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ABSTRACT:

This project, titled "Solar Wireless EV Charging Station With loT Monitoring and Control," is designed to provide an efficient and user-friendly charging solution
for electric vehicles (EVs) by leveraging solar power and wireless technology. With the increasing shift toward renewable energy, this project addresses the need
for clean, sustainable charging options while incorporating loT-based remote monitoring and control, enhancing the overall user experience.

The system comprises two parts: System 1 in the charging station and System 2 within the EV. System 1, powered by a 12V, 10W solar photovoltaic (PV) panel,
utilizes a wireless transmitter coil to charge the vehicle’s battery without requiring a physical connection. An IR sensor detects the presence of a vehicle and initiates
the charging sequence, while an LCD display guides the user through setting a desired charging duration. Upon completion of the charging session, the system
calculates and displays the cost based on charging time, and provides an option to stop or adjust charging mid-session.

System 2, located in the EV, is managed by an ESP8266 microcontroller connected to the Blynk app. This allows users to remotely monitor critical parameters like
battery voltage and charge percentage and provides an on/off control for the charging process. The integration of 10T in the project not only allows for real-time
monitoring and control but also adds flexibility, making the charging process convenient and user-friendly.

Through this project, we demonstrate the potential for combining solar energy and wireless charging with 10T technology, offering a sustainable and scalable
solution for EV users. The system not only supports the growing demand for renewable energy in transportation but also contributes to the development of smart,
user-centric charging infrastructure.

Keywords: Solar-powered, wireless, loT-controlled, real-time detection, timer setting, cost calculation, battery monitoring, remote control.

Introduction:

The rising popularity of electric vehicles (EVs) reflects a global shift toward cleaner and more sustainable transportation solutions. However, the growth
of EV adoption brings about an increased demand for accessible, efficient, and eco-friendly charging infrastructure. Traditional EV charging stations
often rely on grid power, which, depending on the energy mix, may still have a significant environmental footprint. Additionally, the lack of flexibility
in charging locations and dependence on physical connectors can make conventional systems inconvenient for users.

The integration of Internet of Things (loT) technology into this system enables users to monitor and control the charging process remotely, enhancing
convenience and user experience. loT allows for real-time tracking of parameters such as battery voltage and charge percentage, making it easy to manage
charging sessions from a mobile device. The use of solar power, combined with wireless charging capabilities, contributes to a cleaner environment by
reducing dependency on fossil fuels and minimizing the carbon footprint associated with EV charging.

In response to these challenges, this project explores the development of a Solar Wireless EV Charging Station with 1oT Monitoring and Control,
an innovative system that combines solar energy with wireless power transfer and real-time loT-based monitoring. Solar power provides a renewable
and sustainable energy source, making the charging process more environmentally friendly by reducing the reliance on non-renewable resources. Wireless
charging eliminates the need for physical connectors, making the system more accessible and user-friendly. Together, these features make EV charging
more efficient, sustainable, and convenient.
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The system integrates two main components:

e  System 1 (Charging Station): This station is equipped with a solar PV cell, a wireless charging transmitter, an IR sensor for car detection, and an
intuitive push-button interface for setting the charging duration. Once a vehicle is detected, users can specify the desired charging time, and upon
session completion, the system automatically calculates the cost based on the charging duration.

e  System 2 (In-Car Monitoring and Control): Located within the EV, this system comprises an ESP8266 microcontroller connected to the Blynk
app, allowing users to monitor the battery’s voltage and charge percentage in real time and remotely control the charging process.

10T integration in this system not only facilitates remote monitoring but also adds layers of user interactivity and control, such as starting and stopping
charging sessions, viewing battery status, and calculating charging costs. The Blynk app offers an easy-to-use platform that displays these parameters on
the user’s smartphone, further enhancing convenience.

With renewable energy sources becoming increasingly accessible and 10T technology revolutionizing how devices communicate, this project exemplifies
a forward-thinking approach to EV charging infrastructure. By combining solar power, wireless charging, and 10T technology, this project presents a
scalable and sustainable solution that meets modern needs and promotes the widespread adoption of green transportation.

This project seeks to address:

1.  Environmental Sustainability: Utilizing solar power helps reduce emissions and reliance on fossil fuels.

2. User Convenience: Wireless charging and loT monitoring simplify the charging experience.

3. Smart Cost Management: Automated time-based costing makes it easy for users to track expenses.

Through this initiative, we aim to contribute to the development of a robust, eco-friendly EV charging infrastructure and provide a framework for further
innovations in renewable-powered and loT-integrated systems.

1.1 Need Of Project:

As the world transitions toward a more sustainable future, the adoption of electric vehicles (EVs) has emerged as a crucial solution for reducing
greenhouse gas emissions, lowering air pollution, and decreasing our dependence on fossil fuels. However, this shift also brings about the need for an
efficient, accessible, and environmentally friendly EV charging infrastructure that can support the growing number of EVs on the road. Traditional EV
charging systems primarily rely on grid electricity, which, in many regions, still depends on non-renewable energy sources such as coal or natural gas.
As a result, EVs may continue to indirectly contribute to carbon emissions, which counters their environmental benefits. Therefore, there is a pressing
need for a cleaner, greener solution that leverages renewable energy for charging EVs.

In this context, a solar-powered wireless EV charging station addresses multiple challenges associated with conventional EV charging solutions:
1. Environmental Sustainability

®  Solar energy is a clean, renewable, and sustainable power source, making it ideal for reducing the carbon footprint of EV charging. By using solar
panels, this project not only provides energy for charging but also promotes the integration of renewable sources into the EV ecosystem.

®  The use of solar power eliminates reliance on grid electricity and contributes to lowering emissions, furthering the environmental advantages of
EVs. By implementing solar-powered charging stations, we can support green energy goals, decrease air pollution, and contribute to global efforts
to mitigate climate change.

2. Increasing Demand for EV Infrastructure

®  The demand for electric vehicles is on the rise globally, which in turn increases the need for a robust and scalable charging infrastructure. However,
traditional EV chargers are often expensive to install, require significant grid power, and are limited by location.

® A solar-powered charging station can be deployed in locations where grid access may be limited or where users would benefit from a renewable
energy source, such as in remote areas, public parking lots, or residential neighborhoods.

3. Convenience and Accessibility

®  Wireless charging eliminates the need for physical connectors, making it more convenient and user-friendly. The absence of cables or connectors
simplifies the charging process, particularly in adverse weather conditions where handling cables may be inconvenient.

®  With the addition of wireless technology, users can drive their EVs into the designated area, where the charging process begins automatically upon
vehicle detection, enhancing the convenience and ease of use. This makes charging more accessible for all users, including those with limited
physical mobility.

4. Enhanced User Control with IoT Integration

®  JoT-enabled monitoring and control offer users real-time access to charging data, such as battery voltage, battery percentage, and control over the
charging process through a mobile application. This remote control feature adds a layer of convenience and flexibility, as users can monitor their
EV’s charging status from anywhere, receiving updates on charging progress and completion.
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®  With IoT, users can also control the charging process, including starting or stopping charging sessions remotely, which gives them flexibility in

managing their EV’s power needs based on their schedule and energy requirements.
5. Automated Time-Based Charging and Cost Calculation

® By allowing users to set the charging duration, the system provides a practical way to manage energy consumption and costs. A simple push-button
interface enables users to set the charging time in increments, up to 10 minutes, after which the system begins charging and displays a countdown
timer.

®  Automated cost calculation based on charging time adds transparency, allowing users to budget their expenses and pay only for the energy they

use. This feature provides a unique advantage over many conventional charging systems that may not ofter clear, time-based cost assessments.
6. Energy Independence and Resilience

®  Solar-powered charging stations reduce reliance on the electrical grid, making the system more resilient to power outages and fluctuations in energy
prices. In regions with unstable power supplies or frequent blackouts, this energy independence becomes an invaluable asset.

® By generating its own power, the solar PV system not only supports charging but also reduces load on the grid, which is essential as EV adoption
grows and electricity demands increase. This energy resilience supports a more reliable infrastructure, especially during peak hours or emergencies.

=2

. Scalability and Future Expansion

®  Solar-powered wireless charging stations have the potential to be scaled and expanded easily. As solar panel and battery storage technology
advances, the power capacity and efficiency of these stations can be upgraded to accommodate a wider range of EVs or higher charging demands.

®  In addition, loT-based systems can be expanded with software updates or additional sensors, making it feasible to add new features or capabilities
in the future. This adaptability ensures that the charging infrastructure remains relevant and able to accommodate advancements in EV and
renewable technology.

LITERATURE REVIEW

1.  Literature Survey:

This reviews relevant literature on key aspects of the Solar Wireless EV Charging Station with 10T Monitoring and Control project. The primary
areas covered include solar-powered EV charging infrastructure, wireless power transfer (WPT), 10T integration for real-time monitoring, and the role
of cost transparency in enhancing user experience. By analyzing these areas, we identify the existing research, methodologies, and gaps that inform the
development of the project.

»  Solar-Powered EV Charging Stations

The integration of solar power into EV charging stations is seen as a sustainable solution to address the growing need for charging infrastructure. Several

studies highlight the environmental benefits and cost-effectiveness of using solar energy for EV charging, particularly in off-grid and remote locations.

e  Sharma & Singh (2020) discussed the growing shift towards renewable energy sources for EV charging stations, specifically focusing on solar
energy's potential to reduce the dependency on grid power. They argue that solar-powered stations not only provide cleaner energy but also offer a
more reliable power source in areas with inadequate grid access. Their work shows that solar-powered EV stations can lower operational costs in
the long run, despite the initial setup costs associated with solar panels and battery storage.

e  Gaur etal. (2018) explored various solar panel technologies, including monocrystalline and polycrystalline panels, for use in EV charging stations.
They found that while monocrystalline panels offer higher efficiency, polycrystalline panels present a more cost-effective alternative for large-scale
installations.

Sharma, P., & Singh, R. (2020). "Solar-Powered Electric VVehicle Charging Stations: A Green Initiative." Renewable Energy Review, 5(3), 45-57.
Hossain, M., Alam, A., & Akter, S. (2021). "Off-grid Solar EV Charging Stations: Challenges and Opportunities.” International Journal of
Sustainable Energy, 44(7), 621-632.

e  Gaur, R, Meena, A., & Kumar, V. (2018). "Solar Energy Integration for EV Charging Stations: A Technical Review." International Journal of

Energy and Environmental Engineering, 9(4), 25-34.

»  Wireless Power Transfer (WPT) for Electric Vehicles

Wireless power transfer (WPT) is a transformative technology that eliminates the need for physical connectors in EV charging. This section reviews the

progress in WPT technology for EVs and its integration into charging stations.

® Li & Mi(2017) provided a comprehensive review of resonant inductive coupling for wireless EV charging. They explored various methods to
increase the efficiency and range of wireless power transfer. Their study identified several challenges, including power loss due to distance and
the need for precise alignment between the charging station and the vehicle's receiver coil. Despite these challenges, they emphasized the significant
advantages of WPT in improving user convenience and safety by eliminating physical connectors.

®  Choi et al. (2020) further examined the power transfer efficiency of WPT systems, comparing several designs for wireless EV chargers. Their
findings showed that while WPT systems can deliver power effectively at distances up to 30 cm, efficiency drops significantly at higher distances.
They suggested that improving coil designs and increasing the resonant frequency of the system could help mitigate these losses.
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e  Choi, J., Lee, H., & Lee, S. (2020). "A Study on Efficient Wireless Power Transfer for Electric VVehicle Charging." Energy Conversion and
Management, 210, 112123.
e Li,W, &Mi,C. (2017). "Wireless Charging of Electric Vehicles: A Review." IEEE Transactions on Transportation Electrification, 3(1), 9-20.

> Cost Transparency and User Experience

The design of EV charging stations plays a significant role in how users interact with the system. Transparent pricing, real-time cost feedback, and

user-friendly interfaces are crucial for encouraging adoption.

e  Nagy & Varga (2021) examined user behavior regarding time-based pricing at EV charging stations. They found that transparent pricing models,
where the cost is directly correlated with the charging time, increased user trust and engagement. Their study suggests that a clear display of costs
helps users make informed decisions, particularly when charging time can be controlled manually.

e  Singh et al. (2020) studied the integration of audio-visual cues, such as buzzers and display messages, in enhancing the user experience at EV
stations. They concluded that clear notifications about charging status and costs improved customer satisfaction by reducing uncertainty and
providing instant feedback during the charging session.

e Nagy, T., & Varga, D. (2021). "Consumer Behavior in Time-Based EV Charging: Cost and User Preferences." Journal of Sustainable Energy,
14(6), 11-19.

e  Singh, R., Gupta, P., & Sharma, A. (2020). "User Experience in EV Charging Stations: A Focus on Real-Time Feedback." International Journal
of Electric Power and Energy Systems, 120, 1-10.

Conclusion

The integration of solar power, wireless power transfer, 10T monitoring, and cost transparency plays a pivotal role in advancing EV charging
infrastructure. Existing research has explored the feasibility, challenges, and advancements in each of these areas, providing a strong foundation for the
development of solar wireless EV charging systems. While progress has been made in improving efficiency and user experience, challenges such as
energy transfer efficiency, real-time data management, and cost optimization continue to evolve

METHODOLOGY
3.1 System Planning:

The first phase of the project involves comprehensive system planning, which defines the structure, components, and working relationships between the
two subsystems of the project: System 1 (Charging Station) and System 2 (Car Monitoring).

A. System 1: Charging Station
e  Solar Power Generation: A 12V 10W solar panel is used to power the charging station, ensuring an independent, sustainable energy source.
The solar panel is connected to a battery storage system that stores energy for use during times of low sunlight or at night.
®  Wireless Power Transfer (WPT): The station uses a wireless transmitter coil to charge the EV. The charging process begins when the car
is detected by an IR sensor, which signals the relay to start charging. The relay is controlled by the Arduino Uno, which also manages the
display and user interactions.

Fig.1. System 1: Charging Station
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A. System 2: Car Monitoring

e  Battery Monitoring: The ESP8266 in the car communicates with the Blynk app to monitor the car's battery voltage and battery percentage.
It also provides the capability to remotely control the charging on/off function.

The design aims to integrate solar power, wireless charging, and loT-based monitoring to create a sustainable and user-friendly EV charging station.

@
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If Maker Event "bat Send me
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Fig.2. System 2: Car Monitoring

3.2 Blynk Application Integration.

Blynk is a popular 10T platform that allows easy integration between hardware and mobile apps for real-time monitoring and control. The integration of
System 2 (Car Monitoring) with Blynk plays a critical role in enabling remote interaction with the system.

®  App Setup: The Blynk app is set up on the user’s smartphone, where a dashboard is created to display critical parameters, such as the battery
percentage and voltage. Additionally, the user can control the charging process by turning it on/off through the app.

e  ESP8266 and Blynk Communication: The ESP8266 module communicates with the Blynk app over Wi-Fi. Data from the voltage sensor in the
car is sent to the app, and the app sends commands to the relay module to control the charging process.

Through this integration, users can remotely monitor the status of their EV's battery and control the charging process, making the entire system more
convenient and efficient

ARDUINO

Fig.3. Blynk Application

3.3 Component Selection with Description

The success of this project depends on the careful selection of components, each of which plays a vital role in ensuring proper functionality, reliability,
and user experience. Below is a list of the main components used in the project:
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[J Arduino Uno

(] Description: The central microcontroller unit that controls the system’s operations, including IR sensor input, relay control, LCD display output,
and managing the timing and cost calculation of the charging session.

e  Function: It handles input from the IR sensor, initiates the charging process with the relay, and displays information on the 16x2 LCD screen.

Fig.4. Arduino Uno

I IR Sensor

e  Description: Used to detect the presence of a car at the charging station.
e  Function: When the car is detected, the sensor triggers the Arduino to begin the charging process.
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Fig.5.IR Sensor

LI Wireless Transmitter Coil

e  Description: A coil used to transmit power wirelessly to the EV.
e  Function: When the charging process is initiated, this coil sends power to the receiver coil in the vehicle.

Fig.6. Wireless Transmitter Coil
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[J 16x2 LCD Display with 12C Module

e  Description: A display used to show real-time information about the charging station, such as the charging status, time remaining, and cost.

e  Function: It communicates with the Arduino to display the relevant data, such as EV Charging Station, Welcome Message, Charging Time, and
Cost Calculation.

Fig.7. 16x2 LCD Display with 12C Module

LI ESP8266

e  Description: A Wi-Fi module used to connect the System 2 (Car Monitoring) to the internet.
e  Function: It communicates with the Blynk app to send data from the voltage sensor and allows users to control the charging process remotely.
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Fig.8.ESP8266

I Voltage Sensor

e  Description: A sensor used to measure the battery voltage in the vehicle.
e  Function: It monitors the battery level and provides real-time data to the Blynk app, allowing users to monitor the charging status.

Fig.9.Voltage Sensor
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[J Relay Module

e  Description: A module used to control the power flow to the wireless transmitter coil and the battery charging system.
e  Function: It is controlled by the Arduino to turn the charging on or off, based on the input from the IR sensor or user interaction via the Blynk app.

Fig.10.Relay Module

I Solar Panel (12V, 10W)

e  Description: Provides renewable energy to power the charging station.
e  Function: The solar panel charges the battery storage system during the day, ensuring a self-sustained power source for the station.

Fig.11.Solar Panel

I 12v Battery Pack

e  Description: Provides primary power to the robot, supporting continuous operation in the field.

®  Function: 12V rechargeable battery with a capacity sufficient for powering all components for extended periods.

Fig.12.12v Battery Pack
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Fig 1. Block Diagram

L.298 Motor
Driver

DC gear
Motor

The power management system was designed to ensure the robot’s continuous operation in the field without dependency on an external power source.

Planning for power management included:

®  Battery Sizing: The 12V battery was selected to ensure adequate power for all components over an extended period, even during high-demand

operations.

®  Solar Panel Selection: A 10W solar panel was chosen based on its compatibility with the 12V battery and its capability to provide sufficient

charging throughout the day.

®  Solar Charge Controller: A solar charge controller was included to prevent battery overcharging and to regulate power input, maximizing battery

lifespan and efficiency.

B. Mechanical Design

The mechanical design of the robot was planned to ensure stable operation across various terrains commonly found in agricultural fields. The key

considerations included:
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C.

Chassis Structure: The chassis had to be sturdy enough to carry all components, with balanced weight distribution for stability. It also needed to
provide adequate ground clearance for easy movement over uneven ground.

Seeder Mechanism: The seed dispenser was mounted at the front of the robot to allow for accurate placement as the robot moved forward. A
mechanism was devised to control the rate of seed dropping based on distance traveled, ensuring even coverage across the field.

Water Sprayer Mounting: The water pump and spraying head were mounted on the robot to allow flexibility in spraying. The servo motor was
positioned to rotate the spray head in multiple directions, covering a larger area as the robot moved.

Software Planning

The software system was designed to enable the Blynk application to control all aspects of the robot’s movement and functions remotely. Software
planning steps included:

3.5

Defining Command Protocols: Communication protocols were established between the Blynk app and ESP8266 NodeMCU. Each command sent
from the app would trigger a corresponding action, such as turning the water pump on or moving the robot forward.

User Interface Design: The Blynk app interface was planned with simple, intuitive controls for the farmer, including directional buttons, on/off
switches for the pump, and a slider to adjust the servo motor’s rotation.

Automation Code Development: Code was written to allow the ESP8266 to manage tasks like seed dispensing at regular intervals and automated
water spraying based on distance and coverage requirements.

Blynk Application Integration:

The Blynk app enables remote control and monitoring of the loT-Based Seed Sowing and Spraying Robot, with a simple interface for operating its
movement, spraying, and seeding functions.

1. Blynk App Setup

A new project was created with ESP8266 as the board, using Wi-Fi as the connection type and generating a unique authentication token to connect the
Blynk app to the robot.

2. Widget Configuration

The app's widgets are configured as follows:

Joystick: Controls the robot's movement (forward, reverse, left, right) through the ESP8266 and L298 motor driver.
Switch for Servo Motor: Turns the servo on/off to control the spraying head's rotation.
Switch for Water Pump: Controls the on/off state of the pump motor, allowing precise water spraying over the seeds.

3. Linking and Control Logic

The Blynk app was linked to the NodeMCU using the authentication token and Wi-Fi credentials. Each widget is coded to activate the respective GPIO
pins for motor control, servo, and water pump operation.

4. Testing and Optimization

Testing was conducted for response time, connectivity range, and battery monitoring to ensure reliable performance and quick response to joystick
controls. Minor command delays were resolved by optimizing the code to prioritize joystick and switch commands.

Fig.2.Blynk Application
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3.6 Component Selection:

The component selection for the IoT-Based Seed Sowing and Spraying Robot was made based on functionality, reliability, and power efficiency to meet
the demands of agricultural applications. Below are the chosen components, along with their roles and specifications:

1. ESP8266 Node MCU :

e Purpose: The ESP8266 NodeMCU microcontroller serves as the brain of the system, handling communication with the Blynk app and controlling
other components based on user inputs.

. Features: Built-in Wi-Fi capability, GPIO pins for multiple peripherals, and compatibility with IoT platforms

e  Reason for Selection: Ideal for IoT applications due to its ease of integration, wireless connectivity, and support for real-time monitoring and
control.
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Fig.3.ESP8266
3. L298 Motor Driver

e  Purpose: This dual H-bridge motor driver is used to control the direction and speed of the DC gear motors.
e  Features: Supports two motors, handles high current, and allows for forward/reverse control.
e  Reason for Selection: L298 offers an efficient way to control multiple motors, providing stable performance with minimal interference.

Fig.5.L.298 Motor Driver

Fig.8.12v Battery Pack
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7. Solar Panel (10W, 12V)

e  Purpose: Charges the 12V battery pack to maintain power in remote field locations.
Specifications: 10W, 12V solar panel designed for efficient energy harvesting.
Reason for Selection: Supports off-grid operation, reducing dependence on external charging sources, ideal for remote agricultural applications.

Fig.9.Solar Panel

8. Relay Modules (2)

®  Purpose: Controls the on/off state of the servo motor and water pump.
e  Specifications: 5V relay modules compatible with the ESP8266.
e  Reason for Selection: Provides an efficient way to control high-current components, like the pump, ensuring safe and reliable operation.

NC: Normally Closed Port
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2 = °Vee (DC+
SRD-05VDC-SL-C L - (Ben

C: Common

NO: Normally Open Port
Fig.10.Relay Module

9. Blynk Application

. Purpose: Serves as the user interface for controlling and monitoring the robot.
. Features: Compatible with ESP8266, offers various control widgets, and operates over Wi-Fi.

. Reason for Selection: Simplifies remote operation by providing a user-friendly interface, making it accessible for non-technical users in
agricultural settings.

Fig.11.Blynk APP

Fig.12. Circuit Di
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PERFORMANCE ANALYSIS

The performance analysis of the 10T-Based Seed Sowing and Spraying Robot focuses on evaluating the system’s efficiency, response time, energy
consumption, accuracy, and ease of control. The following metrics were used to assess the overall performance of the robot in real-world agricultural
scenarios:

1. Movement Control and Navigation Accuracy

Objective: Evaluate the robot's responsiveness to directional commands and accuracy in navigation.
Results: Using the joystick on the Blynk app, the robot demonstrated accurate and prompt responses to commands for forward, reverse, left, and
right movements. The integration of the L298 motor driver allowed for smooth control of the DC gear motors, enabling the robot to navigate various
terrains with ease.

e  Analysis: The use of the L298 motor driver and a robust joystick module provided precise directional control, crucial for seeding and spraying
within targeted areas.

2. Spraying and Seeding Accuracy

Objective: Assess the reliability and consistency of the spraying and seeding mechanisms.
Results: The MG90 servo motor successfully rotated the spraying head, delivering water precisely over designated areas. The water pump
effectively dispersed water, ensuring seeds received adequate moisture.

e  Analysis: The servo motor and water pump provided consistent, controlled application, essential for effective sowing. The system achieved a 95%
accuracy rate in seed placement and a uniform spray pattern.

3. Power Consumption and Battery Efficiency

Objective: Measure the energy efficiency of the robot, including power usage and the effectiveness of the solar charging system.
Results: The 12V battery pack, when fully charged, powered the robot for approximately 3 hours in continuous operation. The 10W solar panel,
paired with the solar charger, effectively recharged the battery under direct sunlight, extending operational time significantly.

e  Analysis: The solar charging setup proved effective in rural areas with ample sunlight, reducing dependency on external power sources. This
renewable energy solution enhanced the robot's practicality for remote agricultural use.

4. Blank App Integration and Control Latency

Objective: Evaluate the app’s usability, connection stability, and latency in control responses.

Results: The Blynk app interface provided smooth real-time control, with minimal latency of 0.5 seconds on average for command execution.
Analysis: The user-friendly Blynk app interface enhanced remote control capabilities, allowing users to operate the robot with precision from a
distance. Minor delays observed in low signal areas were resolved through reconnecting, ensuring reliable performance.

5. Environmental Adaptability

Objective: Test the robot’s performance on various terrains and under different weather conditions.
Results: The robot maintained stable operation on both flat and moderately uneven surfaces, including soil and grassy fields. However, overly
rough terrain affected seeding accuracy.

e  Analysis: The system performed optimally in typical agricultural environments, although terrain improvements or larger wheels could further
enhance stability on rugged surfaces.

»

. Overall System Reliability

Objective: Evaluate the robot’s reliability under continuous use and its durability in an agricultural setting.
Results: The system exhibited stable performance during extended operations, with no overheating or component malfunctions. The robust design
of the L298 motor driver and ESP8266 ensured durability.

®  Analysis: The robot is reliable for agricultural tasks, as components showed resilience under repeated operations. Regular maintenance on motors
and battery monitoring is recommended for long-term usage.
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