g’ \3;

i# IJSREM
*ﬁ !nternational Journal of Scientific Research in Engineering and Management (I]SREM)
4 Volume: 09 Issue: 02 | Feb - 2025 SJIF Rating: 8.448 ISSN: 2582-3930

Sun Tracking Solar Panel with Weather Monitoring System

Daisy Panimariyal J ,Deephiksha G ,Niranjana R, Shrinidhi B.S

BACHELOR OF TECHNOLOGY

in
ELETRICAL AND ELECTRONICSENGINEERING

ABSTRACT

The Sun Tracking Solar Panel with Weather Monitoring System is an innovative project aimed at maximizing
solar energy capture by using a sun-tracking mechanism, combinedwith a system to monitor weather conditions. This
project is designed to increase the efficiency of solar panels by allowing them to follow the sun’s path across the sky,
which ensures they capture the maximum possible sunlight throughout the day. Unlike traditional fixed solar panels,
this dynamic system continuously adjusts the angle of the solar panel based on the sun's position, optimizing energy
absorption and boosting power generation.

In addition to sun-tracking capabilities, the system integrates a weather monitoring module that tracks
various environmental parameters, including temperature, humidity, light intensity, and possibly even rain
detection. These data points out the essential for understanding the conditions affecting the solar panel's efficiency
and performance.

Real-time monitoring of weather parameters allows the system to make smart adjustments, such as pausing
movement during adverse weather conditions or reducing exposure during high temperatures, thus enhancing both
the longevity and effectiveness of the solar panel.

This project hardware using microcontrollers and a combination of sensors for motion and weather
monitoring, ensuring that the system is efficient, cost-effective, and adaptable to various environmental conditions.
By combining sun tracking and weather monitoring, this project offers a sustainable, high-performance solution for
renewable energy generation, catering to the growing need for reliable and efficient solar power in both residential

and commercial applications.

CHAPTER 1
INTRODUCTION

With the ever-growing global demand for renewable energy, solar power has become one of the most
promising solutions for sustainable electricity generation. However, traditional solar panels have limitations; they are
typically static, remaining in a fixed position, which means they can only capture direct sunlight optimally during
certain times of the day. As the sun's position changes, the panel’s angle becomes suboptimal,leading to a drop in
energy generation.

To address this issue, our project, the “Sun Tracking Solar Panel with Weather Monitoring System,” seeks to

revolutionize solar energy capture by introducing dynamic, adaptive solar panels that follow the sun’s trajectory for
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maximum exposure. The core feature of our system is its ability to track the sun throughout the day. Using sensors
that detect sunlight intensity and a motorized mechanism, the panel adjusts its position to remain perpendicular to
the sunlight.

This tracking technology is based on real-time solar positioning algorithms, which enable the panel to
maintain an optimal angle as the sun moves across the sky from sunrise to sunset. As a result, the system can
produce significantly more electricity than static solar panels, especially in locations with high variability in
sunlight angles throughout the day. This increased efficiency translates into more energy generation, making solar
power even more viable as a primary energy source.

Alongside sun tracking, our project integrates a weather monitoring module to gather key environmental
data. This component of the system collects information on factors such as temperature, humidity, and light
intensity, which are essential for understanding the solar panel's performance under different weather conditions.

Real-time weather data enables the system to make informed adjustments or provide insights into
potential efficiency losses caused by weather changes like clouds or rainfall. This adaptability ensures that our panel
maintains optimal performance across diverse environments, enhancing its practicality and reliability for both
residential and commercial use. The primary goal of this project is to develop a highly efficient solar power

solution that can operate autonomously and adapt to environmental variations.

CHAPTER 2
LITERATUREREVIEW

INTRODUCTION:

In an era where renewable energy sources are gaining traction, harnessing human kinetic energy presents
an innovative and sustainable solution. The concept of footstep power generation involves converting the
mechanical energy produced by human footsteps into electrical energy. Our project explores the implementation
of this technology using Arduino, a versatile microcontroller platform known for its flexibility and ease of use.
Withthe rise in urbanization and the increasing demand for energy, the need for alternative power sources has
become more pressing than ever. Footstep power generation offers a promising solution, especially in high-traffic
in areas such as shopping malls, stadiums, andpublic transit stations, where foot traffic is abundant. By integrating
Arduino technology, we aim to create a scalable and efficient system capable of capturing and converting the

energy generated by footsteps into usable electrical power.
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“Advanced Foot Step Power Generation” is a journal by Dr. P. Duraipandy, J. Sai Vardhan,
M. Sai Srikar, B. Udbhav Roy, D. Kalyan on February-2024, International Research Journal of Modernization in
Engineering Technology and Science
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CHAPTER 3 REQUIREMENT
SPECIFICATIONS

3.1 HARDWARE SPECIFICATIONS

Figure 3.1 ARDUINO UNO

AURDUINO UNO

The Arduino Uno board is a widely used open-source microcontroller board that has become
essentialin the world of electronics and programming due to its accessibility, versatility, and ease of use.
Based on the ATmega328P microcontroller, it offers a powerful yet straightforward platform for creating
interactive electronic projects. The Arduino Uno is equipped with 14 digital input/output pins, six of which
can be used for PWM (Pulse Width Modulation) output, and six analog inputs. These pins make it possible
to interface with various sensors, actuators, and other components, enabling a wide range of functions and
control. The board also includes a USB connection, a powerjack, and a reset button, which together make it

easy to power, program, and reset as needed.

One of the key features that make the Arduino Uno so popular is its use of the Arduino IDE
(Integrated Development Environment), a user-friendly software platform that allows users to write and
upload code to the board. The IDE uses a simplified version of C++ programming language, making it
accessible even to those with little to no prior coding experience. This open-source IDE can run on multiple
operating systems, including Windows, macOS, and Linux, and provides built- in libraries to support various
functionalities, like reading sensor data, controlling motors, managing timing, and more. These libraries
greatly simplify programming by providing pre-written code for commonly used components, reducing the

learning curve for beginners and helping experienced users prototype projects faster.

In addition to its user-friendly software, the hardware design of the Arduino Uno is open- source as
well, allowing users to modify or enhance the board's functionality as needed. This openness has ledto a

thriving community of developers and enthusiasts who share projects, libraries, and ideas, furtherincreasing
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the board's versatility and applications.

The Arduino Uno’s hardware layout is also designed to be compatible with "shields"— additional
boards that stack onto the Uno to add new functions, such as WiFi or Bluetooth connectivity, motor control,
and GPS capabilities. Shields are designed to be plug-and-play, meaning users can easily addfunctionalities

without complicated wiring, further simplifying project creation.

The power options for the Arduino Uno make it adaptable to various projects. It can be powered
through the USB connection to a computer or through an external power source via the barrel jack orVIN pin,
allowing for more mobility when used in projects that aren't near a computer. The board operates on 5V, with
a built-in voltage regulator that allows it to handle external input voltage ranging from 6V to 20V, making it
flexible for different power setups. However, the recommended range is typically 7-12V to prevent
overheating. This flexibility enables users to integrate the board into portable, battery-powered applications or
larger projects that require a stable, dedicated power source.

The Arduino Uno also supports a wide variety of input and output capabilities. Its digital pins can
beused to read data from simple switches, motion detectors, and temperature sensors or to control LEDs,
relays, and other basic components. The analog inputs, meanwhile, are capable of reading variable voltages,
which is ideal for reading data from analog sensors like potentiometers, thermistors, and photocells. The six
PWM-capable digital pins allow for more precise control of devices like servo motors and LEDs, enabling
tasks like adjusting brightness or controlling the angle of a motor with high accuracy. The Uno’s serial
communication abilities further enhance its versatility, allowing it to communicate with other devices, such as
computers, displays, and even other microcontrollers, via the onboard UART (Universal Asynchronous
Receiver/Transmitter) or through libraries for other protocols like 12C and SPI.

Arduino Uno boards are widely used in educational settings because they are affordable and simple
enough for beginners while still powerful enough for advanced users to create sophisticated projects. In
classrooms, students can learn the basics of programming and electronics by experimenting with simple
projects, like turning LEDs on and off or reading data from temperature sensors. From there, they can
progress to more complex tasks, such as building robots, weather stations, or automated systems, which
demonstrate real-world applications of coding and electronics. The board’s straightforward setup and
compatibility with a wide range of sensors and components allow students and hobbyists to learn at their own

pace while discovering the principles of engineering and design.

LDR SENSOR

Figure 3.2. LDR SENSOR

An LDR (Light Dependent Resistor), also known as a photo resistor, is a passive electronic component
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that is sensitive to light. Its main characteristic is that its resistance decreases with increasing incident light
intensity; hence, it operates as a variable resistor. LDRs are often made of materials like cadmium sulfide or
cadmium solenoid, which exhibit photoconductivity - a property where electrical resistancechanges when
exposed to light. This unique feature makes the LDR widely used in a variety of applications where light levels

must be monitored or controlled.

The functioning of an LDR sensor is straightforward. When light falls on the LDR's surface, the
material inside the sensor absorbs the photons (light particles). This absorption energizes electrons in the
material, allowing them to move more freely and thus reducing the overall resistance of the device.
Conversely, when there is less light or darkness, fewer photons hit the material, resulting in lower energy
among the electrons and a higher resistance in the LDR. This relationship between light intensity and
resistance makes it possible to use the LDR in circuits to measure light levels or as a control mechanism for

other devices based on the ambient light.

LDR sensors have a broad range of applications in both industrial and consumer electronics due to their
sensitivity to light. One of the most common uses of LDRs is in automatic lighting systems, such as
streetlights. Here, the LDR is used to detect the natural light level. As it gets dark, the increasing resistance of
the LDR can trigger a switch to turn on the lights. Similarly, in security systems, LDRs can detect changes in

light levels to alert for intrusions or unusual activities.

Additionally, LDRs are used in camera light meters and optical alarm systems. For instance, in a
camera, the LDR helps measure light levels to adjust the exposure. In household applications, LDRs can be
found in night lights that automatically turn on when the room gets dark, providing convenienceand energy
efficiency. Furthermore, LDRs are used in solar energy projects where they help track sunlight to optimize the

positioning of solar panels.

DHT12

Figure 3.3: DHT12

The DHT12 is a digital sensor widely used for measuring temperature and humidity with improved
accuracy and stability. As an upgrade from the popular DHT11, the DHT12 offers enhanced precision, a wider
measurement range, and support for the 12C communication protocol, which simplifies integration with various
digital devices. It is especially useful in applications where tracking environmental conditions is essential, such

as in home automation, HVAC systems, and weather monitoring stations.

In terms of temperature measurement, the DHT12 operates within a range of -20°C to +60°C and has
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an accuracy of +0.5°C. This makes it suitable for a broad range of applications where environmental
temperatures are moderate, covering most indoor conditions and general monitoring needs. The humidity
measurement range for the DHT12 is between 20% and 95%, with an accuracy of +3%. This is particularly
valuable in situations where humidity control is necessary, such as in greenhouses, storage areas, and climate-

sensitive environments.

The DHT12 is also favored for its communication flexibility, supporting both 12C and single- wire
communication. With 12C compatibility, it easily integrates with common microcontrollers like Arduino and
Raspberry Pi, allowing for simple and reliable data transmission. The ability to use 12C instead of just single-
wire mode, as in previous models like the DHT11, is a notable improvement because it allows for more
efficient communication and data handling. This makes the DHT12 a preferred choice for modern projects that

require quick and consistent data transfer without complex circuit configurations.

This sensor has a compact and lightweight design, making it ideal for applications where space is
limited or where multiple sensors are required in close proximity. Its small form factor is especially useful in
compact home automation devices and portable weather stations, as well as in agricultural systems where
precise environmental control is critical. Additionally, the DHT12’s low power consumption makes it suitable

for battery-operated devices, making it a practical choice for remote or energy-efficient monitoring systems.

While the DHT12 offers many advantages, it also has some limitations. The measurement
range is suitable for moderate environments, but it may not perform well in extreme temperature or humidity

conditions. Additionally, the sensor has a relatively slow response time, which could be a drawback
inapplications where rapid changes in temperature or humidity need to be tracked in real- time. Despite these
limitations, the DHT12 remains a reliable choice for standard monitoring applications.

LM-35 SENSOR
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Figure 3.4: LM-35 SENSOR

The LM35 temperature sensor operates by converting temperature into a corresponding analog voltage.
Its design is based on the principles of semiconductor technology, where the voltage output changes in a way
directly proportional to the temperature. This sensor is part of a family of analog temperature sensors that are

both precise and easy to use. Its output is linearly proportional to the temperature in degrees Celsius, which
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simplifies both data interpretation and use in temperature- sensitive applications. Unlike other sensors that may
require complex calibration or produce results in Fahrenheit or Kelvin, the LM35's output is already calibrated
in Celsius. This is especially useful in applications requiring direct Celsius readings, as it removes the need for

conversion calculations.

The LM35 has three pins: VVcc (power), ground (GND), and Vout (output). To measure temperature,
you apply power to the Vcc pin (typically 5V), connect the ground pin to your system’s ground, and measure
the output voltage from the Vout pin. The sensor operates over a wide voltage range, which usually includes
4V to 20V, though it’s typically used with 5V in microcontroller projects. It requiresminimal current to operate,
which minimizes self-heating and helps ensure accurate readings, as excess heat could affect temperature
sensing. Since the LM35 outputs a voltage proportional to temperature at a scale of 10 mV per degree Celsius,
you can easily interpret the temperature. For instance, if the VVout pin produces 0.25V (250 mV), it corresponds
to 25°C. This straightforward relationship between temperature and voltage makes it very easy to use in analog
systems or digital systems with analog-to-digital conversion (ADC) capability.

Internally, the LM35 works using a band gap temperature sensor circuit. This circuit generates a
voltage that is proportional to absolute temperature, a techniqgue common in precision temperature sensors.

Theinternal circuitry is finely tuned to give high accuracy and stability, with the LM35 capable

of achievingan accuracy of £0.5°C at room temperature and generally remaining accurate within £1°C across
most of its operational range. This high accuracy is maintained by minimizing self-heating effects, as the
device only draws a small amount of current (less than 60 WA) during operation, which prevents it from
affecting its own readings. Furthermore, the LM35 is built to be robust against environmental variations,
operating effectively in temperature ranges from -55°C to 150°C. This wide range makes ituseful in diverse

applications, from household electronics to industrial environments.

SOLAR PANEL

Figure 3.5: SOLAR PANEL

A solar panel is a device that converts sunlight into electricity using PhotoVoltaic (PV) cells. These
cells are typically made from silicon and are arranged on a panel in a way that captures sunlight efficiently.
When sunlight strikes the PV cells, it excites electrons, creating an electric current that can be harnessed for

power. Solar panels are used in various applications, from providing electricity to homes and businesses to
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powering small devices and even vehicles. The energy generated by solar panels is clean and renewable,

making it an attractive option for reducing dependence on fossil fuels and lowering greenhouse gas emissions.

The process by which solar panels generate electricity is called the photovoltaic effect. When sunlight (which
is composed of energy particles called photons) hits the PV cells, it knocks electrons loose from atoms within
the cells. This creates an electric field across the layers of the cell, causing a flow of electric current. Most
solar panels are made of multiple PV cells, connected to increase the overall power output. The Direct Current
(DC) produced by the solar panels is usually converted into Alternating Current (AC) through an inverter,
making it suitable for powering household appliances and feeding into the electricity grid.

Despite their benefits, solar panels have some challenges. Solar power production depends on sunlight,so
energy generation drops significantly during cloudy days or at night. This variability often requires the use of
batteries to store excess energy, which can be costly. Additionally, solar panel installation requires sufficient
space, and the initial cost can be high, even though it is typically offset by long- term savings. Solar panels can
also have a high energy payback period—meaning they require a certainamount of time to generate the energy
equivalent of what was used to manufacture them.

Solar panels play a vital role in transitioning to clean, renewable energy. By converting sunlight into
electricity, they offer a sustainable way to meet energy demands without harming the environment. While
challenges such as high initial costs and dependence on sunlight exist, advances in technology are steadily
making solar panels more efficient and affordable. As the world moves toward reducing carbon emissions and
creating sustainable energy solutions, solar panels will continue to be an essentialpart of our energy future.

SERVO MOTOR

Figure 3.6. SERVO MOTOR

A servo motor is an advanced motor system designed for precise control of motion, often used in
applications requiring accurate positioning, speed, and torque control. Servo motors combine a standard
motor with a sensor, typically a potentiometer or encoder, to provide continuous feedbackon the motor’s
position. This feedback loop is critical, as it allows the motor to adjust its output and correct any deviation
from the target position in real-time. When a control signal is sent to the servo, the motor responds by
rotating to the desired angle or position, and the feedback sensor monitors theposition to ensure accuracy. If
the motor overshoots or undershoots, the feedback loop signals the motor to adjust, allowing it to reach and

hold the exact position.

Servo motors are widely used across various industries due to their high precision, reliability, and
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compact design. In robotics, for instance, servo motors control robotic arms, wheels, and joints, allowing
for intricate, precise movements essential for tasks like assembly, painting, or handling delicate
components. In the automotive industry, they are used for electronic control systems, such as throttle control
and anti-lock braking systems, where accurate adjustments are crucial for safety and performance.
Manufacturing also relies heavily on servo motors in conveyor belts, CNC machines, and automated

assembly lines, as they provide the precise, repeatable movements requiredto produce high-quality products.

There are different types of servo motors to suit specific needs. DC Servo Motors are commonly used in
low-power applications due to their simplicity and ease of control, making them popular in hobby robotics and
small-scale automation. AC Servo Motors offer higher efficiency and power output, making them suitable for
industrial machinery and heavy-duty applications. Stepper Motors are also used as servos in some applications,
providing controlled incremental movements, often in 3D printing and CNC machines where accuracy is
paramount. Each type of servo motor has uniquecharacteristics,

making it suitable for various applications depending on factors like speed, torque, precision, and cost.

Servo motors are indispensable in modern engineering and automation due to their precision, reliability,
and adaptability across various applications. Their ability to maintain exact positions and respond quickly to
control signals makes them ideal for tasks requiring high accuracy, from robotic arms and automated machinery

to camera positioning systems and even medical devices.

MOTOR DRIVER

Figure 3.7.MOTOR DRIVER

A motor driver is a crucial electronic component used in robotics and electronics to control the speed,
direction, and behavior of motors. Motors, such as DC motors, stepper motors, and servo motors, require more
current than most microcontrollers or microprocessors can supply directly. Motor drivers act as bridgebetween low-
power control signals from a controller (such as an Arduino, Raspberry Pi, or other microcontroller) and the higher-

power requirements of the motor.

Typically, motor drivers are designed with circuits like H-bridges, which enable a motor to rotate in both
directions (clockwise and counterclockwise). The H-bridge circuit, for example, uses four switches (transistors or
MOSFETS) that, when activated in certain combinations, control the flow of current through the motor, allowing for
forward and reverse movement. The microcontroller sends low-power signals to the motor driver, which interprets

these signals and provides the appropriate power level to the motor.
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Motor drivers also often include features such as speed control, achieved through pulse-width
modulation(PWM). PWM allows the motor driver to rapidly switch the power on and off, which makes it possible to
adjust the speed of the motor by controlling the average power it receives. Some advanced motor drivers may offer
additional features like current sensing, over current protection, and thermal shutdown to protectthe motor and driver
circuit from damage.

In applications, motor drivers are used across various fields, from small hobby robotics projects to large
industrial machines. In summary, motor drivers enable effective control of motor functions

by amplifyingcontrol signals, protecting circuits, and allowing precise control over speed and direction.

Output ports: Mini power bank modules usually include one or more USB output ports for connecting
devices that need to be powered. These ports provide regulated voltage and current to charge smart phones, tablets,
Arduino boards, Raspberry Pi, LED lights, and other USB-powered devices.

Availability: Mini power bank modules are readily available from electronics suppliers, hobbyist shops, andonline
marketplaces. They come in a range of configurations, capacities, and price points to suit different project

requirements and budgets.

DESCRIPTION OF THE SOLAR PANEL WITH LDR,LM-35 AND DHT12 SENSORS:

A solar-powered weather monitoring system equipped with multiple sensors like humidity sensor, raindrop
sensor, LDR (Light Dependent Resistor), and LM35 temperature sensor is an efficient and sustainable approach to
tracking environmental conditions. This system is designed to harness solar energy as primary power source, making
it suitable for remote or off-grid areas where consistent power may be unavailable.

Solar panels continuously charge a battery or provide direct power during the day, ensuring the sensors and
monitoring system have an uninterrupted power supply. This design reduces reliance on conventional power sources,
thus lowering operational costs and supporting environmental sustainability. Solar energy's renewable nature aligns
with the eco-friendly goals of modern technology, while the power storage setup ensures that data collection

continues through cloudy weather or nighttime.

The humidity sensor is crucial in monitoring the moisture content in the air, which is essential for predicting
weather conditions and understanding local climate trends. High humidity levels can signal possible rainfall,fog, or
dew formation, while low humidity might indicate dry conditions that could impact agriculture or human comfort.
This sensor provides accurate data on atmospheric humidity, which can be critical for farmers, meteorologists, or
environmental researchers seeking to assess the likelihood of rain, mold formation, or crop viability. The sensor's

data output, when combined with other measurements, enhances the predictive capabilities of the system.

Additionally, the raindrop sensor enables real-time detection of rainfall onset, intensity, and duration. This

sensor can instantly trigger alerts when rain begins, making it valuable for applications like agricultural
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management, flood forecasting, and outdoor event planning. The raindrop sensor works in tandem with the humidity
sensor to give a more comprehensive understanding of precipitation events. Its data can help trigger responses in

other connected systems, such as closing rooftop windows or halting sensitive outdoor operations.

The LDR or Light Dependent Resistor plays a crucial role in gauging light intensity, which affects both plant
growth and animal behaviors, and is a significant component in tracking diurnal (day-night) cycles. Bymeasuring
ambient light levels, the LDR can also indirectly indicate weather conditions such as cloudiness or clear skies. This
information is particularly beneficial for agriculture, as it assists in determining optimal conditions for
photosynthesis, impacting plant health and yield. The LDR's data also complements the solar panel’s functionality,
helping optimize energy storage by adjusting power use based on available light.

Temperature measurement is handled by the LM35 sensor, a widely used temperature sensor known for its
accuracy and reliability. The LM35 can measure the surrounding temperature and provide real-time updates,
essential for applications in climate control, weather prediction, and agricultural monitoring. By continuously
monitoring temperature levels, this sensor helps gauge potential heat stress in plants or animals and assesses
conditions for human comfort. The LM35 provides temperature data with minimal error and highsensitivity,

enhancing the system's ability to give accurate environmental reports.

Together, these sensors provide a comprehensive, real-time profile of weather and environmental
conditions,ideal for various applications from smart farming to urban environmental monitoring. The solar- powered
setup ensures continuous operation, and the system can be configured to log data to a remote server or display it on a
local interface. In smart agriculture, for instance, the collected data allows for precision farming, enabling farmers to
adjust irrigation, pest control, and crop selection based on accurate environmental insights. In meteorology, data
from this system contributes to creating localized weather forecasts, aiding in early warnings for extreme weather
events. The weather monitoring system, therefore, represents a fusion of sustainable energy use and advanced sensor

technology, creating a robust tool for environmental assessment and climate-conscious decision-making.

APPLICATION

A solar-powered weather monitoring system incorporating sensors for humidity, rainfall, light, and
temperature (using the LM35 sensor) is a highly effective tool for various fields where environmental monitoring
and data collection are crucial. The renewable energy aspect of this system ensures continuous operation, even in
remote areas, making it an eco-friendly solution for sectors that rely on real-time weatherdata. Here are some key

applications:

1. Agriculture and Precision Farming

In agriculture, the weather monitoring system can transform farming practices by providing data-driven insights to
improve crop health and resource management. The humidity sensor and raindrop sensor provide data on moisture
levels and precipitation, enabling farmers to adjust irrigation schedules accordingly. This conserves water by

avoiding unnecessary watering during rainfall or high humidity

© 2025, I)SREM | www.ijsrem.com DOI: 10.55041/I)SREM41600 | Page 11


http://www.ijsrem.com/

27 3y
iz IISREM

W !nternational Journal of Scientific Research in Engineering and Management (I]SREM)
4 Volume: 09 Issue: 02 | Feb - 2025 SJIF Rating: 8.448 ISSN: 2582-3930

periods. The LM35 temperature sensor is essential for monitoring temperature fluctuations, which helps farmers
protect crops from frost or heat stress. The LDR (Light Dependent Resistor) provides data on sunlight levels,
allowing farmers to determine the optimal planting times and locations. By integrating this weather data, farmers
canpractice precision agriculture, improving crop yield, reducing water and fertilizer waste, and creating more

sustainable farming systems.

2. Urban and Smart City Infrastructure

For cities aiming to become smarter and more sustainable, a solar-powered weather monitoring system
provides valuable data for managing resources and improving urban resilience. Temperature and humidity readings
help in assessing microclimates within the city, allowing for the design of better public spaces thataddress urban heat
islands and promote comfort. Rainfall data from the raindrop sensor enables real-time flood risk assessment, helping
authorities prepare for drainage and public safety measures during storms.

The LDR sensor, by tracking light levels, can assist in optimizing street lighting schedules, saving energy
byturning lights on only when needed. This system can enhance various city management aspects, from water
conservation to energy efficiency and public health.

3. Environmental Research and Conservation

In remote or ecologically sensitive areas, a solar-powered weather monitoring system enables long-term
environmental research with minimal impact. The system’s independence from conventional power makes it ideal
for continuous monitoring in places where traditional power sources are unavailable or impractical.

Researchers use data from the humidity sensor to study air moisture patterns, which are crucial for
understanding ecosystem dynamics. Rainfall data helps assess local water cycles, while temperature readings from
the LM35 provide insights into seasonal climate trends. Light data from the LDR also aids intracking seasonal
changes in daylight, which can affect plant and animal behavior. This information is invaluable for studying the
effects of climate change, tracking biodiversity, and supporting conservation strategies.

4. Disaster Preparedness and Early Warning Systems
In regions prone to extreme weather events, such as floods or heat waves, this weather monitoring system
serves as an early warning tool. Rainfall data from the raindrop sensor can indicate the onset of heavy rainfall,
allowing authorities to issue early flood warnings and manage emergency responses proactively. Temperature data
from the LM35 sensor is crucial for identifying heat wave conditions, enabling timely public health alerts and
cooling measures to protect vulnerable populations. By providing real-time data on key weather variables, the system
aids in predicting and mitigating the effects of natural disasters, helping tosafeguard communities and reduce the

impact of climate-related events.

5. Remote Sensing and Defense Applications

In defense and remote sensing operations, understanding environmental conditions is critical for planning and
logistics. A solar-powered weather monitoring system can be deployed in remote areas to track local weather

conditions that might impact troop movements, equipment functioning, or visibility. Temperature and humidity
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readings are essential for anticipating operational challenges, while rainfall and light data help assess terrain
conditions and visibility. The self-sustaining nature of the solar-powered system ensures uninterrupted data
collection in areas where regular power sources are unavailable, making it a valuable toolfor defense agencies and

remote monitoring efforts.

6. Public Health and Community Safety

Weather conditions significantly influence public health, especially in cases of extreme heat or humidity.
The LM35 temperature sensor and humidity sensor work together to provide essential data for issuing health
advisories, particularly during heat waves, when there’s a need to warn vulnerable populations about dehydration
risks and heatstroke. The rainfall data collected by the raindrop sensor can also help assess potential breeding
grounds for mosquito’s, supporting public health initiatives in mosquito control and disease prevention. The LDR
contributes to understanding daylight intensity, aiding in recommendations forsun protection. By tracking these
environmental factors, public health organizations and community authorities can promote safety and health by
issuing timely guidance.

7. Scientific and Educational Uses

A solar-powered weather monitoring system is also valuable for educational institutions and research
organizations. Schools and universities can use it as a hands-on educational tool for teaching students about
environmental science, renewable energy, and climate monitoring. This system helps students learn how different
weather factors like humidity, temperature, and light influence ecosystems, weather patterns, and daily life. In
research labs, scientists can utilize the system for controlled experiments, gathering real-time data on weather

variables to analyze microclimatic effects or simulate specific environmental conditions forresearch purposes.

In summary, a solar-powered weather monitoring system with humidity, raindrop, LDR, and LM35 sensors
offers a robust, versatile solution for monitoring environmental conditions. Its applications span agriculture, urban
planning, disaster preparedness, public health, environmental research, defense, and education, providing vital data

for decision-making, resource management, and safety across various fields.

CHAPTER 4

SYSTEM DESIGN
4.1 Block Diagram

A block diagram is a diagram of a system in which the principal parts or functions are
represented by blocks connected by lines that show the relationships of the blocks. They are
heavily usd in engin ering in hardware design, electronic design, software design, and pr ocess ck

flow diagrms. A bl diagram is a visual representation of a system that uses simple, labeled si ngle or

blocks that  represent multiple items, entities or concepts, connected by lines to show
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relationships between them.

HUMIDITY
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LDR TERMISTOR

ARDUINO UNO
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TILTING OF SOLAR PANEL
(acc. to sun light)

SOLAR
PANEL

Figure 4.1: Block diagram
1. Sensors (LDR, Thermistor, Humidity Sensor)

- LDR (Light Dependent Resistor: The LDR detects sunlight intensity. It changes its resistance based on the
amountof light it receives. In this setup, the LDR will help determine the sun's position by identifying which
direction has thehighest light intensity, allowing the system to align the solar panel accordingly.

- *Thermistor*: This is a temperature-sensitive resistor that adjusts its resistance based on temperature.
Bymeasuring temperature, the system can monitor and record weather conditions, which may affect solar panel
performance and efficiency.

- *Humidity Sensor*: This sensor measures the humidity in the environment, giving data on moisture levels in
theair. This information is valuable for monitoring overall weather conditions, which can help in analyzing the

panel’s performance in various environmental situations.

2. *Arduino Uno*
- The Arduino Uno is the main microcontroller board that receives data from the sensors. Based on the inputs

fromthe LDR, thermistor, and humidity sensor, the Arduino processes the information to control the motor and
adjust thesolar panel's position.

Data Processing: Arduino continuously collects data from the LDR, thermistor, and humidity sensor. Using this
information, it determines the optimal angle for the solar panel to maximize exposure to sunlight, as well as

monitoringtemperature and humidity for additional insights on environmental conditions.

3. Motor and Motor Driver
- Motor: The motor physically drives the movement of the solar panel. Depending on the design, it could be a
servomotor, DC motor, or stepper motor.

- Motor Driver: Since the Arduino cannot supply enough current to power the motor directly, the motor driver
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actsas an interface. It amplifies the control signals from the Arduino to provide adequate power to the motor. The
motor driver allows the Arduino to control the speed and direction of the motor, facilitating precise adjustments to

the solar panel’s tilt.

4. Tilting Mechanism of the Solar Panel

- This part of the system is responsible for adjusting the angle of the solar panel according to the sun’s position.
Basedon the input from the LDR, the Arduino controls the motor to tilt the panel toward the direction of maximum
sunlight. This tracking ensures that the panel is always aligned with the sun, optimizing its energy absorption and

efficiency.

5. Solar Panel
- The *solar panel* is the end component that converts sunlight into electrical energy. By using the sun-tracking
mechanism, the system maximizes the energy generation by keeping the panel in the best possible orientation

throughout the day.

Summary of Operation

1. The LDR detects the light intensity from different directions.

2. The Arduino Uno reads this data, alongside temperature from the thermistor and humidity levels.

3. Based on the direction of maximum sunlight, the Arduino sends a signal to the motor driver to operate the motor.
4. The motor adjusts the panel’s angle to align with the sun's position.

5. The solar panel stays aligned to the optimal angle, enhancing energy generation efficiency.
CHAPTER 6 DEVELOPMENT AND

MAINTENANCE

Steps to Develop the System

1. Sensor Integration:
o Connectthe LDR, DHT12, and humidity sensor to a microcontroller (e.g., Arduino or
Raspberry Pi).
o Programthe microcontroller to read data from the LDR for sunlight detection and from the DHT12
for temperature and humidity.

2. Decision-Making Algorithm:
o  Write a script that continuously monitors the LDR and humidity levels.
o Ifhighsunlight is detected, adjust the panel to maximize exposure.
o Ifrainisdetected (humidity threshold met), activate the servo motor to move the panel to a safe
position.

3. Motor Control:
o Connect the motor driver to the servo motor and the microcontroller.

o Programthe motor driver to respond to commands from the microcontroller, moving the panel
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according to the data from the sensors.

4. Testing and Calibration:

o Testthe system to ensure the panel adjusts correctly to sunlight and moves to safety when rain is
detected.

o Calibrate the system based on different weather conditions to improve response accuracy.

5. Maintenance:

o Regularly clean the LDR and sensors for accurate readings.

o Check motor functionality and lubricate if necessary to prevent wear.
6.1 CHECKING

Figure 6.1: Demo Picture 1

Figure 6.1. Demo Picture 1
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Figure 6.2: Demo picture
CHAPTER 7 CONCLUSION AND FUTURE

SCOPE

CONCLUSION

The Weather Monitoring System using a solar panel provides an efficient solution for optimizing solar
energy collection while ensuring protection against adverse weather conditions. By using sensors to detect sunlight
intensity and rain, the system autonomously adjusts the solar panel’s position, enhancing energy absorption during
sunny periods and shifting the panel to a safe angle when rain is detected. This automated approach not only
maximizes solar energy efficiency but also prolongs the life of the panel by minimizing weather-related wear and
tear. Overall, this project demonstrates a practical and sustainable application of renewable energy technology,

contributing to both energy conservation and system longevity.

FUTURE SCOPE

This Weather Monitoring System using a solar panel has significant potential for future enhancements,

making it even more efficient and adaptable. Possible areas for developmentinclude:

1. Integration with 0T (Internet of Things): Connecting the system to a cloud platform or mobile application
would allow remote monitoring, data analysis, and real-time control fromanywhere, improving usability and
accessibility.

2. Advanced Weather Prediction: Incorporating Al-based algorithms for weather prediction could enable the system
to anticipate weather changes and adjust the panel's position proactively, maximizing energy capture and providing
even better protection.
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3. Enhanced Power Management: Developing a battery management system to store excess energy generated on
sunny days could help make the system more sustainable and provide backup power during low sunlight periods.

4. Improved Durability and Sensor Range: Using more robust materials and weather- resistant sensors could
enhance the system's durability in extreme conditions, making it suitable for a wider range of environments.

5. Scaling for Larger Applications: This concept could be scaled up for use in solar farms, smart homes, and
industrial applications, contributing to efficient energy management in larger systems.
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