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Abstract 

The integration of solar energy systems with electric vehicle (EV) applications presents an innovative 

approach towards enhancing the sustainability and efficiency of transportation. This abstract explores 

the development and implementation of a new boost converter topology tailored specifically for solar-

powered EV charging. The boost converter is a critical component that efficiently increases the 

voltage from solar panels to levels suitable for charging EV batteries, optimizing energy utilization and 

reducing reliance on grid power. The proposed boost converter design addresses key challenges 

associated with solar energy integration in EVs, such as maximizing power conversion efficiency and 

maintaining stable output voltage across varying solar conditions. By leveraging advanced control 

algorithms and novel circuit topologies, the converter ensures reliable operation under dynamic solar 

input, enabling consistent and efficient charging performance for EVs. This research aims to bridge 

the gap between renewable energy sources and electric mobility, fostering sustainable transportation 

solutions. 

 

Introduction 

The integration of solar energy with a new boost converter for electric vehicle (EV) applications 

represents a cutting-edge approach in sustainable transportation and renewable energy utilization. As 

the world seeks to reduce dependence on fossil fuels and combat climate change, electric vehicles 

powered by renewable sources like solar energy offer a promising solution. This integration involves 

leveraging solar panels to capture sunlight and convert it into electricity, which is then efficiently 

managed and utilized in EVs through innovative boost converter technology. One of the primary 

challenges addressed by this integration is maximizing the utilization of solar energy in EV charging 

systems. Solar panels generate electricity intermittently depending on sunlight availability, making 

efficient energy conversion and storage essential for consistent EV operation. The boost converter 

acts as a bridge between the solar panels and the EV batteries, ensuring that the harvested solar 

energy is effectively utilized for charging, even under varying environmental conditions. 

 

Components Recquired: 

➢ PV 

➢ BOOST CONVERTER 

➢ PWM GENERATION 

➢ CONTROLLER 

➢ BATTERY 

➢ LOAD 

➢ LCD 

Hardwrae Description  

Photovoltaic (PV): 
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PV panels convert sunlight into electrical energy through the photovoltaic effect, generating direct 

current (DC) electricity. Photovoltaic (PV) technology harnesses sunlight to generate electricity, 

offering a sustainable and renewable energy source. PV systems consist of solar cells, typically made 

of semiconductor materials like silicon, which absorb photons from sunlight. As sunlight strikes the 

solar cells, it liberates electrons, creating a flow of electric current. These cells are interconnected in a 

panel to enhance power output. The basic building block of a solar panel is a solar cell, where 

sunlight stimulates the movement of electrons, generating a direct current (DC) voltage. Multiple solar 

cells are connected in series and parallel to form a solar module, and these modules are combined to 

create a solar array. To optimize power generation, the solar array is often installed at an angle or 

tracking system to align with the sun's position throughout the day. The generated DC power is then 

converted into usable alternating current (AC) electricity through inverters for integration into the 

electrical grid or for direct use in various applications. The importance of photovoltaic (PV) technology 

lies in its capacity to provide a clean and sustainable energy source, mitigating environmental impact 

and reducing dependence on finite fossil fuels. The primary objective of PV systems is to convert 

sunlight into electricity, offering a decentralized and renewable energy solution. By harnessing solar 

power, PV technology contributes to a more resilient and diversified energy grid, fostering energy 

independence and security. Additionally, the widespread adoption of PV systems aligns with global 

efforts to combat climate change, as solar energy generation produces minimal greenhouse gas 

emissions. The overarching goal of photovoltaics is to drive a transition towards a more sustainable 

and environmentally friendly energy landscape, addressing both energy security and environmental 

concerns. Photovoltaic (PV) technology offers a multitude of advantages, making it a key player in the 

global shift towards sustainable and renewable energy sources. One significant advantage is 

environmental sustainability; PV systems generate electricity without emitting greenhouse gases, 

reducing carbon footprints and combating climate change. PV installations are modular and scalable, 

allowing for deployment in diverse locations, from remote areas to urban settings. Moreover, solar 

power is abundant and inexhaustible, offering a long-term solution to energy needs. PV systems 

contribute to energy independence by diversifying the energy mix and reducing reliance on finite fossil 

fuels, enhancing energy security. Additionally, solar energy is increasingly cost-competitive, with 

continuous advancements driving down the overall cost of PV installations. The decentralized nature 

of PV systems empowers communities to generate their own electricity, fostering resilience and 

reducing transmission and distribution losses. Overall, the advantages of photovoltaics encompass 

environmental sustainability, energy independence, cost competitiveness, and the democratization of 

energy production.                                  

 

Working: 

The working principle of a PV Array is rooted in the behaviour of semiconductors, usually made of 

silicon, within the photovoltaic cells. When sunlight strikes these cells, it excites electrons, creating an 

electric current. The interconnected cells in a solar panel generate direct current (DC) electricity. In 

grid-tied systems, inverters convert the DC electricity into alternating current (AC), which is suitable 

for powering homes, businesses, or feeding into the electrical grid. The overall efficiency of a PV 

Array depends on factors such as sunlight intensity, angle of incidence, and the quality of the 

photovoltaic cells. 

 

Features Of Photovoltaic (PV) Arrays: 

Modularity: PV Arrays are modular systems, comprising interconnected solar panels. This modularity 

allows for flexibility and scalability in design, facilitating adjustments based on energy needs and 

available space. 

Renewable Energy Source: One of the primary features of PV Arrays is their reliance on sunlight as 

a renewable energy source. This makes them environmentally friendly, contributing to a reduction in 

dependence on non-renewable fossil fuels and decreasing greenhouse gas emissions. 
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Sustainability: PV Arrays promote sustainable energy practices by converting sunlight into electricity 

without depleting finite resources. Their use aligns with the principles of sustainable development and 

minimizes the environmental impact associated with conventional energy generation. 

Versatility in Installation: PV Arrays can be installed in various locations, including rooftops, ground-

mounted structures, and integrated into building materials. This adaptability makes them suitable for a 

wide range of applications in both urban and rural settings. 

Low Operating Costs: Once installed, PV Arrays have relatively low operating and maintenance 

costs. They require minimal upkeep, with routine cleaning being the primary maintenance task. This 

cost-effectiveness contributes to their attractiveness as a long-term energy solution. 

Silent Operation: PV Arrays operate silently, without generating noise during the electricity 

generation process.  

Reduced Transmission Losses: By generating electricity at or near the point of use, PV Arrays help 

reduce transmission losses associated with centralized power generation. This decentralized 

approach enhances the overall efficiency of the electricity supply chain. 

Off-Grid Capability: PV Arrays can be utilized in off-grid systems, providing a reliable source of 

electricity in remote or isolated areas where conventional power infrastructure may be unavailable or 

impractical. 

Long Lifespan: High-quality PV panels exhibit a long lifespan, typically ranging from 25 to 30 years 

or more. This longevity contributes to the overall economic viability and sustainability of PV Array 

installations. 

Technology Advancements: Ongoing research and technological advancements continue to 

improve the efficiency and cost-effectiveness of PV Arrays. Innovations in materials and design 

enhance their performance, making solar energy an increasingly competitive and viable energy 

solution. 

5Applications of a Photovoltaic (PV) Array: 

Residential Solar Power: PV Arrays are commonly used on residential rooftops to generate clean 

and renewable energy for homes, reducing reliance on grid power. 

Commercial and Industrial Buildings: Businesses and industrial facilities utilize PV Arrays to 

KEYoffset energy costs and demonstrate corporate environmental responsibility. 

Utility-Scale Solar Farms: Large-scale PV Arrays are deployed in solar farms to contribute 

significant amounts of electricity to the grid, supporting utility-scale power generation. 

Off-Grid Power Systems: In remote areas or locations without access to a reliable grid, PV Arrays 

can be part of off-grid systems, providing a self-sufficient power source. 

Solar Street Lighting: PV Arrays are employed in solar-powered street lighting systems, harnessing 

sunlight during the day to illuminate streets and public spaces at night. 

Agricultural Applications: PV Arrays are integrated into agricultural infrastructure to power irrigation 

systems, pumps, and other equipment, promoting sustainable farming practices. 

Educational and Research Facilities: PV Arrays are often used in educational institutions and 

research facilities to study solar energy and showcase sustainable practices. 

Mobile and Marine Applications: Portable PV Arrays are used to charge batteries for recreational 

vehicles, boats, and mobile electronic devices, offering clean energy on the go. 

BOOST CONVERTER: 

    To explain PWM (Pulse Width Modulation) generation in the context of "Solar Energy Integration 

with New Boost Converter for EV Application," let's delve into the details of this important component 

and its role in optimizing energy conversion and control within the system. 

Benefits of PWM Control: 

Overall, PWM generation offers precise and efficient control over the boost converter, enabling 

effective utilization of solar energy for EV applications. By modulating the pulse width of the switching 

signal, PWM ensures that the boost converter operates at its highest efficiency, contributing to 

improved energy conversion, reduced heat generation, and enhanced overall system reliability. 

PWM GENERATION: 
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To explain PWM (Pulse Width Modulation) generation in the context of "Solar Energy Integration with 

New Boost Converter for EV Application," let's delve into the details of this important component and 

its role in optimizing energy conversion and control within the system. 

 

Basic Principle of PWM: 

PWM is a technique used to control the average power delivered to a load by modulating the width of 

pulses in a pulse train of fixed frequency. In the context of solar energy integration for EV 

applications, PWM generation is employed to regulate the operation of the boost converter, which is 

responsible for stepping up the voltage from the PV panels to charge the EV battery. 

Control of Boost Converter: 

The boost converter in this system requires precise control of its output voltage to efficiently charge 

the EV battery using the voltage generated by the PV panels. PWM generation allows for accurate 

adjustment of the duty cycle of the switching signal applied to the boost converter, controlling the ratio 

of on-time to off-time of the switching transistor. 

Duty Cycle and Voltage Regulation: 

The duty cycle of the PWM signal determines the average output voltage of the boost converter. By 

adjusting the duty cycle, the effective output voltage of the boost converter can be increased or 

decreased as needed to match the charging requirements of the EV battery. This ensures optimal 

energy transfer from the PV panels to the battery. 

Efficiency Optimization: 

PWM generation plays a crucial role in optimizing the efficiency of the boost converter. By controlling 

the duty cycle, PWM ensures that the converter operates at its peak efficiency, minimizing losses and 

maximizing the amount of solar energy converted into usable electrical energy for charging the EV 

battery. 

Switching Frequency and Stability: 

The PWM signal also determines the switching frequency of the boost converter's power transistors. 

A higher switching frequency allows for smoother voltage regulation and reduces the size and cost of 

passive components such as inductors and capacitors. PWM generation ensures stable and reliable 

operation of the boost converter under varying load conditions. 

 
Controller: 

Arduino was a project started at Interaction Design Institute Ivrea (IDII) in Ivrea, Italy, with its primary 

goal being creating affordable and straightforward tools for non-engineers to use and create digital 

projects. During its infancy, the project consisted of just three members- Hernando Barragán, 

Massimo Banzi, and Casey Reas. Hernando Barragán worked under the guidance of Massimo Banzi 

and Casey Reas and created a development platform called Wiring as his masters’ thesis project at 

IDII. The development platform consisted of the ATMega168 microcontroller as its brains and used an 

IDE based on Processing, and improving Wiring, they forked it and renamed the project to Arduino. 

The initial core Arduino team consisted of Massimo Banzi, David Cuartielles, Tom Igoe, Gianluca 

Martino, and David Mellis, but Barragán was not included.  
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Now that you know the origin of Arduino, it is essential to get yourself acquainted with the hardware 

that Arduino as a company offers. One of the main reasons for Arduino being so accessible and 

affordable across the globe is because all of the Arduino hardware is open-source. Being open-

source has a plethora of advantages- anyone can access the design and build of the device and 

make improvements; anyone can use the same hardware design to create their product lineup. Since 

Arduino is open-source, it has its own devoted community that strives to help the core company 

develop and improve its hardware products. Another significant advantage of being open-source, 

especially in the case of hardware, is that local companies can create replicas of the products, making 

it more accessible and affordable to the local consumers as it avoids hefty customs and shipping 

charges. All of these advantages contribute to Arduino being so widespread, affordable and ever-

improving.  

USB: can be used for both power and communication with the IDE 

Barrel Jack: used for power supply 

Voltage Regulator: regulates and stabilizes the input and output voltages 

Crystal Oscillator: keeps track of time and regulates processor frequency 

Reset Pin: can be used to reset the Arduino Uno 

3.3V pin: can be used as a 3.3V output 

5V pin: can be used as a 5V output 

GND pin: can be used to ground the circuit 

Vin pin: can be used to supply power to the board 

Analog pins(A0-A5): can be used to read analog signals to the board 

Microcontroller(ATMega328): the processing and logical unit of the board 

ICSP pin: a programming header on the board also called SPI 

Power indicator LED: indicates the power status of the board 

RX and TX LEDs: receive(RX) and transmit(TX) LEDs, blink when sending or receiving serial data 

respectively 

Digital I/O pins: 14 pins capable of reading and outputting digital signals; 6 of these pins are also 

capable of PWM 

AREF pins: can be used to set an external reference voltage as the upper limit for the analog pins 

Reset button: can be used to reset the board 

Electric Drive train: 

The primary load in an EV is the electric drivetrain, which consists of an electric motor or motors that 

drive the vehicle's wheels. When the vehicle is in motion, the electric drivetrain consumes electrical 

energy from the battery to propel the vehicle forward. The load component ensures that the EV's 

propulsion needs are met using electricity supplied by the battery, which is charged by the solar 

energy system. 

Auxiliary Systems: 

In addition to the electric drivetrain, an EV has various auxiliary systems that contribute to overall 

vehicle operation and comfort. These systems include heating, ventilation, air conditioning (HVAC), 

power steering, braking systems, lighting, infotainment, and other electronic components. The load 

component encompasses the electrical power required to operate these auxiliary systems efficiently. 

Power Consumption Profiles: 

The load component also considers the power consumption profiles of different vehicle systems under 

varying operating conditions. For example, during acceleration or climbing gradients, the electric 

drivetrain may require higher power output, increasing the load on the battery and solar energy 

system. Understanding these power consumption profiles helps optimize energy management and 

system performance. 

  Energy Efficiency: 

Efficient utilization of electrical energy within the load component is critical for maximizing the range 

and efficiency of the solar-integrated EV. The design and optimization of the electric drivetrain and 

auxiliary systems aim to minimize energy losses and maximize overall vehicle  
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 Dynamic Power Management: 

The load component involves dynamic power management strategies that prioritize energy allocation 

based on real-time vehicle operating conditions and user preferences. Advanced control algorithms 

optimize power distribution between the electric drivetrain and auxiliary systems, ensuring optimal 

energy utilization and performance while maintaining driver comfort and safety. 

 

Regenerative Braking: 

Regenerative braking is a key feature of EVs that contributes to the load component. During braking 

or deceleration, the electric motor functions as a generator, converting kinetic energy into electrical 

energy that is fed back into the battery for storage. Regenerative braking reduces energy wastage 

and enhances overall system efficiency. 

Overall System Optimization: 

The load component is integral to the overall optimization of the solar-integrated EV system. By 

efficiently managing electrical loads, balancing power demands, and leveraging regenerative braking, 

the system maximizes the utilization of solar-generated electricity, minimizes reliance on grid power, 

and reduces environmental impact, aligning with the goals of sustainable transportation. 

PIN DESCRIPTION : 

            The most commonly used LCDs found in the market today are 1 Line, 2 Line or 4 Line LCDs 

which have only 1 controller and support at most of 80 characters, whereas LCDs supporting more 

than 80 characters make use of 2 HD44780 controllers. Most LCDs with 1 controller has 14 Pins and 

LCDs with 2 controller has 16 Pins (two pins are extra in both for back-light LED connections). Pin 

description is shown in the table below. 

 

Pin No. Name Description 

Pin no. 1 VSS Power supply (GND) 

Pin no. 2 VCC Power supply (+5V) 

Pin no. 3 VEE Contrast adjust 

Pin no. 4 RS 
0 = Instruction input 

1 = Data input 

Pin no. 5 R/W 
0 = Write to LCD Module 

1 = Read from LCD module 

Pin no. 6 EN Enable signal 

Pin no. 7 D0 Data bus line 0 (LSB) 

Pin no. 8 D1 Data bus line 1 

Pin no. 9 D2 Data bus line 2 

Pin no. 10 D3 Data bus line 3 
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Pin no. 11 D4 Data bus line 4 

Pin no. 12 D5 Data bus line 5 

Pin no. 13 D6 Data bus line 6 

Pin no. 14 D7 Data bus line 7 (MSB) 

 

 Character LCD pins with 1 Controller 

 

Instruction And Data Register: 

There are two 8-bit registers in HD44780 controller Instruction and Data register. Instruction 

register corresponds to the register where you send commands to LCD e.g LCD shift command, LCD 

clear, LCD address etc. and Data register is used for storing data which is to be displayed on LCD. 

when send the enable signal of the LCD is asserted, the data on the pins is latched in to the data 

register and data is then moved automatically to the DDRAM and hence is displayed on the LCD. 

Data Register is not only used for sending data to DDRAM but also for CGRAM, the address where 

you want to send the data, is decided by the instruction you send to LCD. We will discuss more on 

LCD instruction set further in this tutorial. 

COMMANDS AND INSTRUCTION SET: 

Only the instruction register (IR) and the data register (DR) of the LCD can be controlled by 

the MCU. Before starting the internal operation of the LCD, control information is temporarily stored 

into these registers to allow interfacing with various MCUs, which operate at different speeds, or 

various peripheral control devices. The internal operation of the LCD is determined by signals sent 

from the MCU. These signals, which include register selection signal (RS), read/write signal (R/W), 

and the data bus (DB0 to DB7), make up the LCD instructions .There are four categories of 

instructions that: 

➢ Designate LCD functions, such as display format, data length, etc. 

➢ Set internal RAM addresses 

➢ Perform data transfer with internal RAM 

➢ Perform miscellaneous functions 

Although looking at the table you can make your own commands and test them. Below is a 

brief list of useful commands which are used frequently while working on the LCD. 

LCD INITIALIZATION: 

Before using the LCD for display purpose, LCD has to be initialized either by the internal reset 

circuit or sending set of commands to initialize the LCD. It is the user who has to decide whether an 

LCD has to be initialized by instructions or by internal reset circuit. we will discuss both ways of 

initialization one by one. 

SENDING COMMANDS TO LCD: 

To send commands we simply need to select the command register. Everything is same as 

we have done in the initialization routine. But we will summarize the common steps and put them in a 

single subroutine 

TEST REPORT 

http://www.8051projects.net/lcd-interfacing/commands.php
http://www.8051projects.net/lcd-interfacing/commands.php
http://www.8051projects.net/lcd-interfacing/commands.php
http://www.8051projects.net/lcd-interfacing/commands.php
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 Conclusion 

In conclusion, the integration of solar energy with a new boost converter for electric vehicle (EV) 

applications represents a promising pathway towards sustainable transportation. By harnessing solar 

power through photovoltaic (PV) panels and efficiently converting it using a boost converter optimized 

for EV charging, this system offers several key benefits. It reduces dependency on fossil fuels, lowers 

greenhouse gas emissions, and enhances the overall energy efficiency of EVs by utilizing clean and 

renewable solar energy. Further  more the use of a new boost converter tailored for EV applications 

ensures efficient and reliable charging of the EV battery system. The boost converter plays a crucial 

role in stepping up the voltage from PV panels to match the battery charging requirements, optimizing 

energy transfer and minimizing losses. This integration enhances the practicality and viability of solar-

powered EVs by maximizing energy utilization and extending driving range. One key take away from 

this integration is the potential to enhance the range and autonomy of electric vehicles. Solar energy 

can supplement grid electricity or onboard battery storage, providing an additional source of 

renewable energy to extend driving range and reduce the need for frequent recharging. This 

contributes to greater energy independence and resilience in EV operation .Moreoverthe use of a new 

boost converter technology improves the efficiency and effectiveness of solar energy utilization in 

EVs. The boost converter optimizes the voltage output from PV panels, ensuring maximum power 

transfer to the battery system while maintaining stable and safe charging conditions. This 

technological advancement enhances overall system performance and reliability.Another important 

aspect is the environmental benefit of solar energy integration in EVs. By leveraging clean and 

renewable solar power, this system helps reduce carbon emissions and air pollution associated with 

traditional internal combustion engine vehicles. It aligns with global efforts to combat climate change 

and transition towards a low-carbon transportation infrastructure. Furthermore the integration of solar 

energy with EVs promotes innovation and advancement in sustainable mobility solutions. It 

encourages research and development in renewable energy technologies, energy management 

systems, and smart grid integration. This holistic approach fosters a more sustainable transportation 

ecosystem that prioritizes energy efficiency and environmental steward ship. In summary, the 

integration of solar energy with a new boost converter for EV applications holds tremendous potential 

for advancing the adoption of renewable energy in the automotive sector. By combining solar power 

with efficient energy management technologies, this approach paves the way for cleaner, greener, 

and more sustainable transportation solutions that benefit both consumers and the planet. 

 

Future Scope:  

The future scope of solar energy integration with new boost converter technology for electric vehicle 

(EV) applications holds significant promise and potential for advancing sustainable transportation 

solutions. Here are key aspects of the future scope: 

Technological Advancements: 

Future developments in boost converter technology will focus on improving efficiency, reducing size 

and weight, and enhancing reliability. New materials and semiconductor technologies may enable 

more compact and lightweight converters with higher power density, allowing for seamless integration 

into next-generation EV platforms. 

Integration with Advanced Energy Storage: 
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The future scope includes integrating solar energy systems with advanced energy storage solutions 

such as next-generation batteries, supercapacitors, or hydrogen fuel cells. This integration will 

optimize energy management, enhance vehicle range, and support rapid charging capabilities, 

enabling EVs to operate more efficiently on solar power alone. 

Smart Energy Management Systems: 

Future solar-integrated EVs will leverage intelligent energy management systems that use advanced 

algorithms and artificial intelligence (AI) to optimize energy utilization in real-time. These systems will 

dynamically adjust power flow between solar panels, energy storage, and vehicle propulsion to 

maximize efficiency and adapt to changing environmental conditions. 

Vehicle-to-Grid (V2G) Integration: 

The future scope includes exploring vehicle-to-grid (V2G) integration, where solar-powered EVs can 

feed surplus energy back into the electrical grid during periods of high demand. V2G capabilities will 

enable EV owners to monetize excess solar energy and contribute to grid stability and renewable 

energy integration on a larger scale. 

 

Increased Adoption of Solar Roof Technology: 

Future EVs may feature integrated solar roof panels with improved efficiency and aesthetics. Solar 

roof technology will become more prevalent, providing a supplementary source of energy to charge 

the vehicle's battery while parked or in motion, further reducing reliance on external charging 

infrastructure. 

Collaborative Research and Development: 

The future scope involves collaborative efforts between automakers, technology companies, research 

institutions, and governments to accelerate the development and deployment of solar-integrated EVs. 

Collaborative R&D initiatives will drive innovation, standardization, and cost reduction, making solar-

powered EVs more accessible and mainstream. 

Environmental and Economic Impact: 

The widespread adoption of solar-integrated EVs will contribute to significant reductions in 

greenhouse gas emissions and fossil fuel consumption. Solar-powered transportation will promote 

energy independence, reduce air pollution, and create new economic opportunities in the renewable 

energy and automotive sectors. The future scope of solar energy integration with new boost converter 

technology for EV applications encompasses advancements in technology, integration with advanced 

energy storage solutions, smart energy management systems, V2G integration, increased adoption of 

solar roof technology, collaborative R&D initiatives, and positive environmental and economic 

impacts. This forward-thinking approach aims to drive the transition towards sustainable mobility 

powered by renewable energy sources. 

 

Reference  

[1]    J. F. Gieras, Permanent Magnet Motor Technology: Design an Applications, 3rd ed. Boca Raton, 

FL, USA: CRC Press, 2010. 

[2]  S.-M. Lu, ‘‘A review of high-efficiency motors: Specification, policy, and technology,’’ Renew. 

Sustain. Energy Rev., vol. 59, pp. 1–12, Jun. 2016, doi: 10.1016/j.rser.2015.12.360. 

[3]   M. A. Hannan, M. S. H. Lipu, P. J. Ker, R. A. Begum, V. G. Agelidis,and F. Blaabjerg, ‘‘Power 

electronics contribution to renewable energyconversion addressing emission reduction: 

Applications, issues, and recommendations,’’ Appl. Energy, vol. 251, Oct. 2019, Art. no. 113404, 

doi: 10.1016/j.apenergy.2019.113404. 

[4]    K. V. G. Raghavendra, K. Zeb, A. Muthusamy, T. N. V. Krishna, S. V. S. V. P. Kumar, D.-H. Kim, 

M.-S. Kim, H.-G. Cho, and H.-J. Kim, ‘‘A comprehensive review of DC–DC converter topologies 

and modulation strategies with recent advances in solar photovoltaic systems,’’ Electron., vol. 9, 

no. 1, pp. 1–41, 2020, doi: 10.3390/electronics9010031. 

[5]   S. E. Lyshevski, Electromechanical Systems, Electric Machines, and Applied Mechatronics. Boca 

Raton, FL, USA: CRC Press, 1999. 



Rivista Italiana di Filosofia Analitica Junior 

ISSN: 2037-4445 

Vol 14, No. 2 (2023) 

 

2132 
https://rifanalitica.it 

[6]   M. A. Ahmad, R. M. T. Raja Ismail, and M. S. Ramli, ‘‘Control strategy of Buck converter driven 

DC motor: A comparative assessment,’’ Austral.J. Basic Appl. Sci., vol. 4, no. 10, pp. 4893–

4903, 2010. [Online].Available:http://www.ajbasweb.com/old/ajbas/2010/4893-4903.pdf 

[7]    S. Khubalkar, A. Chopade, A. Junghare, M. Aware, and S. Das, ‘‘Design and realization of stand-

alone digital fractional order PID controller for Buck converter fed DC motor,’’ Circuits, Syst., 

Signal Process., vol. 35, no. 6, pp. 2189–2211, 2016. 

[8]   S. W. Khubalkar, A. S. Junghare, M. V. Aware, A. S. Chopade, and S. Das, ‘‘Demonstrative 

fractional order–PID controller based DC motor drive on digital platform,’’ ISA Trans., vol. 82, pp. 

79–93, Nov. 2018. 

[9]    M. D. Patil, K. Vadirajacharya, and S. W. Khubalkar, ‘‘Design and tuning of digital fractional-order 

PID controller for permanent magnet DC motor,’’ IETE J. Res., pp. 1–11, Jun. 2021, doi: 

10.1080/03772063.2021.1942243. 

[10] M. I. F. M. Hanif, M. H. Suid, and M. A. Ahmad, ‘‘A piecewise affine PI controller for Buck 

converter generated DC motor,’’ Int. J. Power Electron. Drive Syst., vol. 10, no. 3, pp. 1419–

1426, Sep. 2019. [Online]. Available: 

http://ijpeds.iaescore.com/index.php/IJPEDS/article/view/19852/12866. 


