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ABSTRACT
The need for efficient solar energy utilization has become increasingly evident in the face of climate change and
growing energy demands. This led to the recognition of the problem of suboptimal energy capture in fixed solar
panels. Through extensive research and observations, it was identified that conventional fixed solar panels do not
fully harness the available solar energy due to the sun's changing position throughout the day. This realization
prompted the exploration of advanced tracking systems to improve energy capture.

How the Problem was identified:

In addressing the challenge of maximizing solar energy capture, various solar tracking technologies have been
developed. Single-axis trackers are among the initial solutions, adjusting panels on a horizontal axis to follow the
sun's east-west movement. However, these systems fail to account for the sun's changing altitude throughout the day.
Dual-axis solar tracking systems emerged as a more advanced solution, capable of continuously aligning solar panels
in both the horizontal and vertical planes. These systems employ an array of sensors, microcontrollers, and actuators
to precisely track the sun's position, thereby significantly enhancing energy output.
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1. INTRODUCTION

The escalating global energy demand coupled with the imperative to reduce greenhouse gas emissions has
intensified the quest for renewable energy sources. Solar energy, in particular, stands as a promising solution due to
its abundant and clean attributes. However, to harness solar power optimally, it is essential to address the inherent
inefficiencies of fixed solar panels, which fail to adapt to the dynamic position of the sun throughout the day. This
pressing requirement has led to the formulation of the problem: the need for efficient solar tracking systems, with a
particular focus on dual-axis tracking, to maximize energy capture.

Several algorithms have been proposed to tackle the challenge of solar tracking, with a primary emphasis on
enhancing accuracy. Notable algorithms include the Maximum Power Point Tracking (MPPT), PID control, and
predictive control algorithms. These algorithms have demonstrated considerable success in improving energy capture
efficiency, often achieving accuracies exceeding 95% under ideal conditions. However, their performance can vary
based on geographical location and environmental factors, which necessitates ongoing refinement.
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Despite the advancements in solar tracking algorithms, there exist significant drawbacks in the existing
approaches. A comprehensive review of five pertinent research papers reveals common limitations. These drawbacks
include:

i.  Environmental Sensitivity:
Existing algorithms often struggle to adapt to rapidly changing weather conditions, such as sudden cloud
cover or atmospheric disturbances.

ii.  Energy Consumption:
Some tracking systems consume excessive power, offsetting the gains in energy capture, and rendering them
impractical for off-grid or remote installations.

iii.  Maintenance Challenges:
Many systems require regular maintenance, which can be burdensome for remote or inaccessible solar
installations.

iv.  Lack of Standardization:
The absence of standardized algorithms and control strategies hinders interoperability and widespread
adoption.

To address the identified drawbacks in existing solar tracking approaches, potential solutions may include the
development of adaptive algorithms that can respond effectively to changing environmental conditions, the
optimization of power-efficient control strategies, simplification of mechanical components, and the establishment
of industry-wide standards for solar tracking systems. These solutions aim to make solar tracking more reliable, cost-
effective, and accessible, thereby expanding its applicability across diverse settings.

Our research team recognizes the need for improved solar tracking solutions and aims to contribute
significantly to this area. Our primary focus is on enhancing algorithmic accuracy while ensuring robustness to
environmental variables. We are currently developing a novel predictive control algorithm that combines machine
learning techniques with real-time weather data to provide adaptive and precise solar tracking. This approach not
only enhances energy capture but also addresses environmental sensitivities. Additionally, we are working on an
efficient and reliable hardware implementation to minimize energy consumption and maintenance requirements. Our
research endeavors aim to advance the state of the art in dual-axis solar tracking, making it a more viable and
sustainable option for renewable energy generation.

2. LITERATURE SURVEY

We select four typical projects to further highlight key lessons we can learn with respect to security and privacy
risks. The case studies are based on Sun track Weather, Solar power, Weather update, Sun tracking technology.

i. Sun track Weather:
Research on Sun track Weather focuses on the development and implementation of advanced
technologies for tracking solar irradiance and weather conditions in real-time. This includes the use
of satellite data, ground-based sensors, and advanced algorithms for accurate monitoring and
forecasting.

ii. Solar power:
The literature highlights the increasing significance of solar power as a clean and sustainable energy
source. Research explores various aspects of solar energy utilization, including photovoltaic systems,
concentrated solar power, and solar thermal technologies.
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iii. Weather update:
Weather updates play a crucial role in solar energy management, as they provide essential
information on factors such as cloud cover, solar irradiance, temperature, and wind speed. Timely
weather updates facilitate proactive decision-making for optimal energy production and grid
stability.

iv. Solar energy prediction:
Solar energy prediction involves forecasting both solar irradiance and photovoltaic power output.
Literature explores various prediction approaches, including statistical models, physical models,
hybrid models, and ensemble forecasting techniques, considering factors such as weather variability
and uncertainty.

V. Sun tracking technology:
Sun tracking technology improves solar energy capture by orienting solar panels to follow the sun's
trajectory throughout the day. Literature reviews advancements in sun tracking mechanisms,
including single-axis and dual-axis tracking systems, as well as their impact on energy production
and system cost-effectiveness

3. PROPOSED SYSTEM

The proposed system for "Sun track Weather: Real-Time Solar Power Weather Update" integrates cutting-
edge technology and advanced data analysis techniques to revolutionize solar energy management. By harnessing
real-time meteorological data from ground-based sensors, satellite observations, and weather forecast models, the
system ensures precise monitoring of key parameters such as solar irradiance, temperature, humidity, wind speed,
and cloud cover. This wealth of data is processed through sophisticated forecasting and prediction models, including
machine learning algorithms and numerical weather prediction techniques, tailored specifically for solar energy
applications. These models enable accurate predictions of future solar irradiance and photovoltaic output,
empowering users with actionable insights to optimize energy production and grid integration strategies. Through an
intuitive user interface accessible via web or mobile applications, stakeholders can access real-time updates on
weather conditions, energy production forecasts, and recommended operational decisions. The system also
incorporates intelligent energy management algorithms to dynamically adjust solar power generation, energy storage,
and grid interactions in response to changing environmental conditions and electricity demand patterns. By
prioritizing scalability, flexibility, and reliability, the proposed system paves the way for a sustainable energy future,
driving efficiency, resilience, and economic prosperity in the solar power sector.
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Fig. Proposed System of Axis Dual Solar Tracker

4, METHODOLOGY

The main intention of this project is to design a high-quality solar tracker. The project is divided into two parts;
hardware and software. It consists of three main constituent which are the inputs, main controller and the output as

shown in figure. The inputs are from analogue value of LDR (Light Dependent Resistor) sensor, Arduino as the
controller and the servo motor will be the output.

! ARDUINO
INPUT OUTPUT
> CONTROLLER[—=>
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5. CONCLUSION

The integration of a dual-axis solar tracking system with live weather sensors is a breakthrough in solar energy

technology. This system precisely adjusts solar panel orientation in azimuth and elevation, optimizing energy capture
based on real-time weather conditions like cloud cover and temperature. By incorporating weather data, it ensures
efficient energy harvesting in varying environments. Moreover, it offers valuable insights for monitoring and
evaluating system performance, enabling informed decision-making. Beyond orientation control, this system
becomes a dynamic energy solution, adapting to its surroundings for maximum efficiency and resilience. Real-time
display of solar power generation enhances user engagement, allowing stakeholders to track performance and make
data- driven optimizations through a user-friendly interface.
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