ISDW applying MODWT for different real power
mismatches (b) Trigger signal.

FIGURE 7. (a) ISDW using SGWT for varying real power of the load
(b) Trigger signal.

FIGURE 8(b) and 9(b) showed the trigger signal for reactive320

power imbalance in the MODWT and the SGWT.321

B. NON-ISLANDING CASES322

Different faults, loss of parallel feeder, load and capaci-323

tor switching, etc., are the various possible non-islanding324

FIGURE 8. (a) ISDW applying MODWT for different load reactive powers
(b) Trigger signal.

FIGURE 9. ((a) ISDW applying SGWT for different reactive power
mismatches (b) Trigger signal.

scenarios that can cause the false detection of islanding. All of 325

these non-islanding scenarios are being tested to validate the 326

effectiveness of the proposed islanding detection technique. 327

1) SHORT CIRCUIT FAULTS 328

Different kinds of short-circuit faults are simulated, such 329

as three-phase fault (LLL), two-phase fault (L.L.), phase- 330

ground fault (L.G.), respectively. The circuit breaker in the 331

parallel feeder is tripped within 0.02s, thus clearing the 332

fault. Each case fault resistance is varied from 1 to 75 ohm. 333

FIGURE 10(a) and 10(b) shows ISDW detection signal for 334

LLL, L.L., L.G. faults, respectively. The detection signal 335

settling time was small relative to the pre-defined detection 336

delay in all kinds of faults, so no false detection is triggered, 337

as shown in FIGURE 10(c). There is a peak in the waveform 338

of ISDW, it saturates very rapidly, but at the end of the 339

method, the pre-defined time delay is used to divert incorrect 340

trips from non-islanding situations. The maximum time delay 341

for various fault resistances in LLL, L.L., L.G. faults is shown 342

in Table 2. It is observed that the maximum time delay as fault 343
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FIGURE 10. ISDW using (a) MODWT (b) SGWT for different fault cases
(c) Trigger signal.

FIGURE 11. ISDW using (a) MODWT (b) SGWT for load switching cases,
(c) Trigger signal.

resistance increases, maximum delay decreases in both the344

MODWT and the SGWT decompositions.345

2) LOAD SWITCHING346

In this case, load switching ON and OFF are considered.347

The load is switched ON at 1.0 sec, and it is increased with348

steps of 10% up to 100% with step duration of 0.02 sec, and349

the same stepwise load is removed from 100% to 10% from350

2.0 sec onwards with the same step duration of 0.02 sec.351

The islanding detection signals using MODWT and SGWT352

are showed in FIGURE 11(a) & 11(b) for 20% and 100%353

of load switching. There was no false islanding detection354

FIGURE 12. ISDW using (a) MODWT (b) SGWT for capacitor bank
switching cases, (c) Trigger signal.

for both these cases because the ISDW signal is flat during 355

load switching, which means the detection signal fell to nor- 356

mal values since the pre-defined delay elapsed, as shown in 357

FIGURE 11(c). 358

3) CAPACITOR BANK SWITCHING 359

The capacitor bank is switched ON at 1.0 sec, and it 360

is increased with steps of 10% up to 100% with a step 361

duration of 0.02 sec. Similarly, the capacitor banks are 362

removed stepwise from 100% to 10% from 2.0 sec onwards 363

with the same step duration of 0.02 sec. The islanding 364

detection signals using MODWT and SGWT are shown in 365

FIGURE 12(a) & 12(b) for 20% and 100% of capacitor bank 366

switching. In the entire capacitor bank switching cases, there 367

is a peak in the MODWT and SGWT waveforms. It saturates 368

very quickly, so, by using a proper time delay and threshold, 369

false tripping is avoided, as shown in FIGURE 12(c). 370

C. EFFECT ON SYSTEM PARAMETERS 371

1) VARIATION IN THE HYBRID DG POWER 372

The inverter output and hybrid D.G. power are varied between 373

25 and 220 kW. The zero-power mismatch islanding situation 374

is considered for various D.G. ratings using a load quality 375

factor of 2.5. Table 3 illustrates the impact of varying D.G. 376

capacity in all islanding and grid-connected scenarios about 377

ISDW magnitudes. In the grid-connected situation, the mag- 378

nitude of ISDW was constantly well below the threshold, but 379

in the islanded case was continually over the threshold level. 380

This indicates here that the hybrid D.G.’s capacity does not 381

limit the technique’s performance. 382

2) CHANGE IN TRANSFORMER RATING 383

To assess the efficacy of the proposed technique, the 384

KVA rating of the distribution transformer is adjusted in 385
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TABLE 2. Effect of fault resistance on time delay.

TABLE 3. Impact of variation in the D.G. power.

FIGURE 13. ISDW for (a) MODWT (b) SGWT for different sampling
frequencies.

both islanding and grid-connected situations. The islanding386

behaviour of transformers with varying kVA ratings is inves-387

tigated using a load quality factor (Q=2.5) and no power388

mismatch. Table 4 shows the influence of different ratings of389

transformers with ISDW magnitudes in islanding and grid-390

connected situations. The ISDW for grid-connected (before391

islanding) was found to be continuously below the thresh-392

old due to the effect of grid stabilization. The ISDW value393

decreases as the rating of the transformer increases. The394

ISDW for islanding was always above the threshold due to395

the transformer’s impedance on the load. This increase of396

impedance results in changes in the PCC voltage signal that397

raises the ISDW amplitude.398

3) SIGNAL-TO-NOISE RATIO (SNR)399

Distortion is introduced in the PCC voltage signal with white400

Gaussian noise to test the proposed system’s ability. The noise401

levels, i.e., SNR = 20, 30, and 40 dB, are applied to the402

PCC voltage signal. In Table 5, it can be noticed that the403

suggested approach has better accuracy against various types404

TABLE 4. Effect of change in hybrid DG power.

TABLE 5. Impact of different Noise levels.

of noises. The minimum values of ISDW for all islanding 405

cases were always above the threshold, and the time delay 406

for non-islanding was consistently below the optimum time 407

delay value. 408

4) SAMPLING FREQUENCY 409

Various sample frequencies are used to evaluate the suggested 410

algorithm’s performance. A load quality factor (Q=2.5) is 411

utilised to simulate a zero-power mismatch islanding situ- 412

ation using a variety of sampling frequencies. FIGURE 13 413

shows a variety of ISDW versions. Because the ISDW levels 414

were consistently below and slightly over the threshold in 415

both the grid-connected and islanding situations, it suggests 416

that the recommended approach is unaffected by frequency 417

changes in its ability to identify islanding. 418

D. HIL IMPLEMENTATION 419

The simulation results were validated using the Opal RT 420

OP5700 HIL Simulator, RT-LAB, MSOX3014T, PCB-E06- 421

0560. The PCB is used to communicate between the simula- 422

tion and the real-time controller via analog outputs and digital 423

inputs. The machine and controller are placed in OPAL-RT 424

to ensure that the system runs correctly. The high-speed 425

nano to microsecond OPAL-RT sample rate transforms this 426

system into a dynamically real-time system. The user PC is 427

in charge of the RT-digital LAB’s simulator (RTDS) com- 428

mands. RT-LAB is used to edit, build, load, and operate the 429

prototype. 430

1) ISLANDING DETECTION WHEN ZERO-POWER 431

MISMATCHED CONDITION (ISLANDING EVENT) 432

In this case, the proposed algorithms’ real-time validation 433

is evaluated when the power from the D.G. matches the 434

load power. FIGURE 15(a) & 15(b) illustrates ISDW with 435

MODWT and SGWT in the presence of a zero-power mis- 436

match and shows the trigger signal.The breaker opens at a 437

time of 6.0 seconds and detects islanding within 0.3 seconds 438

of opening. 439
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FIGURE 14. Real-Time (RT) HIL setup.

TABLE 6. Comparison of the proposed approach with other signal processing techniques ‘‘N.C.’’ = Not considered. ‘‘V.F.’’ = Verified.

2) 3-PHASE FAULT CONDITION (NON-ISLANDING EVENT)440

FIGURE 16(a) & 16(b) shows the real-time validation of the441

non-islanding event (3-Phase fault) ISDW signal. The pro-442

posed methods have a distinct ability to separate the islanding443

and non-islanding events, which is evident in a real-time444

environment. FIGURE 14 illustrates the arrangement of the445

real-time results.446

E. COMPARISON447

This section compares the proposed approaches with several448

other signal processing islanding detection algorithms found449

in the literature, as summarized in Table 6. The VMD, TMF,450

and M.P. approaches are not accurate regarding low power451

mismatch and they are not considered fault conditions for452

validating non-islanding events. Although DWT and OEMD453

minimize the NDZ, the load and capacitor switching and 454

fault cases have not been validated. Most approaches do not 455

consider changes in D.G. capability and noise, which are crit- 456

ical for identifying islanding. While the TMF, MP, OEMD, 457

MM, and VMD approaches do not need a classifier, they may 458

struggle to differentiate between islanding and non-islanding 459

incidents under various operating settings. Furthermore, the 460

faulty situations that are very important to island identifica- 461

tion have not been mentioned in the DWT, WPT, OEMD, 462

TMF, and VMD methods. Many islanding detection algo- 463

rithms have not considered non-islanding cases like load 464

& capacitor switching and short-circuit faults. On the other 465

hand, the proposed algorithm overcomes these drawbacks. 466

The power imbalance is among the most key indicators of a 467

detection approach. To prove the competence of the proposed 468
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FIGURE 15. Zero Power mismatch (ISDW) (a) SGWT (b) MODWT.

FIGURE 16. 3-Phase fault (ISDW) (a) SGWT (b) MODWT.

methods, real and reactive power imbalance cases among the469

load and the D.G. are considered.470

The power imbalance is among the most critical indicators471

of an islanding detection approach. To prove the effectiveness472

of the proposed methods, real and reactive power imbalance473

cases among the load and the DG are identified for the three474

approaches’ comparison purposes. FIGURE 17 illustrates the475

comparison between the three methods of their detection476

speed with the active and reactive power mismatch. The fig-477

ure shows that the proposed MODWT and SGWT detection478

methods are capable of performing faster islanding detection479

compared to the existing ones.480

FIGURE 17. Performance assessment of proposed methods with DWT
(a) Real power imbalance (b) Reactive power imbalance.

V. CONCLUSION 481

This paper proposes the SGWT andMODWT passive island- 482

ing detection techniques. The proposed methods detected 483

islanding nearly at 0.3 seconds. The SGWT has some merits, 484

such as low memory requirement, less computing time, and 485

good performance. Further, the SGWT’s reduced computing 486

time encourages voluminous data processing more quickly. 487

Similarly, the MODWT free down sampling gives the correct 488

location of events, eliminating the down-sampling, which 489

overcomes the range of the signal length. The proposed 490

techniques were validated for various islanding cases, and 491

they are independent of the system parameters and effec- 492

tively separate islanding and non-islanding situations without 493

any requirement of a classifier. Additionally, these methods 494

give optimum threshold value regardless of ISDW variations 495

induced by different non-islanding conditions. The proposed 496

methodologies may be employed in online networks to detect 497

islanding effectively. 498
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