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ABSTRACT: Photovoltaic (PV) systems have become one of the most promising renewable energy technologies for 

sustainable electricity generation. However, the efficiency and output power of PV systems are highly dependent on 

environmental conditions such as solar irradiance and temperature variations. These factors cause continuous changes 

in the operating point of the PV array, making it difficult to maintain operation at the maximum power point (MPP). To 

address this challenge, Maximum Power Point Tracking (MPPT) techniques are widely used to optimize energy 

extraction from PV systems. 

 

This project presents the hardware implementation of an improved MPPT control system for a single-phase grid-

connected photovoltaic system. The proposed system employs a DC–DC boost converter integrated with a Pulse Width 
Modulation (PWM)-based MPPT control algorithm. The controller dynamically adjusts the duty cycle of the boost 
converter to ensure that the PV array consistently operates at or near its maximum power point, even under rapidly 
changing environmental conditions. Compared with conventional MPPT methods, the improved algorithm enhances 
tracking accuracy, reduces steady-state oscillations around the maximum power point, and provides faster response to 
irradiance changes. The DC power generated by the PV array and conditioned through the boost converter is then 
converted into AC power using a single-phase inverter. The inverter synchronizes the output with the utility grid, 
allowing efficient power injection while maintaining stable operation. For system monitoring and performance analysis, 
real-time measurements of PV voltage and current are obtained through sensors and displayed on an LCD interface, 
providing users with immediate feedback on system performance. 
 

Experimental results demonstrate that the proposed system achieves improved energy harvesting efficiency, faster 
MPPT response, and stable grid synchronization. Additionally, the design offers a cost-effective, reliable, and scalable 
solution suitable for residential and small-scale grid-connected photovoltaic applications. By improving power 
extraction and system stability, the proposed MPPT control approach contributes to enhanced utilization of solar energy 
and supports the broader integration of renewable energy sources into modern power grids. 
 

KEYWORDS: Electric Vehicles, Solar Energy, Arduino Uno, EV Charging Infrastructure, Energy Efficiency  

 

I. INTRODUCTION 

 

The rapid growth of global energy demand, coupled with the depletion of fossil fuel resources and increasing 
environmental concerns, has accelerated the transition toward renewable energy sources. Traditional energy generation 
methods based on coal, oil, and natural gas contribute significantly to greenhouse gas emissions, climate change, and 
environmental degradation. As a result, there has been a global effort to develop clean, sustainable, and 
environmentally friendly energy solutions. 
 

Renewable energy sources such as solar, wind, hydroelectric, geothermal, and biomass offer promising alternatives to 
conventional fossil fuels. Among these sources, solar energy has gained significant attention due to its abundance, 
availability, and minimal environmental impact. The sun provides an enormous amount of energy to the Earth, far 
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exceeding global energy consumption. Harnessing this energy effectively can significantly contribute to meeting future 
energy demands while reducing environmental harm. 
 

Solar energy can be utilized through various technologies, including solar thermal systems and photovoltaic (PV) 
systems. Photovoltaic systems directly convert sunlight into electrical energy using semiconductor materials. Over the 
past few decades, PV technology has experienced significant improvements in efficiency, cost reduction, and reliability, 
making it one of the fastest-growing renewable energy technologies worldwide. 
 

The integration of photovoltaic systems into electrical grids has become increasingly common in both residential and 
commercial applications. Grid-connected PV systems allow excess energy generated by solar panels to be fed into the 
utility grid, improving overall energy efficiency and reducing reliance on conventional power plants. However, the 
performance of PV systems is highly dependent on environmental factors such as solar irradiance and temperature, 
which vary throughout the day and across different seasons. These variations significantly affect the power output of 
photovoltaic modules. 
 

To maximize the efficiency of PV systems under changing environmental conditions, advanced power electronic 

converters and control algorithms are required. One of the most important techniques used in PV systems is Maximum 

Power Point Tracking (MPPT), which ensures that the photovoltaic array operates at its optimal power point at all times 

 

Objectives 

The specific objectives of the system are as follows: 

1. Minimization of Steady-State Oscillations. 

2. Suppression of Second-Order Harmonic Ripple.  

3. Acceleration of Dynamic Response. 

4. Mitigation of Partial Shading Effects. 

5. Enhancement of DC-Link Voltage Stability. 

6. Compliance with Grid Codes (THD and Power Factor). 

 

II. LITERATURE SURVEY 

 

2.1. P. S. Reddy, K. Srinivas (2022) 
This paper presents a hardware implementation of an improved MPPT algorithm for single-phase grid-connected PV 
systems. The PV array is connected to a boost converter, and a PWM-based control algorithm continuously tracks the 
maximum power point using real-time voltage and current measurements. The DC output is converted to AC through a 
single-phase inverter and synchronized with the grid. System parameters are displayed on an LCD module, providing 
real-time monitoring of PV voltage, current, and power. The results show enhanced energy yield, reduced 
voltage/current oscillations, and fast response to changing irradiance conditions. The paper highlights practical 
implementation challenges and demonstrates the system’s scalability for residential and small-scale PV installations. 
 

2.2. A. K. Yadav, R. K. Tripathi Year (2020) 
This paper reviews various MPPT techniques used in photovoltaic systems, including Perturb and Observe (P&O), 
Incremental Conductance (IncCond), and hybrid algorithms. It compares their performance under varying solar 
irradiance and temperature conditions. The study highlights the advantages of advanced MPPT algorithms in reducing 
steady-state oscillations and improving dynamic response. Hardware implementations using PWM-based DC-DC 
converters, such as boost converters, are discussed. The paper emphasizes real-time voltage and current measurement 
requirements for accurate MPPT operation. It also reviews grid-connected single-phase inverters for PV integration, 
including their role in stable AC power delivery. The authors conclude that improved MPPT methods provide better 
energy yield, reduced conversion losses, and scalable solutions for small and medium PV systems. Simulation and 
experimental validations of various MPPT strategies are also summarized. 
 

2.3.S. Patil, M. Joshi Year(2019) 
This work presents the design and hardware implementation of a single-phase grid-connected PV system with MPPT 
control. The PV array output is interfaced with a boost converter, controlled using a PWM-based MPPT algorithm. 
Real-time voltage and current measurements are used to track the maximum power point efficiently. A single-phase 
inverter converts the DC output to AC for grid synchronization. LCD display modules provide monitoring of system 
parameters such as PV voltage, current, and power. The paper demonstrates improved system efficiency, faster tracking 
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response, and reduced oscillations compared to conventional P&O algorithms. Experimental results validate the 
proposed system for residential-scale PV applications, emphasizing cost-effectiveness and practical feasibility. 
 

2.4. K. Sharma, R A. Gupta Year (2021) 

This paper focuses on a hardware-based Incremental Conductance (IncCond) MPPT technique for single-phase grid-

connected PV systems. The PV array is interfaced with a DC-DC boost converter and a PWM-controlled inverter. 

Voltage and current sensors continuously measure PV output, which is displayed on an LCD module for real-time 

monitoring. The system dynamically adjusts the duty cycle of the boost converter to maintain maximum power 

extraction under changing irradiance and temperature. Results show that IncCond MPPT provides faster response and 

higher energy yield compared to classical P&O methods. Grid synchronization is maintained, ensuring stable AC 

delivery and reducing power fluctuations. The study highlights practical challenges in hardware implementation and 

demonstrates scalability for small-scale PV system. 

 

2.5 Existing system 

(MPPT) techniques to extract energy from solar panels. In many earlier PV systems, the control methods used to track 
the maximum power point were relatively simple and often lacked Traditional photovoltaic (PV) systems typically rely 
on conventional Maximum Power Point Tracking the ability to respond effectively to rapid changes in environmental 
conditions such as solar irradiance and temperature. 
 

Most existing PV systems use basic MPPT algorithms such as the Perturb and Observe (P&O) method or the Hill 
Climbing method. Although these techniques are widely used due to their simplicity and ease of implementation, they 
suffer from several limitations. One of the main disadvantages is the oscillation around the maximum power point 
during steady-state operation. These oscillations lead to unnecessary power losses and reduce the overall efficiency of 
the PV system. Another limitation of the existing system is the slow response of conventional MPPT algorithms when 
environmental conditions change rapidly. For example, when solar irradiance fluctuates due to cloud movement, the 
algorithm may take time to adjust the operating point of the PV array. During this period, the system operates away 
from the optimal power point, resulting in reduced energy extraction. 
 

In addition, some traditional PV systems use simple DC–DC converters without advanced control strategies. This may 
lead to poor voltage regulation and inefficient power conversion. The absence of efficient monitoring systems in some 
earlier designs also limits the ability to track system performance in real time. Grid-connected PV systems in earlier 
implementations also faced challenges in maintaining stable synchronization with the utility grid. Improper 
synchronization can cause power quality issues and reduce the reliability of the system. Overall, while conventional PV 
systems with standard MPPT techniques provide basic functionality, their performance is often limited by slow tracking 
speed, power oscillations, and lower efficiency under dynamic environmental conditions. These limitations highlight 
the need for improved MPPT control methods to enhance the performance and reliability of photovoltaic systems. 
 

 
 

Fig 2.6Architechture Diagram 

FPGA (Field-Programmable Gate Array) architecture consists of a 2D matrix of configurable logic blocks (CLBs), 

programmable interconnects, and I/O blocks, allowing for post-manufacturing reconfiguration to implement custom 

digital circuits. Key components include Look-Up Tables (LUTs) for logic, flip-flops for storage, block RAM for 

memory, and DSP slices for arithmetic 
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Fig2.7 Proposed circuit diagram of the project 

 

III. HARDWAREDESCRIPTION 

 

3.1.ARDUINO UNO 

 

 
Fig 3.1 Pin Details of Aurdino Nano 

 

Arduino/Genuino Uno is a microcontroller board based on the ATmega328P . It has 14 digital input/output pins (of 
which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz quartz crystal, a USB connection, a power jack, an 
ICSP header and a reset button. It contains everything needed to support the microcontroller; simply connect it to a 
computer with a USB cable or power it with a AC-to-DC adapter or battery to get started.. You can tinker with your 
UNO without worrying too much about doing something wrong, worst case scenario you can replace the chip for a few 
dollars and start over again. 
 

3.1. POWER SUPPLY  

A power supply (sometimes known as a power supply unit or PSU) is a device or system that supplies electrical or 

other types of energy to an output load or group of loads. The term is most commonly applied to electrical energy 

supplies, less often to mechanical ones, and rarely to others.This circuit is a small +5V power supply, which is useful 
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when experimenting with digital electronics. Small inexpensive wall transformer swith variable output voltage are 

available from any electronics shop and supermarket. Those transformers are easily available, but usually their voltage 

regulation is very poor, which makes then not very usable for digital circuit experimenter unless a better regulation can 

be achieved in some way. The following circuit is the answer to the problem. 

 

 

Fig 3.2 Power Supply 

 

3.3 LCD (LIQUID CRYSTAL DISPLAY) 

LCD (Liquid Crystal Display) screen is an electronic display module and findawiderangeofapplications. A16x2 

LCDdisplayis verybasic moduleand is very commonly used in various devices and circuits.A 16x2 LCD means it can 

display 16 characters per line and there are 2 such lines. In this LCD each character is displayed in 5x7 pixel matrix. 

This LCD has two registers, namely, Command and Data. The command register stores the command instructions 

given to the LCD, The data register stores the data to be displayed on the LCD The data is the ASCII value of the 

character to be displayed on the LCD.Liquid crystal displays are used for display of numeric and alphanumeric 

character in dot matrix and segmental displays. The two liquid crystal materials which are commonly used in display 

technology are nematic and cholesteric whose schematic arrangement of molecules is shown in fig. The most popular 

liquid crystal structure is the Nematic Liquid Crystal (NLC). In this all the molecules align themselves approximately 

parallel to a unique axis (director), while retaining the complete translational freedom. The liquid is normally 

transparent, but if subjected to a strong electric field, disruption of the well ordered crystal structure takes place causing 

the liquid to polarize and turn opaque. 

 

Fig 3.3 LCD Display 

 

3.4 PV PANEL 

A photovoltaic (PV) panel, commonly known as a solar panel, is a device that converts sunlight directly into electricity 

using the principle of the photovoltaic effect PV panels are widely used in renewable energy systems to generate clean 

and sustainable electrical power. As the demand for alternative energy sources increases due to environmental concerns 

and the depletion of fossil fuels, photovoltaic technology has gained significant importance across the world. PV panels 

play a crucial role in solar power generation systems used in residential buildings, industries, agricultural fields, and 

remote areas where conventional electricity supply is limited or unavailable. 
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Fig 3.5 PV Panel 

 

3.6. PROGRAMMING OF THE PROPOSED SYSEM 

  

 
 

3.7. METHODOLOGY 

1Φ Grid-Connected Architecture: Consists of a PV array, DC-DC converter (Boost or Landsman), Single-Phase 

Inverter (2L-VSI), and an LCL filter to connect to the utility grid. 

 

MPPT Algorithms: Moves beyond standard P&O/IncCond to address partial shading and steady-state oscillations, 

using methods like Gradient Descent, Particle Swarm Optimization (PSO), Adaptive Neuro-Fuzzy Inference System 

(ANFIS), or hybrid approaches (e.g., Golden Section Search) to locate the Global Maximum Power Point (GMPP). 

 

Synchronization & Control: Employs an Orthogonal Signal Generator (OSG) or Second-Order Generalized Integrator 

(SOGI) for fast synchronization, using Proportional-Integral (PI) or Model Predictive Control (MPC) to manage the 

grid current inverter, ensuring low THD (≥3)and unity power factor. 

 

IV. CONCLUSION 

 

This project presented the design and implementation of an Improved Maximum Power Point Tracking (MPPT) 

Control for a Single-Phase Grid-Connected Photovoltaic System. The main objective of the project was to improve 

the efficiency of photovoltaic power generation by ensuring that the PV system operates at its maximum power point 

under varying environmental conditions such as changes in solar irradiance and temperature. 
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The system was developed using a photovoltaic panel, a DC–DC boost converter, an improved MPPT control 

algorithm, and a single-phase inverter. The MPPT controller continuously monitors the PV voltage and current and 

adjusts the duty cycle of the boost converter to extract maximum power from the PV panel. The boost converter 

increases the PV output voltage to a suitable level for the inverter stage. The single-phase inverter then converts the DC 

power into AC power and synchronizes it with the grid for efficient power delivery. 

 

Experimental results show that the proposed system successfully tracks the maximum power point and improves the 

overall efficiency of the PV system. The improved MPPT algorithm reduces steady-state oscillations and provides 

faster response to changes in solar conditions compared to conventional methods. The LCD display allows real-time 

monitoring of system parameters such as voltage and current, which improves system reliability and performance 

analysis. Overall, the proposed system demonstrates reliable operation, efficient power conversion, and stable grid 

synchronization. The implementation of an improved MPPT control technique enhances solar energy utilization and 

makes the system suitable for residential and small-scale grid-connected photovoltaic applications. This project 

contributes to the development of efficient and sustainable renewable energy systems. 

 

V. FUTURE SCOPE 

 

฀  Integration of advanced Maximum Power Point Tracking (MPPT) techniques to further improve solar energy 

harvesting efficiency under varying weather conditions.  

฀  Development of dynamic wireless charging systems, enabling electric vehicles to charge while in motion on 

specially designed roads.  

฀  Improvement in coil design and alignment mechanisms to enhance power transfer efficiency and reduce energy 

losses.  

฀  Incorporation of Artificial Intelligence (AI) and machine learning algorithms for smart energy management, load 

prediction, and adaptive charging control.  

฀  Expansion of the system with IoT-based monitoring and control, allowing real-time tracking, remote access, and data 

analytics.  

฀  Use of high-efficiency power electronics components to minimize losses and increase overall system performance.  

฀  Integration with smart grid technology to enable bidirectional power flow and better energy distribution.  

฀  Development of compact and cost-effective designs to make the system more affordable and suitable for widespread 

adoption.  

฀  Implementation of multi-vehicle wireless charging stations to support simultaneous charging of multiple EVs.  

฀  Enhancement of energy storage systems, such as advanced batteries or supercapacitors, to ensure continuous 

operation during low solar availability.  

฀  Adoption of standardization protocols for wireless charging to ensure compatibility across different EV models and 

manufacturers.  
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