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Abstract: This paper reviews and compares the last ten years of work concerning MPPT of Wind System with Different
methods. These methods are: Hill Climbing Search (HCS), Optimal Torque Control (OTC), Perturbation and
Observation (P&O), tip speed ratio (TSR), Power Signal Feedback (PSF) and Fuzzy Logic control (FLC). However,
making a choice on an exact MPPT algorithm for a particular case require sufficient proficiency because each algorithm
has its own merits and demerits. For this reason, an appropriate review of those algorithms is essential. Merits, demerits
and comprehensive comparison of the different MPPT algorithms also highlighted in the terms of complexity, wind
speed requirement, prior training, speed responses, etc. and also the ability to acquire the maximal energy output.

Index Terms: Wind System, Maximum Power Point Tracking (MPPT), MPPT Methods.

I. INTRODUCTION

Environmental concerns in energy generation from the conventional sources make fast development of renewable energy
sources (RES), like wind, solar, fuel cell, etc. Rapidly increasing demand for electrical energy and the issues associated
with limited reserves and the rising cost of fossil fuels such as oil, coal, and natural gas are also responsible for the
growth and rise of renewable energy application [1-3]. In this frame of reference, among the various RES, wind energy
is the most adorable and quickly developing source of electricity nowadays [4-6]. Here the crucial concern of the WECS
is how to efficiently obtain the maximum output power from wind turbine at all instant in a wide range of wind speed
[7]. To maximize the efficiency of the turbine, MPPT algorithm is used to bring the turbine to the MPP for all wind
speed values.

Il. THEORY

In WECS, electrical energy is generated from wind employing a wind turbine and an electric generator. The wind turbine
is coupled to the prime mover either directly or by a gear box setup. The prime mover is coupled to the shaft of the
generator's rotor, whereas the stator is linked either to standalone loads or the utility grid by an appropriate power
electronic interface [8-12]. This setup converts mechanical energy to magnetic energy and later to electrical energy for
the utility grid. The block diagram of a typical grid-connected WECS is shown in Fig. 1.

Output power from the wind turbine can be controlled to work more effectively within a specific range of the wind
speeds bounded by cut-in (Vw-in) and cut-out (Vw-out) Speeds. Out of this range, the turbine should not operate for safety
of the turbine as well as generator. The rated power (Praed) iS obtained from the wind turbine at a specific wind speed
(Vraed). Consequently, there are four main operating regions as demonstrated in Fig. 2 [13,14].

The first and fourth region is below Vy.in and above Vw.ou respectively, where the turbine should be stopped and
disconnected from the grid to prevent it from being driven by the generator. The second region is in between V.i» and
Vrated, Where a wind turbine controller starts to operate to extract energy as much as possible by MPPT algorithm. The
third region is in between Vyaeq and Vw-out, Where it is necessary to restrict the mechanical power generation to the rated
power to avoid damage on the turbine. Thus, the MPPT algorithm is required to focus on the second region.

Although there are various types of wind turbines, relying upon fixed or variable wind speed, the maximum energy can
be extracted only by variable speed wind turbines (VSWT). In contrast to fixed speed wind turbines (FSWT), VSWT
needs a partial or full order power converter for power flow control, MPPT control and delivering a high quality of
power [8-12]. Since these turbines can vary their rotational speed to follow the instantaneous variation in wind speed,
they are able to preserve a constant rotational speed to wind speed ratio, called the optimum tip speed ratio (TSR) [15]
for which the extracted power is maximized. In addition to this, VSWT can be controlled to minimize the stress on the
tower structure, gears and wind generator (WG) shaft, since the blades absorb peaks of WT torque during the variation
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Fig. 1. Block diagram of a typical grid-connected WECS.
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Fig. 2. Wind turbine control strategy based on four speed regions.

Il. MPPT ALGORITHM
A Tip speed ratio (TSR) MPPT algorithm
In the TSR control algorithm, it is required to keep up the TSR to an optimum value at which extracted power is
maximized by regulating the rotational speed of the generator [17,18]. This algorithm requires measured value of wind
speed as well as generator speed to get the optimum TSR (Aopt) Of the turbine so as for the system to be in a position to
extract maximum attainable power. The optimum rotational speed is determined as: ®m® = AopVu/R.
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Fig.3 TSR MPPT algorithm of WECS.

The block diagram in Fig.3 shows a WECS with TSR control [19]. In this diagram the optimum rotational speed is
compared with the actual value and the difference is then given into the controller, which changes the speed of the
generator to reduce this error. It is concluded that this algorithm forces the mechanical power of the generator to track
maximum mechanical power.
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The TSR algorithm is highly efficient and quick response [20]. But, the need of an accurate anemometer for measuring
the wind speed causes the system more costly, particularly for small-scale WECS.

B. Power signal feedback (PSF) MPPT algorithm

This algorithm requires the knowledge of wind

turbine's maximum power curve, which is tracked

by its control mechanisms [17]. The maximum
To Load . . .
Power Converter  fr——ipp- power curves can be obtained through simulations
or experimental tests on individual wind turbines
[21,22]. Fig.4 shows the block diagram of a WECS
with PSF control [19,22]. In this method, optimum

Generator
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Om —p| T Controller turbine output power, where wind speed or the
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MPPT Controller P actual power.
Fig.4 PSF MPPT algorithm of WECS.
C. Hill climb search (HCS) MPPT algorithm

HCS is a mathematical optimization strategy, to locate the local maximum point of a given function [17,23]. In this
strategy, if the operating point is on the left side of the peak point, the controller must move it to the right to be nearer
to the peak point, and vice versa if it is on the other side. It is broadly used in WECS to extract maximum power by
searching the optimal operating point. HCS MPPT algorithm is based on disturbing a control variable in some step-size
and observing the resulting changes in the objective function until the slope becomes zero [24,25]. However, during
rapid wind variation it is sluggish and detect the wrong direction to reach MPP. This problem is effectively solved by
the modified HCS algorithm. The HCS algorithm also depends on the appropriate step size, lower step size causes sow
response of the system and higher step size causes hunting close to the peak point. This demerit can be overcome by
fixed and adaptive step HCS algorithm.

The modified HCS algorithm makes proper balance between tracking speed and control efficiency and solves the wrong
directionality problem of HCS during changing wind conditions. The variable step size and the direction of the next
perturbation are intelligently determined by observing the distance between the operating point and the operating point
and the optimal curve [26]. Due to the changes in weather conditions, the air density also varies, which effect the Kop
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Fig.5 Flowchart of modified HCS MPPT algorithm.
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value as well as optimal power curve characterized by Popt = Koptom®. The algorithm combines two parts. The first part
uses HCS algorithm to track the MPP based on the precise value of kqp. After attaining the peak point, the parameter
Kopt is online updated in the second part of the algorithm.

The flowchart in Fig.5 shows the three steps of operation [27,28]. Step 1 searches for a kqp: Value with the aim to track
peak point through intelligent HCS method. Step 2 keeps the system at the detected MPP for the constant wind speed
(Vw). Under variable wind speed, the online updated ko value is implemented in step 3. It is not possible to perfectly
track the MPP, because the kot Value is different for different wind speeds; however, it moves the operating point around
very close to the peak power. Therefore, this strategy is quite useful for fast tracking.

D. Incremental conductance (INC) MPPT algorithm

This algorithm is independent of requirement of sensors and specifications of turbine and generator, which improves the
reliability and reduces the cost of the system [29,30,31].
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Fig.6 Flowchart of modified INC MPPT algorithm.

The basic principle is defined as the tangent slope (i/v + di/dv) of power—voltage characteristic should be zero at MPP,
positive on the left side, and negative on the right side of MPP as described in Fig.5. The above equations signify that
instead of observing for weather dependent parameters like speed and direction of wind, the MPP can be tracked by
looking for output power of the rectifier.

The modified INC algorithm improves the performance of the INC algorithm by considering a variable step for Vdc
variations as shown in Fig.6. It automatically adjusts the step size to track the MPP in WECS [32,33,34,35], which leads
to enhancement of system accuracy and convergence speed. The implementation of Model Predictive control in wind
turbine MPPT controller improves speed and reliability, and also mitigates the problem of oscillations around MPP [36].
The range of Vg variations (AVqc) has been limited, which changes depending on system design parameters and size of

generator. Introducing variable steps in this algorithm causes the operating point to reach the peak power more rapidly
and reduction of power fluctuation around MPP.
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E. Hybrid MPPT algorithmOne simple and

-7 effective solution to overcome the drawbacks of the
[Measure 7o) Vac (] conventional MPPT algorithm is by hybridization of
two or more MPPT algorithm [37,38,39,40]. The ORB

P :?i‘fﬁ‘;‘}'itﬁm” MPPT algorithm is combined with a self-tuning
AP = Py— PG—1) capability using the conventional P&O algorithm is
Al =lae@ - lTaeG 2D demonstrated in Fig.7 [37,41]. In this algorithm, there

are two modes of operation: the first one is a P&O
mode, in which the conventional fixed step P&O MPPT
algorithm is initially activated to search for an MPP at
any local wind speed. Once the MPP is detected and the
voltage and current are measured, the unknown
parameter (k) in the ORB algorithm is easily calculated.
. Once the k is extracted, it will be used to calculate the
[& = tacn/v i ) optimal current curve, and at that time the hybrid MPPT
algorithm switches to the second mode, which can track
the MPP based on the equation of the ORB algorithm
[42].
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Fig.7 Flowchart of hybrid of the ORB and P&O MPPT
Algorithm.

F. Fuzzy-based MPPT algorithm

Many control strategies have been proposed that use the Fuzzy Logic Control (FLC) for MPPT applications either
independently or along with other methods. The main advantage of such controllers is that controller parameters can be
changed very quickly in response to changes in the system dynamics without parameter estimation [45]. When the
climatic condition changes, the performance of a fuzzy based MPPT algorithm is strong, however, their strength depends
a lot on the knowledge of the user in choosing the appropriate error, levels of membership functions and selection of
rule base [46]. The memory requirement also poses limitations in its implementation.
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Fig.8 Fuzzy-based MPPT algorithm of WECS.

Literature use the difference between the Pmax&Pout and the derivative of this signal as inputs with standard triangular
membership functions for both input and output. Generator power and output torque variation are used as inputs in with
triangular membership functions and seven rule base table. A rotational speed and an aerodynamic torque observer are
taken as the input values of fuzzy-based MPPT as described in Fig.8. Another two input parameters, AT, and Aom, are
used to limit torque and speed variation. These input parameters are converted into predefined membership functions
and sends them to an FLC. The FLC calculates output parameter, i.e. output torque by using the rule base and
defuzzification method.
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G. Neural network (NN)-based MPPT algorithm

Similar to Fuzzy logic controller, the neural network (NN) have become popular and expanded with the development in
soft computing technology [43,44]. The architecture of a Neural Network consists of three layers: input, hidden, and
output layers and the number of nodes in each layer vary and are user dependent as shown in Fig.8 [47]. The input
variables can be pitch angle, terminal voltage, output torque, wind speed, rotor speed, etc. or any combination of these
variables. The output is generally a reference signal like reference power, rotor speed, reference torque, etc. that is used
to drive the power electronic circuit of wind turbine close to the MPP. The convergence of operating point to the peak
point depends on the weights assigned to the layers, the type of algorithm used by the hidden layer and the training given
to the neural network for a particular system for different input—output patterns.

Fig.9 shows NN-based [44] wind speed sensorless MPPT algorithm for wind turbines, in which it uses the rotor speed
(om) and the output power (Pn) of the turbine as input variables. Due to the inertia of the system, rotor speed cannot
change suddenly. Therefore, output of the NN is required to change gradually, from which the optimal rotor speed, @m®
for the speed control mode is obtained and then it is set to control the generator to obtain the optimum power, P,°" for
the power control mode. From the above process, m and Py can be used to directly obtain wm® and Pn°. Such
relationships are learned by the NN using the training data. The above procedure decreases the speed response time, so
the system settle down to the steady state faster than the power control mode and provide a smoother power transition
in the speed control mode during wind speed variations. Therefore, this MPPT control represents a better trade off in
terms of the system dynamic speed and power responses.

Input Layer Hidden Layers Quput Layer

Fig.9 Structure of NN used for estimation of optimal turbine power and speed.

V. COMPARATIVE ANALYSIS
From the above analysis of different MPPT techniques a comparative Table 1 was prepared in terms of complexity,
convergence speed, wind speed measurement, performance, memory requirement and prior training. The main aim of
the MPPT algorithm is to track the optimum power point of variable speed wind turbine. Choosing an appropriate MPPT
technique is a tough task. In comparison, the indirect power control based algorithms such as TSR OT and PSF are
simple and fast, but it maximizes the captured mechanical wind power instead of output electrical power. TSR control
has good performance with fast response and high efficiency. An accurate anemometer is required, due to gust and
turbulence, which is expensive and adds extra cost to the system, especially for small-scale WECSs. Practical
implementation of this algorithm is difficult because the wind velocity close to the turbine is different from the free
stream velocity. OT method is simple, fast, and efficient without wind speed sensor. However, it does not measure the
wind speed directly, therefore, variation in wind speed is not reflected instantly and significantly on the reference torque,
which makes the efficiency of this algorithm less as compared to TSR algorithm. The PSF and the OT algorithms are
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approximately similar in terms of complexity and performance. This algorithm provides robust and cost-effective MPPT
control for WECSs.

Direct power based control techniques such as HCS, INC and ORB are simple and memory requirement is also less.
These techniques calculate the optimal electrical power directly without prior training and measurement of wind speed.
However, the performance of these algorithms is not satisfactory during wind variation and so their application is limited
under varying wind conditions. These are also sensorless algorithm, which makes it cheaper and more reliable. HCS
algorithm is common and simple to implement because it does not need any measurement of the mechanical quantities
like rotor speed, turbine speed or wind speed. The algorithm is system independent and its tracking is not affected by
the turbine or generator parameter shifts. By using the HCS algorithm, maximum power corresponding to any wind
velocity can be captured. But the time taken to reach MPP is long and a considerable amount of power loss takes place
during the tracking phase.

Algorithm Complex = Convergence Memory Wind speed Performance Prior
ity speed requiremen = measurement under training/
t varying wind knowledge
conditions
TSR Simple Fast No Yes Moderate Not required
PSF Simple Fast Yes Yes Moderate Required
HCS Simple Low No No Moderate Not required
Modified High Fast No No Very good Not required
HCS
INC Simple Low No No Moderate Not required
Modified Medium Medium No No Good Not required
INC
Hybrid Medium Fast No No Good Not required
Fuzzy- High Medium Yes Depends Very good Required
based
NN-based High Medium Yes Depends Very good Required

Table.1 Comparison of described MPPT algorithm based on different characteristics

The other MPPT algorithm like adaptive algorithm and soft computing based algorithm such as Neural Network and
fuzzy logic very efficiently predict the optimal power and handle the nonlinearity of the system but previous knowledge
about the system is required. Fuzzy control-based scheme is good; however, the computation time depends upon number
of rules in controller which is based on system complexity. NN based MPPT control represents a better trade-off in terms
of the system dynamic speed and power responses. The efficiency of the NN control strategies is generally good, since
most mechanical parts have varying characteristics with aging and under different environmental conditions. The neural
network has to be periodically trained to guarantee accurate MPPT.

V. CONCLUSION
Due to the increasing penetration of wind turbine in the power system grid it is necessary to extract maximum power
from wind. For this purpose, a suitable MPPT algorithm is required. This paper presents a comprehensive review and
discussion of the different MPPT algorithm used in the WECS. From the comparative study it has been observed that
TSR, OT and PSF algorithms respond very fast respective to HCS, INC and ORB algorithm, but latter algorithms are
extremely reliable and implementation cost is very low. From this study, it has been observed that the performance of
adaptive and soft computing based MPPT algorithm is most promising due to higher efficiency and flexibility. Most of
the important characteristics of MPPT are discussed and summarized in this paper. The last remarks put in evidence of
the lack of a clear methodology to determine what is the best MPPT architecture and technique for a given installation.

REFERENCES
[1] Nikolova S, Causevski A, Al-Salaymeh A. Optimal operation of conventional power plants in power system
with integrated renewable energy sources. Energy Convers Manag 2013;65:697—703.
[2] Bansal M, Khatod DK, Saini RP. Modeling and optimization of integrated renewable energy system for a rural

site. Int Conf Reliab Optim Inf Technol 2014:25-8.

© JIREEICE This work is licensed under a Creative Commons Attribution 4.0 International License 32


https://ijireeice.com/

IJIREEICE ISSN (O) 2321-2004, ISSN (P) 2321-5526

International Journal of Innovative Research in Electrical, Electronics, Instrumentation and Control Engineering
Impact Factor 7.047 3£ Vol. 10, Issue 1, January 2022
DOI 10.17148/IJIREEICE.2022.10105

[3] Béttger D, Gétz M, Theofilidi M, Bruckner T. Control power provision with power-to-heat plants in systems
with high shares of renewable energy sources — an illustrative analysis for Germany based on the use of electric boilers
in district heating grids. Energy 2015;82:157-67.

[4] Michalak P, Zimny J. Wind energy development in the world, Europe and Poland from 1995 to 2009; Current
status and future perspectives. Renew Sustain Energy Rev 2011;15:2330-41.

[5] Bataineh KM, Dalalah D. Assessment of wind energy potential for selected areas in Jordan. Renew Energy
2013;59:75-81.

[6] Ghosh SK, Shawon MH, Rahman A, Nath SK. Wind energy assessment using weibull distribution in coastal
areas of Bangladesh. In: Proceedings of the 3rd International Conference on Devlopmental Renewable Energy
Technology; 2014. p. 1-6.

[7] Jena D, Rajendran S. A review of estimation of effective wind speed based control of wind turbines. Renew
Sustain Energy Rev 2015;43:1046-62.

[8] Iglesias RL, Arantegui RL, Alonso MA. Power electronics evolution in wind turbines - A market-based
analysis. Renew Sustain Energy Rev 2011;15:4982-93.

[9] Chakraborty A. Advancements in power electronics and drives in interface with growing renewable energy
resources. Renew Sustain Energy Rev 2011;15:1816-27.

[10] Wang H, Nayar C, Su J, Ding M. Control and interfacing of a grid-connected small scale wind turbine generator.
IEEE Trans Energy Convers 2011;26:428-34.

[11] Muyeen SM. Wind energy conversion systems: technology and trends. 1st ed. New Delhi, India: Springer;
2012.
[12] Duran MJ, Barrero F, Pozo-Ruz A, Guzman F, Fernandez J, Guzman H. Understanding power electronics and
electrical machines in multidisciplinary wind energy conversion system courses. IEEE Trans Educ 2013;56:174-82.
[13] Xu F, Zhang J, Cheng M. Analysis of double objectives control for wind power generation system with
frequency separation. 4th Int Conf Electr Util Deregul Restruct Power Technol 2011:1366-71.

[14] Abad G, Lopez J, Rodriguez MA, Marroyo L, lwanski G. Doubly fed induction machine: modeling and control
for wind energy generation. Wiley-1EEE Press; 2011.

[15] Hui J, Bakhshai A, Jain PK. An adaptive approximation method for maximum power point tracking (MPPT)
in wind energy systems. IEEE Energy Convers Congr Expo 2011:2664-9.

[16] Alnasir Z, Kazerani M. An analytical literature review of stand-alone wind energy conversion systems from
generator viewpoint. Renew Sustain Energy Rev 2013;28:597-615.

[17] Abdullah MA, Yatim AHM, Tan CW, Saidur R. A review of maximum power point tracking algorithms for
wind energy systems. Renew Sustain Energy Rev 2012;16:3220-7.

[18] Kooning JDMD Gevaert L, Vyver JVD, Vandoorn TL, Vandevelde L. Online estimation of the power
coefficient versus tip-speed ratio curve of wind turbines. 39th Annu Conf IEEE Ind Electron Soc 2013:1792-7.

[19] Thongam JS, Ouhrouche M. MPPT control methods in wind energy conversion systems. In: Carriveau R,
editor. Adv. Top. Wind Power, InTech; 2011. p. 339-60.

[20] Nasiri M, Milimonfared J, Fathi SH. Modeling, analysis and comparison of TSR and OTC methods for MPPT

and power smoothing in permanent magnet synchronous generator-based wind turbines. Energy Convers Manag
2014;86:892-900.

[21] Chang TP, Liu FJ, Ko HH, Cheng SP, Sun LC, Kuo SC. Comparative analysis on power curve models of wind
turbine generator in estimating capacity factor. Energy 2014;73:88-95.

[22] Pagnini LC, Burlando M, Repetto MP. Experimental power curve of small-size wind turbines in turbulent urban
environment. Appl Energy 2015;154:112-21.
[23] Zhao Y, Wei C, Zhang Z, Qiao W. A review on position/speed sensorless control for permanent-magnet
synchronous machine-based wind energy conversion systems. IEEE J Emerg Sel Top Power Electron 2013;1:203-16.
[24] Kesraoui M, Korichi N, Belkadi A. Maximum power point tracker of wind energy conversion system. Renew
Energy 2011;36:2655-62.

[25] Soetedjo A, Lomi A, Mulayanto WP. Modeling of wind energy system with MPPT control. Int Conf Electr Eng
Informatics 2011:1-6.

[26] Ahmed R, Namaane A, M’Sir NK. Improvement in perturb and observe method using state flow approach.
Energy Procedia 2013;42:614-23.

[27] Kazmi SMR, Goto H, Guo H-J, Ichinokura O. A novel algorithm for fast and efficient speed-sensorless
maximum power point tracking in wind energy conversion systems. IEEE Trans Ind Electron 2011;58:29-36.

© JIREEICE This work is licensed under a Creative Commons Attribution 4.0 International License 33


https://ijireeice.com/

IJIREEICE ISSN (O) 2321-2004, ISSN (P) 2321-5526

International Journal of Innovative Research in Electrical, Electronics, Instrumentation and Control Engineering
Impact Factor 7.047 3£ Vol. 10, Issue 1, January 2022
DOI 10.17148/IJIREEICE.2022.10105

[28] Peng W, Feng L, Yongduan S. A novel maximum power point tracking control method in wind turbine
application. 32nd Chinese Control Conf 2013:7569-74.

[29] Houssamo I, Locment F, Sechilariu M. Experimental analysis of impact of MPPT methods on energy efficiency
for photovoltaic power systems. Int J Electr Power Energy Syst 2013;46:98-107.

[30] Mirbagheri SZ, Mekhilef S, Mirhassani SM. MPPT with Inc.Cond method using conventional interleaved boost
converter. Energy Procedia 2013;42:24-32.

[31] Bendib B, Belmili H, Krim F. A survey of the most used MPPT methods: Conventional and advanced
algorithms applied for photovoltaic systems. Renew Sustain Energy Rev 2015;45:637-48.

[32] Hosseini SH, Farakhor A, Haghighian SK. Novel algorithm of maximum power point tracking (MPPT) for

variable speed PMSG wind generation systems through model predictive control. 8th Int Conf Electr Electron Eng
2013:243-7.

[33] Yu KN, Liao CK. Applying novel fractional order incremental conductance algorithm to design and study the
maximum power tracking of small wind power systems. J Appl Res Technol 2015;13:238-44.

[34] Chun S, Kwasinski A. Analysis of classical root-finding methods applied to digital maximum power point
tracking for sustainable photovoltaic energy generation. IEEE Trans Power Electron 2011;26:3730-43.

[35] Punitha K, Devaraj D, Sakthivel S. Artificial neural network based modified incremental conductance
algorithm for maximum power point tracking in photovoltaic system under partial shading conditions. Energy
2013;62:330-40.

[36] Mosa M, Rub HA, Ahmed ME, Rodriguez J. Modified MPPT with using model predictive control for multilevel
boost converter. 38th Annu Conf IEEE Ind Electron Soc 2012:5080-5.

[37] Abdullah MA, Yatim AHM, Tan CW. An online optimum-relation-based maximum power point tracking
algorithm for wind energy conversion system. Australas. Univ Power Eng. Conf; 2014. 1-6.

[38] Azzouz M, Elshafei A-lI, Emara H. Evaluation of fuzzy-based maximum power-tracking in wind energy
conversion systems. IET Renew Power Gener 2011;5:422.

[39] Singh M, Chandra A. Application of adaptive network-based fuzzy inference system for sensorless control of
PMSG-based wind turbine with nonlinearload-compensation capabilities. IEEE Trans Power Electron 2011;26:165-75.

[40] Masood B, Siddique MS, Asif RM, Zia-ul-Hag M. Maximum power point tracking using hybrid perturb &
observe and incremental conductance techniques. 4th Int Conf Eng Technopreneush 2014:354-9.

[41] Xia Y, Ahmed KH, Williams BW. Wind turbine power coefficient analysis of a new maximum power point
tracking technique. IEEE Trans Ind Electron 2013;60:1122-32.

[42] Xia Y, Ahmed KH, Williams BW. A new maximum power point tracking technique for permanent magnet
synchronous generator based wind energy conversion system. IEEE Trans Power Electron 2011;26:3609-20.

[43] Pucci M, Cirrincione M. Neural MPPT control of wind generators with induction machines without speed
sensors. IEEE Trans Ind Electron 2011;58:37-47.

[44] Ata R. Artificial neural networks applications in wind energy systems: a review. Renew Sustain Energy Rev
2015;49:534-62.

[45] Khouload BEDOUD, Hichem MERABET, Tahar BAHI, Djalel DRICI. Fuzzy Observer for MPPT Control of
Variable Wind Energy Conversion System Associed to AC-DC Converter. STA 2020.

[46] O Zebraoui, M Bouzi. Comparative study of different MPPT methods for wind energy conversion system.
REEE'2017.

[47] Saeed Heshmatian, Mahyar Khosravi, Davood A. Khaburi, Marco Rivera. A Wind Speed Sensorless MPPT -
Pitch Angle Control Scheme for a WECS Using Integral Sliding Mode Control and Neural Network. IEEE 2017.

[48] Ankit Shahi, Chayan Bhattacharjee, A Study & Analysis of Fuzzy Based P&O MPPT Scheme in PMSG Based
Wind Turbine. IEEE International Conference on Technologies for Smart-City Energy Security and Power (ICSESP-
2018).

[49] Govinda Chowdary V?, Udhay Sankar V!, Rani C!, Y.Wang? K.Busawon?. A Review on Various MPPT

Techniques for Wind Energy Conversion System. 2018 INTERNATIONAL CONFERENCE ON COMPUTATION OF
POWER, ENERGY, INFORMATION AND COMMUNICATION (ICCPEIC).

© JIREEICE This work is licensed under a Creative Commons Attribution 4.0 International License 34


https://ijireeice.com/

