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DIGITAL SIMULATION OF CLOSED LOOP FUZZY LOGICCONTROLLED TRANSFORMER 
LESS UPFC WITH IMPROVED DYNAMIC RESPONSE 

N. Keerthana1, M. Ramya2 and Anandraj3 
PG Scholar1, Assistant Professor2 and Associate Professor3 

Department of Electrical and Electronics Engineering, E. G. S. Pillay Engineering College (Autonomous), 
Nagapattinam, Tamilnadu 

ABSTRACT 
This paper deals with simulation of closed loop MLI based UPFC (CLMLIUPFC) to improve the power - 
quality. The UPFC is also capable of enhancing transient – stability - limit in a power system. UPFC is a 
combination of series -converter and shunt- converter. The circuit model of CLMLIUPFC is developed using 
rectifier and multi level inverter circuits. The control angle is varied to vary the true and imaginary powers at 
the receiving end. The Mat-lab simulation results of PI and FL controlled CLMLIUPFC systems are presented. 
The results indicate that FL controlled CLMLIUPFC system gives faster response than PI controlled 
CLMLIUPFC system. 

Keywords: UPFC, Power Quality, Multilevel Inverter (MLI), Static Series Synchronous Compensator (SSSC), 
Fuzzy logic control (FLC),STATCOM, Compensation and Matlab Simulink. 

I. INTRODUCTION   
The Static Series Synchronous Compensator (SSSC) can control lively and hasty in a transmission line of a little 
range by the use of storied energy in capacitor DC-link where Static Synchronous Compensator with injecting 
hasty power can regulate the bus voltage in a transmission line. Unified Power Flow Controller is the most 
important adaptable and complex supply AC Transmission Systems (FACTS) equipment that has emerge for 
the control and optimization of power flow in power transmission systems. This devices offer a substitute mean 
to mitigate power system oscillations. Thus a critical inquiry is the determination of the information signals and 
the embraced control strategy for these devices in order to damp power oscillations in an effective and robust 
manner. Much research in this domain has been true zed. Finally, a new identification method based on “state 
variables” was proposed.  

After this presentation, the rule and operation of an UPFC associated with a system are displayed. In section II, 
the control strategy for UPFC is introduced. Simulation consequenceare presented in sections III. Section IV 
describes the conclusion.  

II. UPFC SYSTEM 
A simplified scheme of an UPFC connected to an infinite bus via a transmission line is shown in Figure.1. The 
basic function of inverter -1 is to supply the true power demanded by inverter -2 through the common DC -link. 
Inverter -1 can also generate or absorb controllable power.  

 
Fig-1: UPFC installed in the transmission line 
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The overhead information does not convenient with power-quality enhancement in Wind generation based two-
bus system utilizing ‘UPFC’. This work recommends ‘UPFC’ for the power-quality enhancement in the multi-
bus system. The above papers do not compare the response of PI and FL controlled ‘UPFC’ systems. This work 
recommends FL for the control of ‘UPFC’ system. 

III. SYSTEM DESCRIPTION 
The conventional UPFC that consists of two back-to-back inverters and it requires bulky and oftena complicated 
zigzag transformers for isolation and reaching high power rating with desired voltage waveforms. To overcome 
this problem, a completely transformer less UPFC based on an innovative configuration of two cascade 
multilevel inverters has been proposed. The new UPFC offers several advantages over the traditional 
technology, such as transformer less, light weight, high efficiency, low cost and fast dynamic response. 

In large power plants more than one PI controller are used. Traditionally these PI controllers are tuned with 
constant parameters which are not robust enough when there is change in design parameters. In order to 
overcome this problem different methods are proposed. Fuzzy Controller is one of them. 

A. Design of Fuzzy-PI controller 
In order to improve the transient stability of power system two fuzzy-PI controllers have been designed to 
separately regulate the voltage and current. For voltage regulator the difference between Vmeas and Vref i.e. error 
and its derivative are taken as input for fuzzy adjuster similar for current regulator difference between Iq and Iqref 
and its derivative are taken as input for fuzzy adjuster.  

 
Fig-2: Fuzzy-PI arrangement for Voltage Regulator 

These fuzzy adjusters are used to adjust the parameters of proportional gain and integral gain. Where and are 
the reference values of fuzzy-PI based controllers. The general arrangement of fuzzy-PI controller in Voltage 
Regulator and Current Regulator are given in Figure 2.  

IV. SIMULATION RESULTS 
Closed loop PI controllerof transformer less UPFC is appeared in Fig 4. The receiving end voltage is related 
with a reference--voltage. The flaw is pragmatic to the comparator across a PI-controller. The output of 
comparator updates the pulse width applied to ‘UPFC’. 
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Fig-3: Closed loop PI controlleroftransformer less UPFC 

The output voltage across load is shown in Fig 4 and its value is 0.5*104V.  

 
Fig-4: Output voltage across load 

The Closed loop RMS output voltage oftransformer less UPFCis shown in Fig 5 and it is approximately 3900V. 
The RMS output voltage decreases from t = 1 sec and then reaches normal value. 

 
Fig-5: RMS output voltage 
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The Real power through load of transformer less UPFC is appeared in Fig 6 and the value of real power 
2.3*105Watts. 

 
Fig-6: Real power through load 

The Reactive power through load of transformer less UPFC is appeared in Fig 7 and the value of reactive power 
14.5*104Watts. 

 
Fig-7: Reactive power through load 

Closed loop Fuzzy Logic controlleroftransformer less UPFC is appeared in Fig 9. The receiving end --voltage is 
related with a reference--voltage. The flaw is pragmatic to the comparator across a FL-controller. The output of 
comparator updates the pulse width applied to ‘UPFC’. 

 
Fig-8: Closed loop FLC controlleroftransformer less UPFC 
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The output voltage across load of the transformer less UPFCis shown in Fig 9 and its value is 5000V.  

 
Fig-9: Output voltage across load 

The Closed loop RMS output voltage of transformer less UPFCis shown in Fig 11 and it is approximately 
3800V. The RMS output voltage decreases from t = 1 sec and then reaches normal value. 

 
Fig-10: RMS output voltage 

The Real power through load of transformer less UPFC is appeared in Fig 12 and the value of real power 
2.356*105Watts. 

 
Fig-11: Real power through load 

The Reactive power through load oftransformer less UPFC is appeared in Fig 13 and the value of reactive 
power 14.59*104Watts. 

 
Fig-12: Reactive power through load 

Here, the output power settling time is 0.06s and the steady state error is 1.6V 

The comparison of time-domain-parameters is given in Table 1. The rise-time is reduced from 0.33 Secs to 0.03 
Secs; the peak-time is reduced from 0.34 to 0 Secs; the Settling-time is reduced from 0.38 to 0.06 Secs and 
steady-state-error is reduced from 7.3 to 1.6 Volts by replacing P-I controller with FLC-controller. Dynamic-
response is also improved by using FLC-controller. 

Table-1:  Comparison of Time domain parameters 
Controllers Tr Ts Tp Ess 

PI 0.33 0.38 0.34 7.3 
FLC 0.03 0.06 0 1.6 
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V. CONCLUSION 
Closed loop PI controller of transformer less UPFC and Closed loop FLC controller of transformer less UPFC 
are modelled and simulated using Simulink. The results represent that steady state error is reduced from 7.3 V 
to 1.6 V by using FLC controller. Hence, closed loop FLC controller of transformer less UPFC is superior to 
closed loop PI controller of transformer less UPFC. 

The present work deals with simulation of PI and FL controlled CLMLIUPFC systems. The simulation of 
Hysteretic controlled CLMLIUPFC system will be done in future. 
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BATTERY BALANCING SYSTEM FOR AN ELECTRIC VEHICLE USING SOLAR PANEL 

R. Janbaga Lakshmi1, S. Sivamani2 and R. Anandaraj3 
PG Scholar1, Assistant Professor2 and Associate Professor3 

Department of Electrical and Electronics Engineering, E. G. S. Pillay Engineering College (Autonomous), 
Nagapattinam, Tamilnadu 

ABSTRACT 
This paper proposes a battery balancing system of electric vehicle using solar panel. There are three operation 
modes of the system: Solar-Balancing, Storage-Balancing, and Charge-Balancing. The Solar Balancing mode 
charges the battery module, which has the lowest SOC using the solar power. This mode is operated during the 
vehicle is driving; the Charge-Balancing mode is operated when the vehicle is parked and it can be charged by 
the conventional charger. This system eliminates the energy loss that would or occur in conventional active and 
passive balancing schemes by equalizing the battery using solar/stored energy in the storage cell. In this paper, 
SEPIC converter is used instead of using DC-DC converter, it will acts as both buck converter and boost 
converter. Energy management system has the operation strategy Q Supplying the load with sufficient energy 
and power Q Optimized usage of photovoltaic energy Q Long battery life Q Minimized usage of auxiliary power 
generator. 

Keywords: Electric vehicle, Battery Balancing, Energy Management System, Solar Panel. 

I INTRODUCTION 
Electric vehicle using solar charging stations are widely unrolled and it is relying on clean solar electricity. 
Single phase grid connection of 50 kW rapid charger station is actually made and announced in company which 
is located in Japan. Battery storage of bank is necessary for electric vehicle charger using solar. It is connected 
to low-voltage grid line to store the limited. Also it is slowly drawn the electricity (from PV and grid). After that 
In electric vehicle battery pack, this electricity will be ready to discharge fastly. And the charger is also needed. 
The battery management system (BMS) is a critical one. It is used as component in EV and EHV. The purpose 
of the BMS is used for safety purpose and reliable for battery operation. To maintain the both safety and 
reliability of the battery, state monitoring and evaluation, charge control, and cell balancing are functionalities 
are implemented in Battery management system. In an electrochemical product, a battery is differently acts as in 
both  operational and environmental conditions. To implement these function a battery performance possess a 
challenge due to uncertainty. A battery’s state evaluation, includes SOC, state of health, and state of life, is a 
critical task for a Battery management system. In recent methods, the state evaluation of battery has the possible 
solution for future challenges which are occurred in battery management system.  

II RELATED AND EXISTING SYSTEM 
Battery management systems are found in mature range in a portable electronic devices. For example: laptop, 
computer, cellular phones, etc. It cannot be completely developed in electric vehicles and hybrid electric 
vehicles. In vehicle’s battery number of cells are presented, which are hundred times greater than that of battery 
in portable electronics. To design a vehicle’s battery, an important advantage is the main reason i.e., long 
lasting of an energy system.  In both electric vehicle and hybrid electric vehicle are provided high voltage and  
current. When compared to portable electronics, BMS of electric vehicle are more complicated. 

In BMS, there are three types of topologies are implemented in hardware structure which includes centralized, 
distributed and modular structures. Battery monitoring, battery state and battery management of layer structure 
are proposed by Meissner and Richter. In each case, the functions of BMS are similar. But Gold found out the 
different functions in battery management system. A generic BMS structure with basic functions are combined 
with these concepts, which are shown in below figure.1. At the monitoring layer, the data acquisition has 
various sensors. It can be installed in battery pack. In real time, data collection is used for the maintaining the 
system’s safety. And also to determine the state of battery. 

The mentioned BMUs has the following drawbacks 
1) Limited data logging function. 

2) Lack of state of health (SOH) and state of life (SOL) estimations.  

3) Non-interchangeable among current BMSs 
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OPERATION 
Mode 1: Solar-Balancing Mode 
When the weather is sunny and the vehicle is under driving, DS1 and DS4 will be closed. Under this condition, 
the battery pack is discharged for energizing the vehicle power train. The battery module with the lowest 
SOC/voltage will be linked to the output of the DC/DC converter and charged by the solar panel. Once all the 
battery modules are balanced to the same SOC/voltage, the whole battery pack will be connected to the DC bus 
and charged. 

Mode 2: Storage-Balancing Mode 
When there is little or no solar power to harvest (such as during cloudy days or at night), DS1 and DS3 are 
opened and DS2 and DS4 are closed to run the Storage-Balancing mode. Under this mode, the energy saved in 
the storage cell will be transferred to the battery module at the lowest SOC/voltage through the DC/DC 
converter. Since the energy saved in the storage cell is limited, once the battery modules are balanced, the 
energy flow from the storage cell will be cut. 

Mode 3: Charge-Balancing Mode 
The two modes demonstrated above are used when the vehicle is driving and the battery pack is being 
discharged. When the vehicle is parked and charged, the Charge-Balancing mode will be selected by closing 
DS1 and DS3. Under this mode, the battery pack is being charged by a plug-in charger. The system monitors 
the battery module voltages and links the module with the highest voltage to the DC bus. The battery module 
will be discharged by the regulator.  
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III PROPOSED SYSTEM 
This paper proposes a battery balancing system of electric vehicle using solar panel. There are three operation 
modes of the system: Solar-Balancing, Storage-Balancing, and Charge-Balancing. The Solar Balancing mode 
charges the battery module, which has the lowest SOC using the solar power. This mode is operated during the 
vehicle is driving; the Charge-Balancing mode is operated when the vehicle is parked and it can be charged by 
the conventional charger. This system eliminates the energy loss that would or occur in conventional active and 
passive balancing schemes by equalizing the battery using solar/stored energy in the storage cell. In this paper, 
SEPIC converter is used instead of using DC-DC converter, it will acts as both buck converter and boost 
converter. 

 
SEPIC CONVERTER 
The single-endedprimary-inductor converter (SEPIC) is a type of converter allowing the electrical potential 
(voltage) at its output to be greater than, less than, or equal to that at its input. The output of the SEPIC is 
controlled by the duty cycle of the control transistor. 

A SEPIC is essentially a boost converter followed by a buck-boost converter, therefore it is similar to a 
traditional buck-boost converter, but has advantages of having non-inverted output (the output has the same 
voltage polarity as the input), using a series capacitor to couple energy from the input to the output (and thus 
can respond more gracefully to a short-circuit output), and being capable of true shutdown: when the switch is 
turned off, its output drops to 0 V, following a fairly hefty transient dump of charge. 

SEPICs are useful in applications in which a battery voltage can be above and below that of the regulator's 
intended output. For example, a single lithium ion battery typically discharges from 4.2 volts to 3 volts; if other 
components require 3.3 volts, then the SEPIC would be effective. 

 
OPERATION 
The schematic diagram for a basic SEPIC is shown in Figure. As with other switched mode power 
supplies (specifically DC-to-DC converters), the SEPIC exchanges energy between 
the capacitors and inductors in order to convert from one voltage to another. The amount of energy exchanged is 
controlled by switch S1, which is typically a transistor such as a MOSFET. MOSFETs offer much higher input 
impedance and lower voltage drop than bipolar junction transistors (BJTs), and do not require biasing resistors 
as MOSFET switching is controlled by differences in voltage rather than a current, as with BJTs). 

Continuous mode 
A SEPIC is said to be in continuous-conduction mode ("continuous mode") if the current through the inductor 
L1 never falls to zero. During a SEPIC's steady-state operation, the average voltage across capacitor C1 (VC1) is 
equal to the input voltage (Vin). Because capacitor C1 blocks direct current (DC), the average current through it 
(IC1) is zero, making inductor L2 the only source of DC load current. Therefore, the average current through 
inductor L2 (IL2) is the same as the average load current and hence independent of the input voltage. 



International Journal of Advance and Innovative Research   
Volume 5, Issue 4 (IX) Special Issue: October - December, 2018 
 

10 

ISSN  2394 - 7780 

Looking at average voltages, the following can be written 

VIN = VL1 + VC1 + VL2 

Because the average voltage of VC1 is equal to VIN, VL1 = −VL2. For this reason, the two inductors can be wound 
on the same core. Since the voltages are the same in magnitude, their effects of the mutual inductance will be 
zero, assuming the polarity of the windings is correct. Also, since the voltages are the same in magnitude, the 
ripple currents from the two inductors will be equal in magnitude. 

The average currents can be summed as follows (average capacitor currents must be zero) 

ID1 = IL1 – IL2 

When switch S1 is turned on, current IL1 increases and the current IL2 goes more negative. (Mathematically, it 
decreases due to arrow direction.) The energy to increase the current IL1 comes from the input source. Since S1 
is a short while closed, and the instantaneous voltage VC1 is approximately VIN, the voltage VL2 is approximately 
−VIN. Therefore, the capacitor C1 supplies the energy to increase the magnitude of the current in IL2 and thus 
increase the energy stored in L2. The easiest way to visualize this is to consider the bias voltages of the circuit 
in a d.c. state, then close S1. 

 
Figure-2: With S1 closed current increases through L1 (green) and C1 discharges increasing current in L2 (red). 

When switch S1 is turned off, the current IC1 becomes the same as the current IL1, since inductors do not allow 
instantaneous changes in current. The current IL2 will continue in the negative direction, in fact it never reverses 
direction. It can be seen from the diagram that a negative IL2 will add to the current IL1 to increase the current 
delivered to the load. Using Kirchhoff's Current Law, it can be shown that  

ID1 = IC1 - IL2. 

It can then be concluded, that while S1 is off, power is delivered to the load from both L2 and L1. C1, however 
is being charged by L1 during this off cycle, and will in turn recharge L2 during the on cycle. 

 
Figure-3: With S1 open current through L1 (green) and current through L2 (red) produce current through the load. 

Because the potential (voltage) across capacitor C1 may reverse direction every cycle, a non-polarized capacitor 
should be used. However, a polarized tantalum or electrolytic capacitor may be used in some cases,[1] because 
the potential (voltage) across capacitor C1 will not change unless the switch is closed long enough for a half 
cycle of resonance with inductor L2, and by this time the current in inductor L1 could be quite large. 

The capacitor CIN is required to reduce the effects of the parasitic inductance and internal resistance of the 
power supply. The boost/buck capabilities of the SEPIC are possible because of capacitor C1 and inductor L2. 
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Inductor L1 and switch S1 create a standard boost converter, which generates a voltage (VS1) that is higher 
than VIN, whose magnitude is determined by the duty cycle of the switch S1. Since the average voltage across 
C1 is VIN, the output voltage (VO) is VS1 - VIN. If VS1 is less than double VIN, then the output voltage will be less 
than the input voltage. If VS1 is greater than double VIN, then the output voltage will be greater than the input 
voltage. 

The evolution of switched-power supplies can be seen by coupling the two inductors in a SEPIC converter 
together, which begins to resemble a Fly back converter, the most basic of the transformer-isolated SMPS 
topologies.  

Discontinuous mode 
A SEPIC is said to be in discontinuous-conduction mode or discontinuous mode if the current through the 
inductor L1 is allowed to fall to zero. 

IV SIMULATION RESULT 
1. System Diagram 

 
Fig-13: Simulation Diagram of Proposed System 

2. Input and Output 
i) Input Voltage and Current 

 
Fig-14: Input voltage and current 
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ii) Output Voltage 

 
Fig-15: Output Voltage 

Modes of operation 

 
Fig-16: Modes of operation 

 V CONCLUSION 
An intelligent power management system with innovative power-stage components is most likely to optimize 
the performance and lifespan of the vehicle’s battery while performing the tasks to help validate the safety of 
the battery. Through and frequent monitoring of vital operating parameters, robust communications among 
all of the nodes on all of the control loops within the system, and fast decision making followed by effective 
control and protection mechanisms are essential in EV or HEV power systems. It is used in the applications 
of automatic Control System, BMS used in many applications, such as  

 Solar vehicles,  

 Street lighting, and  

 Other PV systems. 
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ABSTRACT 
Wireless power transmission (WPT) is the scale of next implementation in power electronics. In traditional 
electric vehicles is the use of plug-in charging devices is the major drawbacks of battery charging. By avoiding 
the power loss and plug in charging method, another phenomenon is proposed. In this method transferring the 
electrical power from one place to another (primary to secondary) without the usage of wiring medium based 
on the grid. The aim of this paper is to propose battery (electric vehicle) charging by using WPT method in 
addition to transfer the power. This paper also transfers a data.The data includes the battery status,vehicle ID 
code, or emergency messages can be concurrently transferred between the grid and vehicle. In addition to using 
a new technology IoT is used to control the system and also proposed for sensing, actuating and transmitting 
the information to the control centre.This paper derives a state-space model of wireless power transfer (WPT) 
systems to be used for the purpose of state estimation and controller design considering the internet of things 
(IoT) communication networks. In this paper to complete the charging system an inductive power transfer (IPT) 
will be applied.IOT technology is used to monitor a data of the vehicle. The operating status of the secondary 
side (vehicle) can be monitor by the proposed control system (IoT). In electric vehicle, if any problem occurs in 
the battery side the vehicle can immediate stop. The IOT technology also used to monitor the contingency of the 
system. 

Keywords: Electric Vehicle, Simultaneous power and data, Wireless Power Transfer, Internet of Things. 

I INTRODUCTION 
A wireless battery(Electric vehicle) charging method the inductive power transfer (IPT) method is used for 
transferring the power is transfer by the method of inductive power transfer (IPT), the data is additionally 
transfer. The power and data is transfer at same time. The data is feedback to the load to source. In electric 
vehicle data (battery status, vehicle ID code, or emergency messages) can be transferred between the grid and 
vehicle simultaneously. In this paper, power and data is transferred concurrently. So two waycommunication is 
possible by this method.  In this paper to complete the charging system an inductive power transfer (IPT) will 
be applied.The data can be monitor by using the new technology is IOT. It also detects the fault of the vehicle. 
If any contingency occur in the system the vehicle will stop immediately.   

Inductive WPT systems have two main components; a Ground Assembly (GA) unit and a Vehicle Assembly 
(VA) unit. The GA contains a grid-connected Power Factor Correction (PFC) converter, followed by a DC-AC 
inverter, a filter and impedance matching network (IMN) connected to the GA coil. The VA consists of the VA 
coil connected to an IMN and filter, a rectifier and an optional impedance converter that produces suitable 
voltages and currents to the connected battery. During charging, the magnetic energy created by the GA Coil is 
coupled to the VA Coil. 

In this work, a wireless vehicle charger with the capacity of simultaneous data/power transmission is studied. 
The grid (primary) side is operated on the utility power source of single-phase 110V. The vehicle (secondary) 
side is to accept the power transferred from the primary side. In addition to receiving power, the secondary side 
will simultaneously transfer digitalized date back to the primary side via the same conduction coils.  

In the recent past, city planners have been busy resolving the best trade-off among mobility, green zones and 
residential and commercial expansion. To address these conflict-of-interest problems, technological 
breakthroughs will be fundamental for future smart city planning. At a careful but steady pace, modern cities are 
embracing the information and communication developments. Products and services, from technological 
innovations, will become ubiquitous in future smart cities. From rural to urban, industrial to residential and the 
overlap, Wireless Power Transmission (WPT), the Internet of things (IoT) and Information and Communication 
Technologies (ICT) will become a cornerstone in the design of new and growth of human settlement. 

II EXSITING METHOD 
The proposed simultaneous wireless power and data transfer system using parallel–parallel (P-P) reactive power 
compensation. The parallel-compensated primary unit is used to generate a large primary current. The parallel-
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compensated secondary unit looks like a current source that characteristics of the parallel secondary unit is 
suitable for battery charging.  

To depict the idea, consider the simplified schematic diagram of the proposed system illustrated in Fig. 

 
Fig-1: Circuit Diagram of Existing System 

 
Fig-2: Block Diagram of Existing System 

Referring to the system structure illustrated in Fig, the secondary unit sends data along the following steps 
1. Arrange the normal messages into a queue to prevent data congestion. The emergency message possesses the 

highest priority. I will not be placed in the queue. 

2. Pack data according to the protocol listed. 

3. If data exists, it is then sent to the TX station according to the clock (related to s I ), one bit per clock. 

4. If data is normal message or emergency message, then send a data bit (for the normal message) or whole 
data set (for the emergency message including data, checksum and stop segments). The data bit synchronizes 
to the clock related to Is. 

III PROPOSED SYSTEM 
This project elucidates the transfer of electrical energy from one place to another, wirelessly avoiding quotidian 
methods of power transfer. The phenomenon is used to transfer the power, without the use of wired medium. In 
this proposed system also transfer a data. The data which is related to battery status, vehicle ID code, or 
emergency messages can be simultaneously transferred between the grid and vehicle. 

Wired technology was initially a success, but transfer of power was achieved only by cables, which ended up as 
a costly affair. Lately, Wireless Power Technology is emerging as a practical solution for providing energy for 
devices at remote distances.  
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Fig-3: Functional Block Diagram of Existing System 

1. Block Diagram Description 
Inductive WPT systems have two main components; a Ground Assembly (GA) unit and a Vehicle Assembly 
(VA) unit. The GA contains a grid-connected Power Factor Correction (PFC) converter, followed by a DC-AC 
inverter, a filter and impedance matching network (IMN) connected to the GA coil.  

The VA consists of the VA coil connected to an IMN and filter, a rectifier and an optional impedance converter 
that produces suitable voltages and currents to the connected battery. During charging, the magnetic energy 
created by the GA Coil is coupled to the VA Coil,This project is used to transmit the power using wireless and 
to turn ON LED’s or to charge the battery after receiving power wirelessly. 

 
Fig-4: Battery- powered Remote Sensing Application 

In Transmitter Side 
A transformer is a device that transfers electrical energy from one circuit to another through inductively coupled 
conductors—the transformer's coils.  

A varying current in the first or primary winding creates a varying magnetic flux in the transformer's core, and 
thus a varying magnetic field through the secondary winding. This varying magnetic field induces a varying 
electromotive force (EMF) or "voltage" in the secondary winding. This effect is called mutual induction. 

The voltage we getting is AC in form and it is given to rectifier circuit to convert AC voltage to DC voltage and 
it is given to the MOSFET Switching Circuit (It is a device used for amplifying or switching electronic signals). 
Initially clock pulse is given by Crystal oscillator and given to the MOSFET driver circuit and it is driven. The 
DC voltage is transmitted wirelessly through Transmitter Coil.  

In Receiver Side 
In the Receiver Side, the DC voltage is received through Receiver Coil and it is used to turn On LED’s or to 
charge the battery. 
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2. BLOCK DIAGRAM 
The WPT system consists mainly of two parts; the transmitter and the receiver part. At the transmitter part there is 

 
Fig-5: Block Diagram of Proposed System 

a DC supply to supply power to the system. Then this DC will be converted to AC of high frequency through an 
inverter. Single-phase full bridge inverter is employed for this application. The AC voltage resulting from the 
inverter will be transferred through a coil from the transmitter side to the receiver side. This is achieved through 
a series resonant circuit in the transmitter and the receiver ends.After transferring the power to the secondary 
side of the system, it is used to charge the battery of the electric vehicle. Therefore a rectifier is needed to 
convert the AC to DC voltage. Data also is transferred wirelessly with the power in order to control the charging 
process for the electric vehicles with different proposed scenarios. 

3. CIRCUIT DIAGRAM 

 
Fig-6: Circuit Diagram of Proposed System 
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Schematic Diagram 

 
Fig-7: Schematic Diagram of MOSFETs 

4) CIRCUIT DESCRIPTION 
This circuit is designed to control the MOSFET depending upon the signals from PIC. In our circuit there is two 
transistor connected back to back. We use npn transistor as a  Q1 and pnp transistor as a Q2 transistor. When 
high pulse signal is given to base of the Q1 transistors, the transistor is conducting and shorts the collector and 
emitter terminal and zero signals is given to base of the Q2  transistor. So Q2 is turned ON so MOSFET’S gate 
get high pulse and it will be turned ON. When low pulse is given to base of transistor Q1 transistor, the 
transistor is turned OFF.Now 12v is given to base of Q2 transistor so the Q2 is turned OFF. Now MOSFET’S 
gate get low pulse now it goes to off state. 

 
Table-1 

IV MATLAB RESULT 
1. Simulink Diagram 

 
Fig-11: Simulation Diagram of Proposed system 
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2. INPUT 
i) Input Voltage 

 
Fig-12: Input Voltage 

ii) Input voltage and current from source 

 
Fig-13: Input Voltage and current from source 

3. OUTPUT 
Wireless transferred voltage 

 
Fig-14: Wireless transferred voltage 
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V CONCLUSION 
Overview of this project, implementing a new technologies and schemes to enable WET for IoT systems. With 
an emphasis on improving the efficiency of the WETT unit and reducing the energy consumption of the 
devices, the lifetime of WET-assisted battery-operated systems in an IoT architecture are analyzed for two 
different scenarios. A wireless battery charging method in addition to transfer power. This paper also transfers a 
data. The data which is related to battery status, vehicle ID code, or emergency messages can be simultaneously 
transferred between the grid and vehicle. In addition to using IOT technology is used to control the system and 
also proposed for sensing, actuating and transmitting the information to the control centre.A study of the 
specific energy requirements of IoT devices reveals that achieving self-sustainability requires improved design 
techniques both at circuit and system level. 
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ABSTRACT 
This work involves the design of Multiphase Interleaved Boost Converter (ILBC) for renewable energy based 
applications. The proposed converter will produce a voltage with higher gain and reduced ripples in the current 
which is necessary for battery charging. Using this technique, EMI can also be reduced along with lower 
switching Stress due to the presence of interleaving technique. The circuit will be realized through simulation 
using MATLAB.  

Keywords: Multiphase Interleaved Boost Converter, MPPT, PV system. 

I INTRODUCTION 
Solar energy is converted to electricity using an electronic device called solar panel using photovoltaic effect. 
PV applications can be grouped into utility interactive and stand-alone application. For stand-alone systems 
without the utility connection uses the electricity where it is produced. The battery storage allows a stand-alone 
PV system to be run when the solar panels are not producing enough energy on their own with the battery 
storage size tied to the electrical usage. Efficiency of a PV cell is very small. So to make it efficient, some 
methods are to be adopted. These methods mainly equalize the load& source impedance. One such mechanism 
is the Maximum Power Point Tracking (MPPT). It is a technique using which we can get the maximum possible 
power point from the changing nonlinear source. A basic boost converter converts a DC voltage to a higher 
DC voltage. In the field of power electronics, application of interleaving technique can be traced back to very 
early days, especially in high power applications. Interleaving which adds additional benefits such as reduced 
ripple currents in both the input and output circuits. Higher efficiency is realized by splitting the output current 
into two paths, substantially reducing I2R losses and inductor AC losses. Interleaving, also called multi-phasing, 
is a technique that is useful for reducing the size of filter components. When these boost converters are operated 
for high ratios leading to some difficulties like higher voltage and current stress on the MOSFET & higher 
voltage .Hence as a solution for this, an interleaving technique for boost converter have been adopted. This 
approach can be used for higher power applications to produce high voltage gain compared to the simple boost 
converter. Output of the PV module is acting as input to these converters.  

In this paper has some advantage features by using interleaved technique is analysed by Multiple phases of 
Boost converter. The main motivation of this paper is to reduce the current ripples to create the battery charging 
as good performance and increase the lifetime of battery mainly for standalone PV system. The MPPT indicated 
the maximum power from PV module and supply to load via ILBC which boost up the voltage in high ratio. 
The main purpose of the paper is to examine the various operating modes of converter with lower current ripple 
to the inductor currents. Simulation results are obtained by using the MATALB/SIMULINK to shows the 
output voltage is well tracked and it improves the efficiency and reduces the current ripple. 

II EXISTING SYSTEM 
Existing System Boost Converter has a several problem .The high step-up voltage gain dc-dc converters are 
widely used as an interface between the available low voltage sources  and  the  output  loads  which  are  
operated  at  much higher voltage.  Generally, the classical boost is a popular choice for non- isolated 
applications because of a simple structure and a continuous input current. However, it will be operated at 
extreme duty cycle, and the rectifier diode must sustain a short pulse current with high amplitude when an 
extreme high-voltage gain is required.  

 
Fig-2.1: Conventional interleaved boost converter 
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The conventional interleaved boost converter shown in the above fig 1.1.This leads to severe reverse recovery 
and the electromagnetic interference (EMI) problems. Moreover, the boost switch has to block a high-output 
voltage and hence the ON-state resistance, RDS (ON), which varies almost proportionally with the square of 
blocking voltage, will be very high so that low-voltage-rated MOSFETs may not be adopted. For those 
reasons, it is hard for a basic boost converter to achieve both high voltage conversion ratio and high 
efficiency at the same time. 

A conventional interleaved boost converter has severe voltage stress on switches are high. The active switches 
will suffer from high current stress during the switches in ON period for high step up applications. Large duty 
cycle is required for the large voltages, in practical step up the voltage leads to large volume of capacitance 
required. To maintain the small output ripple voltage large capacitance is required. Finally, it is concluded that 
the conventional boost converter requires large output capacitor to reduce current ripple and it is not suitable 
for high power applications. 

III PROPOSED SYSTEM 
In this paper proposes the multiphase interleaved boost converter for renewable energy system to increase the 
voltages in higher magnitude. The block diagram of proposed system is as shown in fig.3.1. A photovoltaic 
energy system is mainly powered by PV cells. In this figure a PV panel is used as the input to the multiphase 
interleaved boost converter and the output of MILBC has fed in to the input to battery. In order to increase the 
efficiency of the solar panel the MPPT is used. The MPPT is connected between the PV panels and to get boost 
up the maximum power. These powers are given to the MILBC to boost up the voltage at higher ratio. The 
output of battery voltages are fed in to DC load. Otherwise, by using inverter to convert DC to AC voltages for 
AC load. 

 
Fig-3.1: Block Diagram of Proposed System 

The interleaved boost converters consists of several identical boost converters connected in parallel and 
controlled by the interleaved method which has the same switching frequency and phase shift. The circuit 
diagram for multi phase interleaved boost converter is shown in fig.3.2.  

 
Fig-3.2: Multi-phase interleaved boost converter 
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It is simply four boost converters connected in parallel with each phase operating 90° out of phase. It consists of 
four inductors L1, L2, L3, L4, switches T1, T2, T3, T4 and diodes D1, D2, D3, D4 which are operating in 
parallel. The load used here is a resistive load. At any time, at least one of the phases is supplying to the load in 
addition to the output capacitor. The input current is the sum of four inductor currents IL1, IL2, IL3 and IL4 and 
I1pp, I2pp, I3pp, and I4pp are the peak to peak amplitudes. Since the inductor ripple currents are out of phase, 
they tend to cancel and thus reduce the input ripple caused by the interleaved boost inductors. 

The drawbacks of conventional interleaved boost converter are listed below 
• Interleaved boost converter leads to severe reverse recovery and the electromagnetic interference (EMI) 

problems. 

• The converters are operated in hard switching results in large switching losses. 

• High ripples in current.                                                                                                                                                                                                                                

• The active switches are suffering high current stress during the switch-on period for high step up 
applications. 

• To maintain the small output ripple voltage large capacitance is required.  

In proposed converter by using multiple phasing interleaving techniques has to overcome the above problem 
that means reduced the current ripple and increased output voltage.  

IV SIMULATION RESULTS 
Conventional Simulink Model 

 
Fig-4.1: Two Phase SIMULINK Model 

 
Fig-4.2: Two phase current ripple 
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Fig-4.3: Two phase Output voltage and current 

  
Fig-4.4: Two Phase Ripple Voltage 

PROPOSED SIMULINK MODEL 

 
Fig-4.5: Matlab Simulink Model 
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Fig-4.6: Output Voltages and Current Waveform 

 
Fig-4.7: PWM Waveform for Four Phases 

 
Fig-4.8: Ripple Voltage Waveform 

 
Fig-4.9: Ripple Current Waveform 
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Fig-4.10: Stress Waveform 

V CONCLUSION 
In this paper, Multiphase Interleaved Boost Converter with higher voltage and reduced current ripples has been 
successfully developed and which is suitable for low input voltage and high step up conversion applications. 
The size of Four-boost converters in parallel is almost same as a single boost converter of the same total power 
because the size of main parts inductors are almost remains same. The simulation result of proposed interleaved 
boost converters which provide higher voltage and reduced current ripple and voltage ripple compared to 
conventional interleaved boost converter. Therefore, multiphase interleaved boost converter is suitable for 
renewable applications. 
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ABSTRACT 
This paper proposes a charging station  for electric vehicle using Vienna rectifier and 3L dc -dc converter with 
an energy storage stage (ESS).As in recent times as there is increase in fuel rate so maximum population of the 
people go in search of electric vehicles. But electric vehicle is not widespread as expected due to some 
drawback like lack of charging station at a particular distance andlong-time charging process. To overcome 
this drawbacks many systems has been developed in recent times. In this project we use 3 level dc-dc converter 
for both voltage balancing and to reduce the charging time. In this project we give the input from the ac grid. A 
Vienna rectifier is proposed to reduce the ac side harmonics, improve the power factor and increase the 
efficiency as well. During peak hours to balance the demand we are using 12v solar dc output as additional 
input. In this paper we are taking three loads 1) a resistive load, 2) ESS, 3) dc motor. The output of the project 
is performed in the mat lab software and simulation are presented in this paper. 

Index Terms: Electric Vehicles, Energy storage stage, Fast charger, power balance management, Three-level 
dc-dc converter, Vienna rectifier.  

I. INTRODUCTION 
Plug-in electric vehicles, considering under this category to both plug-in hybrid electric and battery electric 
vehicles, have emerged as the most probable successor for conventional internal combustion engine vehicles. 
During these last years the sales of these vehicles have been constantly increasing and it is expected to remain in 
this trend for the upcoming years. Despite of the increasing electric vehicle (EV) eet, these vehicles still have 
to solve some shortcomings before becoming a real alternative to transportation. The long recharging process of 
the batteries, limited mileage capacity (typically below 200 km) and the lack of public fast charging 
infrastructure are the main barriers to its widespread usage. However, to allow a large-scale penetration of this 
technology changes are required also from the grid point of view, as the electricity demand will grow 
accordingly. Nowadays, there is no real threat to the utility grid, as still the automotive industry is mainly 
sourced by the gasoline supply chain, but this will gradually will shift to a larger electricity consumption with 
transportation purposes, and if it is not addressed properly, the actual electric system will be unable to satisfy 
this demand. 

In order to address the impacts of large-scale adoption of these vehicles in the utility systems, several studies 
have been carried out, mostly based on the conventional slow charging process of the batteries. This is mainly 
because, conventional charging is expected to remain as the preferred charging method, and also the fast 
charging process of the EV batteries is still not a widespread practice among the owners, due to the lack of 
facilities and misconceptions regarding the impact of this process to the battery pack. However, fast charging 
methods are still essential for a largescale adoption of EVs, as it will provide more exibility to the drivers, 
occasional longer trips addressing range anxiety. Additionally, in order to reduce power consumption from the 
utility grid during peak consumption hours, the presence of ESS in these stations is gaining attention.  

An alternative to enable fast charging is in the form of fast charging stations, which refers to the concept of 
having highpower fast chargers installed off-board, similar to gas stations located in public places. The structure 
of these charging stations can either be with an ac-bus, where each charging unit is fed by its independent ac-dc 
stage, or each unit connected to a common dc bus enabled by a single ac-dc stage with higher power ratings. 
Currently, fast charging is only enabled by standalone units, each one with its independent recti er stage using 
the ac-bus concept.  

We propose a new electric vehicle charging station using Vienna rectifier (refer to fig.1) to reduce the 
harmonics ,improve the power factor and to increase the efficiency of the system. Input supply is taken from the 
grid. The ac input is given to the VIENNA rectifier thus it can reduce the harmonics and improve the power 
factor and increase the efficiency as well. 

Nowadays electricity has become very essential for each and every thing we use it may household or in 
industrial side we are in need of plenty of power to run our electrical and electronic devices.   
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So to manage the demand of power during peak hours we can additionally add any kind of renewable energy 
like solar, wind, fuel cell and much more that are available in the universe. In our project we are going to use 
solar for the additional power supply. PV panel is fixed accordingly to receive the solar energy, the received 
energy is given to a dc to dc converter. Here we are using MPPT controller for obtaining maximum efficiency. 

During these days the petrol and diesel price is increasing high, so many people prefer electric vehicle as it does 
not need fuel like petrol or diesel also it does not lead to pollution of the atmosphere. Even though many prefer 
EV it is not spread wide due to some drawbacks like no availability of charging station at a certain distance and 
even if it is available the time taken for charging is high. So as to overcome such drawbacks a three level dc to 
dc converter is used for fast charging process is used in our project. Additionally ESS is used for storing the 
energy as well as it performs the job of voltage balancing of dc bus. 

II. CIRCUIT OPERATION 
The solar output is efficiently obtained by using converter employed with mppt technique and the 230v ac 
supply is given from the grid to the Vienna rectifier for reducing the ac side harmonics and improve the power 
factor for better efficiency. 

Now both the dc output is combined balanced and given to the 3L dc-dc converter which gives fast charging 
technique. And the output can be stored in the ESS for future use also.  

 
Fig-1: Proposedcharging station architecture with balancing ESS 

A different dc-bus concept is proposed and validated. The structure is based in the use of a Vienna converter 
enabling a dc-bus. The use of this dc-bus provides exibility to the connection of the loads, has higher voltage 
and power handling capabilities and reduced step-down effort of the dc-dc stages. However, given the adoption 
of the bipolar structure and the intended application, the balance control becomes essential. In this was done by 
adding an additional circuit to the system, which enhances the balancing capabilities of the grid-tied converter. 
The result led to balanced dc voltages even under severe imbalance load conditions. Taking a different approach, 
this paper proposes a novel balancing method that uses the presence of the existing ESS, regardless of its type, to 
perform the complementary balancing actions. The idea is to relocate the power consumption of the ESS in order 
to keep the central converter operating in its balanced zone. This is achieved by the use of a three-level dc-dc 
interface. As it will be demonstrated, the only requirement of the approach is to met the minimal balancing 
power. However, it is important to mention that the presence of this stage is for managing the energy 
consumption of the charging station, and its operation will be used towards the prevention of drifts in the dc 
voltages. It will be shown, that the presence of this stationary load in the system can be used to complement the 
balancing capabilities of the central converter. Moreover, the presence of this stage will allow the use of off the-
shelf products for both, the central converter, and the fast charging units. This use of standardized components 
leads to lower hardware costs, improved system robustness in addition to cost-effective implementation and 
maintenances.  

In the following sections, the inclusion of an energy storage stage in the system will be discussed. This 
additional stage will perform the tasks of energy buffer and also, perform the complementary balancing of the 
dc voltages. In order to do so, a dc-dc stage with access to both of the dc buses must be included, to avoid 
having two batteries in the system, as shown in Fig. 1. To meet this purpose, a three-level dc-dc stage will be 
featured. A control scheme is developed and proposed, covering the partial and full balancing tasks. The overall 
performance of the system will be validated both in simulation and experimentally. 
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III. EXISTING SYSTEM 
In the existing system the technique used for voltage balancing and to built a charging station is central neutral 
point clamped (NPC) converter enabling a bipolar dc-bus fig. 2. The use of this split dc-bus provides exibility 
to the connection of the loads, has higher voltage and power handling capabilities and reduced step-down effort 
of the dc-dc stages. However, given the adoption of the bipolar structure and the intended application, the 
balance control becomes essential. In this was done by adding an additional circuit to the system, which 
enhances the balancing capabilities of the grid-tied converter. The result led to balanced dc voltages even under 
severe imbalance load conditions. Taking a different approach, this paper proposes a novel balancing method 
that uses the presence of the existing ESS, regardless of its type, to perform the complementary balancing 
actions. The idea is to relocate the power consumption of the ESS in order to keep the central converter 
operatingin its balanced zone. This is achieved by the use of a three-level dc-dc interface. 

 
Fig-2: Existing system with 3L-NPC 

IV.THREE-LEVELDC-DC CONVERTER 
As stated earlier, in order to perform the balancing complement to the grid-tied converter, the ESS must have 
access to both dc buses. Considering this requirement, a three level dc-dc converter will be used as the dc-dc 
stage. This choice is further justi ed by the reduced voltage stress on the switching devices, allowing the use of 
conventional low voltage-rated switches; improved output current waveform and improved efficiency in 
comparison to conventional two-level based topologies. Finally, for this particular application, it will only 
require the inclusion of a single energy storage stage, as it will be able to compensate currents in both of the dc 
buses as it will be demonstrated fig.3. The power circuit of the selected topology is presented, where it can be 
seen that can has three input terminals that can be directly connected to the bipolar charging station. The 
converter is composed of four switching devices along with their corresponding freewheeling diodes, the input 

lter capacitors  and , and an output inductor  and capacitor  for ltering purposes. Considering its 
structure, the basic requirement that  =  = , and the valid combinations of its switching signals, the 
converter generates four voltage states. Each state results in a different equivalent circuit, as presented in Fig. 3. 
These states are depicted as follows: when the switches  and   are turned on, the output voltage   is 
equal to the total input voltage 2Vd; then when   and   are on,    becomes   ; the same output voltage 
is generated when the switches that are on are and ; nally, when the inner switches and are 
turned on, the output voltage is equal to zero. Please note that the switching states  and   generate 
opposite neutral-point currents, revealing the balancing capabilities of the converter. For the remainder of the 
paper, these states will be denominatedmid-states. 

 
Fig-3: Circuit diagram for the three-level dc-dc stage for the ESS 
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V. PROPOSED CONTROL SCHEME 
Many high power equipment’s derive electrical power from three-phase mains, incorporating an active three-
phase PFC front end can contribute significantly in improving overall power factor, reducing line pollution, 
lowering component stresses and reducing component size (e.g. the filter capacitor). Stationary operational 
behavior of three-phase/switch/level PWM rectifier was analyzed for asymmetrical loading of the output 
voltages. Maximum admissible load of the neutral point that is capacitive output voltage center point was 
calculated. 

 
Fig-4: Schematic of a Vienna Rectifier 

This topology mentioned known as the VIENNA rectifier and the three-level power structure results in a low 
blocking voltage stress on the power semiconductors and a small input inductor value and size. Therefore, 
Vienna is an ideal choice for the implementation of a medium power, unity power factor rectifier that also has a 
high power density. Three-phase AC to DC diode rectifier with three low-power and low frequency, four 
quadrant switches, with high power factor was presented. The main features were low cost, small size, high 
efficiency and simplicity. The high power factor was achieved with three active bidirectional switches rated at a 
small fraction of the total power, and gated at the line frequency. Application of power module (IXYS VUM25-
E) realizing bridge legs of a three phase/switch/level VIENNA rectifier system with low effects on the mains 
were discussed. This can be a step in the modularization direction. The switching losses and on-state losses of a 
bridge leg of a rectifier were analyzed to determine the maximum output power. Three-phase diode bridge and 
DC/DC boost converter combination yielded a three phase/switch/level PWM rectifier [26]. Sinusoidal mains 
current, controlled output voltage and low blocking voltage stress on the power switches were characterized. 
Due to high current rate of rise when the phase transistors are turned on the single phase diode bridges in center 
point legs cannot be realized as mains rectifier. Diodes with short forward recovery time have to be applied to 
avoid high turn-on losses. Detailed operation and control of VIENNA rectifiers have been reported. Major 
drawback of the VIENNA topology compared to the full bridge is that it does not allow bi-directional power 
flow.  

The Vienna topology can be implemented with either three switches or six switches. A six switch Vienna 
Rectifier was selected to lower conduction losses since the phase current flows through only one diode in each 
phase during the switch conduction and guaranteed to clamp the switch voltage to only half the output voltage. 
New controller was proposed with one or two integrators and a reset along with several comparators and 
flip/flops. Control was implemented by sensing either inductor currents or switching currents without 
multipliers or input voltage sensors.  

The system simulation presented. The simulation results, comparison and discussion are presented. Details on 
the experimental performance, such as the input currents and respective harmonics, output voltage, load current, 
mid-point voltage and input voltages are given. The overall converter system performances with the 
synchronous logic control implementation are summarized. 
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I) Control Scheme 
The controls are modeled with functional subsystem blocks. The controls are cascaded and consist of a current 
loop, a DC center point voltage loop and a DC voltage loop. 

The outermost DC voltage loop regulates the sum of the two capacitor voltages using a PI controller. The 
controller output is the reference for the mains current amplitude . This amplitude is multiplied with a three-
phase sinusoidal signal which is synchronized with the mains voltages in order to obtain the three-phase mains 
current reference . For simplicity, this sinusoidal signal is generated directly from the measured mains 
voltages. 

 
Fig-5: Control Scheme of a Vienna Rectifier 

The mains current reference signal is offset by a DC current reference . This DC reference is the output of a 

PI controller regulating the difference of the two capacitor voltages. 

Finally, the mains current reference signal is used by the hysteresis current controller to generate the gate 
signals for the semiconductor switches. Due to the operating principle of the Vienna Rectifier, the gate signal of 
an individual phase needs to be inverted during the negative half-wave of the corresponding mains phase 
voltage. 

Ii) Proposed Controller for Vienna Rectifier 
The controls are modeled with functional subsystem blocks. The controls are cascaded and consist of a current 
loop, a DC center point voltage loop and a DC voltage loop. 

 
Fig-6: Control Scheme of a Vienna Rectifier 

VI. SIMULATION RESULTS 
Considering the proposed compensation technique to keep the dc-link voltages balanced, the dynamic 
performance of the system is validated under several load impacts, simulating the random arrival of vehicles for 
recharge. In addition, the proposed switching sequence correction is performed in order to keep the ac side 
currents without even-order harmonics. Here the solar output is 12v this is combined with the Vienna rectifier 
output 12v and a voltage of 12v is maintained in the dc line.to check the results three different 12v load is 
connected.the connected three different load are load1-r load, load2-motor and load3-ESS(rechargeable 
battery). The output waveform of each component and load wave form is given below. 
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1. Dc Link Voltage 

 
2. Solar current and voltage 

 
3. Load1-current and voltage 

 
4. Load 2: Dc Motor Current, Voltage, Speed And Torque 

 
5. Load3: Rechargeable Battery Voltage And Current 
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VII. CONCLUSIONS 
Thus an electric vehicle charging station using vienna rectifier and 3level dc-dc converter with ESS is 
successfully simulated using mat lab software and output waveform has been given above. From the we can 
conclude that by using vienna rectifier the ac side harmonics has been reduced and power factor has been 
improved and efficiency of the system is improved. Hence by this system the drawback such as lack of charging 
station at particular distance as well as lack of fast charging techniques has been overcome. Is important to 
highlight that despite the ESS converter is providing the additional balancing ability, this does not alter 
dramatically its operation. 
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ABSTRACT 
The extraction of maximum power is the major requirements in the operation of PV system. Maximum power 
point tracking techniques will provide a way to enhance the maximum power in the system. So, there is a 
requirements to a partial shading detection technique identify which incorporate the climate and environmental 
condition could influence the characteristics of PV arrays.A novel two stage MPPT method is presented to 
overcome the drawbacks. In first stage, the method is proposed to determine the occurrence of partial shading 
condition. In the second stage, using a new algorithm that is based on ramp change of the duty cycle and 
continuous sampling from the PV characteristics of array. It is the present request to stimulate and smooth 
MPPT technique with partial shading detection of PV arrays with required project result could improve the 
performance of PV arrays. The performance of the MPPT techniques can be enhanced by using the AT mega 
microcontroller. 

Keywords: Partial shading, MPPT, PV system, microcontroller, perturb and observe. 

I INTRODUCTION 
Now a days renewable energy sources are used in wide variety. In India solar energy is in vast. But the PV 
panels have some disturbances like environmental conditions and shading of nearby buildings and trees etc. are 
reducing the efficiency of the PV panel. So we use the maximum power point tracking techniques.  

In this paper we use two MPPT techniques. They are perturb and observe (P&O) and incremental conductance 
(IC) and short circuit current and open circuit voltage.Therefore, extracting maximum power from a PV system 
in all operation conditions is the main target of its control. The existing system have some techniques like 
artificial intelligence, such as fuzzy logic and neural network have more computational load [1]. 

The entire modules of an array do not receive the same solar irradiance is also called as the partial shading 
condition PSC. This condition will occur in urban area and moving clouds [2]. If the control system cannot 
detect and react to this situation, the PV system will be diverted from the optimal operation mode. Bypass 
diodes are connected parallel in each module there are many peak points in the PV characteristics[3]. In these 
condition global maximum power point (GMPP) cannot be achieved. If once the PSC is detected, it is based on 
the open circuit voltage and short circuit current in PV arrays the operating points are converges in the second 
step [4]. 

The P&O algorithm and its voltage step size are determined by the dividing rectangles method [5]. This method 
does not give global maximum power point tracking. The distributed maximum power point tracking in [6] the 
each module is compensate by regulate in respective maximum power point value by the connection of fly back 
DC-DC converter in each and every module[7]. This method is based on PV characteristics sampling 
implementation and integrated circuit. It gives guaranteed performance, high speed and adjustable output [8]. 

The proposed system having the combination of two algorithm that is perturb and observe and incremental 
conductance gives the high efficiency and the fast output. It also a low cost in implementation. 

II RELATED AND EXISTING WORKS 
Most maximum power point tracking (MPPT) techniques based on sliding-mode control (SMC) use another 
method such as perturb and observe or incremental conductance (IncCond) to provide current or voltage 
reference which makes the system more complex. To reduce the complexity and to increase the photovoltaic 
(PV) array efficiency, a direct control high performance MPPT based on improved SMC has been investigated 
in this study. Using two different step sizes can follow the PV peak power at different operating conditions with 
rapid convergence and greater accuracy. The new SMC-based MPPT designed for boost-type DC/DC 
converters is compared with a conventional and modified Incremental Conductance method, and to a classical 
SMC method which is very similar to that applied by Chu et al. 

Solar energy is an interesting alternative to fossil fuel energy. It is one of the quickest increasing renewable 
energy resources. The direct conversion of the Sun's radiation into electricity is known under the name of 
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photovoltaic (PV) effect. PV energy is sustainable, clean, without environmental pollution and is of a 
multidisciplinary nature, involving power systems, power electronics and control theory.PV output power 
generation is influenced by climatic conditions (e.g. irradiance, panel temperature) and load variation. 
Therefore, a maximum power point tracking (MPPT) technique intended to control the DC/DC converter duty 
cycle is required to guarantee an optimal operation of the PV array under different operating conditions.  

 
Fig-2.1: Block Diagram 

An overview of more than 30 of these MPPTs has been done. Perturb and observe (P&O) and incremental 
conductance (IC) are widely used in the literature, but they fail under fast-varying climatic conditions. The 
SMC-based MPPT proposed in this paper is not complex and has the objective of optimising the PV system. 
This paper may be regarded as an extension of the work of Chu et al. The difference consists of using two 
different steps and of selecting the sliding surface as a derivative of power to voltage.  

 
Fig-2.2: Structure of Sample Shading 

The proposed method exhibits its best performance in dynamic and steady states. To the best knowledge of the 
authors, there has been no paper that reports this idea. Another contribution is the using of a stringent irradiance 
profile as recommended by the EN 50530 which can verify truthfully the effectiveness of the proposed MPPT 
system. Consequently, this effort is conducted to enhance the dynamic efficiency of PV system with an 
improved SMC, which can reduce the probability of diverging away from the maximum power. 

III PROPOSED SYSTEM 
In the last decade, the lack of new conventional energy sources, reveals the significance of the renewable 
sources. Solar energy is one of the promising renewable types of energy, which is coming from an unlimited 
solar source – the Sun and can be directly converted to electrical energy by photovoltaic (PV) modules. PV cells 
have non-linear characteristics which are affected by irradiance level, temperature, total residence etc. Under 
uniform insolation there is only one maximum point in the P − V curve. Maximum power point trackers 
(MPPT) in PV systems are responsible for detecting the maximum power point (MPP) and reaching it by the 
PV modules. Conventional MPPT techniques track well the MPP under zero-shading conditions, however when 
partial shade condition (PSC) occurs, these methods are trapped at local maximum. During PSC two or more 
MPP take place in P − V curves, which forces the researchers to find new techniques for MPPTs under PSC.  
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Fig-3.1: Circuit Diagram 

The n number of solar panels are connected to the MPPT control which contains the partial shading detection 
sensor and at mega micro controller. MOSFET driver is connected to the each of the solar panel for sensing the 
any partial shading is occurred in panel. Boost converter is also connected to the each panel for any PSC 
occurrence in the panel, the output will be boosted and given to the battery bank. 

Here we use two MPPT techniques, they are perturb and observe (P&O) Incremental conductance (IC).  

The drawbacks of this proposed DPSO method are listed below 
• The array currents in the low and high voltages of the array have big differences. 

• To detect PSC the array current samples low and high voltages, cause a big disturbance in the system.  

• The comparison curves with conventional PSO method have not been adequately covered, therefore the 
superiority of the proposed method was not highlighted enough. 

Less addressed in the literature is detection of PS occurrence is another issue. It is necessary to detect its 
incidence before the applying of any processof MPPT in PSC. 

IV SIMULATION RESULTS 
In simulation results, the simulation results are shown. Here R 2013a is used to show the output of this proposed 
system. The Simulink model, output power, output voltage, output current, output energy and PSC ranges and 
normal condition output. 

MATLAB RESULT 

 
Fig-4.1: Matlab Simulink Model 
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Fig-4.2: Input Voltage 

 
Fig-4.3: Output power 

 
Fig-4.4: output voltage 

 
Fig-4.5: output current 
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Fig-4.6: PSC ranges 

 
Fig-4.7: under normal condition 

 
Fig-4.8: compared output 

V CONCLUSION 
In this paper, the partial shading condition is detected,by using the MPPT techniques in two algorithms. This 
system determines whether the uniform irradiance occurs or not. This proposed system is operated in simple 
method and fast algorithm.The perturb and observe, incremental conductance algorithm gives more efficiency 
than other. This system is based in the ramp change of arrayvoltage sampling of current and voltage 
continuously. The partial shading condition is detected by using the sensor and it can be corrected.  The global 
maximum power point tracking is easily attainted by using this method. The results in simulation shows the 
increasing efficiency and accuracy of this method. It is high speed, minimum negative impact in while connect 
to the power system and smooth output. 
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ABSTRACT 
Maximum power point trackers play a major role in obtaining maximum power in photovoltaic (PV) system.The 
main obstruction in solar energy generation is that power generation is not constant due to environment 
conditions, so we go for MPPT to obtain Maximum power. MPPT algorithms are necessary in PV applications 
because the MPP of a solar panel varies with the irradiation and temperature, so the use of MPPT algorithms 
is required in order to obtain the maximum power from a solar array. The P&O is a standard method which is 
cheap, easy to implement and has excellentefficiency. The objective is to alleviate the Limitations of 
conventional P&O method such as non-uniformity of PV Panel temperature, partial shading, steady state 
oscillation, diverged tracking direction and dust effects. An oscillation detection scheme, boundary condition 
are used to overcome the above drawbacks. Moreover, this paper presents the intelligent prediction enhanced 
adaptive P&O method is employed to reduce the non-uniformity of PV panel temperature, dust effect, inability 
to detect the global peak. The proposed model is verified using MATLAB simulations and the experimental 
Validation is carried out using boost Converter with AVR microcontroller. The results of proposed method are 
compared with conventional MPPT techniques and showsthatthe tracking speed and efficiency is highly 
increased. 

Keywords: Maximum Power Point Tracking, PV array, DC-DC Boost converter. 

I. INTRODUCTION 
Renewable energy is the energy that is obtained from natural resources which is not exhaustible. Now a days, 
conventional energy resources such as fossil fuels, coal, petroleum and natural gas are depleting so we are in 
need to switch to renewable energy resources. Renewable energy is extracted from unlimited natural resources 
such as sunlight,wind,rain,tides,geothermal heat which are obtained in a short periodof time.Solar power is one 
of best renewable energy sources available because it is one of the cleanest sources of energy.Solar power is 
energy from the sun that is converted into thermal or electrical energy.Solar technologies can harness this 
energy for a variety of uses, including generating electricity, providing lightand heating water for domestic, 
commercial, or industrial use. In PV System, there occurs some loss because of continuous changes in 
temperature and irradiation conditions. Hence, Maximum power point tracking is a technique which is 
commonly used in photovoltaic system to extract maximum power output. Modelling of photovoltaic Devices 
and simulating is most important in today’s research. The photovoltaic system is the cleanest and most abundant 
energy resources but this system also has some drawbacks like losses and efficiency. This drawback has been 
considered and an enhanced way for utilizing solar power is established in this paper. Perturb and observe 
method is the most commonly used method because of its easy implementation, simple algorithm and highly 
efficient. However it has some drawbacks. Due to varying environment conditions, the PV panel temperature is 
not uniform; this non-uniformity leads to some losses in PV panel. During the operation of the PV system, the 
whole PV array cannot receive uniform radiance, the one module output is vary from another due to clouds, 
trees,dusts, buildings or various environmental conditions. This isknown as partial shading condition. The P&O 
algorithm oscillates around the MPP which produce some lose in output and due to irradiance theAlgorithm 
losses its tracking direction which leads to energy loss. To overcome these drawbacks we use an enhanced 
adaptive P&O algorithm using boost converter with intelligent microcontroller AVR is used to solve the non-
uniformity in temperature, oscillation,divergence in tracking and partial shading condition. The proposed model 
is verified using MATLAB simulations and experimental results are verified. Thus the efficiency and tracking 
speed is increased twice when compared to conventional MPPT technique. 

II EXISTING SYSTEM 
The basic block diagram ofMPPT system is shown in the Fig 2.1.It consists of a PV array, DC-DC Converter, 
MPPT control unit and a Load. A PV Cell is a semiconductor device that converts solar radiation into DC 
electricity through the photovoltaic effect (Conversion of solar light energy into electrical energy). When light 
radiation falls on Solar Cell, it may be reflected, absorbed, or passes right through. Then, the absorbed light 
generates the electricity. It consists of a very thick n-type crystal covered by a thin n-type layer exposed to the 
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sun light. It consistsof number of individual solar cells are inter connected together and called Module or panel. 
To get the desired voltage or current, Panels are connected in either series or parallelwhich is called array. Each 
PV cell is rated for 0.5 – 0.7 volt and a current of 30mA/cm2.In PV System, there occurs some loss because of 
continuous changes in temperature and irradiation conditions. Hence, Maximum power point tracking is a 
technique which is commonly used in photovoltaic system to extract maximum power output.The maximum 
power point tracking is basically a load matching problem. In order to change the input resistance of the panel 
to match the load resistance (by varying the duty cycle), a DC to DC converter is required. The efficiency of the 
DC to DC converter is highfor boost converter. 

Perturb and Observe method is simple and easy to implement.In this we use only one sensor, that is the voltage 
sensor, to sense the PV array voltage and so the cost of implementation is less and hence easy to implement. 

 
Fig-2.1: Block diagram of MPPT system 

The time complexity of this algorithm is very less but on reaching very close to the MPP it doesn’t stop at the 
MPP and keeps on perturbing on both the directions. 

In the conventional MPPT Techniques such as Perturb and Observe method (P&O), Hill Climbing (HC), 
Incremental Conductance (IC).The P&O algorithm continuously oscillates around the MPP, which results in 
certain amount of power loss. The irradiance increases rapidly causes the P&O to lose its tracking direction 
which leads to some energy loss. Then, The P&O is not able to track the global peak under partial shading 
condition.During the operation of the PV system, the whole PV array cannot receive uniform radiance, the one 
module output is vary from another due to clouds, trees, dusts, buildings or various environmental conditions. 
This condition is known as partial shading. This reduces the PV panel Output. 

In Soft MPPT techniques such as Particle  Swarm  Optimization  (PSO), Differential  Evolution (DE),Artificial  
Neural  Network(ANN),Ant Colony  Optimization  (ACO),Artificial  Bee  Colony  (ABC), Grey Wolf (GW), 
Fireflies (FF),Cuckoo  Search (CS).These soft MPPT techniques has drawbacks such as Implementation Cost, 
Computational Complexity, Slow tracking speed. To overcome these issues we should go for the proposed 
Enhanced adaptive P&O MPPT technique using intelligent microcontroller. 

III PROPOSED SYSTEM 
This paper proposes an intelligent MPPT controller for Fast and efficient tracking under different environment 
conditions. An enhanced adaptive P&O Algorithm is used in this PV system. The block diagram of proposed 
system is shown in the Fig 3.1.The no of individual PV cells are connected to form a PV module and the PV 
module is connected to form the PV array. The sun light falls on the PV array, the solar cells in the array 
convert the sun light directly into electricity. The output from the array in which the current is increased or 
decreased with respect to the voltage to get the desired power output.The PV array is then connected to the high 
performance boost converter.The maximum power point tracking is basically a load matching problem. In order 
to change the input resistance of the panel to match the load resistance (by varying the duty cycle), a DC to DC 
converter is required. 

 
Fig-3.1: Block diagram of proposed system 
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Then, the voltage is send to the MPPT algorithm. The MPPT is used to extract the maximum available power in 
the PV module. In this proposed system, an enhanced adaptive P&O method is used to minimize the losses 
arises during oscillations, diverged tracking direction, dust effect, Non-uniformity of PV panel temperature and 
inability to detect the global peak under partial shading condition.  Adjust the voltage, then the power increases 
further adjustments are made in that direction until the power no longer increases. This point is called MPP. 
MPPT requires some samples to obtain the MPP. At this point, the algorithm oscillates around the MPP due to 
perturbation. The enhanced adaptive P&O detects oscillation by calculating more than three perturbations then 
minimizes the size of perturbations to mitigate the steady state oscillation. Then the P&O lose its tracking 
direction and diverged when irradiance increases with time.  Thedynamic boundary condition is used to 
eliminate the diverged tracking direction during irradiation increases and the global peak under partial shading 
condition is detected by using intelligent prediction method irrespective of dust effects and other environmental 
conditions. Thus the efficiency and tracking speed is greatly increased. The MOSFET is used as a power driver 
circuit. PWM allow the control of power supplied to the electrical devices.  

A detailed diagram of the proposed global MPPT system is shown in the Fig 3.2. Depending on the PV system 
application domain, a boost-type dc/dc power converter is used to interface the PV array output power to either 
a battery bank or a dc/ac inverter connected to the electric grid. Both of these alternative types of dc/dc 
converter load are represented in Fig by the voltage source Vo. 

 

 
Fig-3.2: circuit diagram of proposed system 
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The inductance of the cable connecting the PV array to the dc/dc converter Lin is considered for stability 
analysis purposes, as discussed in the following. The inductor L and the input and output filter capacitor values 
are represented by the letter Cin and C respectively, are calculated as described in  such that the dc/dc converter 
operates in continuous conduction mode, and simultaneously, the input and output voltage ripple factors are 
reduced to an acceptable limit.  

The PV array voltage is measured using an operational amplifier-based differential amplifier, and the dc/dc 
converter input current is measured with a Hall-effect based current sensor. The proposed global MPPT 
procedure is performed in three consecutive phases: the constant input power, PV array voltage regulation, and 
P&O stage 

In order to execute these processes, the dc/dc power converter is controlled using either the “PWM 1” or the 
“PWM 2” control signals. The operation of the dc/dc converter in this operating mode constitutes the basis for 
the detection of the PV array global MPP, according to the proposed global MPPT control algorithm. The 
“PWM 1” control signal, which is shown in the diagram, is produced by comparing the instantaneous value of 
the dc/dc converter input current I(t) with the control signal Vc(t) generated by the control unit.  

During the P&O MPPT process, the dc/dc converter average input power is calculated by measuring the PV 
array output voltage and current. The resulting value is compared with the input power measured during the 
previous iteration of the algorithm. According to the result of the comparison, the duty cycle of the “PWM 2” 
dc/dc converter PWM control signal. 

IV SIMULATION RESULTS 
Matlab Simulink Model 
The MATLAB Simulink model for enhanced adaptive P&O method is shown in the Fig 4.1.The conventional 
MPPT algorithm is compared with the enhanced adaptive P&O method. 

 
Fig-4.1: MATLB Simulink model 
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The output waveform in the Fig 4.2 shows that the irradiance level decreases, the voltage and power value 
increases. Thus the efficiency and tracking speed is increased greatly. 

 
Fig-4.2: comparison of conventional MPPT and enhanced adaptive P&O method waveforms 

 
Fig-4.3I: V characteristics and P-V characteristics curve at250 C at normal temperature 

 
Fig-4.4: I-V characteristics and P-V characteristics curve at 250 C sun temperature 
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V CONCLUSION 
This paper has presented a new MPPT technique called enhanced adaptive perturb & observe algorithm which 
alleviate all the drawbacks of conventional P&O technique such as steady state oscillation, diverged tracking 
direction, inability to detect the global peak due to various environmental conditions such as dust effects, non-
uniformity of panel temperature and partial shading. The conventional MPPT method is compared with 
enhanced adaptive P&O method. The simulation results show that the proposed method reduces the losses and 
increases the efficiency. This work is further extended in phase -2 that the simulation results are then verified by 
the experimental validation which is carried out using boost converter with microcontroller board. Thus, the 
simulation results show that the algorithm tracking speed and efficiency is greatly increased irrespective of 
various environmental conditions. 
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ABSTRACT 
Solar energy plays an important role in renewable type energy source. By avoiding the quotidian methods of 
transferring the electrical energy from one place to other place,in which phenomenon is used to transferring the 
electrical power without the usage of wiring medium based on solar and thermoelectric generation(STEG). 
when the sunlight falls on the solar panels that converts the light energy into electrical energy. Thermo electric 
generation is assimilate with solar panels as seeback modules. The heat is evaporated from the panel is highly 
considered for the thermoelectric generation. Thus, the proposed system simultaneously harvesting both solar 
and thermal as source, which transmits the energy from transmitter to receiver end. 

Keywords: Wireless transfer, Inductive coupling, STEG, Seeback effect. 

I INTRODUCTION 
In modern powergeneration harvesting the solar energy requiresphotovoltaic or installing large scale solar 
energy.Converting light energy into electrical energy dependson the photovoltaic system through the use of 
solarcells.Efficiency of a solar panel using the hybridsolar panel. Solar thermal energy is the most readily 
available source of energy. The solar energy is most important kind of non-conventional source of energy which 
has been used since ancient times inprimitive manner.A thermo electric module is constructed by combining the 
p-type and n-type semiconductors.This paper will focus on inductively coupled wireless power transfer using 
renewable source, i.e. solar panels. It givesa efficient, convenient and eco- friendly method of transferring 
power for remote static devices, or recharging portable devices and the proposed system is reliable, highly 
proficient and economical when compared toother conventional energy harvesting systems. In hybrid energy 
harvesting system,the solar panel acts as a main power source. The solar panel is used to convert the incoming 
light rays into the electricalenergy by the process of photo-voltaic generation. The thermo-electric generator is 
placed on the rear side of solar panel with a proper heat sink, the main function of the heat sink is to convert the 
waste thermo-electric energy from the solar panel in the formof heat into useful electrical energy by maintaining 
a suitable temperature gradient across the facesof the thermo-electric generator that is necessary to produce the 
electrical output. The electrical output characteristics of thesolar devices depend upon the luminous intensity of 
sun as well as on the area exposed to the light rays. This works on the principle of Resonant Magnetic Coupling 
(RMS) which can be applied to get a maximum power transfer. 

II EXISTING SYSTEM 
In this project explains the transfer of electrical energy from one place to another place without using the wired 
medium. The basic principle used here is an inductive coupling.The phenomenonof Inductive coupling brings 
that by varying the magnetic flux between two inductive coils to transfer energy from the source to load. 
According to  Faraday’s Law of electromagnetic induction,it states  that ― The varying magnetic flux produced 
by one coil will produce a varying magnetic flux in another induction coil when  they are placed in  parallel‖  
position.The working is similar to the resonant transformer. It consists of two coils primary and secondary coil, 
which is connected by a LC tank circuit and tuned by a particular frequency. The functioning of these circuits is 
equivocal and may act as a resonator or an oscillator and multiply the applied frequency or simply escalate it to 
a large value. Being air core, these transformers possess low coupling coefficient. Most of the energy is 
transferred through magnetic field. The electric fields are confined within the capacitor. Even though the 
coupling coefficient being significantly low (i.e. k<0.1) much of the energy from the primary gets transferred to 
the secondary due to high frequencies(kHz to MHz).MOSFETs are used as a switching device in low power and 
high frequency switching applications. 
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Fig-2.1: Block Diagram 

The block diagram consists of primary coil, secondary coil, ac source, regulator, high frequency converter and 
rectifier.Its schematic can be seen in figure 2.1. The AC source supplies the ac voltage at input of the coil. Then 
it gets passes to the high frequency transformation is performed by which the frequency is increasing from 50hz 
to several khz and then it passes to the primary coil.   By using the switching devices, the frequency 
transformation can be done to generate the pulses and given to transmitting inductor in the form of 
electromagnetic waves then transmitting towards receiving inductor. The receiving inductor is used to receive 
the electromagnetic waves produced inside the coil in Alternating current form. This voltage gets passed 
through rectifier which converts the AC voltage in DC voltage. The filter removes the unwanted contents. Its 
provide smooth DC voltage. The received voltage should be regulated using Voltage regulator so at the output 
we get regulated DC voltage. This voltage is then given to the load which drives it. 

III PROPOSED SYSTEM 
In this paper, proposes a simple, convenient, highly proficient, safe and eco-friendly method of transferring 
power to remote static   switching devices.The proposed hybrid energy harvesting system is 
simultaneouslyutilizing both solar and thermo-electric energy it makes the system named as hybrid energy 
harvesting system. An integrated hybrid energy Harvesting system model has been developed in which light 
energy is converted into electrical energy by using a solar panel. In this paper, TEG is used to retrieve the waste 
heat and converts the heat energy into electrical energy based on see beck effect.A Small temperature 
differences and heat sources are suitable for thermoelectric generations. Such generators are used in 
automotives for waste heatrecovery. Solar panel efficiency is improved by usingthe hybrid solar panel. It is less 
efficient compared with other heatengines, hence TEG is suitable for small applications. In thermo electric 
power generation, the temperature gradient is one of the main considerations to generate power. 

 
Fig-3.1: Block Diagram of Proposed System 

In hybrid energy harvesting system, the solar panels act as a main power source. The purpose of solar panel is 
used to convert the incoming light rays in the form of solar energy into feasible electrical energy by the process 
of photo-voltaic generation.The thermo-electric generator is placed on the back side the solar panel with a 
suitable heat sink, which converts the waste thermo-electric energy from the solar panel in the form of heat into 
useful electrical energy. The thermo electric generator maintains the temperature gradient to get the efficient 
electrical output. 
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Fig-3.2: Circuit Diagram of Transmitter 
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Fig-3.3: Circuit Diagram of Receiver 

 
Fig-3.4: circuit diagram of TEG 

A PV layer can achieve maximum efficiency about 30%, this is increased by adding TEG layer to convert the 
waste heat energy to current, thereby increasing the efficiency much better. 
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IV SIMULATION RESULTS 
In this section, the simulation results are shown. Where the output schematics are simulated by the MATLAB 
2014Ra and network simulator tool. 

Matlab Result 

 
Fig-4.1: MATLAB Simulink Model 

 
Fig-4.2: Characteristics of Solar energy 

 
Fig-4.3: Characteristics of Thermal Generation 
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Fig-4.4: Output at Peak Sun Hour 

 
Fig-4.5: Output at Peak Sun Hour 

 
Fig-4.6: Output for Solar and Thermal Generation 

 
Fig-4.7: Thermal Generation Graph 
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Fig-4.8: Spectral Irradiance For STEG 

V CONCLUSION 
The power electronic device that transmits power wirelessly and then charging batteries was developed. In this 
paper, an integrated hybrid model of solar energy was developed with the help of thermo electric generation 
(TEG).It results have been analyzed and  concluded that the proposed hybridenergy harvesting system is 
effective enough to completely save the electrical power exploit bythe solar panel by with the help of  TEG.In 
this work, we havepresented solar into electrical conversion usingthermoelectric and photovoltaic. The main 
advantage of thistype oftechnique is that renewable energy is used as source in the form of solar 
energy.Individuals can be facilitated to charge their electronic device efficiently. 
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ABSTRACT  
In this paper all triplen harmonic orders are eliminated through a modified selective harmonic mitigation-pulse 
amplitude modulation (SHM-PAM) technique and it is suitable for single phase seven level voltage source 
inverter. The regular operation of the proposed SHM-PAM technique eliminate the fifth and seventh harmonics 
orders. It is also shown that the planned technique is extendible to fully completely different construction 
voltage waveforms and a flow sheet of self-elimination of all triplen harmonics has been given. Then, it's 
incontestable that the most range of harmonic orders would be controlled with the minimum range of accessible 
angles during a low switch frequency voltage wave shape. 

Keywords: SHM-PAM, triplen harmonic elimination, multilevel inverter (MLI).  

I INTRODUCTION 
The motor that energies the wheels generally uses AC power, therefore there should be a conversion from DC to 
AC by a power converter, inverter is used for this conversion. Inverter classified into current source inverter 
(CSI) and voltage source inverter (VSI). Multilevel Voltage Source Inverters (VSIs) are used in high power 
applications using average-voltage switches. Cascaded H-bridge inverter is one of the most popular topologies 
which has modular structure producing high number of voltage levels that is appealing for industries. The 
highest power rating reported for a manufactured CHB is reported up to 120MW [1]. Although several 
multilevel inverter topologies have been projected by the investigators, CHB inverters have expanded much 
more popularity due to flexible organization, feasible, trustworthy and humble control approach. Various 
switching methods have been executed on the CHB inverter with sinusoidal pulse width modulation (SPWM), 
Hysteresis, etc, while the high switching frequency is the strongest limit to use them in high power applications 
such as high power uninterrupted power supply (UPS) or motor drives[4]. 

Furthermore, this condition would be poorer if the switching frequency is limited below 1 kHz meanwhile low 
order harmonics are projecting in Fast Fourier Analysis (FFT) of the output voltage/current wave shapes. 
Modulation is the method of switching the semiconductor device in a power converter in accordance with some 
switching function [6]-[8]. With the increased topological advances of MLIs, the modulation techniques have 
also grown over the years. It reviewed various types of MLI topologies, control techniques, applications and 
also recent advances in MLIs. 

Performance of switching strategies in an inverter, can be related to the harmonic contents of its output voltage. 
To destroy extreme number of harmonics amplitudes in single-phase inverters using smallest imaginable 
number of angles an improved SHM-PAM technique is presented in this paper. All triplen harmonics are also 
excluded without adding extra pulses [1]-[4]. Harmonics are integral multiples of some fundamental frequency 
that, when added together, result in a distorted waveform shown in fig.1. 

 
Fig-1: Decomposition example of a complex distorted signal, as addition of 50Hz fundamental and 3rd, 5th and 

7th harmonics (150Hz, 250Hz, 350Hz respectively). 
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A. SELECTIVE HARMONIC MITIGATION PULSE AMPLITUDE MODULATION (SHM-PAM) 
Selective Harmonic Elimination or Mitigation (SHE or SHM) modulation techniques have been offered as a 
solution in several literatures to eliminate or mitigate the of lower order harmonics amplitude in low switching 
frequency. In both control approaches, firing pulses for power switches are obtained. However, Selective 
Harmonic Mitigation technique can act more flexible than Selective Harmonic Elimination in terms of more 
number of harmonics components reduction and voltage controlling. This excellence is because of the statistic 
that the non-eliminated harmonics in the SHE are left uncontrolled [1]-[2].  

The Fourier decomposition of voltage waveform is 

                   (1) 

Where Hn specifies amplitude of n-th voltage harmonic order: 

                        (2)             

 
For a typical low frequency voltage the conventional SHM equations is expressed as, 

    (3) 

According to Eq. (3), all non-triplen harmonics up to 49th order are considered in the SHM equations to obtain 
more flexible results than the SHE technique. To assign suitable coefficient for each sub-function the SHM 
formula requires to redefine as an objective function (OF) as the following 

    (4) 

The coefficients in SHM’s OF (Cn) are assumed as  

                             (5) 

In the proposed SHM formula, the values of DC sources are assumed to change linearly with respect to ma 
while switching angles are kept constant. The relationship between the DC sources voltage and ma must be as 
follow: 

             (6) 

so as to mitigate more amplitude of harmonics, the following criteria should be met. 

        (7) 

ma will be unconcerned from equations by replacing Eq. (6) into the conventional SHM equations Eq.(3) and 
the SHM-PAM equation will be achieved as: 

 

B. TOTAL HARMONIC DISTORTION (THD) 
The THD is an effective index to evaluate the status of harmonic contents in any staircase voltage waveform. 
Moreover, the THD is a criterion to indicate that how the waveform is similar and close to the sine wave. THD 
value in SHM-PAM technique shown in fig.2. Thus, the THD’s formula is computed by [2]: 

                        (9) 
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Fig-2: THD value in SHM-PAM technique 

II SINGLE PHASE FIVE LEVEL CASCADED H-BRIDGE INVERTER  
The Existing System, SHM-PAM algorithm on a 2-cell single-phase Cascaded H-Bridge (CHB) inverter as a 
typical five level configuration shown in fig.3 dealing with linear and nonlinear loads. Then, it is demonstrated 
that the maximum number of harmonic orders would be controlled with the minimum number of available 
angles in a low switching frequency voltage waveform. 

Existing construction carrier-based pulse width modulation (PWM) methods don’t have any special provisions 
once inverters operate at low modulation indices. Construction sub harmonic PWM developed by Carrara and 
change frequency optimum PWM developed by steinke. The modulation wave shape within the carrier bands 
and a few levels go unused in each these strategies at low modulation indices. The house vector technique 
developed by liu for low modulation index regions was due to the utilization of slow-switching thyristors and 
not as a method to maximize device utilization.  

 
Fig-3: Single phase five level cascaded H-Bridge inverter 

III SINGLE PHASE SEVEN LEVEL CASCADED H-BRIDGE INVERTER  
The SHM-PAM rule on a 3-cell single-phase Cascaded H-Bridge (CHB) electrical converter as a typical 7 level 
configuration shown in fig.4 managing linear and nonlinear loads. The corresponding output waveform for 
seven level inverter shown in fig.6. Then, it's incontestable that the variety of harmonic orders would be 
controlled with the minimum variety of obtainable angles in a very low switch frequency voltage modulation. 
The single phase H-bridge cell, which is the building block for the cascaded H-bridge inverter is associated with 
separate dc sources. The inverter dc bus voltage Vdc is usually   fixed, while its ac output voltage Vab can be 
adjusted by either bipolar or unipolar modulation schemes. With different combinations of four switches, S1 to 
S4, each inverter level can generate three different voltages at the output   Vdc, -Vdc and 0. 
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Fig-4: Single phase seven level cascaded H-Bridge inverter 

One of the foremost challenges in single-phase structures is mitigation of triplen harmonics at 
intervals the output energy to beat this balk the number of shift transitions ought to be inflated but it ends up in 
higher shift loss and lower efficiency. Throughout this paper a modified strategy is introduced to mitigate 
triplen harmonics in single-phase structures whereas the shift frequency is unbroken low.  

 
Fig-5: Output waveform 

IV RESULTS OF SIMULATION 
Some simulation tests have been carried out using MATLAB/Simulink for single phase seven-level CHB 
inverter to evaluate the feasibility of the SHM-PAM technique and the obtained results. The parameters used in 
the simulation are: the nominal voltage for each separated DC sources, Vdc=100 V, the output R-L load, R=40 
Ω & L=20 mH. As well, the frequency of output voltage is 50 Hz. The simulation results have been presented 
for to prove that the pulses width are constants while the value of ma changes. Simulation circuit for seven level 
CHB and corresponding output shown in fig.6-9. 

 
Fig-6: Simulink circuit of single phase seven level cascaded H-Bridge inverter 
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Fig-7: Simulation circuit of cell 1 of CHB inverter 

 
Fig-8: Output voltage of inverter 

 
Fig-9: Output voltage of load 

V CONCLUSION  
In order to eliminate all triplen harmonics a novel state for two angles in seven-level low switching frequency 
voltage waveform has been projected to change conventional SHM-PAM equations. The normal SHM relations 
mitigate 5th and 7th harmonic orders without considering added pulses. The advantage of it is controlling 
maximum number of harmonics amplitudes with minimum number of variables in single-phase inverter where 
both triplen and non-triplen order have to be considered in the equations. All triplen harmonics are eliminated. 
Hereafter, compared to conventional SHM-PAM technique the modified SHM-PAM technique has fewer 
number of equations while more harmonics could be controlled. The offered method has been applied on single-
phase seven-level CHB inverter and verified below both linear and nonlinear loads. It will be suitable for single-
phase UPS application that must supply these type of loads in real-world conditions. 
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ABSTRACT  
This paper intends a recent single-phase single-stage switched-boost device among four switches for ac and dc 
application. The same as the quasi-z-source device QZSI and quasi-switched boost device QSBI the planned 
device have the foremost selections as incessant input current buck/boost voltage with single-stage alteration 
and shoot-through imperviousness. Compared to the QSBI the planned device relates an additional condenser 
and removes one diode and one a smaller amount control. This paper presents the operational principles PWM 
management policy restriction vogue tips and simulation results for the planned device. To authenticate the 
routine of the planned device associate 100 w example be designed by associate a 230V/50 cycle output voltage 
in complete and grid-connected method. By using this system we get dual output (AC & DC) without affecting 
the output voltage. Compared to the previous system this inverter has low input voltage but to gain high output 
voltage. It shares the total voltage in both AC and DC applications.  The simulation and experimental results 
harmonized those of the theoretical analysis. 

Keywords: Switched boost inverter, Quasi-Z-source, shoot-through resistance. 

I. INTRODUCTION 
High gain inverters realize wide selection of applications in trade like renewable force systems/distributed 
production systems engineering drives ups classification electrical vehicles etc. [2]. Inverters for renewable or 
ups applications need high voltage boosting action attributable to the low–voltage output nature of the 
renewable cause and storage space systems like star PV fuel cells batteries etc. [3]. (VSI) voltage source 
inverter is thus not appropriate for this sort of applications because it will solely manufacture associate degree 
ac output voltage under its dc put. Boost feature is typically additional to VSI by inserting a lift primarily based 
convertor in cascade [1]-[3]. These inverters but suffer from the subsequent disadvantages: the boost 
quantitative relation of the standard boost convertors restricted due to the circuit non–idealities. This prevents 
operation of the system at terribly high boost mode viz. achieving 110/220 v r.m.s. ac from 24/48 v dc input. 
Because the convertor structure contains a VSI connected at the dc link the convertor is susceptible to get 
broken thanks to electromagnetic interference (EMI) [4]-[9]. EMI will cause spurious turn–on of prime and 
bottom switches of any electrical converter leg inflicting the dc link electrical device or dc supply to short 
which may harm the switches. Thanks to the worldwide force challenge grid-tied inverters for the renewable 
power cause have become wide used today’s. They’ll be divided into voltage-source inverters and current-
source inverters [11] wherever the VSI is that the dominant convertor. One amongst explanations is that the VSI 
doesn’t want an oversized electrical device because the energy storage space part whereas the (CSI) current 
source inverter ought to adopt a bigger electrical device so as to stay the dc current constant for a correct 
modulation. The analysis associated with CSI in the main specializes in the management [12]. So far a way to 
decrease the whole dc-link inductance for CSI may be a challenge particularly within the low voltage and three-
phase application space. A boost device modify of degree device may well be a dc-to-dc power device 
alongside connect output rule larger than its input rule. It’s a class of switched-mode management provide 
switched mode power supply (SMPS) surround a minimum of 2semiconductors a diode and a joint 
semiconductor and a minimum of one energy storage a tool inductance or the 2semiconductors on. To diminish 
the size, heaviness and price of the power inverters, a switched-boost inverter (SBI) is proposed. Filters mass-
produced from capacitors typically alongside inductors are typically further to the output of the machine to cut 
back output power ripple. 

II. SINGLE PHASE SINGLE STAGE SWITCHED BOOST INVERTER WITH FOUR SWITCHES 
The circuit schematic of improved inverter [4]-[9] is shown in fig. 1. It achieves high boost by utilizing the 
force transfer through the device action of the coupled device l1 and l2 among turns–ratio one the planned 
convertor contains of a filled with life confrontation network which contains   coupled device l1, l2 among 
n1primary and n2 secondary turns capacitance co controlled switch s two diodes prosecuting attorney that 
precedes the sole section converter bridge. The secondary winding type of turns n2 is typically unbroken 
however primary type of turns n1 for proper converter operation. 
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Figure-1: Single Phase Switched Boost Inverter Circuit Diagram 

In fig. 1 switch s and convertor bridge switches unit of measurement shown victimization they're going to even 
be accomplished victimization of MOSFETS. As active devices within the main represent the resistance 
network among the planned convertor it'll be thought of as a filled with life resistance network. This will get 
on the contrary to the quality resistance provide network thought where passive parts  kind most an area of this 
network planned convertor operates during an extremely in a very shoot–through duty interval or d interval and 
b non–shoot–through interval or 1–d interval in an exceedingly switch cycle. The shoot–through state is 
achieved by turning on every switches of any convertor leg s1–s4 or s3–s2 along with switch s. In non–shoot–
through state switch s is turned off whereas diodes prosecuting attorney and enter conduction; 
the convertor bridge are going to be either in power state s1–s2 or s3 s4 turned on or in free–wheeling state s1–
s3 or s2–s4 turned on. So the planned convertor has six permissible operative states: I two shoot–through 
interval or duty d interval II two non–shoot–through active or power intervals and III two non–shoot–through 
zero or free-wheeling interval. The planned convertor among the three operative states is shown from fig. 1 a 
severally.  In this system the input voltage is given by regulated power supply only. Because 19v battery is not 
available in market. This inverter has some disadvantages are easily component failure, lower efficiency and 
increased voltage stress and also produced single output only. 

 
Figure-2: Boost Inverter with Four Switches 

III. SINGLE-STAGE SWITCHED-BOOST INVERTER WITH FOUR SWITCHES FOR AC/DC APPLICATION 
Single-stage switched-boost inverter with four switches for ac/dc application represents for the dc contribution 
supply sent during the boost convertor this convertor is use single inductance and single diode in improve 
operation. In this system input voltage is given by power supply or else also given by renewable energy like 
solar, wind. After that output is given this technique is that the electrical converter or ac output. The filters 
employed for this course is purpose of separate out the unwanted noise and can gets dual outputs at the same 
time. By using this system we produced dual output (AC & DC) without affecting output voltage. It shares the 
total voltage in both applications. The simulation and ground breaking results counterpart those of the 
theoretical analysis is shown below. Compared to the previous system the proposed inverter has benefits like 
low cost, reduced component counts, high efficiency and increased voltage gain. 
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Figure-3: Single-Stage Switched-Boost Inverter with Four Switches for AC/DC Application Block Diagram 

 
Figure-4: Single-Stage Switched-Boost Inverter with Four Switches for AC/DC Application 

A   MODES OF OPERATION 

 
Figure-5: Shoot through Modes 

a)  MODE 1                     b) MODE 2 

c)  MODE 3                     d) MODE 4 
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Figure-6: Non Shoot through Modes 

a) MODE 5              b) MODE 6 

b) MODE7               d) MODE 8 

IV.  MATLAB RESULTS 
MATLAB is a high-performance language for technical computing MATLABR2009b. It integrates 
computation, visualization, and programming in an easy-to-use environment where problems and solutions are 
expressed in familiar mathematical notation. Typical uses include, 

 Math and computation  

 Algorithm development  

 Modeling, simulation, and prototyping  

 Data analysis, exploration, and visualization  

 Scientific and engineering graphics  

 Application development, including Graphical User Interface building  

 
Figure-7: Simulation Circuit of Single-Stage Switched-Boost Inverter with Four Switches for AC/DC Application. 
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Figure-8: Pulse Generation of MOSFETS 

 
Figure-9: DC output voltage 

 
Figure-10: Output and Input of Voltage & Current Waveform for Single-Stage Switched-Boost Inverter with 

Four Switches for AC/DC Application 

V. CONCLUSION  
Single-Stage switched-boost inverter with four switches for ac/dc application was projected throughout this 
paper. The projected convertor contains a high responsibility as a result of it resists every shoot-through and 
open circuit development. By victimization this concept we tend to urge twin output voltage i.e. ac and dc 
output voltage that output voltage is equally distributed. To boost the ac output voltage of the projected 
converter is higher or below the dc input voltage. As results of the dc capacitance filter is utilized to urge 
obviate dc part of the output voltage the projected convertor cannot operate with the physical phenomena load 
that the capacitance and device connected asynchronous. A try of qsbi has an additional active switch than 
zs/qzsi; this rating on each the switches and diodes for qsbi can be a smaller amount than those for qzsi. 
Operational principles analysis PWM management theme parameter vogue pointers and simulation results are 
given. The laboratory example was designed to verify the operational theory of the projected convertor in 
complete and grid-connected modes. The input voltage of the projected convertor is 12v and produces the 
output of 24v ac and 24v dc is shown above in fig. 9 and 10. Using this system we get dual output (AC & DC) 
without affecting output voltage. It shares the total voltage in both applications. A bit like the quality boost 
convertor the projected convertor introduces a low frequency current at the input. Further analysis got to be 
administered to eliminate the low frequency input current of the projected convertor.  



International Journal of Advance and Innovative Research   
Volume 5, Issue 4 (IX) Special Issue: October - December, 2018 
 

64 

ISSN  2394 - 7780 

VI REFERENCE 
1. Y. Xue, L. Chang, “Topologies of single-phase inverters for small distributed power generators: an 

overview,” IEEE Transactions on Power Electronics, vol. 19, no. 5, pp. 1305–1314, Sept. 2004. 

2. S. Dasgupta, S. K. Sahoo, and S. K. Panda, “Single-phase inverter control techniques for interfacing 
renewable energy sources with microgrid—part I: parallel-connected inverter topology with active and 
reactive power flow control along with grid current shaping,” IEEE Transactions on Power Electronics, 
vol. 26, no. 3, pp. 717–731, March 2011. 

3. Tan Kheng Suan  Freddy, N. A. Rahim, “Comparison and analysis of single-phase transformerless grid-
connected PV inverters,” IEEE Transactions on Power Electronics, vol. 29, no. 10, pp. 5358–5369, Oct. 
2014. 

4. R. O. Caceres, and I. Barbi, “A boost DC-AC converter: analysis, design, and experimentation,” IEEE 
Transactions on Power Electronics, vol. 14, no. 1, pp.134–141, Jan. 1999. 

5. P. Sanchis, A. Ursæa, E. Gubía, and L. Marroyo “Boost DC–AC inverter: a new control strategy,” IEEE 
Transactions on Power Electronics, vol. 20, no. 2, pp. 343–353, March 2005. 

6. D. B. W. Abeywardana, “A rule-based controller to mitigate dc-side second-order harmonic current in a 
single-phase boost inverter,” IEEE Transactions on Power Electronics, vol. 31, no. 2, pp. 1665–1679, Feb. 
2016. 

7. D. B. W. Abeywardana, B. Hredzak, and V. G. Agelidis, “An input current feedback method to mitigate 
the dc-side low-frequency ripple current in a single-phase boost inverter,” IEEE Transactions on Power 
Electronics, vol. 31, no. 6, pp. 4594–4603, June 2016. 

8. J. Kan, S. Xie, Y. Wu, Y. Tang, Z. Yao, and R. Chen “Single-stage and boost-voltage grid-connected 
inverter for fuel-cell generation system,” IEEE Transaction on Power Electronics, vol. 62, no. 9, pp. 5480–
5490, Sept. 2015. 

9. H. Ribeiro, A. Pinto, and B. Borges, “Single-stage DC-AC converter for photovoltaic systems,” in Proc. 
IEEE Energy Conversation Congress and Exposition,2010, pp. 604–610. 

10. B. Ge, Y. Liu, H. Abu-Rub, ” An active filter method to eliminate dc-side low-frequency power for a 
single phase quasi-z-source inverter,” IEEE Transaction on  Ind. Electronics, vol. 63, no. 8, pp. 4838-4848, 
Aug 2016. 

11. B. N. Alajmi, K. H. Ahmed, G. P. Adam, and B. W. Williams, “Single-phase single-stage transformer less 
grid-connected PV system,” IEEE Transaction on Power Electronics, vol. 28, no. 6. pp. 2664-2676, June 
2013. 

12. Sorrel Alistair Shield Grogan, D. G. Holmes, and B. P. McGrath, “High-performance voltage regulation of 
current source inverters,” IEEE Transaction on Power Electronics., vol. 26, no. 9, pp. 2439–2448, Sept. 
2011. 

13. Minh-Khai Nguyen, “Trans-switched boost inverters,” IET Power Electronics., vol. 9, no. 5, pp. 1065–
1073, April 2016. 

14. S. S. Nag, and S. Mishra, “A coupled inductor based high boost inverter with sub-unity turns-ratio range,” 
IEEE Transaction on Power Electronics, vol. 31, no. 11, pp. 7534–7543, Nov. 2016.  

15. Minh-Khai  Nguyen, “A comparison between single-phase quasi-Z-source and quasi-switched boost 
inverters,” IEEE Transaction on Power Electronics, vol. 62, no. 10, pp. 6336 - 6344, Oct. 2015. 

 

 



International Journal of Advance and Innovative Research   
Volume 5, Issue 4 (IX) Special Issue: October - December, 2018 
 

65 

ISSN  2394 - 7780 

A COMPARATIVE ANALYSIS OF CLASSICAL THREE PHASE MULTILEVEL (FIVE LEVEL) 
INVERTER TOPOLOGIES 

K. Kalaivanan1 and K. Nandakumar2 
PG Scholar1 and Assistant Professor2 

Department of Electrical and Electronics Engineering, E. G. S. Pillay Engineering College (Autonomous), 
Nagapattinam, Tamilnadu 

ABSTRACT 
Multilevel inverters are an attractive choice for multi mega-watt industrial drive applications. In comparison 
with conventional two level voltage source inverter this technologygives quality performance. In this paper 
comparison of three c1assical topologies of three phase multilevel inverter is presented. The multi level 
inverters analyzed using MATLAB-Simulink software are Neutral Point- Clamped or Diode Clamped Multilevel 
Inverter (NPCMLI or DC-MLI) Flying Capacitor Multilevel Inverter (FCMLI) and Cascaded H-Bridge 
Multilevel Inverter (CHBMLI). The comparison is based on output voltage quality and power circuit 
complexity. Each inverter is controlled by the multi-carrier sinusoidal pulse width modulation (MCSPWM). 

Keywords: Multilevel inverters, multi-carrier sinusoidal pulse width modulation, Battery. 

I INTRODUCTION 
Present day word is facing enormous increase in energy consumption. Multilevel inverter is an important 
technology in the field of power electronics. For industrial applications multi level inverter fed a.c. drive gives 
quality performance and is best option for energy saving. Multilevel inverter uses medium voltage 
semiconductor devices, sources and produces high output power. Sources like batteries, super capacitors, solar 
panels can be used as medium voltage sources. This technology is showing popularity for multi mega watt 
industrial drive application. As compared to conventional two level inverter, in which harmonic contents can be 
reduced by raising switching frequency, multilevelinverter has many advantages such as output voltage 
waveform can be generated at low switching frequencies thereby reducing switching losses, more efficiency, 
low harmonic distortion and near sinusoidal output. There areless voltage stresses on power switches and 
lowelectromagnetic interference. However, thismulti level technology requires more number of switcheswhich 
makes the control circuitry complicated Recently, some new multi level inverter topologieshave been presented. 
It includes asymmetric and/or hybridinverters. In asymmetrie topology unequal d.c.source magnitudes are used 
while hybrid inverters aredesigned by using different topologies, applying differentmodulation techniques or 
semiconductor technologies.The main objective of recent novel topologies is to reducenumber of components 
required as compared to c1assical topologies. In recently introduced andupdated topologies are reviewed. 
However the noveltopologies have some drawbacks such as loss ofmodularity, problems with switching 
frequencies andrestrietions on the modulationand control method. To control multilevel inverters there exist 
differentmodulation methods. They are sinusoidal pulse widthmodulation (SPWM), selective harmonic 
elimination(SHE-PWM), space vector modulation (SVM) etc. Thesemethods can be c1assified according to 
switchingfrequencies used. 
In industrial applications the SPWM control methodis very popular. Based on the c1assical SPWM, 
formultilevel technology various multi-carrier techniqueshave been developed. They are helpful to reduce 
theharmonics in the output waveforms. Fundamentalswitching frequency can be used for SVM and SHE-
PWMmethods. Commutations of the power switches take placeonce or twice during one cycle of the output 
voltages togenerate a staircases waveform. Comparative analysis of MATLAB simulatedmodels of three 
c1assical topologies is carried out in thispaper by using MC-SPWM. 
II EXSITING METHOD 
Neutral Point Clamped Multilevel Inverter (NPCMLI) is also known as Diode Clamped Multilevel Inverter 
(DC-MLI), proposed by Nabae et al., in 1981. This was the first generation of muItilevel technology whichwas 
basically a three level inverter. Researchers' effortsmade this topology known as state-of-the-art of 
multileveltechnology. 
A d.c link is divided into four capacitors Cl, C2, C3 and C4 and connects to switches in series through 
c1amping diodes. Due to this arrangement one capacitor voltage will appear across each switch. If d.c. link 
voltage is Vdc, then voltage across each capacitor will be Vdc/4.This topologyrequires (n-i) x (n-2) 
c1amping/blocking diodes per phase, if each diode hasvoltage rating same as active device voltage rating. Here 
nis number of inverter output voltage levels. Means,requirement of c1amping diodes increases with increase 
inn, which makes the topology bulky and impractical. 
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Fig-1: Single Phase FiveLevel NPC-MLI 

 
Fig-2: Single Phase Five Level FC-MLI 

III PROPOSED SYSTEM 
1. WorkingPrincipe 
In conventional multilevel converters, the power semiconductors witches are combined to produce a high-
frequency waveform in positive and negative polarities. However, there is no need to utilize all the switches for 
generating bipolar levels.This idea has been put into practice by the new topology. This topology is a hybrid 
multilevel topology which separates the output voltage into two parts. One part is named level generation part 
and is responsible for level generating in positive polarity. This part requires high frequency switches to 
generate the required levels. The switches in this part should have high-switching frequency capability the other 
part is called polarity generation part and is responsible for generating the polarity of the output voltage which 
is the low-frequency part operating at line frequency. The topology combines the two parts (high frequency and 
low frequency) to generate the multilevel voltage output. In order to generate a complete multilevel output, the 
positive Levels are generated by the high-frequency part (level generation), and then, this part is fed to a full-
bridge inverter (polarity generation), which will generate the required polarity for the output. This will eliminate 
many of the semiconductor switches which were responsible to generate the output voltage levels in positive 
and negative polarities. The RV topology in seven levels is shown in Fig. 1. As can be seen, it requires ten 
switches and three isolated sources. The principal idea of this topology as a multilevel inverter is that the left 
stage in Fig. 1 generates the required output levels (without polarity) and the right circuit (full-bridge converter) 
decides about the polarity of the output voltage. 
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2. BLOCK DIAGRAM 

 
Fig-3: Block Diagram of Proposed System 

3. CIRCUIT DIAGRAM 

 
Fig-4: Circuit Diagram of Proposed System 
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IV MATLAB RESULT 
1. SIMULINK DIAGRAM 
Fig 11. Simulation Diagram of Proposed system 

2. INPUT 
i) Input Voltage 

 
Fig-12: Input Voltage 

ii)Input voltage and current from source 

 
Fig-13: Input Voltage and current from source 

V CONCLUSION 
This paper presents comparison of three classical topologies (NPC-MLI, FC-MLI, CHB-MLI) of three phase 
five level inverter. MATLAB-Simulink models are developed for all the three topologies. Using PD-PWM a 
novel pulse generation circuit is designed. From simulation resuIts it is observed that the generated voItage 
spectrum is very much improved for five level inverter topologies. Among three topologies the CHB topology 
requires least number of components and minimum harmonics in the output voItage. 
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ABSTRACT 
This paper presents the design of a dc grid-based wind power generation system in a poultry farm. The 
proposed system allows flexible operation of multiple parallel-connected wind gen-erators by eliminating the 
need for voltage and frequency synchro-nization. A model predictive control algorithm that offers better 
transient response with respect to the changes in the operating conditions is proposed for the control of the 
inverters. The design concept is verified through various test scenarios to demonstrate the operational 
capability of the proposed microgrid when it oper-ates connected to and islanded from the distribution grid, 
and the results obtained are discussed. 

Index Terms: Wind power generation, dc grid, energy manage-ment, model predictive control. 

I. INTRODUCTION 
OULTRY farming is the raising of domesticated birds such Pas chickens and ducks for the purpose of farming 
meat or eggs for food. To ensure that the poultries remain productive, the poultry farms in Singapore are 
required to be maintained at a comfortable temperature. Cooling fans, with power ratings of tens of kilowatts, 
are usually installed to regulate the tempera-ture in the farms [1]–[3]. Besides cooling the farms, the wind 
energy produced by the cooling fans can be harnessed using wind turbines (WTs) to reduce the farms’ demand 
on the grid. The Singapore government is actively promoting this new con-cept of harvesting wind energy from 
electric ventilation fans in poultry farms which has been implemented in many countries around the world [4]. 
The major difference between the situa-tion in poultry farms and common wind farms is in the wind speed 
variability. The variability of wind speed in wind farms directly depends on the environmental and weather 
conditions while the wind speed in poultry farms is generally stable as it is generated by constant-speed 
ventilation fans. Thus, the genera-tion intermittency issues that affect the reliability of electricity supply and 
power balance are not prevalent in poultry farm wind energy systems.  

Many research works on dc microgrids have been conducted to facilitate the integration of various DERs and 
energy storage systems. In [5], [6], a dc microgrid based wind farm architecture in which each wind energy 
conversion unit consisting of a ma-trix converter, a high frequency transformer and a single-phase ac/dc 
converter is proposed. However, the proposed architecture increases the system complexity as three stages of 
conversion are required. In [7], a dc microgrid based wind farm architec-ture in which the WTs are clustered 
into groups of four with each group connected to a converter is proposed. However, with the proposed 
architecture, the failure of one converter will re-sult in all four WTs of the same group to be out of service. The 
research works conducted in [8]–[10] are focused on the development of different distributed control strategies 
to coordi-nate the operation of various DERs and energy storage systems in dc microgrids. These research 
works aim to overcome the challenge of achieving a decentralized control operation using only local variables. 
However, the DERs in dc microgrids are strongly coupled to each other and there must be a minimum level of 
coordination between the DERs and the controllers. In [11], [12], a hybrid ac/dc grid architecture that consists 
of both ac and dc networks connected together by a bidirectional converter is proposed. Hierarchical control 
algorithms are incorporated to ensure smooth power transfer between the ac microgrid and the dc microgrid 
under various operating conditions. However, failure of the bidirectional converter will result in the isolation of 
the dc microgrid from the ac microgrid. 

Many research works on designing the controllers for the control of inverters in a microgrid during grid-
connected and islanded operations is conducted in [13]–[15]. A commonly adopted control scheme which is 
detailed in [13], [14] contains an inner voltage and current loop and an external power loop to regulate the 
output voltage and the power flow of the inverters. In [15], a control scheme which uses separate controllers for 
the inverters during grid-connected and islanded operations is proposed. Although there are a lot of research 
works being con-ducted on the development of primary control strategies for DG units, there are many areas 
that require further improvement and research attention. These areas include improving the robustness of the 
controllers to topological and parametric uncertainties, and improving the transient response of the controllers. 
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A. System Description 
The overall configuration of the proposed dc grid based wind power generation system for the poultry farm is 
shown in Fig. 1. The system can operate either connected to or islanded from the distribution grid and consists 
of four 10 kW permanent magnet synchronous generators (PMSGs) which are driven by the variable speed 
WTs. The PMSG is considered in this paper because it does not require a dc excitation system that will increase 
the design complexity of the control hardware. The three-phase output of each PMSG is connected to a three-
phase converter (i.e., converters A, B, C and D), which operates as a rectifier to regulate the dc output voltage 
of each PMSG to the desired level at the dc grid. The aggregated power at the dc grid is inverted by two 
inverters (i.e., inverters 1 and 2) with each rated at 40 kW.  

The coordination of the converters and inverters is achieved through a centralized energy management system 
(EMS). The EMS controls and monitors the power dispatch by each WG and the load power consumption in the 
microgrid through a centralized server. To prevent excessive circulating currents be-tween the inverters, the 
inverter output voltages of inverters 1 and 2 are regulated to the same voltage. Through the EMS, the output 
voltages of inverters 1 and 2 are continuously monitored to ensure that the inverters maintain the same output 
voltages. The centralized EMS is also responsible for other aspects of power management such as load 
forecasting, unit commitment, economic dispatch and optimum power flow. Important infor-mation such as 
field measurements from smart meters, trans-former tap positions and circuit breaker status are all sent to the 
centralized server for processing through wireline/wireless communication. During normal operation, the two 
inverters will share the maximum output from the PMSGs (i.e., each inverter shares 20 kW).  

The maximum power generated by each WT is estimated from the optimal wind power Pw t,o p t as follows [23]: 

 
where ko p t is the optimized constant, ωr,o p t is the WT speed for optimum power generation, Cp ,o p t is the 
optimum power coefficient of the turbine, ρ is the air density, A is the area swept by the rotor blades, λo p t is the 
optimum tip speed ratio, v is the wind speed and R is the radius of the blade. When one inverter fails to operate 
or is under maintenance, the other inverter can handle the maximum power output of 40 kW from the PMSGs. 
Thus the proposed topology offers increased reliability and en-sures continuous operation of the wind power 
generation system when either inverter 1 or inverter 2 is disconnected from opera-tion. An 80 Ah storage 
battery (SB), which is sized according to [24], is connected to the dc grid through a 40 kW bidirectional dc/dc 
buck-boost converter to facilitate the charging and dis-charging operations when the microgrid operates 
connected to or islanded from the grid. The energy constraints of the SB in the proposed dc grid are determined 
based on the system-on-a-chip (SOC) limits given by 

SOCm in  < SOC ≤ SOCm a x (4) 

 
Figure-1: Overall configuration of the proposed dc grid based wind power generation system in a micro grid. 
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System Operation 
When the microgrid is operating connected to the distribution grid, the WTs in the microgrid are responsible for 
providing local power support to the loads, thus reducing the burden of power delivered from the grid. The SB 
can be controlled to achieve different demand side management functions such as peak shaving and valley 
filling depending on the time-of-use of electricity and SOC of the SB [27]–[29]. 

During islanded operation where the CBs disconnect the mi-crogrid from the distribution grid, the WTs and the 
SB are only available sources to supply the load demand. The SB can supply for the deficit in real power to 
maintain the power balance of the microgrid as follows: 

Pw t + Psb  = Plo ss + Pl (5) 

where Pw t is the real power generated by the WTs, Psb is the real power supplied by SB which is subjected to 
the constraint of the SB maximum power Psb ,m a x that can be delivered during discharging and is given by 

Psb  ≤ Psb ,m a x (6) 

Plo ss is the system loss, and Pl is the real power that is supplied to the loads. 

 
AC/DC Converter Modeling 
Fig. 2 shows the power circuit consisting of a PMSG which is connected to an ac/dc voltage source converter. 
The PMSG is modeled as a balanced three-phase ac voltage source esa , esb , esc with series resistance Rs and 
inductance Ls [30], [31]. As shown in [32], the state equations for the PMSG currents isa , isb , isc and the dc 
output voltage Vd c of the converter can be expressed as follows: 

Ls 
dis 

=  − Rs is + es − K SVd c (7) 
 

 dt  
dVd c = is

T S − Id c (8)  
 

where            
is  =   isa isb isc   T  , es  =   esa esb     esc   T  
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DC/AC Inverter Modeling 
The 40 kW three-phase dc/ac inverters which connect the dc grid to the point of common coupling (PCC) are 
identical, and the single phase representation of the three phase dc/ac inverter. 

MATLAB / Simulink. The effectiveness of the proposed design concept is evaluated under different operating 
conditions when the microgrid is operating in the grid-connected or islanded mode of operation. The system 
parameters are given in Table I. The impedances of the distribution line are obtained from [34]. In practical 
implementations, the values of the converter and inverter loss resistance are not precisely known. Therefore, 
these values have been coarsely estimated.  

A. Test Case 1: Failure of One Inverter During Grid-Connected Operation 
When the microgrid is operating in the grid-connected mode of operation, the proposed wind power generation 
system will supply power to meet part of the load demand. Under normal operating condition, the total power 
generated by the PMSGs at the dc grid is converted by inverters 1 and 2 which will share the total power 
supplied to the loads. When one of the inverters fails to operate and needs to be disconnected from the dc grid, 
the other inverter is required to handle all the power about 22 kW which is converted by inverters 1 and 2 into 
20 kW and 8 kVAr of real and reactive power respectively. Figs. 5 and 6 show the wave- forms of the real and 
reactive power delivered by inverters 1 and 2 for 0 ≤ t < 0.4 s respectively. For 0 ≤ t < 0.2 s, both invert-ers 1 
and 2 are in operation and each inverter delivers about 10 kW of real power and 4 kVAr of reactive power to the 
loads. The remaining real and reactive power that is demanded by the loads is supplied by the grid which is 
shown in Fig. 7. It can be seen from Fig. 7 that the grid delivers 40 kW of real power and 4 kVAr of reactive 
power to the loads for 0 ≤ t < 0.2 s. The total real and reactive power supplied to the loads is about 60 kW and 
12 kVAr as shown in the power waveforms of Fig. 8. 

The unsteady measurements observed in the power waveforms for 0 ≤ t < 0.08 s are because the controller 
requires a pe-riod of about four cycles to track the power references during the initialization period. As 
compared to conventional control strategies, it can be observed that the proposed MPC algorithm is able to 
quickly track and settle to the power reference. This is attributed to the optimization of the inverters through the 
generated by the PMSGs. In this test case, an analysis on the microgrid operation when one of the inverters is 
disconnected from operation is conducted. 

 
Fig-5: Real (top) and reactive (bottom) power delivered by inverter 1 

 
Fig-6: Real (top) and reactive (bottom) power delivered by inverter 2. 
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Fig-7: Real (top) and reactive (bottom) power delivered by the grid. 

 
Fig-8: Real (top) and reactive (bottom) power consumed by the loads. 

 
Fig-9: DC grid voltage. 

With each PMSG generating about 5.5 kW of real power, the total power generated by the four PMSGs is 
model-based MPC control. Essentially, model-based control schemes are able to take into account the system 
parameters such that the overall performance can be optimized. At t = 0.2 s, inverter 1 fails to operate and is 
disconnected from the micro grid, resulting in a loss of 10 kW of real power and 4 kVAr of reactive power 
supplied to the loads. As shown in Fig. 5, the real and reactive power supplied by inverter 1 is decreased to zero 
in about half a cycle after inverter 1 is disconnected.  

This undelivered power causes a sudden power surge in the dc grid which corresponds to a voltage rise at t = 
0.2 s as shown in Fig. 9. To ensure that the load demand is met, the grid automatically increases its real and 
reactive power generation to 50 kW and 8 kVAr respectively at t = 0.2 s, as shown in Fig. 7. At t = 0.26 s, the 
EMS of the micro grid increases the reference real and reactive power supplied by inverter 2 to 20 kW and 8 
kVAr respectively. A delay of three cycles is introduced to cater for the response time of the EMS to the loss of 
inverter As shown in Fig. 6, inverter 2 manages to increase its real and reactive power supplied to the loads to 
20 kW and 8 kVAr for 0.26 ≤ t < 0.4 s. At the same time, the grid decreases its real and reactive power back to 
40 kW and 4 kVAr as shown in Fig. 7 respectively. The power balance in the micro grid is restored after three 
cycles from t = 0.26 s. It is observed from Fig. 9 that the voltage at the dc grid corresponds to a voltage dip at t 
= 0.26 s due to the increase in power drawn by inverter 2 and then returns to its nominal value of 500 V for 0.26 
≤ t < 0.4 s. As observed in Fig. 8, at t = 0.26 s, the changes in power delivered by inverter 2 and the grid also 
cause a transient in the load power.  
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B. Test Case 2: Connection of AC/DC Converter During Grid-Connected Operation 

The most significant advantage of the proposed dc grid based wind power generation system is that it facilitates 
the connection of any PMSGs to the micro grid without the need to synchronize their voltage and frequency. 
This capability is demonstrated in this case study. The microgrid operates connected to the grid and PMSG A is 
disconnected from the dc grid for 0 ≤ t < 0.2 s as shown in Fig. 1. The real power generated from each of the 
remaining three PMSGs is maintained at 5.5 kW and their aggregated real power of 16.5 kW at the dc grid is 
converted by inverters 1 and 2 into 14 kW of real power and 8 kVAr of reactive power. As shown in Figs. 10 
and 11, each inverter delivers real and reactive power of 7 kW and 4 kVAr to the loads respectively. The rest of 
the real and reactive power demand of the loads is supplied by the grid as shown in Fig. 12. It can be seen from 
Fig. 12 that the grid delivers 46 kW of real power and 4 kVAr of reactive power to the loads. 

At t = 0.2 s, PMSG A which generates real power of 5.5 kW is connected to the dc grid. This causes a sudden 
power surge at the dc grid and results in a voltage rise at t = 0.2 s as shown in the voltage waveform of Fig. 13. 
At t = 0.26 s, the EMS increases the real delivered by each inverter to 10 kW while the reactive power supplied 
by each inverter remains unchanged at 4 kVAr as shown in Figs. 10 and 11. These causes a momentarily 

V. CONCLUSION 
In this paper, the design of a dc grid based wind power gen-eration system in a microgrid that enables parallel 
operation of several WGs in a poultry farm has been presented. As compared to conventional wind power 
generation systems, the proposed microgrid architecture eliminates the need for voltage and fre-quency 
synchronization, thus allowing the WGs to be switched on or off with minimal disturbances to the microgrid 
opera-tion. The design concept has been verified through various test scenarios to demonstrate the operational 
capability of the pro-posed microgrid and the simulation results has shown that the proposed design concept is 
able to offer increased flexibility and reliability to the operation of the microgrid. However, the proposed 
control design still requires further experimental val-idation because measurement errors due to inaccuracies of 
the voltage and current sensors, and modeling errors due to varia-tions in actual system parameters such as 
distribution line and transformer impedances will affect the performance of the con-troller in practical 
implementation. In addition, MPC relies on the accuracy of model establishment, hence further research on 
improving the controller robustness to modeling inaccuracy is required. The simulation results obtained and the 
analysis per-formed in this paper serve as a basis for the design of a dc grid based wind power generation 
system in a micro grid. 
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