II focuses on main research topics synthesis

General introduction

My research activities after the PhD are focused on renewable energy generation systems and their applications. More precisely, the focus has been made on marine renewable energy sources (specifically, marine currents turbine) modeling, control, and resilience improvement and DC/AC microgrids energy management. These research works can be summarized in three themes:

-Faults diagnosis of electrical machines and drives:

The focus has been made on induction motors faults detection and diagnosis based on stator currents analysis. High resolution techniques and parametric spectral estimation techniques have been investigated for faults feature extraction.

Moreover, generalized likelihood ratio test has been proposed for decision making.

INTRODUCTION

An experimental setup has been developed, which allows to prove the effectiveness of the developed approaches on bearing faults and both stator and rotor faults.

-Fault-tolerant control of electric machines and drives: application to marine renewable energy converters:

In this research theme, research activities have been conducted in order to improve marine current turbine (MCT) resilience. Fault-tolerant control strategies have been proposed and performance demonstrated for both power converters and permanent magnets synchronous generator faults. Specifically, second-order sliding mode control has been implemented to improve MCT resilience to permanent magnets demagnetization, which may be due to harsh environment, high torque, and speed variations.

-Energy management system of hybrid power generation systems with high rate of renewables:

This research area has focused on microgrid energy management systems development. Both DC and AC microgrids has been investigated. More precisely, an islanded marine microgrid has been proposed to supply Ouessant island in Brittany region in France. In fact, a microgrid composed of MCT, photovoltaic panels, battery energy storage system, and small-scale diesel generator has been proposed and an energy management system developed, which allows better energy scheduling while reducing CO 2 emissions and fulfilling technical constraints (network constraints, voltage bounds, power balance, etc.).

The present HDR manuscript is organized as follows:

-Part I presents my research and teaching activities, including my Curriculum Vitae, scientific publications, co-advised PhD thesis, local, national, and international scientific responsibilities, research projects and funding and industrial collaborations. This part also describes the developed experimental platforms, which can serve for both research and teaching activities.

-Part II is dedicated to the synthesis of my research activities since my PhD, in which:

INTRODUCTION

-Chapter 1 presents the interest of condition-monitoring of electrical machines in energy production and many other industrial applications. This chapter mainly focuses on induction machine faults detection and diagnosis based on motor current signature analysis (MCSA). Specifically, maximum likelihood estimation and generalized likelihood ratio test are demonstrated to be efficient for eccentricity faults, bearings faults, broken rotor bars defects, and unbalanced stator fault detection and diagnosis.

-Chapter 2 deals with fault-tolerant control of electrical machines in tidal turbine context. This chapter presents marine currents turbine modeling and main failures including power converters and permanent magnets synchronous generator faults. Permanent magnets demagnetization fault has been simulated based on magnetic equivalent circuit method. Then, the limitations of PI controllers have been highlighted while applied for PMSG control under magnets failure. Followed by the development of a fault-tolerant control strategy using second order sliding mode control approach.

-Chapter 3 deals with marine renewable energy resources based microgrid.

The focus is made on microgrid energy management system development taking into account load profile, available renewable ressources and conventional energy generation (diesel generator), grid constraints, energy storage system ageing and degradation, and consumers incentives.

-Part III presents a general conclusion and summarizes main research contributions. Several research perspectives are described at last for my future research directions. Training periods both at AIRBUS, Laplace Laboratory, and LAAS Laboratory, Toulouse, France. -Design, optimization, and energy management of hybrid power generation systems with high rate of renewable energies.

Academic education

Summary of research activities

Faults detection and diagnosis of electrical machines

The objective of the research activities in this topic is to propose reliable and efficient techniques to detect and characterize electromechanical systems defects at an early stage and thus take actions before the system catastrophic shutdown. The main application

RESEARCH ACTIVITIES

of these research activities is marine renewable energies (MREs) such as offshore wind turbines and tidal turbines. The most effective way to minimize maintenance costs and decrease the failure rates of MREss and their subsystems is to build more robust and reliable systems. Moreover, the focus should be made on the design of real-time monitoring systems and promote condition-based maintenance. The interest of diagnosis and real-time monitoring of these systems is to improve their availability, reliability, and robustness and value preventive maintenance compared to corrective maintenance. This should contribute to make MREs systems more competitive than conventional energy sources, mainly nuclear power and fossil fuels. the signal/noise subspaces (MUSIC / ESPRIT) were studied. In order to achieve the automatic decision-making step, the detection problem was formulated as an hypothesis test and was solved based on the Generalized Likelihood Ratio Test. These techniques have been developed to analyse the stator currents in stationary and non-stationary environments to detect both bearing faults and broken-rotor bars. This work has been published in 2 international referred journals [4,5] and 3 international refereed conferences [6,7,8].

Fault-tolerant control in marine currents turbine context

My research activities in this field are interested in marine energy conversion systems fault-tolerant control. Even if the potential for electricity generation from marine currents

Summary of research activities

is estimated at 100 GW worldwide, the tidal energy conversion systems are still emerging technologies and have not yet experienced much integration as distributed generators.

Moreover, these systems are subject to severe operating modes and environmental constraints. These constraints inevitably increase the performance degradation of system functional blocks and consequently accelerate their ageing process. This leads to the appearance of mechanical and/or electrical defects. Consequently, the implementation of fault-tolerant control techniques can help improving the reliability, performance, and reduce the operation and maintenance costs. This topic has been dealt with during the PhD thesis of Mme. Sana Toumi.

She focused on modeling and simulation of a variable-speed marine currents turbine in both healthy and faulty cases (Permanent Magnets Synchronous Generator (PMSG) with permanent magnets defects (demagnetization fault) and power converters (Power switches (IGBT) open-circuit). This PhD thesis work led to 4 publications in peerreviewed international journals [9,10,11,12] and 4 international refereed conferences [13,14,15,16].

Energy management system for microgrid with high rate of renewables

The current power grid is facing a number of challenges mainly related to growing energy demand, environmental issues, high reliability requirements and planning restrictions. Energy production systems-based on renewable resources (wind turbines, tidal turbines, photovoltaic systems, etc.) are currently being deployed at a large scale to meet the growing energy demand, mitigate the impact of pollutants of fossil fuels on the environment and guarantee socio-economic benefits for sustainable development.

The integration of these distributed energy resources in the distribution and transmission network, the emergence of new consumption modes (electric vehicles (EVs), for example), the use of storage devices, and the activation of smart energy concept in industry and residential buildings pave the way for smart grids. Smart grids constitute a solution to take advantage of the new power economy priorities, which aims promoting a bidirectional management of power and information flow and thus introduces the notion of "prosumers".

The intermittent nature of renewable energy resources requires the implementation of new resources allowing this intermittency balancing at energy systems level. Energy This research work has been published in a peer-reviewed international journal [22]. -Current professional position: Electrical engineering engineer, Tunisia.

Research funding and projects

A summary of contract activities and research projects is presented in this section.

Tables below present the following research projects and industrial collaborations:

-"Fonds de Concours au développement de la recherche" funded by the city of Brest and Bretagne Regional Council, -SAD project funded by Regional Council of Bretagne, -SEEDS project funded by GdR SEEDS, -Industrial collaborations with Cap'tronic, Guinard Energies, and SABELLA, -ANR/European Martera Project. -Since 2011 : IEEE Member. -Master student projects supervisor (some projects are listed in the following).

RESEARCH ACTIVITIES

At French national level

-Member of the oral defence committee of student projects and training periods.

-Training periods academic supervisor of engineering school students.

Teaching and educational responsibilities

2014-2017 In charge of Analog Electronics courses content and modules 2014-2019

Involved in the preparation of the accreditation application of the French Commission du Titre d'Ingénieur (CTI) Involved in financial support application from « CG29 », BMO, and ITII Bretagne, for power electronics research equipment acquisition

Teaching modules

The pedagogical contents of the teaching modules are as follows:

TEACHING ACTIVITIES

-Electrical engineering: Electromagnetism, magnetic circuits, magnetic material, transformers, DC motor, synchronous machine, diode-based rectifiers.

-Energy conversion: Energy and power, production, renewable resources, energy storage systems, power electronics, DC/DC converters, DC/AC converters, Electrical machines (DC motor, Synchronous motors, Asynchronous motors).

-Analog electronics: Basic electronic circuitry analysis, operational amplifiers, oscillators, diodes, transistors, stabilized DC power supply, switched mode power supply, practical works on analog circuitry.

-Power electronics: DC/DC and DC/AC power converters architecture and control strategies, converters modelling and simulation both on PSIM and Matlab/Simulink, advanced closed-loop control of power converters, practical works on power electronics and electrical machines fed by power electronics and controlled by dSPACE.

-Control engineering: Continuous linear systems modelling and controller design, open-loop and closed-loop (feedback) control, sampled-data control systems, state space control.

A summary of the teaching activities is given by table 5.1. 

Teaching modules

TEACHING ACTIVITIES

Student projects

2019-2020

-"Web application development for the design and economic analysis of a photovoltaic system for domestic application" -"Electrically assisted cycles: Battery sizing, converter design, and digital control based on Raspberry Pi3+" 2018-2019 -"Test bench development for electrical characterization of solar cells" in collaboration with EcoSolar Breizh -"Induction motor diagnosis based on motor current signature analysis: Application to electric vehicle" -"Electrically assisted cycles: buck converter design "36V-24V/250W"" 2017-2018 -"Electrically assisted cycles: power electronics design and control implementation based on Raspberry PI3+" -"LED solar street lights design and implementation" -"Test bench development for electrical characterization of solar cells" in collaboration with EcoSolar Breizh 2016-2017 -"Digital control of induction motor based on Texas Instrument microcontroller (F28335)" -"Digital control of an inverter connected to the grid for active filtering application" 2015-2016

-"Implementation of a boost converter connected to the grid with power factor correction capability" 2014-2015

-"Design and experimental validation of a Forward switched mode power supply "40V-5V/20W"

EXPERIMENTAL PLATFORMS WITH RESEARCH AND EDUCATION CAPABILITIES

Modeling framework

As for airplanes, the aerodynamic shape of the blade changes speed of wind on top and bottom of the blades. The difference in speed produces difference in pressure, hence a lifting force is generated, which creates a torque on the horizontal axe of the turbine.

Consequently, a mechanical power is captured by the blades and transmitted to the drive train, which is given by -Parking mode for which brake is on (wind speed is too low to produce energy or too high and dangerous for the blades),

P T = 1 2 ρAC p (λ, β)v 3 w ( 6 

DFIG-based wind turbine platform

-Generator control where the speed is controlled to capture maximum power (maximum power point tracking),

-Stall/pitch control for which blades are used to limit the extracted power from the wind (excess power could harm the turbine and power converters).

In generator control zone two operating modes are possible as it can be seen from Fig. 6.2b:

-Sub-synchronous operation mode: Ω M < Ω s , with Ω s corresponds to synchronous speed (Ω M min = 70%Ω s ).

-Super-synchronous operation mode:

Ω M > Ω s (Ω Mmax = 130%Ω s ).
A gearbox is typically used in a wind turbine to increase rotational speed from a low-speed rotor to a higher speed electrical generator. The rotational speed of the turbine (low speed shaft) and the rotational speed of the DFIG (high speed shaft) are linked by the following expression:

Ω M = G r Ω T (6.2)
where, G r denotes the gearbox ratio. Therefore, the tip speed ratio can be expressed as follows:

λ = Ω M R T G r v w (6.3)

Experimental platform

A system study is carried out in a small-scale wind turbine. The base wind speed for the wind turbine is 13 m/s, the cut-in speed of wind turbine is 5 m/s and the cutoff speed of wind turbine is 25 m/s, and the base rotational speed at the base wind speed is 204 rad/s. Figure 6.3 gives the considered C p curve. The extractable power P T and output torque Γ T with respect to rotational speed Ω M and wind speed v w are depicted by Fig. 6.4. For the sake of simplicity, the pitch angle β is set to zero and no pitch control is implemented in this study.

The experimental platform has been designed using a 1.5 kW test rig composed of DFIG connected to the utility grid through a back-to-back converter and a transformer 

Flywheel energy storage system platform

Flywheel is a promising energy storage system for domestic application, uninterruptible power supply, traction application (tramways), electric vehicle charging stations and even for smart grids. In fact, recent developments in materials, electrical machines, power electronics, magnetic bearings, and microprocessors offer the possibility to consider flywheels as a competitive option for electric energy storage. A FESS-based domestic energy storage can be useful for power peak shaving and power bakcup, which can be of great interest for domestic fast charging station (FCS) for electric vehicle in the near future for example. A lab-scale prototype has been built to demonstrate the possibilities offered by such energy storage system for both power buckup and power peak shaving for congestion prevention in the distribution grid. This experimental platform could be used for education, research, and industry projects dealing with the timely topic of energy storage technologies for smart grids.

EXPERIMENTAL PLATFORMS WITH RESEARCH AND EDUCATION CAPABILITIES

Modeling framework

Flywheels store energy in kinetic form. The energy is stored in a rotating mass.

The stored energy is function of the moment of inertia and angular velocity as given by equation 6.4

E c = 1 2 JΩ 2 (6.4)
where, J is the moment of inertia of the rotating mass and Ω is the angular velocity.

Basically, a modern flywheel energy storage system (FESS) consists of five key components as depicted by Fig. 6.7; 1) flywheel rotor, 2) bearings, 3) electrical machine (operated in both motor and generator modes), 4) power electronic interface, and 5) housing. It should be pointed out here that the FESS capacity is limited by the mechanical properties (Shape, strength of material, mass density, and angular velocity)

of the actual flywheel and the limit for power rating is set by the electrical machine and power electronics. 

Experimental platform

Flywheel general scheme is given by Fig. 6.8. This figure allows to distinguish flywheel energy storage system main subsystems, which are: 1) Flywheel rotor, 2) Permanent magnet synchronous machine, 3) Back-to-back converter, 4) LC filter for currents and voltages harmonics filtering, 5) Control and energy management devices. -Marine current variation related to tide phenomenon of about 6 hours period.

Flywheel energy storage system platform

Grid
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PMSG-based wind and marine currents turbine platform

-Marine current variation due to swell effect with few seconds period.

Since the produced power is proportional to the cube of the currents speed, these fluctuations will cause power variations, which will affect the power quality fed to the grid (Fig. 6.13a). Consequently, these short-term and long-term variations in marine current speed related to swell effect and disturbances related to turbulence and tides cause many technical issues that have to be addressed in order to make this technology practically and economically reliable.

The main goal of the developed experimental platform is to demonstrate the effectiveness of the use of energy storage systems, namely batteries and supercapacitors, for MCT generated power smoothing. The scheme of the energy conversion system is given by Fig. 6.12. It is composed of the marine current turbine and associated energy storage systems. These energy storage systems, used for power smoothing, are chosen based on power and energy density and are given by Ragone diagram given by Fig. 6.13b.

-Rapid power fluctuations will be compensated using supercapacitors (Fig. 6.14b),

-Slow power fluctuations will be compensated by using batteries (Fig. 6.14c).

II PART

Synthesis of main research contributions

Condition monitoring of electric machines and drives CHAPTER 1

Introduction

In the field of energy production and many other industrial applications, the electrical drives are subject to various failures, possibly combined ; failure of power supply devices, failure of electrical machines (broken bars, short-circuits, demagnetization for PMSM, etc.), failure of mechanical load (wear or breakage of all or part of the bearings, shafts, gears, etc.), failure of control devices, and failure of cables, connections, protective devices, etc.

Safety, reliability, efficiency, and performance are major concerns that direct the research activities in the field of electrical machines. Although, the use of switching power converters has improved the performance of electrical machines and drives and has extended it use to adjustable speed drives, their lifetime has been reduced. This fact has increased the range of applications where the need of condition monitoring is crucial. Consequently, researchers in academia and industry are mainly focusing on early stage failures detection and diagnosis in order to prevent breakdowns. Induction machines are widely used in industrial applications such as traction, wind generation, medical equipment, and aircraft systems. Hence, in this chapter, the emphasis is made on electrical machines condition monitoring techniques with special reference to induction machines faults detection. In particular, focus is made on condition monitoring techniques based on stator currents processing (motor current signature anaysis -MCSA), which is already measured on the drive system for other purposes such as control and protection.

CONDITION MONITORING OF ELECTRIC MACHINES AND DRIVES

Fault-tolerant control of electric machines and drives CHAPTER 2

Introduction

Tidal stream energy is highly predictable renewable energy resource and is considered as a promising technology to lower greenhouse gas emissions for sustainable development [START_REF] Melikoglu | Current status and future of ocean energy sources: A global review[END_REF]. Unfortunately, tidal stream turbines are still in development stages with few industrial project deployments. Even though, technological similarities exist between wind and tidal turbines, tidal turbines are not as mature as wind turbines technology and several design and operation differences require more investigation such as biofouling and marine current turbulence [START_REF] Titah-Benbouzid | Biofouling issue on marine renewable energy converters: A state of the art review on impacts and prevention[END_REF]. Moreover, tidal turbines are submerged systems so they has to withstand high loading and harsh submarine conditions, which make this technology suffering from higher failures rate. Horizontal-axis tidal turbines typically harness this kind of renewable energy (Fig. 2.2) [START_REF] Benbouzid | Ocean energy technologies[END_REF]. Two main drivetrain technologies have been implemented in industry, which are geared and direct-drive systems [START_REF] Benbouzid | Ocean energy technologies[END_REF][START_REF] Touimi | Tidal stream turbines: With or without a gearbox?[END_REF].

Tidal energy systems are unfortunately not yet massively deployed as they are facing reliability and availability challenges mainly due the harsh immersion conditions [START_REF] Benbouzid | Concepts, Modeling and Control of Tidal Turbines[END_REF].

In fact, load variability and rotor speed variations in tidal turbines lead to higher failure rate of major tidal turbines components as shown by Fig. 2.1 [START_REF] Elasha | A hybrid prognostic methodology for tidal turbine gearboxes[END_REF]. Evidences of these failures highlight the need for specific condition monitoring scheme. Moreover, the control algorithm and energy management systems should be upgraded in order to be fault-tolerant, which may enhance system availability.

Energy management system of hybrid power generation systems with high rate of renewables CHAPTER 3

Introduction

The exponential increase in global energy demand is the main cause of rapid depletion of fossil fuels and increased greenhouse gas emissions of conventional generators (CGs).

To overcome these problems, the world has taken initiatives to deploy renewable energy resources (RERs) on a large scale, in order of GW, since a decade [START_REF] Wu | Integrated Energy Systems[END_REF][START_REF] Keirstead | A review of urban energy system models: Approaches, challenges and opportunities[END_REF]. The RERs, such as solar, wind, biomass, hydro, and tidal power are one of the most important sources in providing clean energy and mitigating greenhouse gas (GHG) emissions for sustainable development [START_REF] Hu | The role of renewable energy consumption and commercial services trade in carbon dioxide reduction: Evidence from 25 developing countries[END_REF]. RERs, micro CGs, and energy storage systems (ESSs) are often described as distributed energy resources (DERs) in the literature [START_REF] Parhizi | State of the Art in Research on Microgrids: A Review[END_REF]. DERs are on-site generation sources in distribution system. Hence, no transmission equipment is required for power transfer to load ends. In DERs, the RERs, particularly solar and wind energy, are volatile and intermittent energy sources. Therefore, ESSs and micro CGs are needed to overcome these uncertainties. The integration of DERs into distribution network requires the optimal sizing, control, and scheduling of these energy resources. A microgrid (MG) embodies these issues by integrating DERs into power grid, together with an ability to operate in an islanded mode during main grid failure [START_REF] Bacha | Photovoltaics in Microgrids: An Overview of Grid Integration and Energy Management Aspects[END_REF]. Hence, It helps in achieving objectives of efficient transformation of the passive network into an active one, bidirectional and controlled power flow management, reliable and continuous supply, power quality enhancement, and clean environment. increased integration of probabilistic controllable loads into MGs, researchers have focused on solving its energy management problems. Energy management system (EMS) of an MG encompasses both supply and demand side management, while satisfying system constraints, to realize an economical, sustainable, and reliable operation of MG [START_REF] Hatziargyriou | Microgrids: architectures and control[END_REF]. -Modeling and energy management system for islanded or utility grid-connected microgrid with large-scale renewable energy resources.

Perspectives

Based on the previously discussed research topics and contributions, my future work should be focusing on the following two specific areas of research:

-Diagnosis, prognosis and fault-tolerant control of electric machines and power electronics for renewable energy generation systems and electric vehicles.

PERSPECTIVES AND RESEARCH PROJECT

-Microgrids and smartgrids: Optimal sizing, energy management, and control of hybrid microgrid with high rate of renewable resources and distributed energy storage systems and power quality monitoring based on signal processing techniques.

Diagnosis, prognosis and fault-tolerant control of electric machines and power electronics

The main issue hindering the development of marine renewable energy converters (MREC) such as offshore wind turbines, tidal turbines, and wave energy systems is their economic competitiveness. Indeed, the exploitation of MREC remains more expensive than the exploitation of fossil and nuclear energies, nowadays. This high cost can be partly explained by a relatively low equipment availability rate and maintenance operations cost. Indeed, to take advantage of certain energy sources, energy conversion systems are generally installed in geographic locations that are difficult to access (offshore, submerged, etc.) and are subject to extreme environmental conditions. Although efforts are being made to increase the robustness of these equipments, failures can never be totally ruled out. The reliability requirements of MREC require the design of energy conversion systems with low intrinsic level of failure and high fault tolerance. In addition, operating and maintenance costs reduction of MREC requires smart monitoring of its critical subsystems (generators, power converters, bearings and gearboxes, etc.). In this case, condition monitoring aims to collect data from sensors or provided by operators, which will then be processed and analyzed to monitor system operating conditions over time. More specifically, continuous monitoring of equipments health state allows detecting failures at an early stage (incipient faults) and thus schedule preventive maintenance before system shutdown.

This work can be viewed as part of "Prognostics and Health Management (PHM)".

PHM aims the development of methods and algorithms for systems monitoring, failures detection, diagnosis and prognosis as well as automatic decision-making as shown by more reliable and safe electromechanical systems.

Optimal sizing, control, and energy management of hybrid microgrid/smartgrid with high rate of renewable resources

Renewable resources-based energy production systems (wind turbines, tidal turbines, photovoltaic systems, etc.) are currently being deployed on a large scale to meet the needs of a growing energy demand, mitigate the impact of pollutants in fossil fuels and guarantee socio-economic benefits for sustainable development. Besides, in order to manage the intermittent nature of renewable energy resources and satisfy the load at all times, it is mandatory to develop energy storage systems such as pumped hydro, compressed air energy storage, batteries (Sodium-Sulfur, Lead-Acid, Nickel-Cadmium, Lithium-Ion, Redox-Flow), superconducting magnetic energy storage (SMES), supercapacitors, and flywheels. The integration of these distributed energy resources and storage devices into the distribution and transmission grid pave the way for microgrids. The concept of micro-grids has been introduced to have an autonomous power system that can effectively integrate various renewable energy sources, distributed energy resources, energy storage systems, controllable loads, and measurement and control devices that can operate in island mode during grid outages. In microgrids, an energy management system, which is a control and supervising unit, is mandatory for optimal use of these distributed energy resources in a smart, secure, reliable and The objective types of MG EMS depend on its operation mode, its centralized or decentralized operation, economical aspects, and the intermittent and volatile nature of renewable energy sources. They also consider environmental issues of conventional generators, health status of batteries, active DR integration, system losses and reliability, and customer privacy. Many research studies have been conducted on some of these objective types. However, extensive investigations are still required to manage the customer privacy issues, develop secure and reliable communication system cost management, particularly for decentralized operation. Furthermore, microgrid systems reliability analysis is not studied in detail for islanding and remote applications. These potential areas need to be addressed in detail to achieve optimal energy efficient operation of microgrids.

In this context, the proposed project is a program for long-term anticipation of electrical systems including large-scale of renewable energy resources, battery-based distributed energy storage systems, flywheel energy storage system and electrical vehicles.

By focusing on the system components, this project will provide an overview of new electrical architectures and their operation. Moreover, the connection of various energy storage systems to the utility grid as well as the integration of high rate of renewables, This research topic should be investigated according to the following actions:

-Action 1: It will focus on microgrids design and optimal sizing that can effectively integrate various sources of distributed generation, especially renewable energy sources (RES), and can supply emergency power, changing between island and connected modes. The control architecture of a microgrid is depicted by Fig. 1.5 -Action 2: It will concern techniques for microgrid modeling and optimization of energy management system in a hybrid energy production system with the introduction of the concept of prosumers (bi-directional flow of power and information). This microgrid will consist of conventional and renewable resources, energy storage systems based on electric vehicles, batteries and flywheels and controllable loads.

Microgrids can be interconnected in a cluster as shown by Fig. 1.6, in islanded mode or connected to distribution or transmission grid. -Action 3: It will focus on the study of the integration of renewable energy resources to untility grid and their contribution to auxiliary services: frequency regulation and voltage regulation.

PERSPECTIVES AND RESEARCH PROJECT

Conclusion

The discussed future works can be implemented during PhD thesis project or projects in collaboration with national and international laboratories. Moreover, more efforts should be made to build projects following a Call for proposals for research funding (ANR, European projects, etc.). In addition of the above detailed research perspectives, further actions should be undertaken to develop:

-National and international collaborations, -Industrial collaborations, -Experimental platforms with research and teaching capabilities.

  This HDR (Habilitation à Diriger des Recherches) manuscript summarizes my research and teaching activities as an associate professor at ISEN Yncréa Ouest, Brest and a scientist researcher at Institut de Recherche Dupuy de Lôme, IRDL UMR CNRS 6027 since I defended my PhD thesis in November 2013. During my PhD, my research activities focused on condition-based maintenance implementation based on motor current signature analysis (MCSA) for induction motors monitoring. The developed approaches allow faults detection and characterization based on maximum likelihood estimation and a generalized likelihood ratio test for decision making. My PhD thesis manuscript is entitled: "On parametric spectral estimation for faults detection in induction machine for stationary and non-stationary environments". After my PhD, I joined ISEN Yncréa Ouest, first as a postdoctoral researcher and then as an associate professor since 2014. I was also a member of LBMS laboratory (Laboratoire Bréstois de Mécanique et des Systèmes) EA 4325 from 2014 to 2016 and currently a member of IRDL laboratory since 2016.

1. CURRICULUM VITAE CHAPTER 2

 2 After my PhD defence, I was hired as a postdoctoral fellow at ISEN (engineering school) in Brest and joined the LBMS EA4325 laboratory (Mechanics and Systems Laboratory of Brest) and more particularly the team "Energy and Electromechanical Systems" whose main research interests are control and diagnosis of complex electromechanical systems. Since September 2014, I am an associate professor at ISEN Brest, Yncréa Ouest and research scientist at the Dupuy de Lôme Research Institute (IRDL UMR CNRS 6027). I am a member of the PT4 (Pôle Thématique de Recherche): "Energy Systems and Thermal Processes ". Within this team, I am in charge of the diagnostic research topic. My current research interests are focusing on: -Diagnosis and faults detection of rotating electrical machines (both electrical and mechanical defects) through electrical signals analysis and more precisely the stator currents, -Fault-tolerant control in marine renewable energy systems context (Marine Currents Turbine),

  This research topic focuses on the use of electrical signals measurement, mainly stator currents, to detect mechanical and/or electrical faults. Advanced signal processing techniques are used to extract the frequencies, signature of the faults, based on the stator currents measurement. These signatures allow to characterize the fault in terms of failing component (each faulty component is characterized by the rise of the amplitude of specific frequency components in currents spectrum) and in terms of fault severity. Furthermore, techniques based on detection theory, particularly the generalized likelihood ratio test, have been proposed in order to perform an automatic fault detection and diagnosis. This research topic has been carried out during the PhD thesis of Mr. Youness Trachi. He has particularly focused on the detection and diagnosis of failures by stator current analysis in asynchronous machine drives. Based on previous works, a signal model in the presence of a fault is presented. To estimate the model parameters, a statistical technique based on the Maximum Likelihood and an approach based on
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 2222212267686224 PhD thesis, postdoc, and research masters co-advising PhD thesis, postdoc, and research masters co-advising PhD thesis of Mr. Youness TRACHI: 2014 -2017 -Co-supervisor rate: 30% Date of PhD oral defence: November 22 nd 2017 PhD supervisor and other co-supervisor: -Prof. Mohamed BENBOUZID, University of Brest, IRDL UMR CNRS 6027 Dr. Vincent CHOQUEUSE, ENIB of Brest, Lab-STICC UMR CNRS 6285 Manuscript title: "On induction machine faults detection using advanced parametric signal processing techniques" PhD thesis jury members: -Dr-HdR. Claude DELPHA, University of Paris-Sud -Prof. Demba DIALLO, University of Paris-Sud -Prof. Mohamed ELBADAOUI, University of Saint Etienne -Dr. Emmanuel SCHAEFFER, University of Nantes -Prof. Tianzhen WANG, Shanghai Maritime University, China -Dr. Elhoussin ELBOUCHIKHI, ISEN Yncréa Ouest, Brest -Prof. Mohamed BENBOUZID, University of Brest -Joint publications with the PhD student: [1] Y. Trachi, E. Elbouchikhi, V. Choqueuse, M. Benbouzid, and T. Wang, "A novel induction machine faults detector based on hypothesis testing," IEEE Transactions on Industry Applications, vol. 53, no. 3, pp. 3039 -3048, May-June 2017 [2] Y. Trachi, E. Elbouchikhi, V. Choqueuse, and M. Benbouzid, "Induction machines fault detection based on subspace spectral estimation," IEEE Transactions on Industrial Electronics, vol. 63, no. 9, pp. 5641-5651, September 2016 2. RESEARCH ACTIVITIES [3] Y. Trachi, E. Elbouchikhi, V. Choqueuse, T. Wang, and M. Benbouzid, "Induction machine faults detection based on a constant false alarm rate detector," in proceedings of the 2016 IEEE IECON. Florence, Italia: IEEE, October 2016, pp. 6359-6363 [4] Y. Trachi, E. Elbouchikhi, V. Choqueuse, and M. Benbouzid, "Stator current analysis by subspace methods for fault detection in induction machines," in proceedings of the 2015 IEEE IECON. Yokohama, Japan: IEEE, November 2015, pp. 3479-3484 [5] E. Elbouchikhi, V. Choqueuse, Y. Trachi, and M. Benbouzid, "Induction machine bearing faults detection based on hilbert-huang transform," in proceedings of the 2015 IEEE ISIE. Búzios, Rio de Janeiro, Brazil: IEEE, June 2015, pp. 843-848 Current professional position: Research engineer 2. PhD thesis of Mme. Sana TOUMI: 2014 -2017 -Co-supervisor rate: 30% Date of PhD oral defence: December 09 th 2017 PhD supervisors and other co-supervisor: -Prof. Mohamed BENBOUZID, University of Brest, IRDL UMR CNRS 6027 Prof. Mohamed Faouzi MIMOUNI, ENISO Sfax, Tunisie -Dr. Yassine AMIRAT, ISEN Yncréa Ouest, Brest, France -Manuscript title: "Contribution á la commande résiliente aux défaillances des convertisseurs statiques et á la démagnétisation de la génératrice synchrone á aimants permanents d'une hydrolienne" PhD thesis jury members: -Prof. Jaleleddine BEN HADJ SLAMA, ENI Sousse, Tunisia -Dr-Hdr. Jean Frédéric CHARPENTIER, French Naval Academy -Prof. Maria PIETRZAK-DAVID, INP ENSEIIHT Toulouse -Prof. Ilhem SLAMA-BELKHODJA, ENI Tunis, Tunisia -Dr. Yassine AMIRAT, ISEN Yncréa Ouest, Brest 2. RESEARCH ACTIVITIES modeling in a pmsg used for marine current turbine," in proceedings of the 2016 IEEE STA. Sousse, Tunisia: IEEE, 2016, pp. 552-557 [8] S. Toumi, S. B. Elghali, M. Trabelsi, E. Elbouchikhi, M. Benbouzid, and M. F. Mimouni, "Robustness analysis and evaluation of a pmsg-based marine current turbine system under faulty conditions," in proceedings of the 2014 IEEE STA. Hammamet, Tunisia: IEEE, December 2014, pp. 631-636 Current professional position: Associate professor at "l'Ecole Pluridisciplinaire Internationale" EPI Educational Group of sousse, Tunisia 2.2.2 PhD thesis undergoing 1. PhD thesis of Mr. Fahad Muhammad ZIA: 2017 -2020 -Co-supervisor rate: 50% PhD supervisor: -Prof. Mohamed BENBOUZID, University of Brest, IRDL UMR CNRS 6027 PhD topic: "Optimization of hybrid power generation systems with high rate of renewables: from microgrids to grid-connected systems" -Joint publications with the PhD student: PhD thesis, postdoc, and research masters co-advising [4] M. F. Zia, E. Elbouchikhi, and M. Benbouzid, "Optimal operational planning of scalable dc microgrid with demand response, islanding, and battery degradation cost considerations," Applied Energy, vol. 237, pp. 695-707, March 2019 [5] --, "Microgrids energy management systems: A critical review on methods, solutions, and prospects," Applied Energy, vol. 222, pp. 1033-1055, July 2018 [6] M. F. Zia, M. Nasir, Elhoussin Elbouchikhi, M. Benbouzid, J. C. Vasquez, and J. M. Guerrero, "Energy management system for an islanded renewables-based dc microgrid," in proceedings of the 2019 IEEE ICSPIES, Bangkok (Thailand), June 2020, pp. 1---, "An energy management system for hybrid energy sources-based stand-alone marine microgrid," in proceedings of the 2019 IEEE ICSPIES. Melbourne, Australia: IEEE, April 2019, pp. 1-M. F. Zia, Elhoussin Elbouchikhi, M. Benbouzid, and J. M. Guerrero, "Microgrid transactive energy systems: A perspective on design, technologies, and energy markets," in Proceedings of the 2019 IEEE IECON, Lisbon (Portugal), Oct. 2019, pp. 1-PhD thesis of Mme. Khadija EL HAROURI: 2019 -2022 -Co-supervisor rate: 50% PhD supervisors: -Prof. Mohamed BENBOUZID, University of Brest, IRDL UMR CNRS 6027 Prof. Soumia EL HANI, University Mohamed V, ENSET RABAT, Morocco PhD topic: "Optimal scheduling, management and control of charging/discharging of electric vehicles" -Joint publications with the PhD student: 2. RESEARCH ACTIVITIES [1] K. E. Harouri, S. El Hani, E. Elbouchikhi, M. Benbouzid, and H. Mediouni, "Grid-connected plug-in electric vehicles charging stations energy management and control," International Journal on Energy Conversion (IRECON), vol. 1, pp. 1-9, March 2019 2.2.3 Postdoc -Postdoctorate position of Dr. Pierre MASSONNAT -Post-Doc duration : July 2015 to February 2017 -Partners : French Naval Academy, IRENAV EA 3634 -Project funding: Stratégie d'Attractivité Durable (SAD) of Bretagne region -Postdoctorate topic : Modeling, control and dignaosis of permanent magnets synchronous generators (PMSG) in marine currents turbine context -Current professional position: Research engineer. Research master students -Research Master of Mme. Fatemah HOURZADEHGHARABOLAGH -Start date of the reseach master training period: Mai 15 th , 2019 Funding source: ISEN Yncréa Ouest. -Training period topic: "Real-time monitoring of swimmers: Application to La Baule beach". Current professional position: Second year of research master Robotique, Assistance et Mobilité at the university of Versailles-Saint-Quentin-en-Yvelines. -Research Master of Mme. Camille DI RUZZA -Date of training period oral defence:: July 13 rd , 2017 Funding source: SAD project -Training period topic: "Real-time implementation of faults detection in induction machines-based on stator currents analysis (MCSA)".
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 1 -ρ air density in kg/m3 (at sea level and 20 o C: ρ ≈ 1.225 kg/m 3 ),-A = πR 2T swept area by the blades (wind turbine rotor normally disposed to the wind speed) in m 2 , with R T turbine radius, -C p (λ, β) power coefficient of the blade, which depends on tip speed ratio λ = R T Ω T vw and pitch angle β, which is generally used as aerodynamic brake, -v w wind speed in m/sec, -Ω T wind turbine speed in rad/sec.
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 62 Figure 6.2: Operating regions in variable speed WECS.
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 6 Figure 6.2a gives the operating regions of DFIG-based wind turbine system. We can distinguish mainly three operating regions:
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 64 Figure 6.4: Wind turbine characteristics.
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 65 Figure 6.5: DFIG-based WEC: Experimental platform.
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 66 Figure 6.6: DFIG-based WEC: Experimental setup scheme.
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 67 Figure 6.7: Conceptual overview of FESS.

Figure 6 .

 6 9 shows the experimental setup consisting of a FESS driven by a 1.8 kW PMSM (Fig.6.10a), two Semikran 3 KW inverters (Fig.6.10b), voltage and current LEM sensors, input L filter, and two Dspace 1104 to implement the proposed control algorithm. Figure6.8 shows the block diagram of the flywheel controller blocks. The switching frequency of the inverters was set to 10 kHz. The system was connected to the grid through a 4 kW isolation autotransformer, and a resistive load was used to emulate the domestic load.
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 69 Figure 6.9: Laboratory prototype.
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 611 Figure 6.11: Potential tidal turbine sites.

  United Nations Sustainable Development and Paris Climate Agreement goals also promote installation of RERs. In 2016, the global deployment of RERs, excluding hydro power, reached 921 GW due to the increased awareness of climate change, with China being at the top spot in deployment of RERs followed by the USA, and Germany, as shown in Figure 3.1.

3. 1 IntroductionFigure 3 . 2 :

 132 Figure 3.2: MG market status [1].

CHAPTER 1 1. 1 Introduction--

 11 This research synthesis manuscript has summarized my main research contributions since 2013. During the last six years, my research activities were focusing on modeling, fault diagnosis, fault tolerant control of electric machines and drives, with special focus on marine energy converters application and energy management of hybrid microgrids with high rate of renewable resources. Specifically, three main research topics have been investigated: Faults detection and diagnosis of induction machines based on motor current signature analysis (MCSA) with special focus on spectrum analysis, demodulation techniques, time-frequency and time-scale analysis, and empirical mode decomposition. Modeling and sliding mode-based control for fault-tolerant control of marine current turbines. Both permanent magnet failure and converters open-circuit failure have been investigated in marine context.

Fig. 1 . 1 .

 11 Fig. 1.1. The implementation of PHM allows increasing smart maintenance rate; conditional maintenance and predictive maintenance and reducing traditional maintenance; corrective maintenance and scheduled preventive maintenance. Consequently, PHM allows increasing the availability, reliability and safe operation of these systems while reducing operating costs.
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 2111 Figure 1.1: PHM cycle [2].
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 12 Figure 1.2: Faults diagnostic.
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 1323214 Figure 1.3: From diagnostic to prognostic [2].

1 .

 1 PERSPECTIVES AND RESEARCH PROJECTcoordinated way. It is therefore of great interest to develop decision-making strategies and methods for optimization problems solving for hybrid energy management systems in microgrids.In a microgrid, distributed energy resources, energy storage systems, loads, and the main grid connection point are controlled by local controllers. These different local controllers communicate with the central controller who decides on the strategy to adopt for each local controller to ensure optimal operation (minimizing operation and maintenance costs, for instance). Therefore, a comparative analysis of communication technologies must be carried out for a cost-effective implementation of microgrid energy management systems. Moreover, the increasing deployment of electric vehicles has paved the way for battery-based electrical energy storage technologies enhancement both in terms of lifspan and cost. This leads to consider new usages for batteries connected to utility grid, either directly in the substations, at renewable plants level or at large consumption centers. These highly distributed energy storage systems must be integrated into central controller. Finally, information on prospects, future directions and possible industrial applications of microgrids and smartgrids need to be highlighted.
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 215 Figure 1.5: Microgrid control architecture.

Figure 1 . 6 :

 16 Figure 1.6: Microgrids clustring [3].
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	: FCR project

Table 2 .2: SAD project 2.3 Research funding and projects

 2 

	Year	2015-2016
	Project	Diagnosis and faults detection in marine renewable energy ressources
		based on stator currents monitoring
	Partners	-ISEN Brest, Yncrea OUEST, France
		-University of Brest, Institut de recherche Dupuy de Lôme
		(UMR CNRS 6027 IRDL) France
		-University of Nantes, IREENA, EA 4642, France
	Funding source	GdR CNRS SEEDS
	Total amount	10 ke
	Role	Project coordinator

Table 2 .3: SEEDS project 2. RESEARCH ACTIVITIES

 2 

	Year	2020
	Project	Marine current turbine configurations (IG/PMSG) investiga-
		tion with both embedded and onshore power electronics
	Industrial partner	SABELLA
	Total amount	10 ke
	Role	Project collaborator
	Project deliverables Report on comparative study of 4 MCT configurations and
		simulation study
	Year	2019
	Project	Technical and economic studies of a residential solar power
		plant for Africa
	Industrial partner	Cap'tronic
	Total amount	4 ke
	Role	Project coordinator
	Project deliverables Architecture and sizing of the solar power plant, and compo-
		nents suppliers
	Year	2018
	Project	Simulation and prototype implementation for a small-scale
		marine current turbine for powering stand-alone equipments
	Industrial partner	Guinard Energies
	Total amount	12 ke
	Role	Project collaborator
	Project deliverables	Study report of 100 pages

Table 2 . 4 :

 24 Expertise and industrial contracts

	2.3 Research funding and projects

-University of Brest, Institut de recherche Dupuy de Lôme (UMR CNRS 6027 IRDL) France -INESCTEC-CRAS, Portugal -NTNU-Biological Sciences Aalesund Norvège

Table 2 . 5
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	Since 2019	Senior Member of IEEE (Institute of Electrical and Electron-
		ics Engineers)
	2016 and 2019	IEEE TRANSACTIONS ON ENERGY CONVERSION jour-
		nal Star Reviewer award
	2014 -2015	Certificate of appreciation from the IEEE PES (Power &
	&	Energy Society) and the Editorial Board of Transactions on
	2017 -2018	Energy Conversion
	2012	Best paper award at international conference IEEE
		IECON'12 at Montréal (Canada)
	3	

: ANR/ADEME/European Project

3.1 Scientific awards and recognition

.2 Editorial responsibilities in international journals

  

	3. INTERNATIONAL SCIENTIFIC SERVICES AND
	RESPONSIBILITIES
	3.3 Organization of international conferences
	3.3.1 Member of international conference organizing/technical com-
	mittee	
	2020	4 th International conference on electrical and information technolo-
		gies, ICEIT'20, Rabat-Salé, Morocco
	2014	3 rd International conference on Industrial Engineering and Manu-
		facturing, ICIEM'14, University of Batna, Algeria
	3.3.	
	Since Mai 2020	Associate Editor in the area of Generation for IET
			Generation, Transmission & Distribution
	Since March 2020	Member of the Editorial Board of MDPI Energies
	Since January 2020	Topic editor for MDPI Energies
	2020		Guest editor of MDPI Energies
			Special Issue: "Special Issue: "Advances in the Fault
			Tolerance and Resilience of Wind and Tidal Energy
			Conversion Systems"
	2019		Guest editor of MDPI Energies
			Special Issue: "Marine Tidal and Wave Energy Con-
			verters : Technologies, Conversions, Grid Interface,
			Fault Detection, and Fault-Tolerant Control"

2 Technical track chair and tutorials of international conference

  

	2020	-Tutorial at the international conference IEEE ICEIT 2020, Rabat,
		Morocco: "Digital control based on dSPACE/DSP: Application to
		wind energy conversion and energy storage systems"
	2020	SS01 -Special session chair at IEEE SPIES 2020, Bangkok, Thai-
		land, entitled: "Microgrids/Nanogrids Implementation, Planning,
		and Operation"
	2019	SS20 -Special session at IEEE IECON 2019, Lisbon, Portugal,
		entitled: "Microgrids/Nanogrids Implementation, Planning, and
		Operation"
	2017	Tutorial at the international conference IEEE IECON 2017, Beijing,
		China: "Advanced Signal Processing Techniques for Electrome-
		chanical Systems Fault Detection and Diagnosis"
	3	

.3.3 Special session chair of international conference

  

	2020	SSV II -Session chair at IEEE ICEIT 2020, Rabat, Morocco,
		entitled: "Control Systems and Robotics"
	2019	SS20 -Special session chair at IEEE IECON 2019, Lisbon, Portugal,
		entitled: "Microgrids/Nanogrids Implementation, Planning, and
		Operation"
	2017	SS20 -Special session chair at IEEE IECON 2017, Beijing, China,
		entitled: "Advances in Fault Tolerance and Resilience in Power
		Conversion Systems"

6 Collaboration with other electrical engineering labora- tories 3.6.1 At international level

  

	-Since 2014: Member of French national research group SEEDS
	3.5.3 Invited professors
	-Dr. Yazid KAIKAA, Frères Mentouri University, Constantine, Algéria
	-Dr. Lotfi SAIDI, Sousse University, Tunisia

-Prof. Tianzhen WANG, Shanghai Maritime University (SMU), Shanghai, China 3.-Control and Power Electronics Laboratory, Shanghai maritime University (SMU), China -Electrical Engineering Laboratory of Marrakech, University of Marrakech, Morocco -Research Centre for Engineering Sciences and Health Technologies, University of Rabat, ENSET, Morocco 3.

6.2 At French national level

  

		CHAPTER 4
	Scientific publications	
	4.1 Summary	
	International journal papers	29 + 4 (Ongoing)
	National (French) journal papers	3 + 1 (Ongoing)
	Book chapters	2 + 1 Ongoing
	Edited Books	1 MDPI Energies
	-IRENAV Laboratory EA 3634, French Naval Academy, Brest -1 IEEE ICEIT 2020, Rabat, Morocco 2 tutorials on international conferences -2 IEEE IECON 2017, Beijing, China
	-IREENA Laboratory EA 4642, Saint Nazaire 2 special sessions on international	-1 IEEE SPIES 2020, Bangkok, Thailand
	conferences	-2 IECON 2019, Lisbon, Portugal
	International conference papers	30
	National (French) conference papers	3
	Total impact factors	105.65
	Journal papers first author position	13
	Joint publications with PhD student (Journal papers)	13
	Google scholar h-index	14 -875 citations

Main scientific publications are summarized by table 4.1.

Table 4 .

 4 

1: Scientific publications and main metrics.

Table 5 .

 5 

	Practical	works	29	15	-	-	44	22	20	-	42	22	40	62	15	36	51	67	-	67	31	24	55	31	24	55	16	16
	Course Tutorials	60 42	30 -	-36	12 18	102 96	128 13.5	12 -	-24	140 37.5	126 51	12 -	138 51	159 27	--	159 27	126 27	26 -	152 27	-40.5	-40	-80.5	-9	-40	-49	--	--
	Graduate	degree	BAC+3	BAC+4	BAC+3/+4	BAC+4		BAC+3	BAC+4	BAC+3		BAC+3	BAC+4		BAC+3	BAC+4		BAC+3	BAC+2		BAC+3	BAC+1		BAC+3	BAC+1	BAC+3
	Module	-Analog Electronics	-Power Electronics	-Energy Conversion	-Control Engineering	Annual summary	-Analog Electronics	-Power Electronics	-Energy Conversion	Annual summary	-Analog Electronics	-Power Electronics	Annual summary	-Analog Electronics	-Power Electronics	Annual summary	-Analog Electronics	-Power Electronics	Annual summary	-Analog Electronics	-Electrical Engineering	Annual summary	-Analog Electronics	-Electrical Engineering	Annual summary	-Analog Electronics	Annual summary
	Institution		-ISEN Yncréa Ouest	-Yncréa Morocco				-ISEN Yncréa Ouest			-ISEN Yncréa Ouest			-ISEN Yncréa Ouest			-ISEN Yncréa Ouest	-DUT GEII, IUT of Brest		-ISEN Yncréa Ouest	-DUT GEII, IUT of Brest		-ISEN Yncréa Ouest	-DUT GEII, IUT of Brest	-ISEN Yncréa Ouest
	Year	Position		2017 -2020	Associate professor			2016 -2017	Associate professor		2015 -2016	Associate professor	2014 -2015	Associate professor	2013 -2014	Vacation	2012 -2013	Doctoral contract	2011 -2012	Doctoral contract	2010 -2011	Contractual teacher

1: Teaching modules.

RESEARCH ACTIVITIES

PMSG-based wind and marine currents turbine platform

France holds a unique position in tidal energy potential since it has the second largest tidal energy deposit in Europe, just behind the United Kingdom. This energy resource, estimated between 3 to 5 Gigawatts (GW), represents a production capacity greater than that of two EPR nuclear reactors. 

Modeling framework

Marine currents, linked to the tides, have the particularity to be predictable and characterized by high energy density (Sea water is more than 830 times denser than air).

Nevertheless, two main types of marine currents fluctuations can lead to the reduction of power quality injected to main grid: 

EXPERIMENTAL PLATFORMS WITH RESEARCH AND EDUCATION CAPABILITIES

Experimental platform

The developed experimental setup is depicted by Fig. 6.16 and the corresponding scheme is depicted in Fig 6 .17. It is composed of induction motor (11kW-Fig 6 .16a) fed by a programmable industrial converter (ALTIVAR), which allows emulating the turbine behavior and a permanent magnets synchronous generator (16kW), which is connected to the grid through a back-to-back converter (Fig. 6.16a), LC filter, and a transformer. The generated power should be similar to the one provided by a real marine current turbine for a given marine current speed and possibly any fluctuation.

The back to back converter is controlled based on dSPACE 1202 board (Fig. 6.16c). DERs for power quality monitoring, continuous, and reliable power supply [START_REF] Lasseter | The certs microgrid concept, white paper on integration of distributed energy resources[END_REF].

FAULT-TOLERANT CONTROL OF ELECTRIC MACHINES AND DRIVES

ENERGY MANAGEMENT SYSTEM OF HYBRID POWER GENERATION SYSTEMS WITH HIGH RATE OF RENEWABLES

MGs offer several advantages such as reduction in GHG emissions, reactive power support for voltage profile improvement, decentralization of energy supply, heat load integration for cogeneration, ancillary services and demand response (DR) [START_REF] Lasseter | The certs microgrid concept, white paper on integration of distributed energy resources[END_REF]. It also reduces line losses and outages in transmission and distribution system. The MG deployment market status, all over the world, is presented in Figure 3.2. Autonomous basic MGs are defined as microgrids that cannot meet the load demand for 24 hours a day. However, autonomous full MGs have provisions for supplying energy to load end for all the day. Autonomous basic MGs are already deployed in all over the world except in Middle East, while autonomous full and interconnected community-based MGs are still in emerging and piloting phases of deployment.

MGs have some limitations such as high investment cost of RERs, optimal use of energy sources, control issues and lack of system protection and regulatory standards,