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Wind energy is being integrated into the grid as a renewable energy source
to meet the world's electricity needs. Grid-connected wind turbines are often
disrupted by grid fault problems. Fault ride-through (FRT) ability has
become the most important grid connection necessity for wind energy
conversion systems (WECS). In the event of a voltage dip fault, the low
voltage ride-through (LVRT) capacity is an imperative key to successful grid
integration. This paper proposes a dynamic voltage restorer (DVR)
controlled through an artificial neural network (ANN) to improve the LVRT
capability of a grid-connected wind turbine (WT) based permanent magnet
synchronous generator (PMSG). The DVR injects series voltage into the
system through a series-connected transformer. The DVR can then restore
the voltage to the pre-fault value. The injection transformer is connected to
the line linking the PMSG-based wind turbine output to the utility grid.
Design and simulation of the low voltage ride-through applied to

symmetrical and asymmetrical fault conditions were performed in
MATLAB/Simulink software. Simulation results approve that the
performance of the technique fully demonstrates its effectiveness and
practicality.
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1. INTRODUCTION

Electrical energy remains a global commodity that is seen as a need of everyday consumers [1]. The
growing energy demand conflicts with fossil fuel shortage is becoming increasingly serious [2]. Promoting
the integration of renewable energy into power systems has been recognized as a critical solution for
achieving sustainable socio-economic development. Due to the adverse effects of traditional energy sources
on the environment, wind power has made inroads as a renewable energy option [3]. The widespread
integration of wind energy into electrical grids has become a new trend observed in several countries [4].
However, power quality problems are identified as a major concern, that is why power quality is a
fundamental aspect of the stability of electric power systems. Therefore, performance of the wind turbine
conversion system is significantly constrained by the low voltage ride through (LVRT) ability which is
mandated respect the grid codes to function during faults [5]. Currently, a significant number of countries
have come up with different grid codes (GC) to effectively address renewable energy integration issues and
also to ensure the stability of power systems [6]. For example, the Moroccan LVRT grid, as presented in
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Figure 1, necessitates that the wind turbines (WTSs) stay coupled to the electric grid when there are voltage
dips of 10% to 80% of the nominal voltage within a time frame from a few milliseconds to 600 ms [7].
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Figure 1. LVRT according to the Moroccan grid code [8]

On the subject of ways of enhancing fault ride-through (FRT) in wind turbines, in the literature
various technics have been proposed by researchers [9]-[11]. We typically categorize current approaches as
either software or hardware. A software solution consists in improving the control strategy without incurring
additional costs. Improving the control strategy of WTs offers a cost-effective approach [12]. Software
solutions include: the modified pitch angle control proposed in [13] and the modified converter control
provided in [14], but this solution is only suitable for handling moderate fault conditions [15]. To enhance the
PMSG-WT LVRT, a grey wolf optimizer was suggested for machine side converter (MSC) and grid side
converter (GSC) [16]. Similarly, an LVRT system using a proportional resonant (PR) controller is presented
in [17]. In simulation, results demonstrate that the recommended software procedures can improve the FRT
capacity at lower cost. Though, they cannot completely ride through significant voltage dips. Alternatively,
an effective solution is to modify the converter hardware or add protective devices, like an energy storage
system (ESS) [18], crowbar [19], series dynamic resistor [20] and DC link chopper [21]. Within chopper
circuit, gate bipolar transistors (IGBTs) are frequently used as switches. They offer the advantages of a
simple control and modest cost [22]. Yet, this technique’s performance was insufficient as the DC link had a
lower LVRT than a normal crowbar. Deployment of reactive power compensation devices aids in
maintaining the voltage level at the wind farm's point of common coupling (PCC) [23], such as with the
static-synchronous compensator device (STATCOM) [24], and dynamic voltage restorer (DVR) [25]. The
study [26] involved a converter and capacitor, functioning as a STATCOM. Similarly, in [27], STATCOM
was employed by authors as a means of compensating for the loss in reactive current capacity suffered by
wind energy conversion systems (WECS) during grid faults. Mahmoud et al. [28] made a comparison
between an active crowbar and a thyristor-switched capacitor (TSC). The enhanced fault ride through
capability for grid-connected PMSG could be achieved through the utilization of active crowbar and TSC.
The DVR system is a series-connected device able to supply absorb real and reactive power [29]. The
hardware solution applying one or more devices with an associated cost, but it is well able to deal with severe
short-circuit faults. In addition, the series DVR, as opposed to the parallel-connected STATCOM as well as
SVC, is considered even most efficient, as it effectively isolates the wind farm's PCC from the grid voltage
perturbations and hold a near-constant voltage level at the PCC [30]. Using a high-frequency link
transformer, the performance of the DVR is examined in [31]. Various topologies and control techniques are
presented for DVR, such as linear control that comprises the feed-forward approach. The procedure entails
detecting the variance between pre-sag and sag voltage, followed by computing the extent of voltage to be
infused [32]. As for non-linear controllers, namely the fuzzy logic controller, genetic algorithm, and artificial
neural network (ANN), they are utilized to regulate the inverters of DVR in situations where linear control
proves infeasible [33]. Artificial neural network is characterized by the ability to implement control without
the need for an extensive mathematical model of the system [34].

This paper is dedicated to the DVR employment using the ANN control strategy. employing the
DVR based on the ANN strategy control voltage as a solution to mitigate and compensate the voltage sags,
since grid faults, particularly voltage sag problem, can disrupt the functionality of sensitive equipment. The
contribution consists in improving the LVRT capability of the grid-connected PMSG machine-based wind
energy conversion chain with the ANN-controlled DVR system. The LVRT ability is evaluated for
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symmetrical and asymmetrical sag fault conditions on the grid side. A comparison was made regarding the
total harmonic distortion (THD) rate between the results of the present method and those obtained by other
previous works. The DVR with the current approach succeeded in reducing the THD rate.
MATLAB/Simulink simulations have confirmed the efficacy and performance of this work's method,
suggesting that it improves LVRT capability.

The present work is assembled as follows. Section 2 is devoted to present the DVR operation
principle; the ANN control approach is also provided in this section. We discuss the simulation results in
section 3. Finally, the conclusion is covered.

2. METHOD FOR VOLTAGE SAG MITIGATION
2.1. Dynamic voltage restorer integration

The WECS basic structure, as can be seen in Figure 2, is made up of a WT, PMSG, MSC, DC link
and GSC. Simulation parameters of the PMSG generator and turbine are presented in Table 1. The DVR is
the power device related to the grid and to the WECS linked to a linear load at the PCC. It is employed to
improve its LVRT capability by injecting voltage to correct the voltage sag fault. The DVR is a competent
voltage compensation, it continuously and quickly regulates the WT side voltage in case of power quality
issues: voltage sag happened on the grid voltage. The essential components of DVR, as shown in Figure 3,
are the voltage source inverter (VSI), energy storage, LC filter, and controller.

Wind turbine

¥ Generator Vwind Vgrid  grid
]

. PCC | |
ower ’,
;//!D @ Electronies L DVR
i
/ }/ Load

Figure 2. Topology of grid-connected PMSG wind turbine with integrated DVR [35]

Table 1. PMSG generator and turbine parameters

Equipment Parameter Value
Wind turbine Output power 1 MW
Radius of the turbine blade: R 55m
Density of air: p 1.22 Kg/m?
Tip-speed ratio: A 7
Generator Type PMSG
Number of phases 3
Mechanical input Torque (Tm) N.m
Stator phase resistance 0.00625 Q
Flux linkage 11.14 Vs
Number of Poles pair 75
Vwind Vgrid
DVR |
' ) VAANS 1

Injection
Tranformer

Control ki

Voltage Source
Converter

Battery

Figure 3. Block diagram of DVR components [36]
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The insulated gate bipolar transistor (IGBT)-based VSI injects adequate voltage restoring across the
injection transformer and filter supplied by an external energy storage unit. This two-level inverter features
IGBTs, each with a diode in parallel. The IGBTs are controlled by pulse-width modulation (PWM).
Nevertheless, the VSI produces an output with a waveform containing high-frequency harmonics. To
alleviate this problem and deliver a quality power supply, we employ an LC filter. This filter is placed next to
the VSI, reducing high frequency switching harmonics. In this way, the harmonic-free supply passes through
the transformer. To connect the DVR device to the distribution system, the injection transformer is used. It
introduces the compensating voltage produced by VSI whenever the control system detects any anomalies.
As for the primary side of the transformer, it is connected in series to the distribution line, whereas the
secondary side is linked to the DVR circuit. The DVR system under study is designed by assembling the
main components within the MATLAB/Simulink environment. The modeled DVR structure is illustrated in
Figure 4. The main principle behind DVR operation is that it provides a voltage waveform through an
injection transformer which is the difference between: pre-fault and fault voltage. It made possible by the
supply of required active power from an energy storage device. The response time of DVR is remarkably fast
and is limited by the power electronics devices and the fault detection time. As the grid codes require voltage
fault compensation through fault conditions, the DVR is designed to restore the power of the wind turbine
side [37]. The DVR power rating is as (1):

SovR = Yn=ab,c Vz_:ff * 1 1)

where V; is the three-phase AC voltage from the VSI, and [; is the load current. The active power exchanged
between the DVR and the grid is as (2):

Ppyr =P, — P 2
where P; is the active power in the load side, and P is the power in the grid side.
Poygr = (3% I, x V * cos(9)) — Zn:a,b,c(Vi,Trff * I, * cos(¢)) 3)

From (2) and (3) we can observe that the active power supplied by the DVR to the system is determined
through the difference between the active power in the grid and the load, thus the DVR is controlled by the

in-phase compensation procedure.
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Figure 4. DVR power circuit model

2.2. Artificial neural network control approach

The DVR method of voltage compensation involves holding a constant voltage on the wind turbine
side as a function of voltage magnitude and phase angle. The pre-sag voltage is then used to ensure that the
voltage and phase angle are maintained in the system. At this point, PWM signals are sent from the controller
and converted into the necessary voltage. The present work suggests the employment of an artificial neural
network as a DVR control system compensating for the voltage sag fault. Neural networks are composed of
elements functioning in parallel like biological nervous system. This computational method consists of an
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assembly of many nodes turns as neurons. Neurons as a nonlinear element represents generally a series of
interconnected nonlinear elements that have the capability to adapt and learn. After receiving the information,
each node transmits it to the next node, after carrying out the necessary operations. The neurons are arranged
into layers. For any given task to be executed by ANN all the nodes need to be trained with relevant data. In
this work, the ANN comes into play as a voltage compensation algorithm. First, dataset needs to be trained
on the network and then deployed on a DVR. The current network has two inputs and one hidden layer made
up of 10 cells and one output layer made up of one cell. The proposed ANN flow diagram can be found in
Figure 5, showing the dataset for training collected on the basis of the conventional proportional-integral (PI)
controller applied to same model on the DVR. The principal of the PI control is a feedback controller that is
driven by the sum of the error and the integral of these values. The input to the PI controller is the error
between the actual voltage (wind turbine side) and the reference voltage. The reference voltage for the d-
coordinate is 1 per unit (pu) and the g-coordinate is O pu. At first, data from the PI controller in the
workspace was stored, and then, used for the neural network controller offline training. For training the ANN
controller, 12.000 datasets were selected. The data used to train the ANN: 70%, to test the results of the
training data: 15% and to validate network system: the remaining 15%.

To solve a given problem, neural networks are trained using learning algorithms, known as
experience learning. In this context, the Levenberg-Marquardt algorithm (LM) is seen as the faster learning
algorithm for achieving convergence is used as a training algorithm in the ANN controller [38]. The LM back
propagation algorithm is the second order optimization, more robust and it finds a solution even if it does
begin very far from the final optimum. At its input, the ANN controller takes the error and the change in the
error signals of the dq coordinate system, The output of the ANN controller then converts the dg components
into abc. Discreet PWM generates firing pulses to trigger the IGBT switches. An error function of the ANN
controller is the mean-square error (MSE), which shows the error between input values and target values.
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Figure 5. ANN algorithm flowchart

3. RESULTS AND DISCUSSION

Modelling of the proposed chain in which the DVR is controlled with ANN technique was
simulated using MATLAB/Simulink software in terms of enhancing symmetrical and asymmetrical voltages
sag that occurred on the grid side. In this simulation model, to meet FRT capability requirements, we verify
the efficacy of the proposed control algorithm on DVR. This device is being deployed to protect a linear load
linked in parallel to the grid and the wind turbine based PMSG. DVR-based ANN controller performance
analysis is described through simulation and tabulation. The simulation results of the model using the DVR
mechanism in the event of a 35% symmetrical voltage sag fault conditions is illustrated in Figure 6.
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Figure 6(a) shows the grid voltage, Figure 6(b) represents the wind turbine's output voltage, and Figure 6(c)
displays the DVR injected voltage. Once a short-circuit appears, each phase of the source voltage decreases.
Figure 6(a) reveals that the voltage sag created is 0.35 pu, and the duration of fault is from 0.3 to 0.4 s. In the
second waveform, Figure 6(b) gives the resultant voltage waveforms from wind conversion chain presenting
also the load voltage which is the results of mitigating voltage provided by DVR which adds a voltage drop
at WT terminal. So, WT based PMSG maintains normal operating condition with constant terminal voltage.
The injected voltage from the DVR based on the ANN control is shown in Figure 6(c) and demonstrates the

way in which the ANN controller has succeeded in maintaining the voltage at the required level. The test
system shows all voltage values per unit.
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Figure 6. Voltage in pu for (a) Vabc grid under 35% symmetrical sag, (b) resultant voltage of WT, and
(c) DVR injected voltage

System performance when exposed to an asymmetrical voltage sag of 0.35pu is represented in
Figure 7. This figure clearly reveals the application of the fault to phase A and phase C. Figure 7(a) shows
the grid side asymmetrical voltage sag in volts. The fault time is between 0.3s and 0.4s. The waveform in
Figure 7(b), presents the output voltage waveform of wind conversion system in Volt after compensation,
solving the double-phase fault problem. As illustrated in Figure 7(c), the DVR provides the compensating
voltage for mitigating the level of voltage under two phase A, C to ground fault (LLG). For the duration of

the fault, the ANN-based DVR sends out the suitable voltage, after the end of the fault duration, the voltage
is switched off.
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Figure 7. Voltage in pu for (a) Vabc grid under 35% asymmetrical sag, (b) resultant voltage of WT, and
(c) DVR injected voltage

In the other case, 70% voltage sagging conditions are taken to evaluate the effectiveness of the ANN
controller proposed for DVR to boost system performance. The simulation result is illustrated in Figure 8(a)
clearly shows the three-phase fault applied from 0.3 to 0.4 s. Figure 8(b) displays the terminal voltage
waveforms of wind turbine. The three-phase instantaneous voltages remain stable, and no obvious waveform
distortion can be observed under this fault situation. The DVR injects the required voltage on the three phases
and then enhances the system's voltage profile as exposed in Figure 8(c).

We further simulate double-phase fault (phase-A and phase-C) at t = 0.3 s, and fault duration is
0.1 s. Figure 9(a) shows the distorted source voltage resulting from an applied 70% asymmetrical voltage sag
which occurs in the utility grid. The wind turbine terminal voltage remains nearly unchanged as is presented
in Figure 9(b). Two phases to ground (LLG) fault compensation with a drop of 70% using an ANN
controller-based DVR is illustrated in Figure 9(c).
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To illustrate harmonic performance, THD rate is calculated, and a comparison is provided in Table
2. THD is calculated for a 50% symmetrical voltage fault, with a duration of 0.04 s from time 0.08 s, which
occurs in the grid. Under the specified fault conditions and for the DVVR-based proportional-integral (PI)
control, DVR-based hybrid control (Pl control and fuzzy logic) adopted in [39], and for the adopted DVR-
based ANN control, the THD is determined. To calculate and compare THD, the voltage of phase A, B, and
C at the wind turbine terminal that is related to linear load is taken into account.

The results showed that the THD in phase C, using DVR based Pl was reduced to 2.14%, and
reduced to 1.57 using hybrid control (PI+FLC), though the adopted ANN controller was successfully reduced
to 1.47% for 50% three-phase voltage sag restoration. The Pl method generates a large number of harmonics
with noticeable waveform distortion. The output of the hybrid Pl and Fuzzy controller, which has fewer
harmonics than the Pl method, contains slight waveform distortion throughout. By contrast, the proposed
ANN method restores the voltage without noticeable distortion or harmonics, demonstrating its superiority
over the other two. Accordingly, the model provided, with DVR-based ANN control, successfully reduces
the THD, thus, improving low-voltage ride-through (LVRT) capability, by effectively handling voltage drop
problem. This comparison proves the superiority of ANN, which outperforms Pl and the hybrid (PI+FLC)
and delivers a significantly lower THD than the two previous methods. However, this superior performance
is accompanied by a higher cost, but this limitation is acceptable in view of the greater accuracy.
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Figure 8. Voltage in pu for (a) Vabc grid under 70% symmetrical sag, (b) resultant voltage of WT, and
(c) DVR injected voltage
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Figure 9. Voltage in pu for (a) Vabc grid under 70% asymmetrical sag, (b) resultant voltage of WT, and
(c) DVR injected voltage

Table 2. THD for each phase for diverse compensation methods.

% THD Calculation at sag case Fault case: 50% symmetrical voltage sag
DVR with PI[39] DVR with PI+FLC [39] DVR with ANN

Phase A 0.08 0.06 1.38

Phase B 212 1.55 1.45

Phase C 2.14 1.57 1.47

4. CONCLUSION

Dynamic voltage restoration has proved to be a promising solution for improving power quality in
power systems. Through the platform of MATLAB/Simulink, a simulation model of DVR for a wind turbine
system based on a permanent magnet synchronous generator is carried out. In this work, the application of
the ANN control to operate DVR for providing better performance to mitigate voltage sag introduced at the
grid side has been demonstrated. Simulation results for the grid, the resulting wind turbine voltage and the
voltages injected by the DVR are analyzed for symmetrical and asymmetrical voltage sag conditions. Based
on the results, the proposed DVR-based ANN control strategy is shown to be effective in compensating
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faults. A comparison of the proposed technique with the control PI, and the hybrid Pl and fuzzy controller
has been taken, where the proposed ANN controller maintains a more stable and smoother voltage profile
with low harmonic content. The comparison tests were held to verify the effectiveness and performance of
the adopted control strategy, which appears to be the best option for restoring system voltage. We can
therefore guarantee LVRT capacity enhancement to satisfy the FRT capacity demands of the PMSG-based
wind turbine, thus meeting the grid code requirements for integrating wind turbines into utility grids. In the
near future, the study can be enriched by including optimization approaches, besides tests for prototyping and
validating the ANN control adopted for the DVR.

REFERENCES

[1] G. Jiglau et al., “Energy and the social contract: From ‘energy consumers’ to ‘people with a right to energy,”” Sustainable
Development, vol. 32, no. 1, pp. 1321-1336, Sep. 2024, doi: 10.1002/sd.2727.

[2] M. Farghali et al., “Strategies to save energy in the context of the energy crisis: a review,” Environmental Chemistry Letters,
vol. 21, no. 4, pp. 2003-2039, Aug. 2023, doi: 10.1007/s10311-023-01591-5.

[3] H. L Jager, R. A. Efroymson, and R. A. McManamay, “Renewable energy and biological conservation in a changing world,”
Biological Conservation, vol. 263, Nov. 2021, doi: 10.1016/j.biocon.2021.109354.

[4] S.T. Meraj, S. S. Yu, M. S. Rahman, K. Hasan, M. S. Hossain Lipu, and H. Trinh, “Energy management schemes, challenges and
impacts of emerging inverter technology for renewable energy integration towards grid decarbonization,” Journal of Cleaner
Production, vol. 405, Jun. 2023, doi: 10.1016/j.jclepro.2023.137002.

[5] E. M. Boulaoutaq, M. Kourchi, and A. Rachdy, “Nonlinear active disturbance rejection control for improving low-voltage ride
through capability of DFIG-based WECS,” International Review on Modelling and Simulations, vol. 13, no. 3, pp. 141-147, Jun.
2020, doi: 10.15866/iremos.v13i3.18527.

[6] S.W. Ali et al., “Offshore wind farm-grid integration: a review on infrastructure, challenges, and grid solutions,” IEEE Access,
vol. 9, pp. 102811102827, 2021, doi: 10.1109/ACCESS.2021.3098705.

[71 K. Loudiyi, A. Berrada, H. G. Svendsen, and K. Mentesidi, “Grid code status for wind farms interconnection in Northern Africa
and Spain: Descriptions and recommendations for Northern Africa,” Renewable and Sustainable Energy Reviews, vol. 81,
pp. 2584-2598, Jan. 2018, doi: 10.1016/j.rser.2017.06.065.

[8] 1. Drhorhi and A. El Fadili, “Impact of renewable energy sources technologies on power system stability: a Moroccan case study,”
International Journal of Power Electronics and Drive Systems, vol. 13, no. 4, pp. 2120-2127, Dec. 2022, doi:
10.11591/ijpeds.v13.i4.pp2120-2127.

[91 M. M. Mahmoud et al., “Evaluation and comparison of different methods for improving fault ride-through capability in grid-tied
permanent magnet synchronous wind generators,” International Transactions on Electrical Energy Systems, vol. 2023, pp. 1-22,
Jan. 2023, doi: 10.1155/2023/7717070.

[10] Z. Zheng, Q. Xie, C. Huang, X. Xiao, and C. Li, “Superconducting technology based fault ride through strategy for PMSG-based
wind turbine generator: a comprehensive review,” IEEE Transactions on Applied Superconductivity, vol. 31, no. 8, pp. 1-6, Nov.
2021, doi: 10.1109/TASC.2021.3101767.

[11] Y. Sheng, C. Li, H. Jia, B. Liu, B. Li, and T. A. Coombs, “Investigation on FRT capability of PMSG-based offshore wind farm using
the SFCL,” IEEE Transactions on Applied Superconductivity, vol. 31, no. 8, pp. 1-4, Nov. 2021, doi: 10.1109/TASC.2021.3091054.

[12] E. F. Morgan, O. Abdel-Rahim, T. F. Megahed, J. Suehiro, and S. M. Abdelkader, “Fault ride-through techniques for permanent
magnet synchronous generator wind turbines (PMSG-WTGs): a systematic literature review,” Energies, vol. 15, no. 23, Dec.
2022, doi: 10.3390/en15239116.

[13] A. K. Thet and H. Saitoh, “Pitch control for improving the low-voltage ride-through of wind farm,” 2009 Transmission & Distribution
Conference & Exposition: Asia and Pacific, Seoul, Korea (South), 2009, pp. 1-4, doi: 10.1109/TD-ASIA.2009.5356993.

[14] S. Alepuz, A. Calle, S. Busquets-Monge, S. Kouro, and B. Wu, “Use of stored energy in PMSG rotor inertia for low-voltage ride-
through in back-to-back NPC converter-based wind power systems,” IEEE Transactions on Industrial Electronics, vol. 60, no. 5,
pp. 1787-1796, May 2013, doi: 10.1109/TIE.2012.2190954.

[15] P. K. Gayen, D. Chatterjee, and S. K. Goswami, “An improved low-voltage ride-through performance of DFIG based wind plant
using stator dynamic composite fault current limiter,” ISA Transactions, vol. 62, pp. 333-348, May 2016, doi:
10.1016/j.isatra.2016.01.023.

[16] M. H. Qais, H. M. Hasanien, and S. Alghuwainem, “A grey wolf optimizer for optimum parameters of multiple PI controllers of a
grid-connected PMSG driven by variable speed wind turbine,” IEEE Access, vol. 6, pp. 44120-44128, 2018, doi:
10.1109/ACCESS.2018.2864303.

[17] S.D.K. Varma, Y. P. Obulesh, and C. Saibabu, “A co-ordinated ride through capability and power quality enhancement scheme
for grid tied PMSG based wind energy,” International Journal of Renewable Energy Research, vol. 11, no. 2, pp. 535-545, 2021,
doi: 10.20508/ijrer.v11i2.11816.98175.

[18] F. A. Bahar, A. Ajami, H. Mokhtari, and H. Hojabri, “A general analytical approach to reach maximum grid support by PMSG-
based wind turbines under various grid faults,” Journal of Central South University, vol. 26, no. 10, pp. 2833-2844, Oct. 2019,
doi: 10.1007/s11771-019-4217-1.

[19] M. K. Désoglu, “Crowbar hardware design enhancement for fault ride through capability in doubly fed induction generator-based
wind turbines,” ISA Transactions, vol. 104, pp. 321-328, Sep. 2020, doi: 10.1016/j.isatra.2020.05.024.

[20] A.R. A. Jerin, P. Kaliannan, U. Subramaniam, and M. S. El Moursi, “Review on FRT solutions for improving transient stability
in DFIG-WTs,” IET Renewable Power Generation, vol. 12, no. 15, pp. 1786-1799, Oct. 2018, doi: 10.1049/iet-rpg.2018.5249.

[21] T. H. Nguyen and D. C. Lee, “Advanced fault ride-through technique for PMSG wind turbine systems using line-side converter as
STATCOM,” IEEE Transactions on Industrial Electronics, vol. 60, no. 7, pp. 2842-2850, Jul. 2013, doi: 10.1109/TIE.2012.2229673.

[22] L. S. Barros and C. M. V. Barros, “An internal model control for enhanced grid-connection of direct-driven PMSG-based wind
generators,” Electric Power Systems Research, vol. 151, pp. 440-450, Oct. 2017, doi: 10.1016/j.epsr.2017.06.014.

[23] J. Qi, W. Zhao, and X. Bian, “Comparative study of SVC and STATCOM reactive power compensation for prosumer microgrids
with DFIG-based wind farm integration,” IEEE Access, vol. 8, pp. 209878-209885, 2020, doi: 10.1109/ACCESS.2020.3033058.

[24] A. Kumar, V. M. Mishra, and R. Ranjan, “Fuzzy distribution static compensator based control strategy to enhance low voltage
ride through capability of hybrid renewable energy system,” Energy Sources, Part A: Recovery, Utilization and Environmental
Effects, pp. 1-18, Jun. 2021, doi: 10.1080/15567036.2021.1936696.

Dynamic voltage restoration using neural networks for grid-connected wind turbine (Kaoutar Dahmane)



5028 O3 ISSN: 2088-8708

[25] M. P. Yadav, P. Sujatha, and P. B. Kumar, “Power quality improvement using dynamic voltage restorer on grid-connected wind
energy system,” European Journal of Electrical Engineering, vol. 23, no. 5, pp. 401-407, Oct. 2021, doi: 10.18280/ejee.230506.

[26] M. Aref, V. Oboskalov, A. Mahnitko, and R. Varfolomejeva, “Protection design scheme of grid connected PMSG wind turbine,”
in 58th Annual International Scientific Confererence on Power and Electrical Engineering of Riga Technical University,
RTUCON 2017 - Proceedings, Oct. 2017, vol. 2017-November, pp. 1-6, doi: 10.1109/RTUCON.2017.8124816.

[27] H. Geng, L. Liu, and R. Li, “Synchronization and reactive current support of PMSG-based wind farm during severe grid fault,”
IEEE Transactions on Sustainable Energy, vol. 9, no. 4, pp. 1596-1604, Oct. 2018, doi: 10.1109/TSTE.2018.2799197.

[28] M. M. Mahmoud, A. M. Hemeida, T. Senjy, and A. M. Ewais, “Fault ride-through capability enhancement for grid-connected
permanent magnet synchronous generator driven by wind turbines,” in IEEE Conference on Power Electronics and Renewable
Energy, CPERE 2019, Oct. 2019, pp. 567-572, doi: 10.1109/CPERE45374.2019.8980139.

[29] B. Wang, Y. Sun, S. Liao, J. Xu, D. Ke, and Z. Zhang, “Design and implementation of controlled load damping factor controller
in series connection for power systems with high penetration of renewable energy,” International Journal of Electrical Power and
Energy Systems, vol. 158, Jul. 2024, doi: 10.1016/j.ijepes.2024.109899.

[30] L. Yan, X. Chen, X. Zhou, H. Sun, and L. Jiang, “Perturbation compensation-based non-linear adaptive control of ESS-DVR for
the LVRT capability improvement of wind farms,” IET Renewable Power Generation, vol. 12, no. 13, pp. 1500-1507, Jul. 2018,
doi: 10.1049/iet-rpg.2017.0839.

[31] E. Babaei and M. Farhadi Kangarlu, “Voltage quality improvement by a dynamic voltage restorer based on a direct three-phase
converter with fictitious DC link,” IET Generation, Transmission and Distribution, vol. 5, no. 8, pp. 814-823, 2011, doi:
10.1049/iet-gtd.2010.0518.

[32] A. B. Mohammed, M. A. M. Ariff, and S. N. Ramli, “Power quality improvement using dynamic voltage restorer in electrical
distribution system: An overview,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 17, no. 1,
pp. 86-93, Jan. 2019, doi: 10.11591/ijeecs.v17.i1.pp86-93.

[33] 1. Wali, R. Wali, and S. Ali, “Power quality enhancement and optimization of hybrid renewable energy system,” Pakistan Journal
of Engineering and Technology, vol. 3, no. 2, 2020, doi: 10.51846/vol3iss2pp1-5.

[34] M. G. M. Abdolrasol et al., “Artificial neural networks based optimization techniques: a review,” Electronics (Switzerland),
vol. 10, no. 21, Nov. 2021, doi: 10.3390/electronics10212689.

[35] W.S. Hassanein, M. M. Ahmed, M. Osama Abed El-Raouf, M. G. Ashmawy, and M. . Mosaad, “Performance improvement of
off-grid hybrid renewable energy system using dynamic voltage restorer,” Alexandria Engineering Journal, vol. 59, no. 3,
pp. 1567-1581, Jun. 2020, doi: 10.1016/j.aej.2020.03.037.

[36] Y. Siregar, M. Muhammad, Y. Z. Arief, N. Mubarakah, Soeharwinto, and R. Dinzi, “Dynamic voltage restorer quality improvement
analysis using particle swarm optimization and artificial neural networks for voltage sag mitigation,” International Journal of
Electrical and Computer Engineering, vol. 13, no. 6, pp. 6079-6091, Dec. 2023, doi: 10.11591/ijece.v13i6.pp6079-6091.

[37] R. A.J. Amalorpavaraj, P. Kaliannan, S. Padmanaban, U. Subramaniam, and V. K. Ramachandaramurthy, “Improved fault ride
through capability in DFIG based wind turbines using dynamic voltage restorer with combined feed-forward and feed-back
control,” IEEE Access, vol. 5, pp. 20494-20503, 2017, doi: 10.1109/ACCESS.2017.2750738.

[38] I N. Anwar, K. Daud, A. A. A. Samat, Z. H. C. Soh, A. M. S. Omar, and F. Ahmad, “Implementation of Levenberg-Marquardt
based multilayer perceptron (MLP) for detection and classification of power quality disturbances,” in ICCSCE 2022 -
Proceedings: 2022 12" IEEE International Conference on Control System, Computing and Engineering, Oct. 2022, pp. 6368,
doi: 10.1109/ICCSCE54767.2022.9935584.

[39] S.N. Setty, M. S. D. Shashikala, and K. T. Veeramanju, “Hybrid control mechanism-based DVR for mitigation of voltage sag and
swell in solar PV-based IEEE 33 bus system,” International Journal of Power Electronics and Drive Systems, vol. 14, no. 1,
pp. 209-221, Mar. 2023, doi: 10.11591/ijpeds.v14.i1.pp209-221.

BIOGRAPHIES OF AUTHORS

Kaoutar Dahmane © 4 B8 € is a Ph.D. student in engineering sciences at the Ibnou Zohr
University (UlZ) of Agadir. She is originally from Ouarzazate, Morocco. As a researcher
student, she addresses key questions in relation to power system and renewable energy. The main
aim of her doctoral thesis is to perform power quantity and quality controls in grid-connected
renewable energy systems. She can be contacted at email: kaoutar.dahmane@edu.uiz.ac.ma.

Brahim Bouachrine Bd 2 is a Ph.D. at the Department of Electrical and Energy
Engineering, High School of Technologies of Guelmim (ESTG), lbnou Zohr University,
Morocco. His research interests are in renewable energy: photovoltaic and wind energy
systems, photovoltaic emulator, hybrid MPPT control, system modeling, and power
electronics. He can be contacted at email: b.bouachrine@uiz.ac.ma.

Int J Elec & Comp Eng, Vol. 14, No. 5, October 2024; 5018-5029


mailto:kaoutar.dahmane@edu.uiz.ac.ma
mailto:b.bouachrine@uiz.ac.ma
https://orcid.org/0009-0008-6202-1292
https://scholar.google.com/citations?hl=en&user=iTdkDEsAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57221779145
https://www.webofscience.com/wos/author/record/KRQ-1206-2024
https://orcid.org/0009-0000-0703-4324
https://www.scopus.com/authid/detail.uri?authorId=56516996000

Int J Elec & Comp Eng ISSN: 2088-8708 O 5029

Belkasem Imodane & B B8 © s currently pursuing a Ph.D. in electrical engineering at the
University of lIbnou Zohr, Agadir. He graduated as an embedded systems engineer in 2021
from the National School of Applied Sciences, Agadir, Morocco. Subsequently, he joined the
research group at the Engineering Sciences and Energy Management Laboratory, University
of Ibnou Zohr, Agadir, Morocco. His research focuses on renewable energies for his doctoral
thesis. He can be contacted via email at b.imodane@uiz.ac.ma.

Abdellah EI Idrissi © B4 B8 2 ph.D. student, was born in Errachidia, Morocco. His research
in the context of national doctoral thesis, focuses on the thematic of renewable energies. He
can be contacted at email: Abdellah.elidrissi@edu.uiz.ac.ma.

Mohamed Benydir Ed 12 a Ph.D. candidate and substitute teacher specializing in
electrical engineering at the High School of Technologies in Agadir (EST Agadir), originates
from Agadir, Morocco. His research, integral to his national doctoral thesis, is primarily
focused on renewable energy, engineering science, and energy management. For
correspondence. He can be contacted via email at mohamed.benydir@edu.uiz.ac.ma.

Mohamed Ajaamoum EAE © is a Ph.D. at the Department of Electrical Engineering,
High School of Technology of Agadir, Ibnou Zohr University, Agadir, Morocco. His research
interests are in photovoltaic systems, fuzzy control, neural network, renewable energy
technologies, system modeling, and power electronics. He can be contacted at email:
m.ajaamoum@uiz.ac.ma.

M’hand Oubella © B B © is a professor of higher education at the ESTA (High School of
Technologies of Agadir), Ibnou Zohr University, in Agadir, Morocco. They earned their PhD
in energetic and process engineering from the National School of Applied Sciences (ENSA) of
Agadir in 2014. M’hand Oubella is a member of the Laboratory of Engineering Sciences and
Energy Management (LASIME) at the High School of Technologies of Agadir (ESTA) and is
part of the research team focusing on intelligent systems and energy management (ERSIME).
He can be contacted at email: m.oubella@uiz.ac.ma.

Dynamic voltage restoration using neural networks for grid-connected wind turbine (Kaoutar Dahmane)


mailto:b.imodane@uiz.ac.ma
mailto:Abdellah.elidrissi@edu.uiz.ac.ma
mailto:mohamed.benydir@edu.uiz.ac.ma
mailto:m.ajaamoum@uiz.ac.ma
mailto:m.oubella@uiz.ac.ma
https://orcid.org/0009-0000-7375-3896
https://www.scopus.com/authid/detail.uri?authorId=58081648300
https://orcid.org/0009-0008-8199-0742
https://orcid.org/0000-0003-1408-616X
https://scholar.google.com/citations?hl=en&user=xQ_fV8oAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57865869300
https://www.webofscience.com/wos/author/record/KFS-1902-2024
https://orcid.org/0000-0003-0119-8541
https://www.scopus.com/authid/detail.uri?authorId=55810337800
https://orcid.org/0000-0002-7366-2983
https://www.scopus.com/authid/detail.uri?authorId=57211292193

