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ABSTRACT 

 

Using a model predictive control technique based on finite control sets for the second-

stage OBC (On-Board Charger) to direct the power flow from the main grid to an EV 

battery is the main goal of the proposed study. Traditional methods like proportional 

integral control and direct power control can be used to regulate power converters. Even 

while these traditional methods function satisfactorily in steady state, they suffer greatly 

in dynamic operating environments. In order to adjust the switching states to the dynamic 

operating conditions, a model predictive control (MPC) has been incorporated in the 

suggested work. The design and performance analysis of MPC have been thoroughly 

simulated and displayed using the MATLAB/Simulink environment. The outcomes of the 

simulation have been widely shared. The necessity for intelligent and effective EV 

chargers linked into smart home systems has been highlighted by the quick uptake of 

electric vehicles (EVs). This work describes the use of finite controller-based model 

predictive control (FC-MPC) to create a robust control strategy for an EV charger in a 

smart home. To obtain excellent performance under dynamic load conditions, the 

suggested method combines the predictive optimization of MPC with the adaptive 

decision-making power of finite logic. While retaining strong performance against 

disruptions such changes in renewable energy and grid uncertainty, the control system 

guarantees optimal charging, grid stability, and low energy costs. The efficiency of the 

suggested FC-MPC system in providing dependable, adaptable, and efficient EV charging 

options for smart homes is confirmed by simulation results. It focuses on a single-phase 

rectifier that has two power conversion stages: DC/DC and AC/DC. In order to convert 

direct current (DC) to alternating current (AC) for the inverter DC bus, a buck boost 

converter needs grid power and a voltage source with a passive filter. Bidirectional power 

transfer is made possible by these converters, however the high frequency switching 

action puts a great deal of strain on the switches in terms of voltage and current, which 

could result in physical damage. Two control levels are used by the inverter: secondary 

control and power management. Power management transfers the power reference to the 

secondary control level after modifying it based on the battery's status. With the use of 

MATLAB simulations, this paper investigates a bidirectional buck-boost DC-DC 

converter that is FC-MPC controlled for battery charging and discharging applications. 
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CHAPTER -1 

INTRODUCTION 

1.1 Why Electric Vehicle? 

Electric vehicles (EVs) are widely used in a variety of industries, including public 

transportation, private automobiles and commercial trades. The efficiency and cleanliness 

of electric vehicles (EVs) make them a significant part of the transportation system of the 

near future [1]. EV batteries act as a vital component of electric mobility, assist the main 

grid by using OBC to charge active power to or from the grid [2]. Installing EV charging 

stations in residential and commercial spaces is necessary to accommodate this demand 

[3]. A single-phase onboard EV charger is the subject of research in order to address 

current harmonics in smart homes and supply reactive power to the main grid. Various 

techniques have been employed to regulate power flow in EV chargers, which includes: 

direct power control (DPC), proportional integral control (PI), and voltage-oriented 

control (VOC). PI control technique is oldest control technique which is having good 

steady state response, however tuning of PI parameters is time consuming task. In VOC, 

the PI controllers are necessary to produce the reference values. In DPC control technique, 

to determine the ideal switching state, a planned switching table is employed [4]. The DPC 

does not require modulators, internal current loops, or phase-locked loops (PLL), in 

contrast to the PI controller. However, the high-power waves produced by this technique 

significantly change grid currents. For the control of power electronics, a model predictive 

control (MPC) with a finite control set has recently surfaced [5]. In contrast to pure PI 

control, VOC, and DPC techniques, the MPC strategy eliminates the need for additional 

voltage/current loops, modulators, or PLLs. The primary benefit of MPC is that system 

constraints may be introduced directly to the cost function, negating the need for 

modulation and synchronization [6]. It is the best option for advanced control applications 

due to its resilience, excellent performance, and predictive capability [7]. Because of its 

ability to handle multivariable systems, explicitly consider constraints, and optimize 

control performance over a future horizon, it is particularly appealing for a wide range of 

applications, from advanced driver-assistance systems in automotive engineering to 

process control in the chemical industries [8]. In order to predict future states and outputs, 

MPC solves an optimization problem at each control interval using a dynamic model of 

the system [9]. Because of its predictive character, the controller may proactively modify 

control inputs, foresee and mitigate future disruptions, and guarantee that operational 

limitations are met [10]. 

A paradigm shift from fossil fuel vehicles to electric vehicles (EVs), which are more 

efficient, sustainable, and emit zero emissions, is required due to the depletion of oil 

reserves. Over the past 20 years, interest in EV research has grown dramatically as a means 

of discouraging the use of fossil fuels in an effort to reduce pollution and greenhouse gas 
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emissions. The low driving range of these vehicles is impeding their ability to overtake 

the automobile sector, as consumers still choose conventional fuel-based vehicles, despite 

the fact that the business is expanding rapidly. As a result, HEVs, or hybrid electric cars, 

are becoming more and more popular. At least two energy sources, including electrical 

energy, are present in these kinds of vehicles. Both a traditional gasoline engine and an 

electric motor are carried by them. Therefore, a HEV is very dependent on petrol but offers 

a long driving range. Compared to gasoline and electric vehicles, which only have one 

powertrain, hybrid vehicles are far more complicated, have two powertrains, are more 

costly, and require more maintenance. But since they don't require liquid fuel, EVs offer 

a clean alternative for the environment. Compared to other gasoline-based vehicles, they 

may save more on fuel and maintenance, have a high torque, and are very responsive. 

The importance of electric Vehicles (EVs) in addressing environmental issues, 

encouraging sustainable mobility, and providing possible financial advantages makes 

them a hot topic. Since EVs are thought to be a way to cut down on tailpipe emissions, 

enhance air quality, and lessen dependency on fossil fuels, they are a major topic of study 

in fields like energy, transportation, and sustainability. For the Battery inverter current 

control, this work proposes an advanced model predictive control (AMPC) to bring high-

quality electricity into the network. The inverter has two control levels: the first is a simple 

hysteretic power management level that shifts the power reference to the second level 

based on the battery's state of charge (SoC) value, The second level is an advanced MPC 

controller that drives the inverter to inject the right quantity of high-quality current in line 

with the reference without requiring a module. With the selected control strategies, a 

simulation of our hybrid system will be accomplished. A new control method for power 

electronic converters is called advanced model predictive control, or AMPC. The benefits 

of AMPC include its capacity to manage intricate, nonlinear systems and accomplish 

many control goals while abiding by a number of restrictions. By skipping the repetitive 

computations of the cost functions and states forecasts, AMPC provides a much lower 

computing overhead. However, AMPC heavily depends on the power converter's dynamic 

model. They are therefore more prone to ambiguities and interruptions. This paper 

presents a novel approach to increase the robustness and reliability of the AMPC for 

electric vehicle chargers by treating the dynamic model of the converter as a black box. 

Next, a recursive least squares algorithm-based adaptive estimating technique is suggested 

for online dynamic. 

Improved performance, computation speed, resilience, or adaptability in dynamic systems 

are the goals of Advanced Model Predictive Control (MPC), which is a more advanced 

version of the basic MPC framework. In domains where real-time operation is crucial and 

system dynamics might be complex, such as power electronics, drives, and energy 

systems, these upgraded versions are especially pertinent. 
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Fig.1.1 Electric Vehicle  

The car runs solely on battery power when in electric only mode, as seen in Fig. 

1.1. The DC-DC and AC-DC converters are used in this process to transfer electrical 

energy. In this mode, the vehicle is powered solely by the electrical energy of the battery 

pack and no fuel is used. As a result, this mode is highly appropriate for environmental 

perspectives. 

 

➢ Advantages for the Environment 

 Zero tailpipe emissions: Since EVs don't emit CO2 or NOx, they help to clean up the air. 

Reduced greenhouse gas emissions: EVs frequently have a lower carbon footprint than 

internal combustion engine (ICE) vehicles, even when power generation is taken into 

consideration. 

➢ Efficiency in Energy Use 

 Compared to gasoline engines, which convert about 20–30% of electrical energy from 

the grid to power at the wheels, electric vehicles (EVs) convert approximately 85–90%. 

➢ Lower Operating Expenses 

 Reduced fuel costs: Compared to gasoline and diesel, electricity is typically less 

expensive.  

Reduced maintenance: EVs require no oil changes, have fewer moving parts, and have 

regenerative braking, which reduces brake wear. 

➢ Advantages of Performance 
 Instant torque: Offers rapid and seamless acceleration. 

 Quiet operation: EVs produce less noise pollution since they operate more silently than 

ICE cars. 

➢ The Independence of Energy 

 uses power generated domestically, especially from renewable energy sources, to   lessen 

dependency on imported fossil fuels. 
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1.2 Electric Vehicle Topology: 

 
ELECTRIC VEHICLE TYPES 

 

Battery Electric 
Vehicles (BEVs)

Hybrid Electric 
Vehicles (HEVs)

Plug-in Hybrid 
Electric Vehicles 

(PHEVs)

Fuel Cell Electric 
Vehicles (FCEVs)

ELECTRIC  VEHICLE

 
 

Fig.1.2 Types of Electric Vehicle 

 

1. Battery Electric Vehicles (BEVs): 

• Definition:  Battery electric vehicles are fully electric cars that power themselves 

exclusively using electricity stored in rechargeable battery packs. They don't 

utilize fossil fuels or internal combustion engines (ICEs). Rather, BEVs are 

propelled by electric motors, and external electricity sources, such public or 

home chargers, are used to recharge their batteries. 

• Charging: They are recharged by plugging them into a power outlet.  

• Example: Tesla Model 3, Nissan Leaf.  

2. Hybrid Electric Vehicles (HEVs): 

• Definition:  A hybrid electric vehicle is an internal combustion engine (ICE) that 

is combined with an electric motor and battery to improve fuel efficiency and 

reduce emissions. In contrast to Battery Electric Vehicles (BEVs), HEVs rely on 

regenerative braking and the combustion engine (ICE) to charge their batteries. 

The electric motor boosts overall efficiency by helping the engine when it 

accelerates, idles, or drives at low speeds. 

• Charging: The battery is charged primarily through regenerative braking 
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and the gasoline engine. 

• Example: Toyota Prius.  

3. Plug-in Hybrid Electric Vehicles (PHEVs): 

• Definition:   

Plug-in hybrid electric cars combine a gasoline engine and electric motor, and their 

batteries are larger than those of traditional hybrids.Connecting the car to an 

external power source will recharge this bigger battery. For a limited time, PHEVs 

can run exclusively on electricity. After that, they can transition to hybrid mode, 

which offers more flexibility and lower fuel usage by utilizing the gasoline engine 

to help or take over. 

• Charging: They can be recharged from an external power source, similar to 

BEVs.  

• Example: Ford Fusion Energi, Hyundai Ioniq Plug-In.  

4. Fuel Cell Electric Vehicles (FCEVs): 

• Definition: Fuel Cell Electric Vehicles: A hydrogen fuel cell uses an 

electrochemical reaction between hydrogen and oxygen to produce power. The 

car is driven by an electric motor that is powered by this electricity. FCEVs are a 

zero-emission substitute since they only produce water vapor as a byproduct. 

Because they are charged with hydrogen gas instead of electricity, they can be 

refuelled more quickly than BEVs. 

• Charging: They are refuelled with hydrogen, similar to gasoline vehicles. 

• Example: Toyota Mirai.  

 

Battery Electric Vehicle (BEV):  

EVs with a single energy source, such as a battery, are referred to as BEVs. 

The BEV is solely reliant on the battery pack's electricity. Therefore, the BEV's range 

is directly correlated with its battery pack capacity. Usually, these cars can go 100–

250 km on a single charge, although larger battery-bank cars can go 300–500 km. 

Nevertheless, these ranges could change based on driving circumstances and style. 

Additionally, BEVs are good for the environment and far less cost of operation. 

Hybrid Electric Vehicle (HEV): 

The fuel and battery pack are the two energy sources for these EV models. 

Both of them have engines that run on internal combustion (IC).and the electrical 

drivetrain. The electrical energy source is suitable for usage in urban settings, at 

modest speeds, and when low power is needed. In situations where traffic is 



                                                                                                                                                                                       

6 
 

congested, it can aid in lowering fuel use. These vehicles switch to internal 

combustion engines when high speed is needed. Additionally, combining the two 

drivetrains can improve the vehicle's performance. However, the cost of HEVs is 

higher than that of BEVs because of the two energy sources. 

Plug-in Hybrid Electric Vehicle (PHEV): 

 PHEVs have two powertrains (an electric motor and a gasoline engine), but 

their primary means of propulsion is electric. Although the gasoline engine increases 

driving range or charges the battery supply, it necessitates a larger battery pack than a 

HEV. 

FCEVs, or fuel cell electric vehicles: 

EVs that use a fuel cell to power their powertrain are referred to as FCEVs. 

The benefit of this type of vehicle is that it requires the same amount of time to refuel 

as a conventional vehicle and produces power using fuel cells, which generate no 

carbon. Yet, FCEVs are not very popular because of their drawbacks, which include 

expensive fuel cell costs, hydrogen storage, transportation, and manufacture, as well 

as the fuel cell's life cycle. 

The three main electric components of an EV are the electric motor with gear 

box, energy storage system (battery), and power electronics converter for motor 

driving and battery charging (Fig. 1.3). The installation of quick EV chargers is 

essential to addressing the issue of EVs' limited driving range. Both ON board and 

OFF board charging are the two charging methods used by the system. Outdoor 

chargers are the term for off-board chargers, while on-board chargers are mounted on 

the car. Two-stage or single-stage EV chargers are both possible. A single power 

conversion stage, or AC to DC, makes up a single stage charger. where the car battery 

pack is connected to the DC side and the grid is connected to the AC side.  

A dual-stage EV charger, on the other hand, consists of two interconnected power 

conversion stages, such as DC-DC and AC-DC converters, positioned back-to-back. 

In addition to providing galvanic isolation between the grid and the battery 

pack, the second stage DC-DC converter also reduces ripple on the battery side. The 

battery life can be increased by using a DC-DC stage between the battery and the AC-

DC conversion stage. Using a DC-DC stage, however, will result in higher hardware 

costs, worse efficiency, and more components. Additionally, single-stage chargers 

require a higher voltage at the DC link than the amplitude of the AC side voltage, 

despite having comparatively less control complexity than two-stage chargers. 

Nevertheless, the EV charger uses a two-stage dialogue in accordance with battery 

specifications to achieve the necessary voltage level. 
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Fig.1.3 Typical EV architecture 

However, the primary obstacles that have impeded EVs' general success are their high 

cost, low driving range, battery life, energy storage capacity, charging challenges, and lack 

of infrastructure for charging. 

Both onboard and offboard chargers are used to charge electric vehicle (EV) batteries by 

converting AC power to DC power; however, their locations and charging speeds vary. 

Because they are built into the car, onboard chargers enable flexible charging from regular 

AC outlets, but at a slower rate. External to the car, offboard chargers are usually located 

at specific charging stations and offer better charging speeds, especially for DC fast 

charging. 

The demand for quick and effective charging stations is rising as electric vehicles become 

more and more popular. The best way to reduce the charging time is with DC off-board 

chargers. The size of the battery determines how long it takes to charge, but many cars can 

be charged to 80% capacity in less than an hour with standard DC fast chargers. 

Instead of plugging in overnight for a full charge, drivers may now refuel throughout the 

day or during a brief stop thanks to the shorter charging time. The output of DC chargers 

has been increasing steadily, with some models presently reaching 350 kW
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1.3 Battery charging profile:  

EV charger 

An electric vehicle (EV) charger is a device that recharges an EV's battery by drawing 

electricity from the power grid. It transforms AC or DC power from the grid into the 

appropriate voltage and current level that the EV battery needs. AC chargers, which use 

the vehicle's onboard charger, and DC fast chargers, which charge the battery directly, are 

two of the different types and power levels of EV chargers. Some systems can also offer 

bidirectional charging for vehicle-to-grid (V2G) applications. 

Constant voltage (CV) and constant current (CC) charging profiles are the two types 

typically utilized for battery charging. When starting up, a fixed amount of electricity is 

sent to the battery through the use of CC charging. Once a specific voltage level is reached, 

the charging method is switched to CV charging. In the course of this,There is relatively 

little charging current flowing in the battery, and a steady voltage is controlled across the 

battery terminal. When using CC charging, the battery is charged to 80% SOC, with CV 

charging covering the remaining 20%. The remaining 75% of the whole charging time is 

spent on CV charging, with CC charging taking about 25% of that time. The charging 

period for a lithium-ion battery with a maximum voltage of 4.2 V is approximately 50 

minutes for CC charging and 2 hours 40 minutes for CV charging. Thus, the battery listed 

above will take about three hours and thirty minutes to fully charge. 

Table 1.1: Charger Types 

Type of Charger Active Power Transfer Reactive Power Operation 
Unidirectional Charging just or grid to vehicle 

(G2V) only. 

NO 

Bidirectional Vehicle to grid 

(V2G)/discharge and grid to 

vehicle (G2V)/charge 

Inductive and capacitive both 

 

Charging Rate (C-rate): 

Each battery has its own C-rate, or rated charging current rate. C stands for the charging 

current needed to fully charge a battery in an hour. n × C, or n times the designated 

charging rate, is the battery charging current. n may be greater than or less than one. 

 

An example would be a battery with n = 0.5 that takes two hours to fully charge at 

half its rated current, and a battery with n = 2 that charges at twice its rate. 
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Charging Profile: 

The two charging profile types that are commonly used for battery charging 

are constant voltage (CV) and constant current (CC). When the battery is first starting 

up, a fixed amount of electricity is delivered to it via CC charging. Once a specific 

voltage level is reached, the charging method is switched to CV charging. A steady 

voltage across the battery terminal is maintained throughout this time, and the battery 

experiences very little charging current flow. 

The battery is charged to 80% SOC while using CC charging, and the remaining 20% 

is charged using CV charging. About 25% of the whole charging time is spent with 

CC charging, while the remaining 75% is spent with CV charging. As shown in Fig. 

1.4, the charging time for a lithium-ion battery with a maximum voltage of 4.2 V is 

approximately 50 minutes for CC charging and 2 hours 40 minutes for CV charging. 

Consequently, the aforementioned battery will take about three hours and thirty 

minutes to fully charge. 

 

 

Fig.1.4 Battery Charging Profile 

Battery Capacity: 

The battery capacity is determined by the amount of free charge that the active 

material generates at the negative electrode and consumes at the positive electrode. 

Stated differently, it refers to the entire amount of energy that a battery can hold. The 

units of measurement are watt-hour (Wh) or ampere-hour (Ah), where 1 Ah is 

equivalent to 3600 coulomb (C). 
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1.4 Electric Vehicle (EV) Charger Topologies: 

Based on their location (onboard/offboard) and power level (AC/DC), EV chargers can be 

widely classified. The internal power conversion architecture, or topology, transforms grid 

power into appropriate power for vehicle battery charging. Fig 1.5 show the EV charger. 

 

Fig.1.5 EV Charger 

Types of EV Chargers: 

1. AC chargers (onboard chargers) 

Inside the car, an onboard charger (OBC) transforms power from AC to DC. 

charge that is usually slower (Level 1 or 2). 

2. Offboard chargers, or DC chargers  

The battery receives power that has been externally converted to DC. 

permits Level 3 fast or ultra-rapid charging. 

Typical Topologies for EV Charging: 

A. Onboard Topology for AC Charger 

1. PFC Stage AC-DC Converter Boost PFC Converter 

  Interleaved PFC Boost 

  Totem-Pole PFC (efficient, modern) 

 2. DC-DC Converter (Control and Isolation) 

Full-Bridge Conversion 

Because of its high efficiency, LLC Resonant Converter is well-        liked. 

 PSFB, or phase-shifted full bridge 

B. Offboard DC Fast Charger Topology 
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 1. Grid Interface (AC-DC Front-End) 

➢ Power Factor Correction (PFC) 3-Phase Rectifier 

➢ Unidirectional Vienna Rectifier 

➢ Three-Phase Bidirectional Active Front-End (AFE) Inverter 

 

 2. Battery Interface (DC-DC Converter) 

➢ Separate converters: 

• Bridge with Dual Active (DAB). 

• Full Bridge Phase-Shifted (PSFB). 

• LLC Converters or Series Resonant Converters. 

Bidirectional Chargers (V2G – Vehicle-to-Grid) Required for Grid-to-Vehicle (G2V) and 

Vehicle-to-Grid (V2G) operations. 

Uses bidirectional DC-DC and AC-DC stages: 

• Bidirectional AFE (inverter/rectifier) 

• Bidirectional DAB or PSFB converters 

 

 

 

Fig.1.6 General structure of EV charger. 

An electric motor with gearbox, a battery-powered energy storage system, and a power 

electronics converter for motor driving and battery charging make up the EV's three 

primary electric components. The installation of rapid EV chargers is essential to 

addressing the issue of EVs' limited driving range. The system employs two charging 

techniques: ON board charging and OFF board charging. On-board chargers are installed 

on the vehicle, whereas off-board chargers are known as outdoor chargers. The general 

layout of an EV charger is shown in Figure 1.6. 
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A power electronic circuit installed inside an EV called an On-Board Charger (OBC) 

transforms grid-supplied AC into regulated DC in order to charge the battery. 

An off-board charger is a big, external charger that converts AC to DC and delivers DC 

straight to the car battery. These chargers are usually found at charging stations. 

Table1.2: Comparison of On-Board Charger and Off-Board Charger 

Charger 

Type 

Location AC/DC 

Conversion 

Power Level Use Case 

On-Board 

Charger 

Inside the 

vehicle 

Inside the 

vehicle 

Low to 

medium (up to 

~22 kW) 

Home and 

public AC 

charging 

Off-Board 

Charger 

Outside the 

vehicle 

(station) 

In the charging 

station 

Medium to 

high (up to 

350+ kW) 

Fast public DC 

charging 

 

 

Fig. 1.7 illustrates how EV chargers can be used to enhance grid power quality. In order 

to support the utility reactively as well, the EV user can permit the on-board charger to 

communicate with the grid. The local load's reactive current   can be supplied by the 

charger. By doing this, transmission line efficiency will increase and distribution 

transformer overloading will be reduced. 

 

Fig.1.7 EV charger with ON/OFF Board 

note that only eight modes of operation listed in Table 1.3 are feasible in four 

quadrant operation with active and reactive power exchange. 
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Table 1.3: Charger Operating Modes 

Active power 

(W) 

Reactive 

power 

(VAR) 

Operation Power 

Factor 

Positive Zero Charging 1 
Negative Zero Discharging -1 

Zero Positive Inductive 0 
Zero Negative Capacitive 0 

      Positive Positive Inductive-

Charging 

Lagging 

      Positive Negative Capacitive-

Charging 

Leading 

   Negative Positive Inductive-

Discharging 

Lagging 

  Negative Negative Capacitive-

Discharging 

Leading 

 

1.5 Electric Vehicle Charging Standards: 

International standards are developed by the International Electrotechnical 

Commission (IEC). For all associated electrical and electronic technologies, it 

develops the international standards. The IEC standards encompass a broad range of 

technologies, including semiconductors, batteries, solar energy, power grid, 

nanotechnology, and many more. Numerous standards that address various facets of 

EV charging have also been produced by the IECFor example, IEC 61851 addressed 

the general requirements for EV chargers, while IEC 62196 deals with connections, 

plugs, socket outlets, and vehicle inlets. However, IEC 61980 addressed EV wireless 

charging systems. 

Table 1.4: IEC charging standards. 

Charging 

Method 

Voltage 

level (V) 

 

Supply system Maximum 

Current 

(Amp) 

Maximum 

Power 

(KW) 

AC Level 1 240 AC Single -phase 16 3.3 

AC Level 2 240 AC Single -phase 32 7.6 

AC Level 3 415 AC Three -phase 250 120 

DC Fast 

Charging 

 

600 DC 400 240 
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1.6 MOTIVATION: 

The transportation industry's future lies with EVs. In terms of electric vehicles, India is a 

developing nation. By 2030, it is predicted that 80% of two- and three-wheelers, 30% of 

private automobiles, 70% of commercial vehicles, and 40% of buses will be electric. 

Compared to cars with internal combustion engines, electric vehicles are far more 

efficient. They require less upkeep, are simpler in design, produce less noise, and do not 

harm the environment. Since the number of EVs is growing daily, it is anticipated that 

many EVs will be linked to the grid at one point in time. In terms of stability, this can be 

quite beneficial to utility. The EV has the ability to both actively and reactively support 

the grid. 

 It can simultaneously correct reactive power and provide active power to the grid in an 

emergency. Furthermore, if an EV is run with inadequate control, it may pollute the grid. 

Because of this, a suitable charging regulation is essential for both grid quality and battery 

life. In addition to providing reactive power (either inductive or capacitive), the EV 

charger's reactive power correction also filters current harmonics and regulates voltage to 

a certain degree. By supplementing reactive power with EVs, reactive power 

compensators, such as static synchronous compensators, static VAR compensators, and 

capacitor banks, can be installed and maintained at lower prices. 

Furthermore, the possibility of voltage fluctuation is further decreased by the regulated 

exchange of reactive power. This keeps the grid steady and compliant with the rules. 

However, because of undesired ripple current, reactive power correction via EV charger 

may cause significant stress on the battery and shorten its life cycle. 

A key component of EV charger design is control theory. Closed-loop control guarantees 

steady operation, precise regulation of current and voltage, and compliance with battery 

charging profiles (e.g., CC-CV, constant current/constant voltage). By predicting system 

behaviour and optimizing control operations, more advanced controllers—like Model 

Predictive Control (MPC)—allow proactive regulation. 

The development of EV chargers is essentially driven by the need to solve the problems 

of reliable control, intelligent communication, efficient power conversion, and smooth 

integration with the developing smart grid. These problems present a wealth of 

opportunities for investigation and creativity, with important ramifications for future 

mobility and energy sustainability. 
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1.7 OBJECTIVE: 

The design of an EV charger controller is suggested by this research project. In this 

context, a laboratory-designed EV charger prototype has been created using the dSPACE 

11004. This work focuses on reducing second-order ripple in a single-stage off-board EV 

charger and designing the control architecture for an off-board EV charger. To reduce the 

inherent tendency of creating second order ripple on the DC side, a new control 

architecture for a single stage off-board EV charger has been developed. A single-phase 

AC-DC converter is used for this in order to charge. Additionally, the control system was 

created with off-board EV charging in mind. These EV chargers have two stages of 

conversion: DC-DC and AC-DC. Proportional integral (PI), proportional resonant (PR), 

plant integrated proportional integrated (PIPI), and model predictive controller (MPC) are 

the foundations of the independent controllers for both converters. Thus, the primary goal 

of the proposed study is to create a reliable control system for an EV charger that can work 

in a variety of G2V and V2G modes while keeping the DC side's ripple content within an 

acceptable range. In the event that a battery charges more slowly, the EV charger can 

compensate reactive power (either inductive or capacitive) and provide active power to 

the grid if necessary. In that scenario, the charger's remaining rating is used to compensate 

for reactive power in order to maximize charger rating use. Additionally, the EV charger 

can enhance the power quality by acting as an active power filter when the battery is not 

attached to it. All EV charger controller performance has been evaluated in eight distinct 

modes, including adjusting linear/non-linear reactive power and charging/discharging. 

The MATLAB/Simulink environment has been used to simulate and validate the 

performance of all proposed control approaches, with a hardware prototype being used 

for real-time validation. 

1.8 OUTLINE   OF THESIS: 

Chapter -1: The introduction and fundamental characteristics of EVs and their 

varieties are covered in this chapter. Standards for EV chargers and different battery 

types while charging have also been covered. 

Chapter -2: The modes of operation of EV chargers are presented in this chapter, 

including the Optimal Design and Performance Analysis of Model Predictive 

Control for EV Charging Application of electric vehicles with experimental 

validation. 

Chapter -3: The Optimal Design and Performance Analysis of 

Model Predictive Control for EV Discharging Application of 

electric vehicles with experimental validation is one of the modes 

of operation of EV chargers explained in this chapter. 
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Chapter -4: This chapter describes the comparison of electric vehicle 

charging and discharging operations using MPC, along with the 

necessary results and validation. 

Chapter-5: Implementation of Robust Control for Smart Home EV 

Charger through FC -MPC is described in this chapter with valid 

simulation results and parameter mentioned in the figure. 

Chapter-6: This chapter describes EV charger modeling, simulation, 

and experimental results. All results are shown with name and data. 

Chapter-7: This chapter provides a description of the conclusion and 

future scope. 
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CHAPTER-2 

OPTIMAL DESIGN AND PERFORMANCE  ANALYSIS OF 

MODEL PREDICTIVE CONTROL FOR EV CHARGING 

APPLICATION 

2.1 Electric Vehicle Charger Operating Modes:  

The primary benefit of MPC is that system constraints may be introduced directly 

to the cost function, negating the need for modulation and synchronization. It is the best 

option for advanced control applications due to its resilience, excellent performance, and 

predictive capability. It is especially appealing for a wide range of applications, from 

advanced driver-assistance systems in automotive engineering to process control in the 

chemical industries, due to its capacity to handle multivariable systems, explicitly 

consider constraints, and optimize control performance over a future horizon. In order to 

predict future states and outputs, MPC solves an optimization problem at each control 

interval using a dynamic model of the system. Because of its predictive character, the 

controller may proactively modify control inputs, foresee and mitigate future disruptions, 

and guarantee that operational limitations are met. It is a type of classical control that is 

not suited for complicated systems with many inputs and outputs, time delays, and 

nonlinearities. This work proposes and experimentally verifies a finite Model Predictive 

Control (MPC) approach for bidirectional power flow in electric vehicle (EV) chargers. 

An efficient two-level on-board electric vehicle charger can function according to the 

suggested technique. This technique allows for the decoupled regulation of reactive and 

active power. The finite MPC technique chooses the best voltage vector among potential 

voltage vectors for a two-level single- phase converter. An ideal switching state is chosen 

and applied to the charger based on the position of the intended error vector. Compared to 

the traditional MPC approach, this enhancement lessens the ripples in active and reactive 

power and improves the steady-state performance of the grid currents. Concerning multi-

variable systems, limitations, and optimal performance, MPC is typically more effective 

than other controllers. 

2.2 SYSTEM DESCRIPTION: 

Fig.2.1 displays an onboard charger with a two-level, single-phase construction. 

Four insulated gate bipolar transistor (IGBT) switches (𝑆1, 𝑆2, 𝑆3, and 𝑆4) in a bridge form 

comprise the initial stage which is AC/DC converter. This AC/DC converter comprises of 

resistance (R) and input line inductors (L) connect the single-phase rectifier to a balanced 

power supply (𝑣𝑔). Under the given controlled configuration, the first stage AC/DC 

converter functions as a regulated rectifier. A DC/DC converter comprising two IGBT 

switches makes up the second step. Furthermore, a constant current (CC) charging 
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technique is utilized to charge the lithium-ion battery. Henceforth, a DC/DC converter 

runs in buck mode when charging a battery. Two IGBT-diode switches (𝐺1and 𝐺2) make 

up the DC/DC rear-end converter's second stage. An output inductor (𝐿𝐷𝐶) is utilized to 

interface the DC/DC converter with the EV battery. The EV battery is linked in parallel 

with a filter capacitor (𝐶𝑏). 

 

 

Fig.2.1 Circuit topology of an AC/DC converter that is linked to a battery 

through a DC/DC converter. 

2.3 DC-DC CONVERTER: 

As shown in Figure 2.2. on the DC side, a filter capacitor (𝐶𝑏) is provided to filter the DC 
voltage (𝑉𝐷𝐶). The different chargers are capable of meeting different charging demands. 
When charging the battery via the main grid, the DC/DC converter functions as a buck-
type converter is used ,In order to effectively step down and regulate the voltage, improve 
power management, and guarantee lower power dissipation, a buck converter is frequently 
employed after the rectifier stage. 

 

Fig.2.2 MPC with reference design 
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The DC/DC converter mathematical model can be represented by the following equations: 

 

( )
( ) ( ) ( )bat

DC DC bat

dI k
G k V k L V k

dt
= +  

(1) 

where G(k) represents the present switching state, 𝐿𝐷𝐶 is the filter inductor on 

battery side. The switching state G(k) is defined as 1 when the lower switch 𝐺2 is off and 

the upper switch 𝐺1  is on. Otherwise, when 𝐺1 is on and𝐺2 is off, it is set to zero, meaning 

that in the switching state, G equals 1. In the absence of such, G(k) is defined as 0. 

Additionally,  𝑉𝑏𝑎𝑡(𝑘) and 𝐼𝑏𝑎𝑡(𝑘) represent the instantaneous voltage and current of the 

EV battery, respectively, 𝑉𝐷𝐶(𝑘) is the voltage of the DC capacitor. One can compute the 

anticipated battery current for the subsequent sample period by following the equation. 

( 1) ( ) ( ( ) ( ) ( ))I

DC

Tsk I k G k V k V k
DCbat bat batL
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(3) 

Where 𝑇𝑠 is the sample interval,  𝐼𝑏𝑎𝑡
𝑟𝑎𝑡𝑒𝑑 𝑎𝑛𝑑 𝐼𝑏𝑎𝑡

𝑟𝑒𝑓
 stand for the rated and reference value 

of battery current respectively and 𝐼𝑏𝑎𝑡(𝑘 + 1) is the future value of the battery 

current.The DC/DC converter's job is to keep an eye on the battery current so that the 

electric vehicle battery can be charged. Thus, the DC-link voltage (𝑉𝐷𝐶), the grid 

voltage(𝑣𝑔), the grid current (𝑖𝑔), and the battery current (𝐼𝑏𝑎𝑡) are the four targets for this 

MPC technique. The switching states S(k) and G(k) that can minimize this cost function 

are chosen by creating a cost function J to accomplish this multi-objective control. The 

goal of selecting a switching state G(k) for the DC/DC converter is to minimize the cost 

function (𝐽2).  
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Fig.2.3 Flowchart of MPC 

The suggested approach and the traditional MPC scheme are contrasted in a flowchart 

Fig2.3, which also illustrates the decision-making process and procedural phases in the 

control algorithm, which would normally show the processing of inputs, the generation of 

control signals by the MPC technique, and the transitions between various operational 

modes of the system. 

 

Fig2.4 Comparison of PI and MPC controller with reference current 
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Fig.2.4 Show the comparision of  two controller i.e MPC and PI with reference 

current,here battery current of MPC  aquire the steady state earlier while battery current 

of PI will take little longer time for stability, this is shown in the transion point.Hence we 

can say that MPC is better than PI controller.This Fig. shows the change in current at the 

transition point of both 𝐼𝑟𝑒𝑓 and 𝐼𝑏𝑎𝑡. Henceforth it can be concluded that the proposed 

control of DC/DC converter in charging mode satisfies the condition. 

2.4. RESULTS AND SIMULATION: 

To illustrate the functionality of both the suggested and traditional controllers, this 

section provides some simulation results. Model as the EV charger in MATLAB/Simulink, 

the single-phase converter shown in Fig.2.1. The output of the MATLAB/Simulink 

simulation is displayed in scope to demonstrate the system's resilience. The purpose of 

this simulation is to evaluate the system's functionality. 

Table 2.1: System Parameter for Bidirectional Charger 

Symbol Quantity Value 

(𝑣𝑔) Grid voltage 325V(rms) 

𝑘𝑝 Active power 

Factor 

1 

𝑘𝑞 Reactive Power 

Factor 

1 

(𝑉𝐷𝐶), DC voltage 400 V 

𝑇𝑠 Sampling Time 12e-9sec 

L Inductance 4e-3mH 

frequency Sampling 

frequency 

50khz 

𝐼𝑟𝑒𝑓 Reference current -5A 

𝑉𝑏𝑎𝑡 Battery voltage 260 V 

𝑖𝑏𝑎𝑡 Battery current 5A 

The charger's responsiveness is demonstrated under a range of grid voltage 

fluctuations. The simulation also examines the behaviour of the system in standard grid 

settings and in the combination of several scenarios. The waveforms show how the battery 

charges by comparing changes in battery current, non-ideal source conditions, and load 

changes in the source. Fig.2.5 show reference change operating condition means we are 

changing the reference current at different value to show the system is robust and result is 

shown accordingly. These waveforms show  𝑣𝑔 and Ig are in phase, and have unity power 

factor, the constant DC link voltage, VDC, which changes at reference point, further attest 

to 𝑖𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡 and SoC. Where 𝑖𝑏𝑎𝑡 changes -4A, -8A and -6A. 𝑉𝑏𝑎𝑡 changes at reference 

point i.e 2.5sec and 4sec at time scale. 
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Fig.2.6 show the THD under reference change operating conditions and its value is 

2.94% Which is almost correct for this condition. 

 

Fig.2.5 Reference change operating condition 

 

 

Fig.2.6 THD under reference change operating conditions. 

Fig.2.7 show the non-ideal operating condition means we are changing source from ideal 

to non-ideal to check the system robustness   whether it works on non-ideal condition or 

not but it’s perfectly working on non-ideal condition as shown .These waveforms show 

in-phase 𝑣𝑔 and Ig, and sag event and swell events, normal event and non-linear event so 

on, in the constant    DC link voltage, VDC, further attest to 𝑖𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡 and SoC. The built-

in charger further demonstrates how well 𝑖𝑏𝑎𝑡 regulated charging current controls the 

charging process. 
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Fig.2.7 Nonideal Source operating condition 

Fig.2.8 shows The THD under non-ideal operating condition which means when source 

is not ideal the value of THD is calculated and its value is 3.25% which is perfectly 

correct. 

 

Fig.2.8 THD under nonideal operating conditions  

Fig.2.9 show load changes operating condition which means if we vary load in the system 

how the system response it is shown in the Fig. These waveforms show in-phase 𝑣𝑔 and 

Ig, and   𝐼𝑙𝑜𝑎𝑑 and 𝐼𝑐ℎ  changes of current in the constant DC link voltage, VDC, further 

attest to 𝑖𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡 and SoC.  

Fig.2.10 shows The THD   under load change operating condition which means when load 

is changed, the value of THD is calculated and its value is 3.34% which is perfectly 

correct. 

 



                                                                                                                                                                                       

24 
 

 

Fig.2.9 Load change operating conditions  

 

Fig.2.10 THD under Load change operating conditions 

Also MPC is faster then PI . MPC uses a model of the system to predict future 

behavior over a defined time horizon. It solves an optimization problem at each control 

step to minimize a cost function (e.g., tracking error, control effort). MPC can explicitly 

handle constraints on inputs, outputs, and states. The controller makes decisions based on 

predicted future states, not just current errors. PI controllers use a simple feedback 

mechanism to correct errors between a setpoint and the measured process variable. PI 

control does not require a mathematical model of the system. PI controllers typically do 
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not handle constraints explicitly; they are generally designed for linear systems without 

hard constraints. 

 The control action is based on the current and past errors, without future prediction. MPC 

requires solving an optimization problem online, which can be computationally intensive 

depending on the system's complexity. More challenging to implement due to the need for 

a dynamic model and real-time optimization algorithms. Simple to implement with 

straightforward tuning methods (e.g., Ziegler-Nichols). Requires minimal computational 

resources, making it suitable for systems with limited processing power. MPC often 

provides better performance, especially in systems with multiple inputs and outputs 

(MIMO) or systems with significant delays. The controller can achieve near-optimal 

performance by considering future behavior and constraints. PI controllers perform well 

in Single Input Single Output (SISO) systems and where the system dynamics are simple. 

In more complex systems, especially those with delays or nonlinearities, PI controllers 

may not achieve optimal performance. MPC can handle model uncertainties to some 

extent, but performance may degrade if the model is inaccurate. 

MPC can be extended to adapt to changing conditions by updating the model 

online. PI controllers are generally robust and can perform well even with some level of 

model uncertainty or disturbances, though not as well as MPC in complex scenarios. PI 

controllers usually do not adapt to changing conditions unless combined with adaptive 

mechanisms. Commonly used in complex, multi-variable systems such as chemical 

process control, power systems, autonomous vehicles, and aerospace. Widely used in 

industries where performance, safety, and constraint handling are critical. Widely used in 

simpler industrial control systems such as temperature control, motor drives, and other 

SISO control problems. Preferred in applications where simplicity and ease of use are 

more critical than optimal performance. Involves tuning the weights in the cost function 

and setting the prediction and control horizons. Requires expertise and system-specific 

knowledge. Typically involves tuning two parameters (proportional gain and integral time 

constant), with several heuristic and analytical methods available. 

2.5 CONCLUSION: 
 

This work provides a model predictive control (MPC) for electric vehicle (EV) chargers 

using a finite control set. In the traditional MPC method, the DC voltage reference is used 

to provide an active power reference using a PI controller which has single fixed set of 

coefficients. This work proposes to replace the PI control loop with a customized 

reference-based MPC method. The suggested plan may accomplish multi objective 

control, which includes separately regulating the DC voltage, and battery charging current. 

Amazingly, the recommended method prevents the DC voltage from overshooting or 

undershooting. It is feasible to design separate battery current, reactive power, and DC 

voltage controllers.  
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CHAPTER- 3 

OPTIMAL DESIGN AND PERFORMANCE ANALYSIS 

OF MODEL PREDICTIVE CONTROL FOR EV 

DISCHARGING APPLICATION 

3.1 Electric Vehicle Discharger Operating Modes: 

Electric vehicle has evolved to seem more advanced, fuel-efficient, low-maintenance, and 

ecologically beneficial in recent decades. The power electronic converter is the main 

component that supports the battery and the source [1]. Because fossil fuels are more 

readily available, there are more and more electric vehicle on the road every day. An 

electric vehicle's battery is typically charged by the grid, which frequently adds more 

strain to the system. Because of this, the grid's load is supported and decreased when the 

battery is able to release its stored power during periods of high load demand, according 

to the notion of grid to load. Owners of electric vehicles can use the energy stored in their 

batteries to generate a certain amount of revenue. 

Several benefits are offered. Because it plays a critical role in decision-making and helps 

to mitigate grid-related instabilities, the smart grid offers significant hope. The idea under 

discussion is called vehicle-to-grid (V2G) [2]. The main goal of this project is to construct 

an isolated, bidirectional, fast-response, current-controlled DC-DC converter that can 

simulate an electric vehicle battery's on-road current in a laboratory or manufacturing 

setting [3]. The two bidirectional phases of the suggested converter are seen in Fig.3.1. A 

single-phase full-bridge AC-DC converter powers the front end and is in the process of 

charging. It becomes a DC-AC converter to recover energy discharged from battery to 

grid [4]. The second stage controls the charging and discharging current of the battery 

using a different DC-DC converter. 

For the Battery inverter current control, this work proposes an advanced model predictive 

control (AMPC) to bring high-quality electricity into the network [5]. The inverter has 

two control levels: the first is a simple hysteretic power management level that shifts the 

power reference to the second level based on the battery's state of charge (SoC) value, The 

second level is an advanced MPC controller that drives the inverter to inject the right 

quantity of high-quality current in line with the reference without requiring a module [6]. 

With the selected control strategies, a simulation of our hybrid system will be 

accomplished. 

A new control method for power electronic converters is called advanced model predictive 

control, or AMPC. The benefits of AMPC include its capacity to manage intricate, 

nonlinear systems and accomplish many control goals while abiding by a number of 

restrictions. By skipping the repetitive computations of the cost functions and states 
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forecasts, AMPC provides a much lower computing overhead. However, AMPC heavily 

depends on the power converter's dynamic model. They are therefore more prone to 

ambiguities and interruptions. This paper presents a novel approach to increase the 

robustness and reliability of the AMPC for electric vehicle chargers by treating the 

dynamic model of the converter as a black box. Next, a recursive least squares algorithm-

based adaptive estimating technique is suggested for online dynamic. Improved 

performance, computation speed, resilience, or adaptability in dynamic systems are the 

goals of Advanced Model Predictive Control (MPC), which is a more advanced version 

of the basic MPC framework. In domains where real-time operation is crucial and system 

dynamics might be complex, such as power electronics, drives, and energy systems, these 

upgraded versions are especially pertinent. 

This research proposes and experimentally verifies an advanced MPC approach with 

extended voltage for bidirectional power flow EV chargers. The rest of the paper is 

structured as follows. The two-way EV charger system's controller design is displayed in 

Section II. In this part, the AMPC scheme concept for this two-stage charger is also 

thoroughly discussed. Part III contains the outcomes of tests and simulations related to the 

charging and discharging states. Section IV presents the concluding findings. 

3.2 CONTROLLER DESIGN: 

Advanced Model Predictive Control (AMPC) is a sophisticated control technique that 

solves a dynamic optimization problem at each time step to forecast and optimize a 

system's future behaviour. In order to forecast future outputs over a finite prediction 

horizon while taking input, state, and output restrictions into account, AMPC employs a 

mathematical model of the system. It determines the best control measures to accomplish 

the intended goals, such performance, stability, or efficiency, based on these forecasts. 

Fig.3.2. AMPC controller design for EV charger. 

AC GRID
AC/DC  

CONVERTER
DC/DC 

CONVERTER
EV BATTERY

SWITCHING

 

Fig.3.1 Circuit topology of an AC/DC converter that is linked to a battery through a 

DC/DC converter. 
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Fig.3.2 AMPC controller design for EV charger. 

The continuous control inputs in advanced MPC can have any value as long as it 

stays within the specified bounds. This makes it possible to regulate system variables more 

precisely and with smoother control actions. Advanced MPC can reach more optimal 

solutions through continuous optimization, especially in complex systems with 

considerable unpredictability. The control inputs in Finite Set MPC are chosen from a 

predetermined, distinct set of potential control actions. This restricts the control resolution, 

which could result in less seamless transitions and, under some circumstances, less-than-

ideal performance. 

At every stage, Advanced MPC uses increasingly complex solvers capable of 

minimizing a continuous cost function across a prediction horizon to solve a continuous 

optimization issue. This makes it possible to adjust several performance criteria (such as 

power quality and energy efficiency) and can enhance performance for complicated, 

nonlinear systems. 

Table3.1: Comparison of MPC and PI 

Aspect Model Predictive Control 

(MPC) 

Proportional-Integral (PI) 

Control 

Control Strategy Based on optimization, it 

forecasts future behaviour 

using a system model. 

 

Feedback-based, depending 

on mistakes from the past 

and present. 

 

Prediction Capability forecasts future conditions 

over a given time frame. 

No ability to forecast 

 

Response to Constraints specifically manages a 

number of limitations 

(voltage, current, SOC, etc.) 

does not naturally manage 

limitations. 
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Dynamic Performance Better dynamic reaction, 

particularly in systems with 

several variables. 

Ideal for single-variable, 

linear systems with minimal 

dynamics. 

 

Systems with complicated dynamics and many control objectives, like nonlinear systems 

or systems with multiple constraints, are better suited. Advanced MPC can manage more 

complex control objectives, such as balancing thermal restrictions, optimizing battery life, 

and minimizing energy loss. 

Explicit limitations on inputs, outputs, and states can be handled continuously by 

Advanced MPC. This is especially crucial in applications with stringent power, voltage, 

and temperature restrictions, such as electric automobiles. 

 It demands additional processing power because of the model's complexity and ongoing 

optimization. However, even for complicated systems, real-time implementation is 

becoming more and more possible due to advancements in algorithms and processing 

capacity. Advanced MPC can lower switching losses and component stress, such as that 

of power transistors, because it uses continuous control inputs. This results in a longer 

system lifespan and higher efficiency, particularly in high-frequency switching 

applications like DC-DC converters, makes it possible to more precisely adjust 

performance parameters like response time, stability, and power quality by allowing for 

more flexibility of the cost function and prediction model. Smoother and more accurate 

control actions are the result of continuous control inputs. Improved performance in 

intricate, nonlinear systems as a result of more advanced optimization algorithms. 

Managing limitations explicitly for better system efficiency and safety. It decreased 

switching losses, improved system performance, and decreased component wear. More 

adaptability while managing various performance measures and adjusting control 

objectives. 

The DC/DC converter mathematical model can be represented by the following equation: 

( 1) ( 1) ( 1)ref ref

L bati k G k i k+ = − + +  (1) 

where G(k+1) represents the next switching state. The switching state G(k+1) is 

defined as 1 when the lower switch 𝐺2 is off and the upper switch 𝐺1  is on. Otherwise, 

when 𝐺1 is on and𝐺2 is off, it is set to zero, meaning that in the switching state, G(k+1) 

equals 1. In the absence of such, G(k+1) is defined as 0. 

Where 𝑇𝑠 is the sample interval, 𝑖𝐿
𝑟𝑒𝑓

 (𝑘 + 1)  is load current reference and  𝑖𝑏𝑎𝑡
𝑟𝑒𝑓

(𝑘 +

1) stand for battery current reference. 

 ( 1) ( 1) ( 1)ref ref ref

dc L ci k i k i k+ = + − +  (2) 
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𝑖𝐶
𝑟𝑒𝑓

(k+1) is capacitor current reference, the switching states S(k) and G(k) that can 

minimize this cost function are chosen by creating a cost function J to accomplish this 

multi-objective control. Minimizing the cost function (J) is the aim of choosing a 

switching state G(k) for the DC/DC converter.  𝑖𝑑𝑐
𝑟𝑒𝑓

(k+1) is the expected DC-link current 

and can be obtained through  𝑖𝐶
𝑟𝑒𝑓

(k+1) and 𝑖𝐿
𝑟𝑒𝑓

 (𝑘 + 1). The expected DC-link current  

𝑖𝐷𝐶
𝑟𝑒𝑓

(k+1) can be calculated from 𝑖𝐿
𝑟𝑒𝑓

 (𝑘 + 1)   (load current reference) and 𝑖𝐶
𝑟𝑒𝑓

(k+1) 

(capacitor current reference) as shown in equation (2). 

( 1) [ ( ) ( )]ref ref

c DC DC

s

C
i k V k V k

MT
+ = −  

 

(3) 

𝑉𝐷𝐶
𝑟𝑒𝑓

 is the given battery voltage reference , 𝑉𝐷𝐶
~𝑟𝑒𝑓

 is DC-link filtered voltage reference, 

𝑉𝐷𝐶(𝑘) is the measured system state voltage. Knowing that the capacitor current reference 

𝑖𝐶
𝑟𝑒𝑓

(k+1) is only controlled by the DC-link filtered voltage reference  , 𝑉𝐷𝐶
~𝑟𝑒𝑓

 and can be 

calculated by equation (3) and equation (4). 

( ( 1)
( 1)ref DC

c

s

d V k
i k C

T

+
+ =  

(4) 

~ 1
( 1) ( ) ( ( ) ( ))ref ref

DC DC DC DCV k V k V k V k
M

+ = + −  
(5) 

The filtered reference signal   𝑉𝐷𝐶
~𝑟𝑒𝑓

is obtained by introducing a reference prediction 

horizon M. Next, equation (5) yields the filtered reference signal  , 𝑉𝐷𝐶
~𝑟𝑒𝑓

. 

~( ( 1) ( ))ref ref

c dc DC

s

C
i V k V k

T
= + −  

 

(6) 

The modified 𝑖𝐶
𝑟𝑒𝑓

(k+1) can be obtained from equation (6). 

( 1) ( 1) ( 1) ( ( ) ( ))ref ref ref

dc bat DC DC

s

C
i k G k i k V k V k

MT
+ = + + + −  

(7) 

2

2( ) ( ( 1) ( 1))refi
bat batrated

bat

k
J k I k I k J

I
= + − + =  

 

(8) 

Therefore, the expected DC-link current  𝑖𝑑𝑐
𝑟𝑒𝑓

(k+1) can be calculated from equation (7). 

A cost function J is established in order to accomplish this multi-objective control, and the 

switching states S(k) and G(k) that are able to minimize this cost function are chosen. The 

DC/DC converter's switching state G(k) is selected in order to minimize the cost function 

(J2). Equation (8) defines J2. 
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3.3 RESULT AND SIMULATION: 

To illustrate how the recommended and sophisticated controllers work, a few simulation 

results are presented in this section. Make an EV charger model of the single-phase 

converter with MATLAB/Simulink. The output of the simulation is displayed in scope to 

demonstrate the system's resilience. The purpose of this simulation is to evaluate the 

system's performance.  

In this section we show how sensitive the converter is to various variations in grid 

voltage. The behaviours of the system in both normal grid settings and when multiple 

scenarios are combined is also examined by the simulation. In order to illustrate how the 

battery charges, the waveforms compare variations in battery current, non-ideal source 

conditions, and source load variations. Figure 3.3 illustrates the reference change 

operating state under discharging condition, which is achieved by varying the reference 

current at various values to demonstrate the robustness of the system and the 

corresponding results. The constant DC link voltage 𝑉𝐷𝐶 , which varies at the reference 

point, further attests to 𝐼𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡, and SoC. These waveforms also demonstrate that 𝑣𝑔 and 

𝑖𝑔 are out of phase. Whereas 𝐼𝑏𝑎𝑡 alterations 4A, 8A, and 6A. 𝑉𝑏𝑎𝑡 varies at the point of 

reference, i.e.Fig.3.4 show the THD under reference change operating conditions in 

discharging state and it’s value is 3.58% Which is almost correct for this condition. 

 

 

Fig.3.3 Reference change operating conditions in discharging state. 
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Fig.3.4 Reference change THD under discharging state. 

Fig.3.5 show the non-ideal operating condition in discharging state means we are 

changing source from ideal to non-ideal to check the system robustness  whether it works 

on non-ideal condition or not but it’s perfectly working on non-ideal condition as shown 

.These waveforms show out-of-phase 𝑣𝑔 and 𝑖𝑔, and sag event, normal event swell events 

and non-linear event so on, in the constant DC link voltage, VDC, further attest to 𝐼𝑏𝑎𝑡, 

𝑉𝑏𝑎𝑡 and SoC. The built-in charger further demonstrates how well 𝐼𝑏𝑎𝑡 regulated 

discharging current controls the discharging process. 

 

Fig.3.5 Nonideal operating conditions under discharging conditions. 

Fig.3.6 shows The THD under non-ideal operating condition in discharging mode which 

means when source is not ideal the value of THD is calculated and it’s value is 3.97% 

which is perfectly correct. 
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Fig. 3.6 Nonideal source change THD under discharging state 

Fig.3.7 show load change operating condition in discharging mode which means if we 

vary load in the system how the system response it is shown in the Fig. These waveforms 

show out-of-phase 𝑣𝑔 and 𝑖𝑔. In addition, 𝑖𝑙𝑜𝑎𝑑  and 𝑖𝑐ℎ is shown, in the constant DC link 

voltage, VDC, further attest to 𝐼𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡 and SoC. Fig.3.8 shows The THD   under load 

change operating condition in discharging condition, which means when load is changed, 

the value of THD is calculated and its value is 4.57% which is perfectly correct. 

 

Fig.3.7  Load change operating conditions under discharging condition. 
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Fig.3.8 THD under Load change operating conditions in discharging state 

3.4 CONCLUSION: 

In this work, an Advanced Model Predictive Control (AMPC) technique for electric 

vehicle (EV) applications has been successfully developed and designed. Important issues 

including dynamic performance, energy efficiency, and system restrictions are 

successfully addressed by the suggested control framework. Through the utilization of 

MPC's predictive capabilities, the method optimizes power distribution, guaranteeing 

seamless operation and improved vehicle performance. The success of the suggested 

AMPC strategy is confirmed by simulation and experimental findings, which show better 

tracking accuracy, lower energy usage, and more comfortable driving when compared to 

traditional control techniques. Furthermore, AMPC is a viable option for contemporary 

EV powertrain control because to its real-time handling of multi-variable restrictions. 
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CHAPTER-4 

Comparison of Charging and Discharging Operation of Electric 

Vehicle through MPC 

4.1 INTRODUCTION: 

In recent decades, electric vehicles have become increasingly sophisticated, fuel-efficient, 

low-maintenance, and environmentally friendly. The primary part supporting the source 

and battery is the power electronic converter [1]-[5]. The number of electric vehicles on 

the road is increasing daily due to the easier access to fossil fuels. The grid usually charges 

the battery of an electric car, which often puts additional load on the infrastructure. 

According to the concept of grid to load, this means that when the battery can release its 

stored power during times of high load demand, the grid's load is supported and reduced. 

Electric car owners can make a specific amount of money by using the energy that is 

stored in their batteries. The suggested strategy has a number of advantages. Future energy 

management has a lot of promise because to the smart grid, which is essential for making 

decisions and reducing grid-related instability. The idea of Vehicle-to-Grid (V2G), in 

which electric cars (EVs) communicate with the electrical grid to improve efficiency and 

stability, is examined in this study [6]-[10]. The main goal is to create a current-controlled, 

isolated, bidirectional, fast response DC-DC converter that can simulate the on-road 

current of an EV battery in a manufacturing or laboratory setting [11]. As shown in Fig.1, 

the suggested converter has two bidirectional stages. The front-end stage functions as a 

DC-AC converter to return discharged energy to the grid and uses a single-phase full-

bridge AC-DC converter for charging [12]. A specialized DC-DC converter is 

incorporated into the second stage to efficiently control the battery's charging and 

discharging currents. In order to guarantee high-quality power injection into the grid, this 

work presents a Model Predictive regulation (MPC) technique for battery inverter current 

regulation [13]. There are two control levels for the inverter: Power Management Level: 

Depending on the battery's State of Charge (SoC), a basic hysteretic controller modifies 

the power reference. MPC Level: Without the need for further modules, the MPC 

controller accurately controls the inverter's output current to match the reference signal 

[14]-[17]. Model predictive control, or MPC, is a novel approach to power electronic 

converter control. Among MPC's advantages are its ability to handle complex, nonlinear 

systems and achieve numerous control objectives while adhering to several constraints 

[18]-[20]. MPC offers a significantly reduced computer overhead by avoiding the tedious 

calculations of the cost functions and states projections. But for MPC, the power converter 

Buck and Boost dynamic model is essential. As a result, they are more vulnerable to 

misunderstandings and disruptions. By considering the converter's dynamic model as a 

"black box," this research offers a novel method for enhancing the MPC's robustness and 

dependability for electric vehicle chargers. Next, an adaptive estimation method based on 
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the recursive least squares algorithm is proposed for online dynamic. Model Predictive 

Control (MPC) is a more sophisticated variant of the fundamental MPC framework that 

aims to improve system performance, computation speed, robustness, or adaptability in 

dynamic systems. Such improved versions are particularly relevant in fields like power 

electronics, drives, and energy systems, where real-time operation is essential and system 

dynamics may be complex. This research proposes and experimentally verifies an 

advanced MPC approach with extended voltage for bidirectional power flow EV chargers. 

The rest of the paper is structured as follows. The two-way EV charger system's controller 

design is displayed in Section II. In this part, the MPC scheme concept for this two-stage 

charger is also thoroughly discussed. Part III contains the outcomes of tests and 

simulations related to the charging and discharging states. Section IV presents the 

concluding findings. In order to minimize a cost function at each control     interval, MPC 

solves an optimization issue, usually striking a balance between control effort and 

performance (tracking reference). 

4.2 CONTROLLER DESIGN: 

Model Predictive Control (MPC) is an advanced control method that forecasts and 

optimizes the future behaviour of a system by solving a dynamic optimization problem at 

each time step. MPC uses a mathematical model of the system to anticipate future outputs 

over a finite prediction horizon while accounting for input, state, and output constraints. 

Based on these projections, it chooses the most effective control strategies to achieve the 

desired outcomes, such as efficiency, performance, or stability. 
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Fig.4.1   MPC Controller 

As long as it remains within the designated parameters, the continuous control inputs in 

advanced MPC can have any value. This enables smoother control actions and more 

accurate regulation of system variables. Through ongoing optimization, advanced MPC 

can arrive at more optimal solutions, particularly in complex systems with significant 
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unpredictability. In MPC, the control inputs are selected from a predefined, discrete set of 

possible control actions. This limits the control resolution, which may lead to less smooth 

transitions and, in certain cases, subpar performance. In order to tackle a continuous 

optimization problem, MPC employs progressively more sophisticated solvers that can 

minimize a continuous cost function over a prediction horizon. This can improve 

performance for complex, nonlinear systems and allows for the adjustment of many 

performance criteria (such power quality and energy efficiency). It is more appropriate for 

systems with complex dynamics and numerous control objectives, such as nonlinear 

systems or systems with numerous restrictions. More complicated control goals, like 

limiting energy loss, maximizing battery life, and balancing. temperature constraints, can 

be handled by advanced MPC. MPC can continuously manage explicit constraints on 

inputs, outputs, and states. This is particularly important for applications like electric cars 

that have rigorous power, voltage, and temperature requirements. The intricacy of the 

model and continuous optimization make it require more computing power. But thanks to 

improvements in processing power and algorithms, real-time implementation is becoming 

increasingly feasible, even for complex systems. Because advanced MPC employs 

continuous control inputs, it can reduce switching losses and component stress, including 

that of power transistors. determines the reference power by using the battery's State of 

Charge (SoC). alternates between charging and discharging phases using a hysteretic 

control technique. keeps the system's voltage and current within safe bounds This leads to 

increased efficiency and a longer system lifespan, especially in high-frequency switching 

applications like DC-DC converters. allows for greater flexibility, which enables more 

accurate adjustment of performance characteristics including response time, stability, and 

power quality. Fig. 4.1 show the MPC Controller for the system. 

Table 4.1: Comparison of Charging and Discharging Operation of Electric Vehicle 

through MPC. 

Aspect Charging Operation Discharging Operation 

Objective Charge the EV battery 

effectively using the ideal 

current and voltage levels. 

 

Maintain SOC limitations 

while supplying the grid 

or load with electricity 

from the EV battery. 

 

Direction of Power Flow From EV battery to 

grid/charger. 

 

V2G (EV battery to grid) 

or V2L (EV battery to 

load) 

 
Control Variables Battery voltage and 

charging current 

 

output voltage and 

discharge current 
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Constraints Maximum current, 

thermal restrictions, and 

SOC upper limit 

 

Power quality, current 

restrictions, and SOC 

lower limit 

 
Optimization Goals 

(MPC) 

Reduce charging time and 

losses while preserving 

battery health. 

 

Increase energy economy 

while preserving voltage 

stability. 

 
 

4.3 RESULT AND SIMULATION: 

To illustrate how the recommended and sophisticated controllers work, a few simulation 

results are presented in this section. Make an EV charger model of the single-phase 

converter with MATLAB/Simulink. The output of the simulation is displayed in scope to 

demonstrate the system's resilience. The purpose of this simulation is to evaluate the 

system's performance.  

In this section we show how sensitive the converter is to various variations in grid 

voltage. The behaviors of the system in both normal grid settings and when multiple 

scenarios are combined is also examined by the simulation. In order to illustrate how the 

battery charges, the waveforms compare variations in battery current, non-ideal source 

conditions, and source load variations. Figure 4.2 illustrates the reference change 

operating state under charging and discharging condition, which is achieved by varying 

the reference current at various values to demonstrate the robustness of the system and the 

corresponding results. The constant DC link voltage 𝑉𝐷𝐶, which varies at the reference 

point, further attests to 𝐼𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡, and SoC. These waveforms also demonstrate that 𝑣𝑔 

and 𝑖𝑔 are in phase and have unity power factor when charging and out of phase when 

discharging. Whereas 𝐼𝑏𝑎𝑡 alterations -4A, -8A, and -6A. 𝑉𝑏𝑎𝑡 varies at the point of 

reference, i.e.Fig.4.3 show the THD under reference change operating conditions in 

charging state and it’s value is 2.94% Which is almost correct for this condition because 

it is less than 5% and Fig.4.4 show the THD under reference change operating conditions 

in discharging state and it’s value is 3.58% Which is almost correct for this condition.  
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Fig.4.2 Reference change operating condition showing both charging 

and discharging. 

 

 
Fig.4.3 Reference change THD under charging 

 

 
Fig.4.4 Reference change THD under discharging state. 
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Due to the fact that it is likewise less than 5%. Fig.4.5 show the non-ideal operating 

condition in charging and discharging state means we are changing source from ideal to 

non-ideal to check the system robustness whether it works on non-ideal condition or not 

but it’s perfectly working on non-ideal condition as shown .These waveforms show in- 

phase 𝑣𝑔 and 𝑖𝑔 and out of phase in 𝑣𝑔 and 𝑖𝑔 , and sag event, normal event ,swell events 

and non-linear event so on, in the constant DC link voltage, VDC, further attest to 𝐼𝑏𝑎𝑡, 

𝑉𝑏𝑎𝑡 and SoC. The built-in charger further demonstrates how well 𝐼𝑏𝑎𝑡 regulated charging 

current controls the charging and discharging process. Fig.4.6 shows The THD under non-

ideal operating condition in charging mode which means when source is not ideal the 

value of THD is calculated and it’s value is 3.34% which is perfectly correct. due to the 

fact that it is likewise less than 5%. Fig.4.7 shows The THD under non-ideal operating 

condition in discharging mode which means when source is not ideal the value of THD is 

calculated and it’s value is 3.97% which is perfectly correct. Fig.4.8 show load change 

operating condition in charging and discharging state which means if we vary load in the 

system how the system response it is shown in the Fig. These waveforms show in-phase 

and out of phase of 𝑣𝑔 and 𝑖𝑔, in addition, 𝑖𝑙𝑜𝑎𝑑and 𝑖𝑐ℎ is shown, in the constant DC link 

voltage 𝑉𝐷𝐶 further attest to 𝐼𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡 and SoC. 

 

Fig.4.5 Nonideal Source operating condition under charging state and discharging 

state. 
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Fig.4.6 Nonideal source change THD under charging state. 

 

 

 

 

 

Fig.4.7 Nonideal source change THD under discharging state. 

 

Fig.4.8 Load change operating condition under charging state and discharging state. 
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Fig.4.9 THD under Load change operating conditions in charging state. 

 

 

Fig.4.10 THD under Load change operating conditions in discharging state. 

 

Fig.4.10 THD under Load change operating conditions in discharging state. Fig.4.9 

shows The THD under non-ideal operating condition in charging mode which means 

when source is not ideal the value of THD is calculated and it’s value is 3.34% which 

is perfectly correct. due to the fact that it is likewise less than 5%. 

 

Table 4.2 :  THD during different working Condition. 

 

Charging THD (%) Discharging THD (%) 

Reference Change 

Operating Condition 

2.94% Reference Change 

Operating 

Condition 

3.58% 

Non-Ideal Operating 

Condition 

3.25% Non-Ideal Operating 

Condition 

3.97% 

Load-Change Operating 

Condition 

3.34% Load-Change Operating 

Condition 

4.57% 
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Fig.4.9 shows The THD under non-ideal operating condition in charging mode which 

means when source is not ideal the value of THD is calculated and it’s value is 3.34% 

which is perfectly correct. due to the fact that it is likewise less than 5%. Fig.4.10 shows 

The THD under non- ideal operating condition in discharging mode which means when 

source is not ideal the value of THD is calculated and it’s value is 4.57% which is 

perfectly correct. due to the fact that it is likewise less than 5%. 

 

4.4 CONCLUSION: 

  In order to lessen the burden on the electrical grid, the project's main goal is to 

create a functional, bidirectional EV battery charger that can also provide electricity to 

it. The electrical system is under additional strain due to the electric vehicle industry's 

explosive growth. Bidirectional systems optimize benefits for both V2G and G2V 

systems by allowing power to flow both ways. Therefore, the DC/DC converter 

performs buck-boost converter tasks. Through V2G, energy generated by local EV 

owners can be used and fed back into the power grid. This is accomplished via assigning 

supervision. In order to facilitate effective power flow management between the battery 

and the grid, this study proposed a real-time Model Predictive Control (MPC) technique 

for bidirectional electric vehicle (EV) charging and discharging. The suggested method 

combines a two-stage power conversion system, which consists of a bidirectional DC-

DC converter and a single-phase full-bridge AC-DC converter, with MPC   controller. 

The control method ensures high-quality power injection into the grid while efficiently 

regulating the charging and discharging currents. 
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CHAPTER-5 

 

Implementation of Robust Control for Smart Home EV Charger through  

FC -MPC 

 

5.1 INTRODUCTION: 

Electric vehicle (EV) adoption has increased demand for intelligent, dependable, and 

efficient charging infrastructure. An essential part of this ecosystem are smart home EV 

chargers, which allow for user convenience, grid-friendly operation, and efficient 

charging schedules. Uncertainties like shifting grid voltage, fluctuating EV battery 

conditions, and changes in load demand, however, make it difficult to guarantee steady 

and effective charger operation. In order to overcome these obstacles, this study 

investigates the use of Finite-Control Set Model Predictive Control (FC-MPC) to build 

robust control techniques for a smart home EV charger. Model Predictive Control 

(MPC) is a popular option for dynamic charging applications because of its multi-

variable control, predictive capabilities, and capacity to manage system restrictions. 

Because FC-MPC, a discrete form of MPC, manipulates the switching states directly 

and does not require a separate modulation stage, it is especially well suited for power 

electronic converters [1]. Because fossil fuels are more readily available, there are more 

and more electric vehicle on the road every day. An electric vehicle's battery is typically 

charged by the grid, which frequently adds more strain to the system. Because of this, 

the grid's load is supported and decreased when the battery is able to release its stored 

power during periods of high load demand, according to the notion of grid to load. 

Owners of electric vehicles can use the energy stored in their batteries to generate a 

certain amount of revenue. Several benefits are offered. Because it plays a critical role 

in decision-making and helps to mitigate grid-related instabilities, the smart grid offers 

significant hope. The idea under discussion is called vehicle-to-grid (V2G) [2]. The 

main goal of this project is to construct an isolated, bidirectional, fast-response, current-

controlled DC-DC converter that can simulate an electric vehicle battery's on road 

current in a laboratory or manufacturing setting [3]. The two bidirectional phases of the 

suggested converter are seen in Fig. 5.1. A single-phase full-bridge AC-DC converter 

powers the front end and is in the process of charging. It becomes a DC-AC converter 

to recover energy discharged from battery to grid [4]. The second stage controls the 

charging and discharging current of the battery using a different DC-DC converter. For 

the Battery inverter current control, this work proposes a model predictive control 

(MPC) to bring high-quality electricity into the network [5]. The inverter has two control 

levels: the first is a simple hysteretic power management level that shifts the power 

reference to the second level based on the battery's state of charge (SoC) value, The 

second level is MPC controller that drives the inverter to inject the right quantity of 

high-quality current in line with the reference without requiring a module [6]. With the 

selected control strategies, a simulation of our hybrid system will be accomplished. A 
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new control method for power electronic converters is called model predictive control, 

or MPC. The benefits of MPC include its capacity to manage intricate, nonlinear systems 

and accomplish many control goals while abiding by a number of restrictions [7]. By 

skipping the repetitive computations of the cost functions and states forecasts, MPC 

provides a much lower computing overhead. However, MPC heavily depends on the 

power converter's dynamic model. They are therefore more prone to ambiguities and 

interruptions. This paper presents a novel approach to increase the robustness and 

reliability of the MPC for electric vehicle chargers by treating the dynamic model of the 

converter as a black box. Next, a recursive least squares algorithm-based adaptive 

estimating technique is suggested for online dynamic. Effective and reliable control 

mechanisms for EV chargers in smart homes are required due to the substantial pressure 

that the growing popularity of electric vehicles (EVs) has placed on residential power 

networks. Grid stability, energy efficiency, cost optimization, and smooth integration 

with renewable energy sources are some of the issues that a well  designed charger must 

handle. Advanced control techniques have become an essential solution to meet these 

objectives Because it can manage multi-objective optimization in real time, Finite 

Control Set Model Predictive Control (FCS MPC) is a potential method for tackling 

these issues. By minimizing a predetermined cost function, FCS-MPC chooses the best 

course of action for control and forecasts the system's future behaviour over a finite time 

horizon. Because of this feature, it is perfect for dynamic systems like smart home EV 

chargers, which function, The suggested control strategy ensures optimal energy use and 

power quality while strengthening the charger's resilience to load fluctuations, grid 

disruptions, and model uncertainties. The study assesses the FC-MPC-based controller's 

performance in relation to traditional control schemes, highlighting its benefits in terms 

of quicker response times, lower harmonic distortion, and increased efficiency. The rest 

of the paper is structured as follows. The two-way EV charger system's controller design 

is displayed in Section II. In this part, the MPC scheme concept for this two-stage 

charger is also thoroughly discussed. Part III contains the outcomes of tests and 

simulations related to the charging and discharging states. Section IV presents the 

concluding findings. 

 

5.2 CONTROLLER DESIGN: 

Model Predictive Control (MPC) is a sophisticated control technique that solves 

a dynamic optimization problem at each time step to forecast and optimize a system's 

future behaviour. In order to forecast future outputs over a finite prediction horizon 

while taking input, state, and output restrictions into account, MPC employs a 

mathematical model of the system. It determines the best control measures to 

accomplish the intended goals, such performance, stability, or efficiency, based on these 

forecasts.  
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AC/DC DC/DC

S1

S2

S3

S4

CDC

Cb

 
Fig.5.1 Circuit topology of an AC/DC converter that is linked to a battery through a 

DC/DC converter. 

Reduce voltage/current tracking error. To guarantee seamless charging, penalize large 

control movements. Limits on battery current, grid voltage, and maximum/minimum 

charging power. Calculate the difference between the expected and actual behaviour of 

the system. To make up for model discrepancies, modify the control input appropriately. 
The continuous control inputs in MPC can have any value as long as it stays within the 

specified bounds. This makes it possible to regulate system variables more precisely and 

with smoother control actions. MPC can reach more optimal solutions through 

continuous optimization, especially in complex systems with considerable 

unpredictability. The control inputs in FS-MPC are chosen from a predetermined, 

distinct set of potential control actions. This restricts the control resolution, which could 

result in less seamless transitions and, under some circumstances, less-than-ideal 

performance.  

DC/DC BAT

Cdc

Predictive model

Minimization 

of g function

 

Fig.5.2 MPC Controller for DC/DC 

At every stage, MPC uses increasingly complex solvers capable of minimizing a 

continuous cost function across a prediction horizon to solve a continuous optimization 

issue. This makes it possible to adjust several performance criteria (such as power 

quality and energy efficiency) and can enhance performance for complicated, nonlinear 

systems. Systems with complicated dynamics and many control objectives, like 

nonlinear systems or systems with multiple constraints, are better suited. MPC can 

manage more complex control objectives, such as balancing thermal restrictions, 

optimizing battery life, and minimizing energy loss. Explicit limitations on inputs, 

outputs, and states can be handled continuously by MPC. This is especially crucial in 
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applications with stringent power, voltage, and temperature restrictions, such as electric 

automobiles. It demands additional processing power because of the model's complexity 

and ongoing optimization. However, even for complicated systems, real-time 

implementation is becoming more and more possible due to advancements in algorithms 

and processing capacity. MPC can lower switching losses and component stress, such 

as that of power transistors, because it uses continuous control inputs. This results in a 

longer system lifespan and higher efficiency, particularly in high-frequency switching 

applications like DC-DC converters. makes it possible to more precisely adjust 

performance parameters like response time, stability, and power quality by allowing for 

more flexibility of the cost function and prediction model. Smoother and more accurate 

control actions are the result of continuous control inputs. Improved performance in 

intricate, nonlinear systems as a result of more advanced optimization algorithms. 

Managing limitations explicitly for better system efficiency and safety. It decreased 

switching losses, improved system performance, and decreased component wear. More 

adaptability while managing various performance measures and adjusting control 

objectives. 

Table 5.1: Step change in 𝑰𝒃𝒂𝒕 

 

Step change in 𝑰𝒃𝒂𝒕 Value 

Charging -8A to -6A 

Discharging 8A to 6A 

 

5.3 RESULT AND SIMULATION: 

To illustrate how the recommended and sophisticated controllers work, a few 

simulation results are presented in this section. Make an EV charger model of the single-

phase converter with MATLAB/Simulink. The output of the simulation is displayed in 

scope to demonstrate the system's resilience. The purpose of this simulation is to evaluate 

the system's performance.  

In this section we show how sensitive the converter is to various variations in grid 

voltage. The behaviours of the system in both normal grid settings and when multiple 

scenarios are combined is also examined by the simulation. In order to illustrate how the 

battery charges, the waveforms compare variations in battery current, non-ideal source 

conditions, and source load variations. Figure 5.3 illustrates the reference change 

operating state under charging and discharging condition, which is achieved by varying 

the reference current at various values to demonstrate the robustness of the system and the 

corresponding results. The constant DC link voltage 𝑉𝐷𝐶 , which varies at the reference 

point, further attests to 𝐼𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡, and SoC. These waveforms also demonstrate that 𝑣𝑔 and 

𝑖𝑔 are in phase and have unity power factor when charging and out of phase when 

discharging. Whereas 𝐼𝑏𝑎𝑡 alterations -8A, and -6A. 𝑉𝑏𝑎𝑡 varies at the point of reference. 
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Figure 5.4 show 𝐼𝑏𝑎𝑡 step change  operating condition in charging  state means we 

are changing battery current from -8A to -6A to check the system robustness  whether it 

works on step change of 𝐼𝑏𝑎𝑡 but it’s perfectly working on step change condition as shown 

.These waveforms show in-phase 𝑣𝑔 and 𝑖𝑔 and out of phase in 𝑣𝑔 and 𝑖𝑔 , in the constant 

DC link voltage, VDC, further attest to 𝐼𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡 and SoC. The built-in charger further 

demonstrates how well 𝐼𝑏𝑎𝑡 regulated charging current controls the charging and 

discharging process. 

FC-MPC's significance in smart home EV chargers in contrast to conventional PI 

controllers, FC-MPC has the ability to anticipate and address disruptions before they have 

an impact on system performance. (a)Quick Dynamic Response: Makes it possible to 

quickly adjust to variations in EV charging requirements and power availability 

(b)Integration with Renewable Energy: Makes smart homes more environmentally 

friendly by guaranteeing steady operation when charging EVs using solar or wind energy. 

Scalability: Adaptable to microgrid applications, enabling many EV chargers to manage 

energy in unison. 

 

In-Phase Out-Of-Phase

-6A

6A

 
Fig.5.3 Reference change operating condition showing both charging and 

discharging. 
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-6A

-8A

In-Phase

 
Fig.5.4 Step change in 𝑰𝒃𝒂𝒕 during charging condition 

 

Figure 5.5 show 𝐼𝑏𝑎𝑡 step change  operating condition in discharging  state means 

we are changing battery current from 8A to 6A to check the system robustness  whether it 

works on step change of 𝐼𝑏𝑎𝑡 but it’s perfectly working on step change condition as shown 

.These waveforms show in-phase 𝑣𝑔 and 𝑖𝑔 and out of phase in 𝑣𝑔 and 𝑖𝑔 , in the constant 

DC link voltage, VDC, further attest to 𝐼𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡 and SoC. The built-in charger further 

demonstrates how well 𝐼𝑏𝑎𝑡 regulated charging current controls the charging and 

discharging process. 
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6A8A

Out-Of-Phase

 

Fig.5.5 Step change in 𝑰𝒃𝒂𝒕 during discharging condition 

Out-Of-Phase

 

Fig.5.6 Step change in 𝑽𝑫𝑪 during charging condition. 
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-6A

In-Phase

 

Fig.5.7 Step change in 𝑽𝑫𝑪 during discharging condition. 

Fig.5.6 shows the Step change in 𝑉𝐷𝐶 during charging operating condition which means, 

VDC is changing from 400 to 430  to check the system robustness  whether it works on 

step change of 𝑉𝐷𝐶 but it’s perfectly working on step change condition as shown .These 

waveforms show in-phase 𝑣𝑔 and 𝑖𝑔 and out of phase in 𝑣𝑔 and 𝑖𝑔which is perfectly 

correct, in the constant  battery current, 𝐼𝑏𝑎𝑡, further attest to 𝐼𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡 and SoC. The built-

in charger further demonstrates how well 𝑉𝐷𝐶 regulated charging voltage controls the 

charging and discharging process.Fig.5.7 shows the Step change in 𝑉𝐷𝐶 during discharging 

operating condition which means, VDC is changing from 400 to 430  to check the system 

robustness  whether it works on step change of 𝑉𝐷𝐶 but it’s perfectly working on step 

change condition as shown .These waveforms show in-phase 𝑣𝑔 and 𝑖𝑔 and out of phase 

in 𝑣𝑔 and 𝑖𝑔which is perfectly correct, in the constant battery current, 𝐼𝑏𝑎𝑡, further attest 

to 𝐼𝑏𝑎𝑡, 𝑉𝑏𝑎𝑡 and SoC. The built-in charger further demonstrates how well 𝑉𝐷𝐶 regulated 

charging voltage controls the charging and discharging process. 

EV Charger Benefits of FC-MPC are High Efficiency: Losses are minimized via 

strategic switching. Flexibility: Adjusts to load and grid circumstances as they vary. 

Battery Protection: To increase battery life, safe charging patterns are maintained. 

Grid Support: Facilitates operations such as voltage regulation and reactive power 

adjustment. 

Model for Prediction, make predictions about the charger's future behaviour for every 

potential switching state using the state-space representation. Add restrictions such 

grid code requirements, charging profiles, and limits on current and voltage. The 
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Design of the Cost Function create a cost function using the following components: 

(a)Performance Monitoring: Reduce the discrepancy between the intended and actual 

charging voltage and current. (b)Reducing switching losses and extending converter 

life can be achieved by minimizing switching transitions. (c)Grid Interaction: Make 

sure grid standards are followed and lessen the effects of disruptions. Battery health: 

Put restrictions in place to keep the EV battery from overcharging or overheating. 

(d)Improvement Assess every potential switching condition at every sampling 

interval. Choose the switching state that minimizes the cost function after computing 

it for each state. Put the charger in the best possible switching state. (e)Strengthening 

of Robustness To manage prediction model uncertainties, include adaptive techniques 

or disturbance observers. To adapt the model dynamically to system conditions, use 

real-time parameter identification. 

5.4 CONCLUSION: 

The project's primary objective is to develop an effective, bidirectional EV battery 

charger that can also supply power to the electrical grid in order to reduce the strain on it. 

The rapid expansion of the electric vehicle sector is putting further demand on the 

electrical system. Power can move in both ways in a bidirectional system, which 

maximizes benefits for both V2G and G2V systems. Thus, buck-boost converter functions 

are carried out by the DC/DC converter.Energy produced by nearby EV owners can be 

utilized via V2G and returned to the power system. Assigning supervision is how this is 

done. 
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CHAPTER -6 

MODELLING, SIMULATION AND EXPERIMENTAL RESULTS OF 

EV CHARGER 

6.1 MODELLING OF EV CHARGER: 

This chapter show   the implementation and control architecture of a two-stage off-

board EV charger. Because the dq frame is challenging, the inner control in this chapter is 

carried out in the AC domain, where the signals are periodic. The Model Predictive 

Controller (MPC), Model Predictive Control (MPC) is a sophisticated control technique 

that forecasts and optimizes future control actions using a dynamic model of the system. 

At every sampling instant, it solves an optimization problem online while taking goals, 

constraints, and future behaviour into account. which has been successfully built and 

implemented for the suggested job, is found to be highly helpful of fixed frequency in case 

of single-phase systems.   

Table 6.1: Parameter Values of   Bidirectional   Charging Systems   

Symbol Quantity Value 

(𝑣𝑔) Grid voltage 325V(rms) 

𝑘𝑝 Active power Factor 1 

𝑘𝑞 Reactive Power Factor 1 

(𝑉𝐷𝐶), DC voltage 400 V 

𝑇𝑠 Sampling Time 12e-9sec 

L Inductance 4e-3mH 

frequency Sampling frequency 50khz 

𝐼𝑟𝑒𝑓 Reference current -5A 

𝑉𝑏𝑎𝑡 Battery voltage 260 V 

𝑖𝑏𝑎𝑡 Battery current 5A 

 

 



                                                                                                                                                                                       

54 
 

S1 S2 S5 

Lf Ibat 

CDC VDC 

Cf 

S4 
Vbat 

S3 S6 

 

 

LS

vg

 

Fig.6.1 Switching model of single-phase 

6.2 AC-DC Converter Modelling (Single-Phase): 

Mathematical modelling of simple AC-DC converter has been done in this section. A 

switching model of AC-DC converter has been shown in fig 6.2 

 

 

Fig.6.2 AC-DC converter switching model 

  The grid                voltage is represented by Vg, Ls is grid side inductor, Lf and Cf is AC side 

filter inductance and capacitance respectively and 𝑅𝐿𝑓 and 𝑅𝐶𝑓 are equivalent series 

resistance (ESR) of filter inductance and capacitance respectively. The representation of 

ON state of switch 𝑆1 and 𝑆3  are represented by Sp = 1 and Sp = 0 respectively. Where, 

Sn = 1 and Sn = 0 are the representation of ON state of switch 𝑆2  and  𝑆4 respectively. 

Therefore, when switch 𝑆1 and 𝑆4  are on and 𝑆3  and 𝑆2  are off then the grid current Ig 

is equal to DC side current 𝐼𝐷𝐶 and Vpn equals to 𝑉𝐷𝐶. The ON state of switch S1 and S4 

is expressed as follow. 

pn p nV V V= −  
                  (1) 

      RL

f 

S = 1 
ID

C 
 

IL

f  
  S = 0  

C
f 

CDC

 VDVg ICf 

Cf Vn  

 

DC-DC 

and 

Battery 
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* * ( )*p DC n DC p n DCS V S V S S V− = −  
(2) 

*pn DCS V=  
(3) 

pn p nS S S= −  
(4) 

( ) *DC p n Lf pn LfI S S I S I= − =  
(5) 

 

Now Apply Kirchoff’s voltage law (KVL)in outer loop and neglecting capacitor 

g Ls CfV V V= +  
(6) 

g g Cf

s s

dI V V

dt L L
= −  

(7) 

 

Applying KVL, in the inner loop, we get 

*Cf Lf Lf Lf pnV V I R V= + +  
(8) 

*Lf Cf Lf Lf pn

f f f

dI V I R V

dt L L L
= − −  

(9) 

At junction, Applying KCL, we get 

g Lf CfI I I= +  
(10) 

Cf g Lf

f f

dV I I

dt C C
= −  

(11) 
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6.3 DC-DC Converter Modelling: 

 

 

 

 

 

  

 
 

 

 

Fig.6.3 DC-DC converter topology. 

The topology of the second stage DC-DC converter is displayed in Fig. 6.3. It is made up 

of two IGBT switches and is bidirectional. When the battery is charging, it operates in 

buck mode; when the active power is being sent to the grid, it operates in boost mode. 

Switch S7 is on and S8 is off 

Below is a discussion of the average modelling of the DC-DC converter when switch S7 

is turned on. The current flow direction when switch S7 is in the on state and when switch 

S8 is in the off state is seen in Fig. 6.4. 

 

 

 

 

 

 

            

Fig.6.4 DC-DC buck operation ON state. 
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DC Lf batV V V= +  
(1) 

 

Lf DC bat

f f

dI V V

dt L L
= −  

(2) 

 

The current across the inductor is denoted by 𝐼𝐿𝑓, while the voltage across the filter 

inductance 𝐿𝑓 and capacitance 𝐶𝑓 are represented by 𝑉𝐿𝑓 and 𝑉𝑏𝑎𝑡 respectively.  

At the battery side, KCL now gives 

Lf Cf batI I I= +  
(3) 

Lfbat bat

f f

IdV I

dt C C
= −  

(4) 

 

Here, current through capacitor 𝐶𝑓 is 𝐼𝐶𝑓.Now apply KCL at DC-link capacitor gives, 

DC CDC LfI I I= +  
(5) 

LfDC DC

DC DC

IdV I

dt C C
= −  

(6) 
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Switch S7 OFF and S8 ON 

 

   

 

 

 

 

 

 

Fig.6.5 DC-DC buck operation OFF state 

Apply KVL in the Battery loop, 

0 Lf batV V= +  
(1) 

Lf bat

f

dI V

dt L
= −  

(2) 

 

At battery side, apply KCL 

Lf Cf batI I I= +  
(3) 

Lfbat bat

f f

IdV I

dt C C
= −  

(4) 

 

Now, DC-Link capacitor side, apply KCL 

DC CDCI I=  
(5) 
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DC DC

DC

dV I

dt C
=  

(6) 

 

Fig 6.2 show two IGBT that operate in both directions. It operates in buck mode   when a 

battery is present and boost mode when active power is sent to the grid. 

6.4 Simulation Result: 

 

Fig.6.6 Current and voltage relation of unidirectional charger . 

Fig.6.7: Current and voltage relation during (a) in phase (b) Out-of-Phase 
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Fig.6.8 Comparison of PI and MPC controller with reference current 

 

 

 

 

 
Fig.6.9 Reference change operating condition 

showing   charging State 

 

Fig.6.10 THD under reference change 

operating conditions. 
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Fig.6.11 Nonideal Source operating condition 

under charging state . 
 

Fig.6.12 THD under nonideal operating 

conditions. 

 

 

 

 

Fig.6.13 Load change operating condition 

under charging state.  

 

 

Fig.6.14 THD under Load change operating 

conditions. 



                                                                                                                                                                                       

62 
 

 

 

 

 

Fig.6.15 Reference change operating 

condition showing discharging state. 
 

Fig.6.16 THD under reference change 

discharging operating conditions. 

 

 

 

 

 

 

 

 

Fig.6.17 Nonideal Source operating 

condition under discharging state. 
 

Fig.6.18 THD under nonideal discharging 

operating conditions. 
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Fig.6.19 Load change operating condition 

under  discharging state. 

Fig.6.20 THD under Load change 

discharging operating conditions. 

 

 

Fig.6.21 Reference change operating 

condition showing both charging and 

discharging. 
 

Fig.6.22 Nonideal Source operating condition 

under charging state and discharging state. 
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-6A

-8A

In-Phase

 

Fig.6.23 Load change operating condition 

under charging state and discharging state. 

Fig.6.24 Reference change operating condition 

showing both charging and discharging. 
In-Phase Out-Of-Phase

-6A

6A

 

Out-Of-Phase

 

Fig.6.25 Step change in 𝑰𝒃𝒂𝒕 during charging 

condition. 

Fig.6.26 Step change in 𝑰𝒃𝒂𝒕 during 

discharging condition. 
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-6A

In-Phase

 

6A8A

Out-Of-Phase

 

Fig.6.27 Step change in 𝑽𝑫𝑪 during charging 

condition. 

Fig.6.28 Step change in 𝑽𝑫𝑪 during 

discharging condition. 
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6.5 Experimental Results: 

 

                                Fig.6.29 Bidirectional DC-DC converter. 

 

Fig.6.30 Microcontroller Launchpad 
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Fig.6.31 Gate driver circuit. 

 

Fig.6.32 Bidirectional Converter with gate driver circuit. 
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Fig.6.33 Switch Stress 

 

Fig.6.34 Capacitor Voltage 
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Fig.6.35 Inductor current 

 

  

Fig.6.36    8 IRFP260N MOSFET Fig.6.37    9 MUR 860 Diode 

  
Fig.6.38   ELECTROLYTIC   

CAPACITORS 

Fig.6.39    TLP 350 
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Fig.6.40   Hi-Link Fig.6.41 Terminal Connectors 

 
 

 

Fig.6.42 Ferrite Core Inductor 

 

 

Fig.6.43 Dimension of Core 
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Fig.6.44 Voltage Sensor Fig.6.45 Power Supply for Sensor 

 

 

Fig.6.46 Step Down transformer Fig.6.47 Schematic of power supply 

 

 
 

Fig.6.48 PCB Design of power 

supply 

 
 

 

Fig.6.49 Heat Sink 
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Fig.6.50   DC Fan for cooling Fig.6.51 Launchpad F28379D 

 

A MOSFET (IRF1407), a Texas Instruments F28379D LaunchPad for digital control 

implementation, a transformer for voltage isolation and level shifting, and inductors and 

capacitors for energy storage and filtering are some of the power electronic components I 

used in the experiment. Every component was chosen according to how well it fit the 

design specifications and performed within the allotted ratings. In order to verify the 

simulation results of a bidirectional DC-DC converter with MPC-based control for battery 

charging and discharging applications, the experimental setup was created and put into 

place 

Hardware Configuration and Components: 

In order to implement and validate the intended converter system, the following elements 

were used in the experimental setup: 

MOSFET (IRF1407): Because of its low on-resistance and high current handling, this 

device is used as the primary switching device. 

 

Texas Instruments F28379D LaunchPad : It is used as a digital controller to implement 

control algorithms like MPC and generate PWM signals. 

 

Power transformers: They are used for isolation and voltage level modification when 

there is any AC-side interface. 
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Inductor and Capacitor: Energy storage and filtering are accomplished by inductors and 

capacitors, which keep voltage and current waveforms within predetermined bounds. 

Design analysis and simulation were used to choose values. 

 

DC Fan: A DC fan is used to actively cool power components and regulate heat. 

 

Heat Sink: Used to efficiently dissipate heat from power semiconductor devices such as 

MOSFETs. 

 

Custom PCB: EasyEDA was used to design the gate driver circuits and ±15V DC power 

supply. 

 

 TLP350 :  The TLP350 Opto-Isolated Gate Driver IC provides electrical isolation while 

safely driving the MOSFET gate from the LaunchPad PWM outputs. 

 

Voltage sensor and Current Sensor: Closed-loop control is made possible by the 

implementation of voltage and current sensors, which monitor input and output electrical 

parameters in real time. 

 

Power Supply Circuit: Designed on Zero PCB to provide dependable power to the driver 

and control circuitry. 

Every component was chosen with the system's voltage, current, and frequency needs in 

mind. During experimental testing, the configuration guarantees precise control, safe 

operation, and efficient heat management. 
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CHAPTER-7 

CONCLUSION AND FUTURE SCOPE 

7.1 Conclusion: 

This work focuses on developing different controllers for electric vehicle (EV) charging. 

The EV charger has two conversion stages: the first is AC-DC, and the second is DC-DC. 

An EV charger's primary components are these two converters. In addition to charging 

and discharging the battery pack, the EV charger is made to adjust for reactive power. 

Both converters are built with bidirectional capability for this purpose. With an anti-

parallel diode, IGBT switches are used in the design of the converters. Both charging the 

battery pack and transferring battery power back to the grid or a local load are capabilities 

of the EV charger. 

On-board and off-board EV chargers, along with associated controllers, have been created 

in this effort. Two independent controls are needed for the AC-DC and DC-DC conversion 

stages of the two-stage EV charger. Here, three EV charger controllers for on-board EV 

chargers and two for off-board EV chargers have been built. This work's primary goal is 

to create control algorithms for the initial stage of an AC-DC converter in order to address 

a number of EV charging issues. All EV charger controllers, however, employ the 

generalized control method for the second stage DC-DC converter. Every EV charger 

controller is made to be able to obey any active or reactive power command that falls 

within the charger's rating. 

Five different quantities active/reactive power, grid side current, DC link voltage, and 

battery current are all controlled by the EV charger controller. Active/reactive power and 

grid side current are the three variables that the proposed controller regulates using an AC-

DC converter. The remaining two values, namely battery current and DC link voltage, are 

controlled by the DC-DC converter. Three references are provided in this instance, and 

the remaining two are their creations. The two loops that make up the AC-DC converter's 

control are the inner and outer loops. The inner control loop uses the reference created by 

the outer loop. The active/reactive power is monitored in the outer loop, which also 

provides the grid current reference for the inner current control loop. As a result, the inner 

and outer control loops each need their own regulator. Likewise, DC-DC converter control 

has a two-control loop architecture. In this case, the battery current reference is generated 

by tracking the DC link voltage in the outer loop, which is then tracked in the inner current 

control loop. 

The first chapter of the six-chapter thesis covered the fundamental overview, types, and 

standards of EV chargers. The experimental setup development and operating modes of 
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the EV charger were detailed in the second chapter. For this, dSPACE  

The 1104 controller is used to verify the EV charger controller's functioning in real time. 

A bidirectional EV charger was mathematically modeled in the third chapter. Two EV 

charger control algorithms for an off-board EV charger have been devised in the fourth 

chapter. The first control approach uses two proportional integral (PI) regulators for the 

second stage of the DC-DC converter and four for the first stage of the AC-DC converter. 

Two PI regulators are needed for grid current control in the inner loop in the dq frame and 

two for tracking active/reactive power in the outer loop for AC-DC converter control. It 

has been discovered that tuning four PI regulators at once for a single controller can 

occasionally be quite challenging, particularly for inner loops. Furthermore, various frame 

conversions are needed for this kind of EV charging controller. A unified adaptive neuro-

fuzzy inference system (ANFIS) control is employed in the outer loop of the second 

control strategy to track active/reactive power and generate reference grid current. A 

hysteresis control is used in the inner loop to track the grid current in a periodic manner.  

It is discovered that the hysteresis control outperforms the PI regulator in the inner loop. 

7.2 Future Scope: 

In order to operate an EV charger in a variety of G2V and V2G modes while keeping the 

amount of ripple content on the DC side within an acceptable range, the primary goal of 

the proposed study is to build a reliable control system. If the grid needs active power, the 

EV charger can provide it. If a battery charges more slowly, it can also compensate reactive 

power (capacitive or inductive). The remaining charger rating is then used to compensate 

for the reactive power in order to maximize the charger's rating. In addition, if the battery 

is not connected to the charger Future research can look into the following four areas: 

Certain techniques can be used to change the variable switching frequency into a fixed 

switching frequency in the case of hysteresis control. Certain control strategies that lower 

THD and ripple can be applied to single stage, single phase on-board EV chargers; as a 

result, they can also be applied to battery packs with a 5% permitted ripple. It is possible 

to consider disturbance in the case of a periodic reference controller. Due to the enormous 

number of EVs linked to the grid, grid parameters may be disturbed. Frequency adaptation 

can be incorporated into the inner current control loop since periodic controllers are 

sensitive to changes in frequency. 
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