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A single-stage DC-AC Boost topology for the PV systems gives more attraction and potential on Renewable Energy Sources in the field of machine Drive. The proposed configuration not only intended to boost the usually low DC voltage of the PV source to an AC voltage source but have the ability for controlling a Permanent Magnet Synchronous Machine (PMSM). Furthermore, the proposed topology aims to reduce the power losses in system conversion, reduce its size and achieve a high energizing efficiency for the PV systems. The application of vector control to the PMSM and complete modeling, simulation and analysis of the drive system are given. The real-time models of the inverter switches and its control law are also examined.

INTRODUCTION

Every day, the sun delivers energy to the earth free of charge. We can use this free energy thanks to a technology called photovoltaic, which converts the sun's energy into electricity. Photovoltaic sources are used today in many applications commonly decomposed into two systems: Standalone systems such as water pumping, battery charging, hybrid vehicle and grid connected PV systems. They have the advantage of being maintenance and pollution-free but their installation cost is high and, in most applications; they require a power conditioner (dc/dc or dc/ac converter) for load interface. Since PV modules still have relatively low conversion efficiency, the overall system cost can be reduced using high efficiency power conditioners [START_REF] Koutroulis | Development of a Microcontroller-Based Photovoltaic Maximum Power Point Tracking Control system[END_REF]. In standalone systems, that we will pay close attention to, if the load is critical and must be supplied permanently, an advanced PV system with a backup battery can provide the required power. A charge regulator may be incorporated in the system to avoid battery damage by excessive charging or discharging.

In order to optimize the production of the cells or modules, a good economic sense is to use very-high-efficiency low power MPPT's in order to scale down the PV array and batteries, thus resulting in a lower cost system. The main function of a MPPT is to adjust its input voltage, which is also the PV panel input voltage, so that it corresponds to the voltage where the panel delivers maximum power. At its output, the MPPT always provides the voltage required by the battery or the load. Experiments performed in previous work report that a MPPT with efficiency 85% can increase the amount of energy stored in batteries, on average, by 17% per solar day. For MPPT efficiencies of 90% and higher, energy gains greater than 25% can be obtained. The main problems associated with prior MPPT's are the cost, efficiency, and reliability of the separate high-power (>1 kW) converter. In order to alleviate the mentioned problems of prior MPPT approaches, it was proposed to implement a small MPPT integrated into a photovoltaic panel [START_REF] Enslin | Integrated Photovoltaic Maximum Power Point Tracking converter[END_REF], [START_REF] Koizumi | A Novel Maximum Power Point Tracking Method for PV Module Integrated Converter[END_REF]. The proposed MPPT has several advantages that include increased efficiency and a reduction in cost. The cost of PV generation system will be much lower if this principle is fully integrated into standard 75-100 W PV panels. However, the use of batteries will reduce the efficiency of the overall system because of its losses, depending on their temperature and how well the batteries are charged. This reduced efficiency can be minimized with the use of an appropriate power conversion that boosts the battery voltage.

This paper proposes a new power conversion in a PV system capable for driving a PMSM intended to be used in various standalone machine drive applications. The selection of the permanent magnet synchronous machine in this research is due to its wide use in several applications as in water pumping instead of DC motors. Furthermore, PMSM become a serious challenger of induction motors in hybrid electric vehicle applications. PMSM can be thought of as a cross between an AC induction motor and a brushless DC motor (BLDC). As conventionally being familiar with a traditional power conversion that usually consists of two stage power conversion by using DC-DC Boost converter between the DC-source and a traditional voltage source inverter (VSI) as in Fig. 1, the proposed technique, the one stage power conversion using three-phase Boost topology [Fig. 2], directly convert the DC input voltage source to AC output voltage source lower or larger than the input depending on the duty cycle [START_REF] Adda | A PWM control startegy for switched boost inverter[END_REF]. The major components of the proposed system are: The Boost Inverter and the Controller that is capable for driving the machine at a specific speed and torque. 

II. SINGLE STAGE DC-AC BOOST TOPOLOGY

A. Circuit Description

The topology also known as Boost inverter was proposed by Cáceres and Barbi [START_REF] Agelviz | A boost DC-AC converter: operation, analysis, control, and experimentation[END_REF]. It consists of two individual Boost converters, in case of single-phase, as shown in Fig. 3. In this topology, both individual Boosts are driven by two 180° phaseshifted dc-biased sinusoidal references whose differential output is an AC output voltage.

The three-phase DC-AC Boost converter consists of three individual Boost converters as shown in Fig. 4. The voltages imposed on the capacitors C 1 , C 2 and C 3 , which allow a proper system operation, are to be 120° phase-shifted dc-biased sinusoidal references given by (1).
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Fig. 4. Three-phase DC-AC Boost converter.

B. Analysis of the circuit

The functioning of each converter is composed of two sequences:

1) The inductor L stores energy: For example during the interval [0, αT] for Boost-1, T1 is ON so the energy taken from input source is stored in the inductor L 1 .

2) The stored energy is recovered by the load:

during interval [αT, T], ' 1 
T is ON which allows the passage of energy to the load. The duty cycle α is defined as the ratio between the time interval of T 1 is ON and the switching period T.

The voltage gain of each converter, taking into account the mean value of the voltage across the inductor is zero at steady state can be written as (2).
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The variation of the duty cycle for each leg of the Boost inverter is determined by using equations ( 1) and ( 2), this is given by (3).
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The current source representing the load for Phase 1 of the inverter is defined to be in the form (4), the currents in phases 2 and 3 are out of phase by ± 2π/ 3.
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Considering the energy balance, the current through the inductor L 1 can be calculated by [START_REF] Agelviz | A boost DC-AC converter: operation, analysis, control, and experimentation[END_REF].
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In steady state, this yields to equation [START_REF] Vázquez | Some critical aspects in sliding mode control design for the Boost inverter[END_REF].
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It is still has an expression of high frequency of order 3f after taking into account the instantaneous power of the inductor. Note that the current presents a continuous component, responsible for the transference of energy, and alternating components of first, second and third order of the power system frequency. The same analogy is used for determining the currents 23 ( ) ( ) LL i t and i t . The current delivered by the input source is composed of two terms, a constant term and a fluctuating term 3ω. Indeed, the variation of the instantaneous power in the inductances modifies the expression of () E itas [START_REF] Sanchis | Boost DC-AC Inverter: A New Comtrol Strategy[END_REF].
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And the fluctuating term as (9). 
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III. BOOST INVERTER CONTROL STRATEGY

The control of the ac output voltages requires controlling each Boost converter. However, the Boost converter is a difficult system to be controlled. Several methods based on the small-signal linear model have been designed to control the Boost around a particular operation point, for which the model is calculated. However, these methods are not appropriate to control the individual Boosts of the inverter because now the operation point experiments large variations and so do the small-signal model parameters.

The sliding mode control has been proposed to control the Boost inverter. This control strategy can deal with variable operation point conditions and can therefore be applied to individual Boost converter. The sliding mode control achieves good steady state results. However, it has some disadvantages related to the required complex theory, the variable switching frequency, the lack of an inductance average-current control and the constraints to the controller parameter selection [START_REF] Vázquez | Some critical aspects in sliding mode control design for the Boost inverter[END_REF], [START_REF] Sanchis | Boost DC-AC Inverter: A New Comtrol Strategy[END_REF].

In this paper, the cascade regulation was studied by means of a double-loop control scheme that consists of a new inductor current control inner loop and an also new output voltage control outer loop [START_REF] Sanchis | Variable operating point robust control strategy for Boost converters[END_REF], [START_REF] Sanchis | A new control strategy for the Boost dc-ac inverter[END_REF]. Both control loops are based on the average continuous-time model of the Boost topology [START_REF] Middlebrook | A general unified approach to modeling switching-converter power stages[END_REF].

The average model describes the dynamic behavior of the Boost up to frequencies below the switching frequency, typically below half this frequency [START_REF] Middlebrook | A general unified approach to modeling switching-converter power stages[END_REF]. The model equations particularized for the Boost 1 are described as:
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where 1 I is the output current, 1  is the duty cycle time- averaged value of the Boost 1 of the three phase converter. This structure has a double conversion requirement which is to control the current in the inductor (intermediate or secondary state variable) and control the output voltage to match a reference. Having opted for a cascade regulation, the plant is to be defined with a fast mode corresponding to the inductor current (inner loop) and a slow mode corresponding to the voltage across the capacitor (outer loop). Using a pulse width modulation (PWM) in order to have a fixed switching frequency, which helps control the switching losses in the switches and the electromagnetic spectrum emitted. Both loops are shown in Figs. 5 and 6 particularized for Boost 1. Low-pass filters are used for variables to avoid noise influences. Antiwindup PI tracking action of the controller integral term is activated in case of saturation. Different anti-windups are analyzed and reviewed in [START_REF] Haghbin | Field-oriented control of a PMSM drive system using the dSPACE controller[END_REF], [START_REF] Espina | Speed Anti-Windup PI strategies review for Field Oriented Control of Permanent Magnet Synchromous Machines[END_REF]. However, it is necessary to know the system to tune the PI precisely. Otherwise, an improper response with an unwanted overshoot could arise.

IV. FIELD ORIENTED CONTROL OF PMSM USING BOOST INVERETR

The objective of field oriented control is to be able to control the PMSM as a separately excited DC machine meaning that the flux and torque can be controlled separately (in a decoupled way). The instantaneous stator currents are transformed to the d-q rotating reference frame by means using mathematical equations and taking into account the rotor position. The flux is controlled through the d -axis current while the torque is controlled through the q -axis current. A block diagram of FOC scheme (speed control) is represented in Fig. 7.

The FOC has the advantage of low current and torque ripple and constant switching frequency. The constant torque angle control property is implemented by setting the d-axis reference current zero. The idea of this control property is to maintain a constant angle of 90deg electrical between the current space vector and permanent magnet flux axis. In this way all the current is projected on the q -axis.

Moreover, in some high performance applications, the rotor position information is needed that can be measured by a resolver for example [START_REF] Espina | Speed Anti-Windup PI strategies review for Field Oriented Control of Permanent Magnet Synchromous Machines[END_REF].

The double-loop control strategy for the Boost converter, represented by G 1 , G 2 and G 3 , will be used in the vector control (speed drive) of PMSM. In addition for other cascade regulations to consider which are the speed control loop and the d-q current control loops. The procedure of calculating the Parameters of the PI controller for the d-q current loops is based on the Electrical model equations of PMSM:
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And that of the speed control loop is based on the equation of motion of PMSM:
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Where m T is the load torque, em T is the electromagnetic torque. The electromagnetic torque for a non-salient pole machine is given by equation ( 13).
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The proportional-integral controller of the inner inductor current control loop is designed in order to achieve a 60°phase margin and 7.5 kHz bandwidth so that it is sufficient for the inductor current variation to be negligible with respect to various frequency bands supplying the motor, but at least it must be less than the switching frequency by a ratio of 4 [START_REF] Flumian | Création d'un réseau alternatif local à partir d'une pile à combustible associée à un onduleur survolteur[END_REF]. The bandwidth frequency of the outer voltage loop is 1.5 kHz which is 5 times slower than the inductor current loop.

For the d-q current controllers, we must insure that the loop is 10 times faster than the speed loop and to maintain a ratio of 2 slower than the voltage loop of the boost. Thus the bandwidth frequency of the d-q current loops is set to 750 Hz and that for the speed loop to 75 Hz.

Fig. 8 shows the overall Cascade regulation for the FOC control of PMSM using Boost Inverter where the controllers tuning are represented.

The PMSM is driven with its maximum speed 2300rpm with rate limit, the load torque is 5 N.m. Fig. 9 shows speed and torque response of the driver. The stator phase currents and the phase-to-phase voltages are shown in Fig. 10. The measured Capacitor output voltage and Inductor current with their reference values for the Boost 1 of the 3-phase inverter are shown in Fig. 11. The d-q voltages and currents for the case are represented in Fig. 12.

The response of the driver by setting a trapezoidal reference speed and a step load torque values is shown in Fig. 13. The machine is in motoring and Generating mode at specific time ranges. Fig. 14 shows the input source current for this case which indicates a positive polarity when the machine acts as a motor and negative polarity when acting as generator. The interest from this case is that the machine produces current to the source which is applicable for charging the batteries.

The current 1 i , voltage ab v in the AC side of the converter for the motoring and generating modes of the machine at the corresponding time of the case study are shown in Figs. 15 and 16 respectively. The figures show the direction of Energy transfer between the load and the input source. VI. CONCLUSION
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The proposed system conversion in PV standalone systems for driving a permanent magnet synchronous machine is a new interesting challenge in increasing system efficiency and reducing losses by reducing power switches. The presented converter is a new contribution to the family of bidirectional converter that acts as inverter and rectifier without changing any parameters. This gives rise to more Energy sustainability of the system by its ability to charge the batteries when the machine is in generating mode in what we call an Energy recovery system.

The FOC vector drive using Boost topology shows a perfect output signals compared with FOC using traditional inverter that suffers from PWM signal which affect the health of the machine when supplying it and increase its fault happening.
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