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ABSTRACT: Solar Tracking Management System designed to enhance the efficiency of solar
panels by dynamically adjusting their position to align with the sun's movement. The system
utilizes an ESP32 microcontroller, Light Dependent Resistors (LDRs), and a servo motor to
achieve precise solar tracking based on sunlight intensity. Solar Tracking Management System
aimed at maximizing the efficiency of solar panels by automatically adjusting their orientation
to follow the movement of the sun. The system employs an ESP32 microcontroller, Light
Dependent Resistors (LDRs), and a servo motor to perform accurate solar tracking depending
on the intensity of sunlight. The LDR sensors identify changes in light, allowing the servo motor
to adjust the solar panel for maximum energy harvesting. The system features a dual-axis solar
tracking system, utilizing light-dependent resistors (LDRs) as solar irradiance sensors and servo
motors for dynamic photovoltaic panel orientation adjustment to achieve the best incident
angles of sunlight. A microcontroller-based embedded system controls the real-time tracking
algorithm and energy management system, battery energy storage system, direct load
utilization, and excess energy handling.
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INTRODUCTION

The solar power monitoring system is an integral technology for optimizing the utilization of
solar energy as a renewable energy source. With the increasing global demand for electricity,
the need for sustainable energy solutions becomes more urgent. This system, leveraging the
capabilities of the Arduino Uno microcontroller, provides an efficient mechanism for monitoring
and controlling solar energy generation. Solar energy, derived from sunlight, represents a
virtually inexhaustible and environmentally friendly resource. Central to the system are
photovoltaic (PV) panels, which convert solar radiation into electrical energy. These panels are
constructed from silicon-based materials, which undergo a series of manufacturing processes to
become functional for energy conversion. The production of high-purity silicon begins with the
addition of carbon to silicon, creating silicon carbide. This material is then subjected to a
chemical process involving hydrogen to produce monocrystalline or polycrystalline silicon,
which is subsequently sliced into silicon wafers. These wafers form the core components of
photovoltaic cells, which absorb light and generate direct current (DC) electricity through the
photovoltaic effect. The integration of the Internet of Things (loT) enhances the operational
efficiency of the solar power monitoring system by enabling real-time data acquisition, system
automation, and remote monitoring. loT facilitates the optimization of performance by allowing
dynamic adjustments to the system based on current environmental conditions, thereby
improving the reliability, responsiveness, and security of the solar energy infrastructure. In this
system, the Arduino Uno microcontroller acts as the central processing unit (CPU), interfacing
with the photovoltaic panels to process sensor data and control energy generation and
distribution. The incorporation of loT allows for continuous monitoring of key performance
metrics such as voltage, current, and power output, providing real-time analytics and predictive
insights into system behavior. While conventional power generation technologies may offer
lower operational costs, solar power presents a clean, sustainable, and increasingly competitive
alternative for meeting the ever-growing global energy demand. This system proves especially
valuable in commercial and industrial settings, where large-scale energy requirements
necessitate high-efficiency solutions. In such environments, solar panels are often arranged in
optimized arrays or solar farms to maximize energy yield and ensure continuous power supply
for business operations.

LITERATURE SURVEY

Maximum Efficiency Trajectories of a Two-Axis Sun Tracking System Determined Considering
Tracking System Consumption

This review of the literature investigates several studies and techniques innovations associated
with smart sun-tracking mechanisms including single-axis and dual-axis solar tracking
mechanisms sensor innovations and automation methods smart sun-tracking mechanisms are a
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major leap in photovoltaic improvement and bring notable power efficiency and ecological
responsibility improvements next analysis of the areas of automation combination of ai and
cost-effect methods will continue to improve their viability and utilization in bulk solar
applications.

Optimal Selection of the Control Strategy for Dual-Axis Solar Tracking Systems

Automated solar orientation technologies play a central influence on optimizing solar power
utilization pv power technologies it supports solar panels in orienting toward the suns
orientation during the daytime hence ability to collect the maximum energy achievable but
with the added accuracy comes the problems greater power consumption while monitoring
calling optimal control strategies

A New Design of Dual-Axis Solar Tracking System with LDR Sensors by Using the Wheatstone
Bridge Circuit

Advanced sun-tracking technologies created to enhance effectiveness of photovoltaic
photovoltaic module preserving positioning that keeps them directly facing the suns rays
throughout the daylight hours achieve significantly greater efficiency relative to immovable
installations effective stationary modules intelligent sun-tracking systems a major breakthrough
within sustainable power systems featuring advanced management methodologies heavy-duty
the technical framework structures from these systems improve their efficiency operational
effectiveness sustainability solar power generation.

Developing Smart Self Orienting Solar Tracker for Mobile PV Power Generation System

The literature identifying smart sun-tracking models emphasizes solar efficiency maximization
history using novel tracking mechanisms developing systems many research evaluated varied
monitoring methodology unidirectional monitoring bidirectional monitoring system enhance
sun-powered module effectiveness by providing optimal sunlight exposure.

Analysis of Power Grid Voltage Stability With High Penetration of Solar PV Systems

Many observation studies conducted on the use parallel-axis multi-directional solar panel
tracking positioning models single-plane tracing simulates sun-powered path improving
dynamism effectiveness 25-35 while dual-axis tracing also optimizes performance by
accounting for seasonal changes resulting in possible gain of up to 40-50 researchers have
examined different tracking systems such as light-dependent resistor Idr detectors
microcontroller-based automation internet-connected systems iot-based tracing all of which
help optimize solar panel positioning
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SYSTEM ARCHITECTURE

This paper presents the design and implementation of a smart dual-axis solar tracking and
power control system using the ESP32 microcontroller, aimed at maximizing the efficiency of
photovoltaic (PV) panels. The system employs both sensor-based and algorithm-based tracking
approaches, using Light Dependent Resistors (LDRs) to detect sunlight intensity and servo
motors to dynamically adjust the panel’s orientation along azimuth and elevation axes. A hybrid
control strategy is used to ensure optimal performance by switching between real-time sensor
feedback and astronomical position calculations. The ESP32 serves as the central controller,
processing data from various sensors (light, voltage, current, and temperature) and enabling
remote monitoring through loT platforms such as Blynk or ThingSpeak via Wi-Fi or Bluetooth.
The proposed model not only improves the energy yield compared to fixed-tilt systems but also
ensures robust performance, demonstrated through a real-world case study where the new
system outperformed an outdated PLC-based tracker. By integrating intelligent algorithms and
modern communication protocols, this system offers a reliable, low-cost, and efficient solution
for solar energy harvesting, with potential for further enhancement through Al-driven
prediction.
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Fig 1 System Architecture

The amount of output mainly depends on the cosine angle of incidence which is known as the
angle between the sun ray and horizontal surface. The minimum incidence angle gives the
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maximum power output. In case of fixed panel except noon time the angle is maximum for the
movement of sun. The efficient solar-tracking is which can correct this problem. The first solar
tracker introduced by Finster in 1962, was completely mechanical. One year later, saavedra
presented a mechanism with an automatic electronic control, which was used to orient an
Eppley pyrheliometer. Anusha et al. compared the fixed PV panel and single axis solar tracking
based on real time clock (RTC) using ARM processor. The experiment is conducted using both
fixed and tracking system for 6 days. The result show that the solar tracking system increased
the efficiency around0 40% and energy received from the sun is improved from 9.00AM to
6.00PM. Dhanabal et al. compared the efficiencies of static panels and tracking systems of
single axis and dual axis fixed mount. The readings are taken from morning 8AM to evening
6PM for fixed panel, single axis tracker and dual axis tracker for every one hour. The results says
the efficiency of the single axis tracking system over that of the static panel is calculated to be
32.17% and dual axis tracking over that of the static panel is calculated to be 81.68%. The solar
tracking PV panel produced more energy than fixed one with about 57.55%. The proposed
device automatically searches the optimum PV panel position with respect to the sun by means
of a DC motor controlled by an intelligent drive unit that receives input signals from dedicated
light intensity sensors. The solar tracking PV panel produced more energy than fixed one with
concentration PVs. The results showed that for a given irradiance, the pumped water flow rate
was significantly different from one another.

Related Work

Numerous studies have explored solar tracking systems to enhance the efficiency of
photovoltaic energy generation. Traditional fixed-panel systems, while simple, suffer from
suboptimal energy harvest due to static orientation. To overcome this, researchers have
proposed single-axis and dual-axis tracking systems. For instance, Kim et al. (2018)
implemented a dual-axis solar tracker using stepper motors and light sensors, achieving a 30—
40% increase in energy output. However, the system lacked real-time monitoring and was
limited in adaptability. Another notable work by Ahmed and Salam (2019) introduced a
sensorless astronomical-based dual-axis tracker using a microcontroller and real-time clock
(RTC), which reduced mechanical wear but struggled under cloudy conditions. Recent
advancements have incorporated loT technologies to enable remote monitoring and control.
For example, Singh et al. (2021) developed an loT-enabled solar tracking system using
NodeMCU and Blynk, offering real-time data visualization but limited accuracy due to its single-
axis design. PLC-based systems like those developed by Deshmukh et al. (2020) offer industrial-
grade performance but are costly and complex for small-scale deployments. Despite these
contributions, few systems integrate both sensor-based and algorithm-based control in a hybrid
fashion. The proposed work bridges this gap by using ESP32 for dual-axis control and real-time
data acquisition via loT, delivering a cost-effective, accurate, and adaptive solution that
outperforms traditional models.
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RESULTS & DISCUSION

Solar trackers are instruments which will be used to increase the amount of solar energy
collected via PV systems via constant tracking of the position of the sun across the sky
throughout the day. These methods are aesthetically attractive, environmentally friendly
and are progressively becoming cost-efficient with the growth of the computer systems as
well as control systems technologies. The integrated features bring these techniques
appropriate as green and enormous scale domestic and industrial power generation
processes. In this article, different types of STS are summarized on their designs, thermal and
electrical performances as well as the factors influencing the heat loss during operation. Based
on ideas of energy collection and the sun tracking techniques, ST can be divided into two
categories viz. active types and passive types.
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Fig 2 Working Model

These two major types of STS can, in turn, be divided into many other different categories
based on a number of parameters such as the number of axes, the tracking directions and
methods among others. Inactive STS, single/double-tracking modes are used. Each of these
systems presents their own advantages; the double-axis STS provide better power
stratifications while single axis processes are cheaper and less complex. the comparison
between the energy returns of both tracking methods (single and double) with the fixed
traditional PV systems open that the sun tracking system's energy return is always higher
than that of the traditional fixed PV panels. Although the double-axis tracking systems give
better energy return when compared to other types of systems; the literature indicates that
they suffer from high energy losses during their operation due to auxiliary units and
moving joints. Serious problems occur when any of the sensors is shaded up since this
phenomenon can cause an asymmetrical control signal leading to the malfunction of the
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entire system. Solar trackers are instruments which will be used to increase the amount
of solar energy collected via PV systems via constant tracking of the position of the sun across
the sky throughout the day.

CONCLUSION

Thus, looking at all sorts of tracking systems, comparing their numerical results and efficiencies
with traditional and static solar panels, we can say that the extraction of more power from the
solar panel will result in decrease of the cost per watt. This will ensure that extracting power
using the tracking system will be much more cost efficient than traditional static solar panels.
Thus, we can conclude that, single axis tracking system proves to be more pocket friendly and
more flexible in installation as compared with dual axis trackers. But dual axis solar trackers, as
we saw in the results column of comparison table above, will fetch greater efficiency than
single axis trackers.
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