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Abstract.

In recent days, the solar photovoltaic (PV) system is one of the utmost renewable
energy systems in the existing power system which will improve grid dependability. There
is an adverse effect on the PV system on the grid, when the main grid power supply to the
local/remote loads is interrupted and then there is a percentage of the load is supplied
through the PV system. This paper presents the detection of the islanding state using the
DWT-ANN approach. The voltage signals and current signals at the point of common
coupling (PCC) bus and load bus are considered to detect the condition. Simulation study
has been performed using MATLAB / Simulink software, and the results indicate that the
proposed DWT — ANN based scheme is reliable.

Keywords. Photo Voltaic (PV) System, Artificial Neural Network Method (ANN),
Islanding detection.

1. INTRODUCTION

Distributed generation (DG) connections such as solar plants, wind turbines, fuel
cells, etc., to a system that has greatly increased the demand for clean energy is
increasingly found. A few problems arose before the DG became part of the most
important grid [1].

The unintentional discovery of an island in a connected DG grid is one of the
biggest challenges that event events can be relied upon. It explained, "A situation in which
a specific component system includes both distributed power resources (DER), and loads
that remain dynamic while separated from the rest of the system in use" [2]. Unexpectedly,
existing on the islanding causes serious problems, including:

= Maintenance of power and frequency range within acceptable limits of normal
standards,

= Supplying loads in DG units will create threats on the line of personnel safety, as
well,
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= DG unit reset is out of phase which results in immediate reset. Therefore, in the
most important energy system to find the occurrence of an islanding.

The means of finding an island are broadly divided into 2 types namely remote
islanding scheme and local islanding scheme. Additionally local methods, distinguishing
between active and passive: Passive routes have a lot of uninspected territory (NDZ) and
depend on the unfavourable situation to identify the island. Effective methods have low
NDZ [3], apart from that it causes addition of harmonics.

2. POWER SYSTEM EXPLANATION

This proposed scheme, must classify or discriminate islanding conditions with
non-islanding conditions in order to obtain reliable islanding conditions. Non-island
conditions such as faults [1] etc.

It has been recorded the desired three-phase voltages and currents on the grid bus
and PV bus distinctively each/every simulation event. Generated for each case a data set of
50 cases each and a total of 200 cases of data set from PV bus and also at grid bus under
fault condition, and islanding condition separately. These 200 cases of dataset have been
processed through lowpass filter to reduce the noise from electrical signals, and are
Extracted feature by DWT. Input dataset has been trained with corresponding targets using
DWT-ANN modules. So, then the DWT-ANN modules have been designed based on
Levenberg-Marquardt (LM) algorithm to reduce learning error.

3. FAULT DETECTION SCHEME FOR GRID-TIED PV SYSTEM

There is different type of faults like LG, LLG, LLLG, LLL, open-circuit etc.
Assumed LG's fault for this proposed approach to discriminate faults and islanding
conditions. To produce 50 sets of data by changing the fault inception time and by varying
islanding situations in the power system network. For each and every case such as
islanding situation or/and fault situation, measured voltage and current signals at the PV
bus and grid bus. Fig.1. shows the voltage and current signals on the grid bus (B120) and
Fig.2. shows current voltages and signals on PV bus (B25) at fault condition at 1.25
seconds respectively.
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Fig.1. 3-phase signals at fault inception time-1.25sec at Grid bus (B120): (a). voltage
waveform (b). current waveform



The LG fault has been applied between phase A and the ground which is the reason
why the phase A power becomes zero and the current phase A raises its peak to at the grid
bus after the fault shown in Fig. 1. In the PV bus, the three-phase voltage and current
signals are replaced by the amplitude of the voltage signals decreases and the magnitude of
the current signals increases as shown in Fig.2.
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Fig.2. 3-phase signals at fault inception time-1.25sec at PV bus (B25): a) voltage waveform b)
current waveform

4, ISLANDING DETECTION SCHEME FOR GRID-CONNECTED SOLAR
PV SYSTEM

There are different methods to identify an islanding condition in which is an effective
and passive method [4]. Functional methods are Sandia frequency shift [5], Active slip
frequency [6], Active Frequency Drift [7-8], DG voltage variation [9], and a mixed
analysis method with current d injection -axis [10]. The passive islanding method is
proposed in [11]. In this proposed scheme a grid side power turned off in the system using
a circuit breaker, and produced 50 cases of dataset by changing the switching times of the
circuit breaker. For each/every islanding case, measured the electrical voltage and current
signals at the PV bus and grid bus. Fig.3. shows the voltage and current signals on the grid
bus (B120), and Fig.4. shows the electric current and current signals on the PV (B25) bus
during the island's first 1.25 seconds consecutive.
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Fig.3. 3-phase signals at islanding situation with inception time -1.25sec at Grid bus (B120): a)
voltage waveform b) current waveform

The grid disconnection to the PV system has been done by using the circuit breaker and
noticed that the magnitude of the three-phase voltage signals decreased and the current
three-phase signals became zero on the grid bus respectively shown in Fig.3. In the PV
bus, the three voltage and current signals are altered as shown in Fig.4.
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Fig.4. 3-phase signals at islanding situation with inception time-1.25sec at PV bus (B25): (a) voltage
waveform (b) current waveform

5. ProrPose DWT-ANN SCHEME

This proposed model consists of a DG (PV system), grid and conventional loads are
connected with different type of loads in the power system network. Fig.5. shows a grid-
connected SPV system block diagram where voltage/current signals are recorded at PCC.
If any alteration or disruption occurs, and then it has been detected by the DWT-ANN
module. Then, it should detect the islanding situation, and issues a trip signal to the circuit
breaker to avoid damage caused by disturbance in the PV system and local loads.
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Fig.5. Block diagram of Grid-connected SPV system



6. DWT-ANN FOR THE GRID-CONNECTED SOLAR PV SYSTEM

The DWT-ANN has been trained using the feedforward network with Levenberg —
Marquardt (LM) [12] with the input data set consisting of 200 cases. This dataset is also
processed thereby considering a 2-cycle data window in which 1-cycle samples of the pre-
fault and/or pre-islanding, and additionally 1-cycle samples of the post-fault and/or post-
islanding situations. However, the standard deviation [13-14] of 2-cycle data window of
three-phase voltage/current signals, at grid bus and PV bus for fault, and islanding
situations of power system network have been taken as an input to train DWT-ANN
module, and also considered the target vector ‘0’ for fault scenario, and ‘1’ for the
islanding scenario during the training, testing, and validation cases with training of 70%,
testing and validation of 15% of dataset considered respectively.

Fig.6. demonstrates the flow diagram of the proposed DWT-ANN approach. Total
cases of 200 simulated and three voltages/current signals are recorded, and further, it is
processed with the help of lowpass filter to eliminate the noise in the signals. Then after
voltage/current signals have been pre-processed using DWT to extract features. An input
dataset used to train/test DWT-ANN to detect the islanding condition. Numerous
constraints have been used to produce input datasets for training/testing as reported in
Table.1. The constraints particularly inception time, type of fault and islanding scheme,
number of cases for islanding, and fault at the grid bus and PV bus are used for the training
and testing of DWT-ANN modules.
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7. SIMULATION RESULTS

Subsequently designed the proposed DWT-ANN modules using the Levenberg —
Marquardt (LM) algorithm in MATLAB software. Fig.7. shows a Simulink diagram of the
PV system connected to the Grid.

The MATLAB code is used to train DWT-ANN which continues to use parameters
such as performance goal, validation checks, number of neurons, number of layers in
hidden layer, number of epochs (iterations) [15]. The training constraints which are
reported to train the DWT-ANN network and recorded the (mean square error) MSE
minimum. Performance of DWT-ANN module exhibits good response for the islanding
detection.

For DWT-ANN module having one layer with 6 neurons, one outer layer with 6
neurons and one hidden layer with a different number of neurons that has provided to the
feed-forward network at different situations. The DWT-ANN Feed-forward network has
trained in the various architectures shown in Table.2 and its performance during
training/testing with Epochs and MSE are illustrated in Fig.7.

From the performance graphs, can yield the best case by considering at training/testing
and validation, where case 2 is the best possible one because of its 3 training patterns (i.e.,
training, testing and validation) that justifies the detection of islanding situations properly.

Table.1 Fault & islanding situations considered to produce the datasets for training & testing

S.No | Condition Parameters Training & Testing data
Fault type AG
Fault resistance 0.001
Fault inception time 0.9-1.88 (in steps of 0.02)
1 Fault | Voltage and Current signals recorded AtPV bus & Grid bus
Total no. of cases Training cases =70, Testing cases =30,

Total no. of cases = 100

Islanding type Passive
[slanding resistance 0.01
Islanding inception time 0.9-1.88 (in steps of 0.02)
2 | Islanding | Voltage and Current signals recorded AtPV bus & Grid bus
Total no. of cases Training cases =70, Testing cases =30,

Total no. of cases = 100

Table.2. Training architecture of different cases of Feed forward ANN



Cases l 2 3 4
Size of Input Dataset 6x200 6200 6200 6x200
Size of Architecture 6-15-6 6-20-6 6-25-6 6-30-6
No. of Epochs 975 192 446 391
Performance Goal 9.85e-5 9.98e-6 0.00199 0.00496
Training time(sec) pl} 4 19 16
Mutation 2e-7 le-5 Se-6 0.0001
Validation Checks 931 176 275 319

Mean Squared Error (mse)

Best Validation Performance is 0.00014663 at epoch 44
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Best Validation Performance is 0.00015188 at epoch 171
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Fig.7. Performance Validation curves during ANN between Epochs and MSE (a) case 1 (b) case 2
(c) case 3 (d) case 4
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Fig.8. MATLAB Simulink diagram of Grid-Tied PV System



8. CONCLUSION

In this paper, proposed a DWT-ANN based islanding detection scheme by considering
its current three-phase signals. The main purpose of DWT-ANN is that trained topology
can be used in an effort to improve the performance and speed of the island detection
system. To get the MSE is small, and the minimum MSE case should be given an
additional process to get the system to get an accurate and quick response to finding an
island situation reliably.

9. REFERENCES

[1] R. Nale, “A Transient Component Based Approach for Islanding Detection in
Distributed Generation,” IEEE Transactions on Sustainable Energy,2019.

[2]. Ruchita Nale and Monalisa Biswal, “Comparative Assessment of Passive
Islanding Detection Techniques for Microgrid,” 2017 International Conference on
Innovations in information Embedded and Communication Systems.

[3]. Bokka Krishna Chaitanya, Anamika Yadav, Senior Member, IEEE and
Mohammad Pazoki., “Reliable Islanding Detection Scheme for Distributed
Generation based on Pattern-Recognition,” IEEE Transactions on Industrial
Informatics.

[4]. Tirta Samuel Mehang, Dedet Candra Riawan and Vita Lystianingrum B. Putri,
“Islanding Detection in Grid-Connected Distributed Photovoltaic Generation
Using Artificial Neural Network,” 2018 International Seminar on Intelligent
Technology and Its Applications.

[5]. A. Y. Hatata, E.-H. Abd-Raboh, and B. E. Sedhom, ‘“Proposed Sandia frequency
shift for anti-islanding detection method based on artificial immune system,”
Alex. Eng. J., vol. 57, no. 1, pp. 235-245, Mar. 2018.

[6]. P. K. Ganivada and P. Jena, “An Active Slip Frequency Based Islanding Detection
Technique for Grid Tied Inverter,” in IEEE Transactions on Industrial
Informatics. doi: 10.1109/T11.2019.2949009.

[71. J. Stevens and G. Ginn, “Development and testing of approach to anti-islanding in
utility-interconnected photovoltaic systems,” 2000.

[8]. Y. Jung, J. Choi, B. Yu, J. So, G. Yu, and J. Choi, “A Novel Active Frequency
Drift Method of Islanding Prevention for the grid connected Photovoltaic
Inverter”, 2005, pp. 1915-1921.

[9]. Khalil El-Arroudi, Géza Jo6s, Innocent Kamwa and Donald T. McGillis,
“Intelligent-Based Approach to Islanding Detection in Distributed Generation,”
IEEE Transactions on Power Delivery, Vol. 22, No. 2, April 2007.

[10]. S. Murugesan and V. Murali, “Hybrid Analyzing Technique Based Active
Islanding Detection for Multiple DGs,” IEEE Trans. Ind. Inform, vol. 15, no. 3,
pp. 1311-1320, March 20109.

[11]. F. Wang and Z. Mi, “Passive Islanding Detection Method for Grid Connected PV
System,” 2009, pp. 409-412.

[12]. V. Ashok, Yadav Anamika, C. C. Anthony, K. K. Yadav and U. K. Yadav, “An
Intelligent Fault Location Algorithm for Double Circuit Transmission Line Based
on DFT-ANN Approach,” G. Panda et al. (eds.), Microelectronics,
Electromagnetics and Telecommunications, Lecture Notes in Electrical
Engineering 521Springer Nature Singapore Pte Ltd. 2019.



[13].

[14].

[15].

V. Ashok, and Anamika Yadav, “A Protection Scheme for Cross-Country Faults
and Transforming Faults in Dual-Circuit Transmission Line Using Real-Time
Digital Simulator: A Case Study of Chhattisgarh State Transmission Utility,”
Iranian Journal of Science and Technology, Transactions of Electrical
Engineering.

Ashok, V., Yadav, A. A Protection Scheme for Cross-Country Faults and
Transforming Faults in Dual-Circuit Transmission Line Using Real-Time Digital
Simulator: A Case Study of Chhattisgarh State Transmission Utility. Iran J Sci
Technol Trans Electr Eng 43, 941-967 (2019).

Valabhoju, Ashok, Yadav, A., Pazoki, M., & El-Sehiemy, R.A. (2021). Optimized
ensemble of regression tree-based location of evolving faults in dual-circuit line.
Neural Comput. Appl., 33, 8795-8820.





