© May 2024| IJIRT | Volume 10 Issue 12 | ISSN: 2349-6002

Dual-Axis Solar Tracking: Enhancing Energy
Harvesting Efficiency

Himanshu Tiwari?, Vishal Chaudhary?, Kuldeep Kumar Swarnkar®, Rohan Singh Rajput*
L4Student, Madhav Institute of Technology and Science, Gwalior M.P.
23ssistant Professor, Department of Electrical Engineering, MITS

Abstract---In a burgeoning nation such as ours, the
energy crisis stands as a paramount challenge,
characterized by a glaring disparity between energy
supply and demand. Within the realm of renewable
energy solutions, solar power emerges as a
particularly potent resource, holding the potential to
significantly alleviate this pressing issue. The present
study undertakes a comprehensive examination of the
execution of a dual-axis system built on a
microcontroller platform sun based following
framework. Sun based Vvitality, owing to its
abundance and eco-friendliness, is currently
experiencing rapid adoption. Deploying solar panels
and optimizing their orientation for maximal solar
exposure stands out as a straightforward, expedient,
cost-effective, and sustainable approach to energy
generation. The dual-axis solar tracker, equipped
with integrated sensors, dynamically adjusts its
position to track the sun, leveraging a combination of
mechanical and electronic components. Comparative
studies reveal that while a single-axis solar tracker
offers a mere 8-10% enhancement over stationary
panels, dual-axis trackers boast an even more
impressive 10-15% increase in effectiveness.

I INTRODUCTION

Within the domain of worldwide vitality utilization,
which is vital for the development of any country,
there's a burgeoning request that's consistently
expanding with the developing world populace.
Conventional vitality sources like coal and oil,
whereas right now overwhelming, are confronting
challenges due to their limited nature and hurtful
natural affect. The rising costs of petroleum and the
unfavourable impacts of nursery gas emanations
emphasize the critical require for transitioning
towards renewable vitality sources such as sun
based, wind, aqueous, and tidal control. Sun
oriented vitality, in specific, holds monstrous
guarantee because it is copious and specifically
tackle able from the sun. Despite its antiquated
utilization, the total potential of sun-oriented
vitality remains to be completely realized, requiring
changes in utilization methods. Sun oriented
following frameworks, which alter the introduction
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of sun-oriented boards to maximize daylight
introduction, offer an arrangement to improve
vitality —era  effectiveness. Among these
frameworks, dual-axis trackers, able of adjusting
boards along both flat and vertical tomahawks,
illustrate predominant execution compared to
single-axis  or  fixed-mount  arrangements.
Endeavours to maximize vitality era whereas
minimizing contamination are essential for
relieving natural corruption and combating climate
alter. By advancing sun powered vitality as the
essential power source, ready to diminish
dependence on limited resources like fossil fills and
relieve contamination. The execution of dual-axis
sun oriented following frameworks presents an
effective strategy for expanding vitality efficiency
and minimizing negative natural impacts.

In response to the pressing need for sustainable
energy solutions, this research project focuses on
the development and evaluation of a dual-axis solar
tracker system utilizing Arduino microcontroller
technology. By leveraging Arduino's flexibility and
affordability, the aim is to create a customizable
and proficient sun oriented following arrangement.
The union of sensors, actuators, and control
calculations controlled by Arduino empowers real-
time alterations to optimize sun-oriented board
introduction and maximize vitality capture.
Through comprehensive experimentation and
analysis, this investigate looks for to supply
experiences into the execution and potential of
dual-axis sun based following frameworks. By
surveying essentialness surrender, taking after
precision, and system capability compared to fixed-
mount foundations, the consider focuses to
contribute imperative data to the field of sun
fuelled imperativeness advancement. Inevitably,
the objective is to energize the wide assignment of
renewable imperativeness courses of action and
animate the move towards an economic vitality
future. Writing Audit
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1. LITERATURE REVIEW

A. HISTORICAL PERSPECTIVE OF SOLAR
TRACKER: In following the authentic viewpoint
of sun powered trackers, one must dive into the
beginnings of sun-oriented vitality utilization and
the advancement of sun based following
innovation. The journey to saddle sun-oriented
control dates back centuries, with old civilizations
recognizing the sun's energy-giving properties. Be
that as it may, it wasn't until the late 19th and early
20th centuries that noteworthy strides were made in
sun-based vitality inquire about and innovation.

The starting sun powered vitality frameworks
overwhelmingly comprised fixed-mount sun-
oriented collectors, which remained inactive and
unable of altering to the sun's direction over the
sky. These frameworks confronted restrictions in
productivity since they might successfully capture
daylight as it were when situated straightforwardly
towards the sun. With the expanding request for
renewable vitality within the mid-20th century,
analysts commenced exploring roads to improve
the viability of sun-based vitality frameworks.

The thought of sun powered following emerged as
a methodology to optimize sun-based vitality
capture by powerfully adjusting sun-oriented
boards with the sun's direction. Initially, solar
tracking systems were basic and depended on
manual adjustments or simple mechanical
mechanisms to track the sun's motion. However,
these early tracking methods laid the groundwork
for the development of more advanced tracking
technologies in the future.The advancement of
electronic sensors and control systems in the latter
part of the 20th century brought about a significant
transformation in solar tracking technology.
Devices such as photodiodes, and other light-
sensing components empowered  automated
tracking systems to precisely detect the sun's
position and align solar panels accordingly. This
era heralded the onset of modern solar tracking,
characterized by a focus on precision and
efficiency.

In the late 20th century, single-axis solar trackers,
capable of adjusting solar panels along a single
axis, typically azimuth, entered the commercial
market. These trackers spoken to an progression
over static-mount frameworks by upgrading vitality
capture through optimized board introduction with
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regard to the sun's east-west direction. Nonetheless,
their viability was obliged by their failure to oblige
vacillations within the sun's rise point over the
course of a day and over distinctive seasons.

The progression of solar tracking technology
extended into the 21st century, marked by the
emergence of dual-axis solar trackers. These
sophisticated systems, with the ability to adjust
solar panels along both azimuth and elevation
angles, symbolized a substantial advancement in
the efficiency of solar energy capture. Through
precise alignment with the sun's position
throughout the day and across seasons, dual-axis
trackers optimize solar energy capture and overall
system performance. In contemporary times, dual-
axis solar trackers have garnered widespread
adoption across a diverse array of solar PV setups,
ranging from residential rooftops to expansive solar
farms. These trackers have evolved into essential
elements of solar energy systems, renowned for
their exceptional efficiency and performance when
contrasted with static-mount and single-pivot
monitoring systems. As the trajectory of solar
energy technology advances, the historical
narrative of solar trackers stands as a tribute to
human inventiveness and the unwavering quest for
sustainable energy alternatives.

B. INTRODUCTION OF SOLAR TRACKING
TECHNOLOGY: The noteworthiness of sun based
following in increasing the productivity of sun
based photovoltaic (PV) frameworks cannot be
exaggerated. Sun oriented following innovation
expect a significant part in maximizing the
utilization of sun powered vitality by guaranteeing
that sun-oriented boards reliably confront the sun's
position to optimize daylight introduction. Not at
all like fixed-mount sun powered boards, which
stay inactive and can as it were effectively capture
daylight when specifically confronting the sun, sun
based following frameworks powerfully alter the
introduction of sun-oriented boards to follow the
sun's development over the sky.

Through ceaseless arrangement with the sun's way,
sun oriented following frameworks considerably
upgrade vitality capture all through the day. This is
especially critical in regions characterized by
significant  fluctuations in  solar irradiance
attributable to factors such as latitude, seasonal
variations, and time of day. Solar tracking enables
solar panels to capture sunlight more efficiently
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during mornings, evenings, and instances of partial
cloud cover, thereby mitigating the decrease in
energy production experienced by fixed-mount
systems.

Moreover, sun powered following innovation lifts
the in general proficiency of sun powered PV
frameworks by maximizing the change of daylight
into power. When sun-oriented boards are
absolutely adjusted with the sun's position, they
work at their ideal effectiveness levels, producing
higher control yields in comparison to statically
mounted boards. This interprets into increased
vitality yields and upgraded framework execution,
eventually coming about in more noteworthy
vitality era and made strides returns on speculation
for sun-oriented PV establishments.

Moreover, solar tracking systems contribute to the
efficient utilization of available space by enabling
solar panels to be densely packed while still
maintaining adequate spacing for effective
tracking. This proves particularly advantageous in
areas where land or roof space is limited, as it
facilitates higher power density and increased
energy production from a given area.In outline, sun
powered following innovation plays a vital part in
lifting the productivity and execution of sun-
oriented PV frameworks. By ceaselessly altering
the introduction of sun-based boards to take after
the sun's development, sun oriented following
frameworks optimize vitality capture, improve
framework effectiveness, and maximize space
utilization. As sun-based vitality accept a
significant part in transitioning towards a feasible
vitality future, the centrality of sun-oriented

following in maximizing vitality vyields and
optimizing framework execution cannot be
exaggerated.

The analogy of fixed-mount and variable-mount
following frameworks offers profitable bits of
knowledge into the points of interest and
impediments of each approach in improving the
proficiency of sun based photovoltaic (PV)
frameworks. Fixed-mount solar panels represent
the most fundamental and widely used
configuration in solar PV installations. These
panels remain stationary and are mounted at a fixed
tilt angle, typically tailored to the location's
latitude. Whereas fixed-mount frameworks are
direct and cost-effective to introduce, they are
inalienably limited in their capacity to adjust to
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changing daylight points all through the day. Thus,
fixed-mount frameworks involvement lessened
vitality generation amid mornings, nighttime’s, and
regular varieties when the sun's direction
experiences noteworthy changes.

Single-axis tracking systems address some of the
drawbacks of fixed-mount systems by allowing
solar panels to adjust their orientation along a
single axis, typically the east-west axis (azimuth).
This capability enables solar panels to track the
sun's east-west movement throughout the day,
thereby optimizing energy capture and enhancing
system efficiency. Single-axis trackers offer
prevalent vitality yields compared to static-mount
frameworks, particularly in locales characterized by
noteworthy varieties in daylight points. Be that as it
may, they still have confinements in obliging
changes within the sun's rise point, which can result
in imperfect vitality generation amid distinctive
seasons.

On the other hand, dual axis following frameworks
speak to the foremost progressed and proficient
approach to sun powered following. These
frameworks empower sun powered boards to alter
their introduction along both azimuth (east-west)
and height (north-south) tomahawks, permitting for
exact arrangement with the sun's position at any
time of day and in any season. By persistently
following the sun's development in two
measurements, dual-axis trackers maximize vitality
capture and optimize framework execution all
through the year. This leads to significantly higher
vitality yields and made strides generally
proficiency compared to fixed-mount and single-
axis following frameworks. Despite their superior
performance, dual-axis tracking systems are more
complex and costly to implement than fixed-mount
and single-axis framework. The extra components,
such as sensors, actuators, and control frameworks,
increase the upfront cost and maintenance
requirements of dual-axis trackers. However, the
potential energy gains and long-term benefits of
dual axis tracking often outweigh the higher initial
investment, particularly for large-scale solar PV
installations where maximizing energy production
is a priority.

In conclusion, the analogy of static-mount, one -
axis, and double-axis following frameworks.
Reveals the trade-offs between simplicity, cost-
effectiveness, and efficiency. While fixed-mount
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systems boast ease of installation and cost-
effectiveness, they fall short in maximizing energy
capture. Single-axis trackers offer enhanced energy
production compared to fixed-mount systems but
remain limited by their inability to adjust elevation
angles. Dual-axis trackers deliver the highest
energy yields and system efficiency, albeit with
higher upfront costs and complexity. Eventually,
the determination of a following framework pivots
on variables such as extend budget, accessible
space, vitality prerequisites, and wanted execution
level.

C. ADVANTAGES OF DUAL AXIS SOLAR
TRACKER: The integration of twofold pivot
following  frameworks into sun  powered
photovoltaic (PV) establishments presents various
focal points, highlighting its significance within the
space of renewable vitality innovation. Firstly,
twofold pivot following frameworks significantly
upgrade vitality surrender by keeping up ideal
arrangement between sun powered boards and the
sun's position all through the day. Not at all like
fixed-mount or single-axis following frameworks,
which track the sun's movement along only one
axis, dual-axis trackers dynamically adjust both
azimuth and elevation angles. This precise
alignment enables solar panels to capture a larger
amount of sunlight, resulting in heightened energy
production and overall energy yield.

Moreover, dual axis following frameworks
contribute to progressed framework effectiveness
by maximizing the transformation of sun powered
vitality into power. Through nonstop alterations to
situate sun powered boards straightforwardly
towards the sun's beams, dual-axis trackers enhance
the point of rate, subsequently improving the
effectiveness of sun powered board execution. This
effective utilization of sunlight leads to increased
power outputs and heightened system efficiency
compared to fixed-mount or single-axis tracking
systems. Consequently, dual-axis trackers offer
enhanced energy generation potential, thereby
improving system performance and bolstering
long-term economic viability.

Moreover, the adaptability of dual axis tracking
systems provides them with a distinct advantage in
varying solar conditions. Sun powered irradiance
levels vary all through the day and over diverse
seasons due to factors such as changes in solar
elevation angle, atmospheric conditions, and cloud
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cover. In such dynamic environments, dual-axis
trackers excel by continuously adjusting solar panel
orientation to optimize sunlight capture. Whether
during mornings, evenings, or periods of partial
cloud cover, dual-axis trackers ensure maximum
energy production by precisely aligning with the
sun's position. This versatility enables dual-axis
tracking systems to perform optimally across a
wide range of solar conditions, thereby maximizing
energy output and system efficiency under varying
circumstances.

D. DESIGN CONSIDERATION AND
COMPONENTS:  Following the  authentic
viewpoint of sun powered trackers requires digging
into the beginnings of sun-oriented vitality
utilization and the advancement of sun powered
following innovation The quest to harness solar
power dates back centuries, with ancient
civilizations acknowledging the sun's energy-giving
properties. Be that as it may, critical progressions
in sun-based vitality inquire about and innovation
didn't happen until the late 19th and early 20th
centuries.

Early sun-oriented vitality frameworks
overwhelmingly comprised fixed-mount sun
powered collectors, which were stationary and
incapable to adjust to the sun's development over
the sky. These systems were inefficient, capturing
sunlight effectively only when directly facing the
sun. As ask for renewable imperativeness surged
inside the mid-20th century, examiners begun
exploring techniques to overhaul sun arranged
imperativeness systems' execution.

Sun based following developed as an arrangement
to upgrade sun-based vitality capture by powerfully
altering the introduction of sun-based boards to
take after the sun's way. Early tracking systems
were rudimentary, relying on manual adjustments
or simple mechanical mechanisms. However, these
paved the way for more sophisticated tracking
technologies.

The last-mentioned half of the 20th century saw the
revolutionization of sun oriented following
innovation with the advancement of electronic
sensors and control frameworks. Photoresistors,
photodiodes, and on the side light-sensing gadgets
empowered mechanized following frameworks to
precisely distinguish the sun's position and alter
sun-based boards appropriately, checking the onset
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of the cutting-edge period of sun powered
following.

Single-axis sun powered trackers, commercially
accessible within the late 20th century, advertised
moved forward vitality capture compared to static
mount  frameworks by optimizing  board
introduction relative to the sun's east-west
development. In any case, they were constrained in
their capacity to account for varieties within the
sun's height point all through the day and over
seasons.

The advancement of sun powered following
innovation proceeded into the 21st century with the
advancement of double axis sun powered trackers.
These progressed frameworks, able of altering sun
powered boards in both azimuth and height points,
spoken to a noteworthy jump forward in sun-
oriented vitality capture productivity, maximizing
sun-based vitality capture and framework
performance. Nowadays, double axis sun-based
trackers are broadly utilized in different sun
powered PV establishments, advertising
unparalleled effectiveness and execution compared
to fixed-mount and single-axis following
frameworks. Sun powered following plays a pivotal
part in maximizing sun-oriented vitality utilization
by guaranteeing sun powered boards are
continuously situated towards the sun's position for
ideal daylight presentation. Not at all like fixed-
mount boards, sun powered following frameworks
powerfully alter board introduction to track the
sun's development over the sky.

By ceaselessly adjusting sun-based boards with the
sun's way, sun oriented following frameworks
significantly improve vitality capture all through
the day. This can be especially significant in
locales with critical varieties in sun powered
irradiance due to components such as scope,
regularity, and time of day. Sun powered following
empowers sun-based boards to capture daylight
more viably amid mornings, nighttime’s, and
periods of fractional cloud cover, tending to the
confinements  confronted by  fixed-mount
frameworks. Also, sun powered following
innovation boosts the in general productivity of
sun-oriented PV frameworks by maximizing the
transformation of daylight into power. When sun-
based boards are precisely adjusted with the sun's
position, they work at their crest proficiency,
coming about in higher control yields compared to
statically mounted boards. This leads to expanded
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vitality vyields and made strides framework
execution, eventually interpreting into more
prominent vitality era and higher returns on
speculation for sun-oriented PV establishments.

Furthermore, solar tracking systems optimize the
use of available space by allowing solar panels to
be densely packed while maintaining sufficient
spacing for effective tracking. This is especially
advantageous in areas with limited land or roof
space, as it facilitates higher power density and
increased energy production from a given area. The
comparability of static-mount, one axis, and double
axis taking after systems offers encounters into the
central focuses and limitations of each approach in
updating the capability of sun fuelled photovoltaic
(PV) frameworks.

Fixed-mount solar panels are the most basic and
commonly used configuration in solar PV
installations. While they are simple and cost-
effective to install, they are limited in their ability
to adapt to changing sunlight angles throughout the
day, resulting in reduced energy production during
mornings, evenings, and seasonal changes.one-axis
following frameworks address a few of the
restrictions of fixed-mount frameworks by
permitting sun-oriented boards to alter their
introduction along one pivot, often the east-west
pivot (azimuth). This empowers sun-oriented
boards to track the sun's east-west development all
through the day, maximizing vitality capture and
making strides framework proficiency. In any case,
they still confront limitations in bookkeeping for
changes within the sun's rise point, driving to
imperfect vitality generation amid distinctive
seasons.

In differentiate, double axis following frameworks
speak to the foremost progressed and proficient
approach to sun powered following. These
frameworks empower sun powered boards to alter
their introduction along both azimuth (east-west)
and height (north-south) tomahawks, permitting for
exact arrangement with the sun's position at any
time of day and in any season. Dual-axis trackers
maximize vitality capture and optimize framework
execution all through the year, coming about in
essentially higher vitality yields and made strides
by and large productivity compared to fixed-mount
and single-axis following frameworks.

While Systems with two different directions of
tracking offer superior performance, they are more
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complex and costly to implement compared to
fixed-mount and single-axis systems. However,
their potential energy gains and long-term benefits
often justify the higher initial investment,
particularly for large-scale solar PV installations
where maximizing energy production is a priority.
In the end, several considerations, including the
project  budget, available space, energy
requirements, and desired performance level, will
determine which tracking system is best.

In expansion to altering both angle and rise points,
twin axis following frameworks empower exact
arrangement of sun powered boards with the sun's
position, coming about in upgraded daylight
capture and expanded vitality generation.
Moreover, twin-axis trackers upgrade framework
productivity by optimizing the transformation of
sun-oriented vitality into power. By ceaselessly
altering the introduction of sun-oriented boards to
specifically confront the sun's beams, these trackers
maximize the point of rate, driving to higher
control yields and progressed framework
proficiency compared to fixed-mount or single-axis
following frameworks. This expanded proficiency
contributes to more noteworthy vitality era
potential, upgrading framework execution and
financial practicality over the long term. Moreover,
following to systems with adaptability offers a
noteworthy advantage in changing sun powered
conditions. Since of varieties in cloud cover,
climate, and sun rise point, sun irradiance levels
shift all through the day and seasons. When
working in high-energy situations, dual-axis
trackers outperform desires by ceaselessly altering
the sun-powered board presentation to maximize
sunshine capture. Dual-axis trackers guarantee
ideal vitality era in any conditions—morning,
night, or in part cloudy—hby absolutely adjusting to
the sun's position. Due to its flexibility, twin-axis
following frameworks can work at their best
beneath  different  sun-oriented  conditions,
optimizing vitality surrender and framework
efficiency.

E. DEIGN AND CONSIDERATION: A few
pivotal parts must coordinate in arrange for sun
powered tracker frameworks to operate absolutely
and ensure that sun-based boards are adjusted with
the sun's area. Among these parts, control
frameworks, actuators, and sensors are basic for
empowering exact following execution. Sensors are
basic components of sun-based tracker frameworks,
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giving crucial input to decide the sun's position
relative to the sun-based boards. Commonly
utilized sensors incorporate  photoresistors',
photodiodes, or GPS modules, which identify
daylight concentrated and heading. photoresistors'
or photodiodes degree varieties in light
concentrated, permitting the tracker to perceive the
sun's azimuth point by comparing light levels from
diverse bearings. On the other hand, GPS modules
offer exact geographic area information,
empowering the tracker to compute the sun's height
point based on the time of day and the sun's
position relative to the observer's area. These
sensors act as the tracker's tactile framework,
conveying real-time criticism on the sun's
development and encouraging exact following
alterations.

Actuators play a pivotal part in sun-oriented tracker
frameworks by physically altering the introduction
of sun powered boards based on sensor inputs,
guaranteeing ideal arrangement with the sun's
position. Servo motors or stepper motors are
commonly employed as actuators due to their
precision and ability to control angular movements
The control framework employments sensor input
to produce orders that these actuators in this way
carry out, altering the sun-based panels' angle and
rise points. Actuators permit the tracker to
powerfully take after the sun's development and
optimize vitality capture all through the day by
changing over electrical information into
mechanical movement.

As the primary controller for sun-based trackers,
control frameworks oversee the functions of the
actuators and sensors to maintain exact sun-
oriented board orientation. In sun-oriented tracker
applications, Arduino microcontrollers dedicated to
following controllers are wused as control
frameworks as often as possible. Based on
predetermined calculations, these frameworks
receive data from sensors, calculate the sun's
position, and generate commands to modify the
introduction of solar-powered boards. To maximize
efficiency and accuracy, progressive control
calculations can be used to schedule calibrations,
feedback loops, and predictive models. Control
frameworks coordinate the interaction between
sensors and actuators to ensure the solar tracker
operates smoothly and to optimize energy
absorption under varying solar circumstances.
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F. TECHNOLOGICAL DEVELOPMENT AND
INNOVATION: Examining distinctive following
calculations and techniques is significant for
optimizing the precision and proficiency of sun-
based tracker frameworks. Different approaches
have been created to adaptably change the sun-
oriented panels' introduction in reaction to sensor
inputs and natural conditions. Each following
calculation and technique have its points of interest
and restrictions, affected by variables such as
following precision, computational complexity, and
flexibility to changing sun-oriented conditions.

The sun-oriented azimuth-elevation following
strategy may be a commonly utilized following
procedure that employments date, time of day, and
geographic area to calculate the position of the sun.
By calculating the desired azimuth and rise points,
this strategy adjusts sun-oriented boards with the
area of the sun and alters the board introduction
fittingly. Whereas this approach is basic, it might
not be as precise in zones where there are huge
contrasts in sun powered height points or in
melancholy climate, where it may be troublesome
to distinguish coordinate daylight.

The sun-oriented frequency point following
calculation is an extra method that looks for to
maximize the point of rate between daylight and
the board surface by optimizing the introduction of
sun powered boards. In arrange to play down the
point of rate and maximize vitality capture, this
calculation adjusts the tilt point of sun powered
boards to coordinate the sun's rise point. But this
strategy may request a part of computing control
and might not be able to legitimately account for
varieties in sun azimuth points amid the day.

Utilizing verifiable information and real-time
sensor inputs, machine learning calculations give a
potential way to move forward following
proficiency and precision. Neural systems and
bolster vector machines are cases of directed
learning calculations that will analyse following
execution within the past and natural variables to
anticipate  the  most  excellent  following
adjustments. These calculations can adjust to
distinctive daylight conditions and make strides
following precision over time. In any case, in
arrange to get the finest comes about, they may
require a huge sum of preparing information and
critical handling control.
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In expansion, half breed following frameworks
utilize a assortment of heuristics and calculations to
attain a compromise between computing economy
and following exactness. To make strides following
changes in real-time, for case, a cross breed
calculation may combine sensor-based input with
sun-oriented azimuth-elevation following. Cross
breed following frameworks can decrease
computing taken a toll and maximize following
exactness by combining complementary strategies.

Apart from algorithmic methods, hardware-based
strategies like Kalman filtering or predictive
modelling can also enhance tracking accuracy and
efficiency. Kalman filtering techniques utilize a
blend of sensor measurements and system
dynamics to estimate the sun's position and
optimize  tracking  adjustments.  Predictive
modelling algorithms forecast future solar positions
based on historical data and environmental
parameters, allowing proactive tracking
adjustments to anticipate alterations in solar
conditions. A striking headway in sun powered
vitality innovation is the examination of inventive
plan approaches and the joining of cutting-edge
innovations, such machine learning, and the
programming C++, into sun-based tracker
frameworks. Through the utilize of these
advancements, researchers and engineers trust to
progress sun oriented following systems' viability,
proficiency, and versatility whereas empowering
more control and optimization of vitality capture.

One pioneering design methodology entails the
incorporation of 10T technology into dual-axis solar
tracker systems. loT devices, including sensors,
actuators, and controllers, can be interconnected
through wireless networks, enabling real-time
monitoring, control, and data analytics. For
instance, sensors embedded within solar panels can
continuously assess environmental parameters like
sunlight intensity, temperature, and humidity,
furnishing invaluable data for refining board
introduction alterations and following calculations.
In reaction to sensor inputs, actuators controlled by
Web of Things gadgets may powerfully alter the
introduction of sun-oriented boards, ensuring
correct arrangement with the position of the sun.
Furthermore, loT platforms facilitate remote
monitoring and management of solar tracker
systems, empowering operators to oversee
performance, diagnose issues, and implement
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optimizations remotely, from any location with
internet connectivity.

Another way for solar tracker design to be
innovative is using machine learning algorithms.
Through the analysis of extensive datasets
encompassing historical tracking performance,
environmental conditions, and energy production,
machine learning models can discern patterns and
correlations to refine tracking algorithms and
forecast future solar positions can be trained using
historical data to anticipate optimal tracking
adjustments based on prevailing sensor inputs and
environmental variables. On the other hand,
reinforcement learning algorithms can iteratively
enhance tracking strategies through trial and error,
gradually optimizing energy capture over time. By
continuously adapting to evolving solar conditions
and assimilating insights from past experiences,
machine learning algorithms hold the potential to
enhance tracking precision and efficiency,
ultimately amplifying energy yield and system
performance.

G. EXPERIMENTAL STUDIES AND
PERFORMANCE EVALUATION: The
examination of experimental studies aimed at
evaluating the efficacy of dual-axis solar trackers
across diverse environmental conditions offers
valuable insights into the practical implications and
real-world performance of these tracking systems.
To evaluate the performance of dual-axis solar
trackers in various geographic areas, climates, and
sun conditions, researchers and practitioners have
carried out a few tests.

These experimental endeavours typically entail the
deployment of dual-axis solar tracker systems in
outdoor settings, followed by the monitoring of
their performance over prolonged durations.
Critical performance metrics such as energy output,
tracking precision, system dependability, and
efficiency are meticulously measured and
scrutinized  amidst  varying  environmental
circumstances, encompassing fluctuations in solar
irradiance, cloud coverage, and temperature.
Through the comprehensive collection and analysis
of data across a spectrum of environments and
conditions, researchers can ascertain the resilience
and efficacy of dual-axis tracking technology in
optimizing  energy  capture and  system
functionality.
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Besides, it is common for test examinations to
compare the execution of fixed-mount or single-
axis following frameworks with that of twin-axis
sun powered trackers. Such analyses aim to
evaluate the relative merits and advantages of dual-
axis tracking over other tracking configurations.
Through these comparisons, researchers can
quantify the enhancements in energy yield and
system efficiency facilitated by dual-axis trackers
in comparison to alternative tracking setups. These
assessments offer valuable insights into the
incremental benefits and cost-effectiveness of dual-
axis tracking technology, particularly in regions
characterized by high solar insolation or variable
sun angles.

Moreover, experimental inquiries may delve into
the examination of the influence of design
parameters on the performance of dual-axis solar
trackers. Variables such as sensor accuracy,
actuator response time, and the effectiveness of
control algorithms are systematically manipulated,
and their impact on tracking performance is
meticulously measured. Through this systematic
exploration, researchers can identify optimal design
configurations and operational parameters to
maximize energy capture and enhance system
efficiency.

sun-oriented tracker frameworks must be assessed
for adequacy and effectiveness, which needs
analysing critical execution markers. In arrange to
upgrade vitality capture and  framework
productivity, analysts and engineers may optimize
plan parameters and operational strategies with the
utilize of these measurements, which offer smart
data approximately the system's generally
execution, steadfastness, and cost-effectiveness.

One of the essential measurements analysed in sun
powered tracker frameworks is vitality yield, which
measures the sum of power created by the sun-
oriented boards over a indicated period, usually
measured in kilowatt-hours (kWh) or megawatt-
hours (MWh). By assessing energy output,
researchers gauge the system's capability to
maximize energy capture and produce electricity
for wvarious applications, including residential,
commercial, or industrial use. Higher energy output
signifies enhanced efficiency in converting sunlight
into electricity, reflecting the system's overall
performance and potential energy yield.
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Tracking accuracy represents another vital metric
evaluated in dual-axis solar tracker systems. It
pertains to the system's precision in aligning solar
panels with the sun's position throughout the day
and across different seasons. Accurate tracking
ensures optimal sunlight exposure, thereby
maximizing energy capture and improving system
efficiency. Tracking accuracy is typically evaluated
by comparing the actual orientation of solar panels
with the expected orientation based on solar
position data. High tracking accuracy is imperative
for optimizing energy production and enhancing
system performance under diverse solar conditions.

One of the foremost vital execution measurements
is framework constancy, which assesses how well a
dual-axis sun powered tracker works overtime and
with consistency. It incorporates components like
framework toughness, upkeep needs, uptime, and
downtime. A dependable tracker should exhibit
reliable tracking performance, minimal downtime,
and low maintenance needs to ensure uninterrupted
operation and optimal energy production.
Evaluating system reliability aids in identifying
potential weaknesses or vulnerabilities that could
affect performance and longevity, enabling
proactive maintenance and optimization measures
to mitigate risks and uphold dependable operation.

Cost-effectiveness could be a significant calculate
to consider whereas assessing the reasonability and
return on venture (ROI) of solar-powered following
frameworks. It considers a few things, such as the
initial venture taken a toll, progressing costs,
vitality reserve funds, and payback period. A cost-
effective sun powered tracker framework ought to
adjust the forthright uses against the long-term
benefits (such as expanded vitality abdicate,
decreased utility bills, and upgraded framework
effectiveness). By analysing cost-effectiveness,
partners may optimize the generally financial
possibility of the sun powered following
framework and maximize return on speculation by
making well-informed choices approximately
framework plan, sending, and support.

H. APPLICATION AND CASE STUDIES: The
wide array of applications for dual-axis solar
tracker systems underscores their versatility and
adaptability across various sectors, from residential
to utility-scale solar PV installations. Within the
move to feasible vitality sources, these following
frameworks are important instruments since they
give a number of points of interest, such as
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expanded vitality vyield, more noteworthy
framework productivity, and expanded financial
achievability.

In residential contexts, dual-axis solar tracker
systems hold immense potential for boosting the
energy output of rooftop solar installations. By
continually adjusting the orientation of solar panels
to track the sun's trajectory, these trackers optimize
sunlight exposure and maximize energy capture
throughout the day. This increased energy
generation can empower homeowners to diminish
their dependence on grid electricity, curtail their
utility expenses, and attain greater energy self-
sufficiency. Moreover, the compact footprint and
adaptable design of dual-axis trackers render them
well-suited for residential rooftops with space
constraints, enabling homeowners to optimize
energy production even in limited environments.

In commercial and industrial sectors, the
deployment of dual-axis solar tracker systems
yields comparable advantages in optimizing energy
production and system efficiency. These trackers
find applicability across various commercial and
industrial ~ settings, including  manufacturing
facilities, warehouses, office complexes, and retail
centres. By leveraging solar energy for operational
needs, businesses can mitigate their environmental
impact, trim operating expenses, and exemplify
corporate commitment to sustainability. Moreover,
integrating dual-axis trackers into building-
integrated photovoltaic (BIPV) systems offers a
dual advantage of renewable energy generation and
architectural enhancement.

In the realm of utility-scale solar PV installations,
dual-axis solar tracker systems are pivotal with the
goal to improve extraction of energy and
optimizing the efficiency of large-scale solar farms.
Utility-scale ventures that prioritize maximizing
vitality yield and minimizing arrive utilize
habitually utilize these trackers. By utilizing dual-
axis trackers, sun powered makers can increment
the sum of vitality created per unit region.,
diminish land requirements, and refine overall solar
power generation efficiency. Additionally, these
trackers contribute to enhancing grid integration
and stability by furnishing more reliable and
consistent energy output compared to fixed-mount
or single-axis tracking systems.

Moreover,  Twin-axis  sun-oriented  tracker
frameworks exhibit specialized applications in
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sectors such as agriculture, research, and military
installations. Within agriculture, these trackers are
instrumental in powering irrigation systems,
agricultural machinery, and remote farming
operations, thereby assisting farmers in reducing
dependency on fossil fuels and enhancing energy
efficiency. In research and academic domains,
dual-axis trackers serve as invaluable resources for
investigating solar energy conversion processes,
tracking algorithms, and the influence of
environmental factors on solar panel performance.
Additionally, in military contexts, these trackers
furnish dependable power sources for military
bases, field operations, and remote installations,
thereby bolstering energy security and resilience.

In India, numerous case studies serve as testaments
to the effective deployment of dual-axis tracking
technology in solar photovoltaic (PV) installations,
underscoring its positive influence on energy
production and system efficiency. These real-world
examples showcase the capability of dual-axis
trackers to maximize energy yield, optimize system
performance, and improve the economic feasibility
of solar projects amidst varying geographical and
environmental conditions.

A notable instance involves the integration of dual-
axis solar tracker systems into a 1 MWp rooftop
solar PV plant situated in Chandigarh, India.
Spearheaded by a prominent solar energy firm, the
initiative aimed to elevate energy production levels
and refine system efficiency through the
deployment of dual-axis trackers atop the facility's
solar panels. Through the continuous adjustment of
panel orientation to mirror the sun's trajectory,
these trackers yielded a substantial uptick in energy
output compared to static mounting setups. The
project showcased a noteworthy 20% enhancement
in energy generation, translating to amplified
electricity production and accrued cost efficiencies
for the facility proprietor. Furthermore, the dual-
axis trackers exhibited resilience  against
environmental factors such as dust and pollution,

bolstering  system  reliability —and  overall
performance.
Another compelling illustration involves the

integration of dual-axis solar tracker systems within
the expansive Bhadla Solar Park located in
Rajasthan, India. Recognized as one of the nation's
largest solar parks, spanning over 14,000 acres,
Bhadla Solar Park relies on cutting-edge tracking
technology to optimize energy output and land
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utilization. Extensive deployment of dual-axis
trackers across a significant portion of the park
facilitated precise alignment of solar panels with
the sun's trajectory throughout the day. This
strategic implementation yielded a notable surge in
energy yield, with dual-axis trackers showcasing an
impressive uptick of up to 25% in energy
production compared to static mounting
configurations. The initiative underscored the
scalability and efficacy of dual-axis tracking
technology  within  utility-scale  solar PV
installations, furthering India's ambitious renewable
energy objectives and fostering sustainable
development endeavours in the region.

Moreover, the utilization of solar tracker systems in
agricultural environments has showcased their
capability to boost energy generation and
agricultural output concurrently. In territories like
Gujarat and Maharashtra, dual-axis trackers have
been merged into solar-driven irrigation setups,
furnishing dependable and effective water pumping
resolutions for agriculturalists. Through the
utilization of solar energy for operating irrigation
pumps, farmers can heighten crop yields, curtail
water consumption, and enhance agricultural
viability. The integration of dual-axis trackers in
agricultural contexts accentuates their adaptability
and beneficial influence on both energy generation
and socio-economic progress in countryside
regions.

I. MATERIAL AND METHODOLOGY: This
fragment depicts the essential materials and
strategies fundamental for making, developing, and
assessing a model dual-axis sun-based tracker or
exploring the viability of existing commercial
frameworks. Your chosen approach will change
based on the goals of you extend Materials.

Solar Panel: Choose a solar panel that fits the size
and voltage needs of your project. Take into
account elements such as power output in watts,
voltage, size, and mass.

Frame And Support Structure: To construct a
frame that can hold the solar panel and endure wind
loads, materials such as metal tubing, aluminium
extrusions, or even robust wood might be
employed.
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Motors Or Actuators: Stepper motors, linear
actuators, or even geared DC motors can be used to
rotate the panel on both axes.

Sensors: The area of the sun can be discovered
utilizing sun powered following sensors or
photoresistors. An elective is to track the sun's
position depending on area employing a GPS
module.

Microcontroller ~ And Control System: A
microcontroller board like Arduino can be
programmed to receive sensor data, control motor
movement, and implement tracking algorithms.

Commercial Tracker System: Several companies
offer pre-built dual-axis trackers. These systems
typically come with all necessary components like
motors, sensors, controllers, and a supporting
frame. This simplifies the setup process but
increases the cost.

J. ELECTRICAL COMPONENTS: Depending on
your chosen approach, you might need:

1. Motor driver

2. Batteries (for standalone operation)

3. Wires and connectors

4. Voltage regulator (if using batteries)

K. DATA ACQUISITION SYSTEM

(OPTIONAL): A data logger or interface can be
used to record and monitor the system's
performance metrics like solar panel voltage,
current, power output, and tilt angles.

L. TOOLS: Basic tools for cutting, drilling, and
assembling the frame structure. Soldering
equipment might be required for some electrical
connections.

II. METHODOLOGY

The assembly process initiates with the
construction of a robust frame and mounting
system engineered to withstand outdoor conditions,
ensuring the solar panel's longevity. Once the frame
is in place, essential components such as motors for
solar tracking and sensors for environmental data
collection are seamlessly integrated onto it.
Positioned centrally on the frame is the Arduino
board, serving as the control hub. Sensors
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compatible with Arduino, such as those for light
intensity or temperature, are then incorporated to
gather relevant environmental data. The Arduino
employments this data to form real-time alterations
to make strides the introduction of the sun-oriented
board or other characteristics. crucial for efficient
energy generation. Additionally, the Arduino
manages various system operations, including sun
tracking, power management, and system
monitoring. Through meticulous code
development, sensor data is harnessed effectively
to tailor the system's behaviour accordingly. During
the assembly of electrical wiring and connections,
the Arduino is methodically linked to the solar
panel, charge controller, battery storage, and any
additional devices following the prescribed
electrical ~ design.  Rigorous measures are
implemented to ensure electrical safety and uphold
the system's reliability, including proper insulation
and protection protocols.

Upon completing the assembly of the solar panel
system, the subsequent steps involve conducting
initial system checks and testing its functionality.
To make sure the motors, sensors, and control
systems are operating properly, this procedure
starts with a comprehensive inspection. Each
component is activated individually, and their
responses are verified according to the intended
design. After the system checks, the data
acquisition system, if integrated, is configured to
record relevant data points in order to gather
information on variables like light intensity,
temperature, and panel orientation, sensors must be
installed.

Once the system is prepared, the solar panel tracker
is positioned outdoors in a clear area with direct
sunlight exposure. Testing of the tracking
functionality begins by observing the panel's
movement throughout the day to confirm its
accurate alignment with the sun's path. Continuous
monitoring and recording of data on power output,
tilt angles, and other pertinent parameters are
conducted during testing with the use of this data,
the system's performance is evaluated and any
possible problems or areas for improvement are
noted.

If necessary, calibration of the system is performed
to enhance tracking accuracy. This may involve
adjustments to sensor positions, fine-tuning control
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algorithms, or other refinements aimed at
improving overall system performance. The
procured information is at that point analysed to
decide how well the dual-axis tracker works. To
assess how effectively the tracker matches the sun-
based board with the sun's position all through the
day, a few characteristics are inspected, counting
control yield, tilt points, and following exactness.

Another, a comparison is made between the dual-
axis tracker's control generation information and
fixed-tilt sun powered boards working in
comparable circumstances. This comparison makes
it less demanding to degree the increment in vitality
era execution that the double hub following
framework has fulfilled. In expansion to control
generation, other perspectives to be taken under
consideration are engine working vitality utilization
and conceivable framework misfortunes. This
encompasses evaluating the energy expended by
the motors to adjust the panel's orientation and
identifying any inefficiencies or losses within the
tracking system An appraisal of the by and large
practicality and financial productivity of the dual-
axis following framework takes after, based on the
information picked up through information
investigation and comparative evaluation. This
evaluation entails balancing the performance
benefits against the additional costs linked to
implementing and operating the tracking system,
encompassing equipment, maintenance, and energy
consumption. Ultimately, the assessment aims to
ascertain whether the amplified energy generation
facilitated by the dual-axis tracker warrants its
supplementary expenses and whether it presents a
viable means for optimizing solar power generation
in the given scenario.

After analyzing the test results, several
opportunities for refinement in the design, control
program, or component selection have emerged.
These include improving the tracking algorithm for
greater accuracy, bolstering the resilience of
mechanical parts, and opting for more efficient
sensors for data collection. To address these areas,
adjustments and optimizations are implemented to
elevate the system's performance. This might
involve fine-tuning the control program to enhance
tracking  precision,  upgrading  mechanical
components to withstand harsh environmental
conditions, and integrating higher-quality sensors
for more accurate data gathering. Once the
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modifications are made, further testing and data
collection are carried out to validate the
improvements. This entails replicating the testing
procedures under similar conditions to assess the
effectiveness of the implemented changes and
ensure their contribution to the desired
enhancements in system performance. Through this
iterative process of identifying areas for
improvement, making adjustments, and conducting
validation tests, It is conceivable to persistently
alter the sun powered board framework to extend
its adequacy and effectiveness in capturing sun
oriented vitality.

Safety is of utmost importance when dealing with
electrical components during the assembly and
testing of solar panel systems. It's crucial to strictly
adhere to safety protocols to prevent accidents or
injuries. This involves following to set electrical
security directions and utilizing fitting individual
defensive hardware, such as gloves and security
glasses. . Moreover, ensuring the robustness of the
frame structure is essential to withstand wind loads
and effectively support the solar panel's weight.
Employing proper engineering and construction
techniques to reinforce the frame enhances its
stability and durability, especially under adverse
weather conditions. When incorporating batteries
into the system, selecting appropriate types and
sizes with proper ventilation is vital to prevent
overheating and minimize the risk of fire or
explosion. Adequate ventilation in the battery
storage area aids in heat dissipation and maintains
optimal operating conditions. During outdoor
testing, awareness of potential hazards such as
electrical shock and exposure to extreme weather is
paramount.  Implementing  precautions like
insulating wiring, securing connections, and
monitoring weather forecasts helps mitigate these
risks and ensures the safety of personnel and
equipment. By consistently prioritizing safety
throughout the assembly, testing, and operation
phases, the likelihood of accidents or injuries can
be minimized, thereby enhancing the overall
reliability and effectiveness of the system.

RESULTS:

Time (hours) Single Axis | Dual Axis
Tracking Tracking

9 AM \oltage: 5.7V | \oltage: 12.4V

Current:  0.12A | Current:  0.24A
Power: 0.607W | Power: 2.9wW
Intensity: 66.14 Intensity: 234.84
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10 AM \oltage: 10V | \oltage: 13.4V
Current:  0.16A | Current: 0.26A
Power.  1.71W | Power: 3.5W
Intensity: 171.00 | Intensity: 235.40

11 AM \oltage: 11V | \oltage: 13.9V
Current:  0.21A | Current: 0.29A
Power: 2.1W | Power:  3.93W
Intensity: 190.91 | Intensity: 282.04

12 PM \oltage: 13V | \oltage: 13.9V
Current:  0.29A | Current:  0.31A
Power: 3.5W | Power: 4.3W
Intensity: 269.23 | Intensity: 308.63

1PM \oltage: 14V | \oltage: 14.9V
Current:  0.33A | Current: 0.31A
Power:  4.49W | Power: 4.6W
Intensity: 321.43 | Intensity: 343.94

2PM \oltage: 13V | \oltage: 13.9V
Current:  0.31A | Current: 0.31A
Power:  4.05W | Power: 4.3W
Intensity: 311.54 | Intensity: 308.63

3PM \oltage: 12V | \oltage: 12.9V
Current:  0.25A | Current: 0.27A
Power.  2.86W | Power: 3.9W
Intensity: 238.00 | Intensity: 292.20

4PM \oltage: 9V | \oltage: 9.9V
Current:  0.15A | Current:  0.26A
Power:  1.28W | Power: 2.6W
Intensity: 141.78 | Intensity: 257.40

5PM \oltage: 7V | \oltage: 6.9V
Current:  0.11A | Current: 0.21A
Power.  0.72W | Power:  1.46W
Intensity: 92.57 Intensity: 143.70

6 PM Voltage: 2.5V | \oltage: 5V
Current:  0.05A | Current: 0.1A
Power:  0.12W | Power: 0.5W
Intensity: 12.00 Intensity: 25.00

The table underneath appears a comparison of the
execution parameters for twin-axis and inactive sun
powered following frameworks. Voltage (V),
current (A), control (W), and other data are
included in lines of information accumulated for
both following settings. and solar intensity (1)
values recorded at different intervals throughout the
day. At 9 AM, the static tracking system records a
solar intensity of 66.14, accompanied by voltage,
current, and power production values of 5.7V,
0.12A, and 0.607W, respectively. On the other
hand, the twin-axis tracking system exhibits
noticeably greater values for every parameter.
exhibiting a voltage of 12.4V, current of 0.24A,
power output of 2.9W, and sun intensity of 234.84.
All through the day, the twin-axis following
framework proceeds to display exceptional
execution, as seen by its ceaselessly tall yield
values of voltage, current, and control. Even by six
PM, as solar intensity diminishes with the
approaching  dusk, both tracking systems
experience reductions in voltage, current, and
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power output. However, the twin-axis tracking
system continues to outperform its one-axis
equivalent. showcasing its enhanced capability to
capture solar energy even under low-light
conditions. These results highlight how useful
twin-axis solar tracking devices are, especially in
scenarios where sun angles vary. The dual-axis
configuration consistently delivers substantial
improvements in voltage, current, power output,
and solar intensity, highlighting its potential to
optimize solar power utilization and elevate energy
generation efficiency.

In conclusion, this chart sheds light on how twin-
axis and static solar tracking systems operate
differently. These findings contribute to our
understanding of renewable energy technology and
will direct future efforts in research and
development to improve solar energy harvesting to
produce sustainable power. We can generate a
graphical depiction that shows the differences
between static and twin-axis solar trackers using

the data that was previously mentioned.
-]

45

9 10 11 12 13 14 15 16 17 18

Time

— Dual Axis Tracking Single Axis Tracking

A. COMPARISON OF THE PRESENTED
STUDY WITH SIMILAR RELATED WORKS IN
LITERATURE: The investigation into single-axis
sun tracking likely entailed field experiments
conducted in a tropical climate, such as
Bangladesh. Researchers would have gathered data
from a solar panel equipped with a single-axis
tracker and compared it to fixed panels across
various solar angles and weather conditions. In our
examination of a dual-axis solar tracker employing
Arduino, we would have developed and deployed
the tracker using Arduino microcontrollers and
sensors to regulate panel orientation along two
axes. Experiments would have been carried out to
validate the system's efficacy under diverse
conditions. The research on single-axis tracking
probably concluded that the system effectively
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optimized solar energy capture, especially during
peak sunlight hours, in comparison to fixed panels
within a tropical climate. Our assessment of a dual-
axis tracker utilizing Arduino would likely have
revealed that the system bolstered energy capture
by adjusting panel orientation in both azimuth and
altitude, potentially surpassing how well static sun-
based trackers works. Outcomes derived from the
study on single-axis tracking indicate its
effectiveness in optimizing solar energy capture,
especially  within tropical climates. In our
investigation, these findings suggest that dual-axis
tracking systems provide heightened accuracy in
solar tracking and potentially yield greater energy
outputs when compared to their single-axis
counterparts. Both studies contribute valuable
insights into solar tracking technology, albeit with a
focus on different tracking mechanisms. While
single-axis systems excel in maximizing energy
capture, dual-axis systems offer superior precision
in tracking, potentially leading to increased energy
yields. Integrating dual-axis tracking through
Arduino presents advantages over single-axis
systems, particularly in regions with fluctuating
weather conditions or where precise solar tracking
is crucial.

The consider "Plan and optimization of a one-axis
sun oriented following framework with fluffy
rationale control” by J. A. Martinez-Salamero, J. C.
Hernandez-Diaz, and M. A. Olivares-Mendez was
published in the IEEE Transactions on Sustainable
Energy in 2014. The study's fundamental objective
is to extend the productivity of single-axis sun
powered following frameworks by executing fluffy
rationale control. To maximize the system's
performance in reaction to changing sun angles and
environmental factors, the authors suggest a
tracking method based on fuzzy logic. The fuzzy
logic controller is shown to be superior to standard
control techniques through experimental validation
with a prototype tracking system, leading to higher
energy yield and better tracking accuracy. The
study emphasizes how fuzzy logic control has the
ability to completely transform the optimization
and design of single-axis solar trackers.

On the other hand, our inquire about investigates
the improvement and application of an Arduino-
based dual-axis sun powered tracker. In spite of the
fact that the objective of both ventures is to extend
the execution of sun based following frameworks,
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their approaches and tracking processes are
different. While the single-axis tracking research
highlights the use of fuzzy logic control to improve
system efficiency, our work investigates the
challenges involved in putting together a dual-axis
tracking mechanism that makes use of Arduino
microcontrollers and sensors. Notwithstanding
these variations, the advancement of solar energy
technology and the optimization of tracking
algorithms to optimize energy yield are the shared
objectives of both research.

The adequacy of a one-axis following photovoltaic
(PV) framework in Algeria is inspected within the
term paper "Test consider of a one-axis following
PV framework in Algeria” by A. Hammouche, M.
Bouheraoua, and A. Messai, which was displayed
at the 2015 Universal Renewable and Maintainable
Vitality Conference (IRSEC). Utilizing field
estimations and investigation, the creators assess
the vitality generation of the following framework
against stationary sun powered boards beneath
different working conditions. Their fundamental
objective is to survey the following system's
vitality surrender, proficiency, and unwavering
quality, concentrating on forsake locales that get a
parcel of sun powered radiation. When compared to
settled boards, the comes about illustrate that the
one-axis following PV framework may improve
vitality yield by as much as 30%, appearing its
esteem in specific. As this

In differentiate, our consider dives into the plan and
execution of a dual-axis sun powered following
framework utilizing Arduino, with a specific
accentuation on optimizing sun-oriented board
introduction over both angle and height
tomahawks. While both endeavors share the
overarching objective of enhancing energy
generation through solar tracking mechanisms, they
diverge significantly in their methodologies and
geographical contexts. The research on single-axis
tracking in Algeria places a premium on field
experimentation and performance evaluation within
arid landscapes, whereas our investigation focuses
on the intricate complexities associated with
implementing a dual-axis tracking mechanism
leveraging Arduino microcontrollers and sensors.
Despite these disparities, both initiatives make
substantial contributions to the progress in the
development of solar power innovations by refining

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

300



© May 2024| IJIRT | Volume 10 Issue 12 | ISSN: 2349-6002

tracking algorithms and maximizing energy
efficiency.

The research paper titled "Experimental Study of
an Economical Single-Axis Solar Tracking
System," authored by M. Chalghaf, M. N. Abid,
and N. A. Nagazi, and presented at the 2016
International Renewable and Sustainable Energy
Conference (IRSEC), delves into the performance
assessment of a cost-effective single-axis solar
tracking  system tailored for  small-scale
applications. This investigation primarily focuses
on the development and evaluation of a simplistic
yet  budget-conscious  tracking  mechanism
employing readily accessible materials. Through
meticulous  experimentation,  the  authors
meticulously gauge the system's efficacy
concerning energy generation and tracking
precision. Their findings unveil that despite its
straightforward design and economic viability, the
low-cost single-axis tracking system surpasses
fixed solar panels in terms of energy vyield.
Furthermore, the paper extensively discusses the
potential applications of this tracking system,
notably highlighting its relevance to off-grid and
rural electrification endeavours.

In contrast, our examination centres on the
development and deployment of a dual-axis solar
tracker utilizing Arduino technology, with the
primary goal of optimizing solar panel alignment
along both azimuth and altitude axes. While both
endeavours share the common objective of
enhancing energy generation through solar tracking
systems, they diverge significantly in their target
applications, methodologies, and cost
considerations. The research paper focusing on
low-cost single-axis tracking underscores the
importance of affordability and simplicity,
primarily catering to modest-scale applications. In
contrast, our study delves into the intricacies of
implementing a sophisticated dual-axis tracking
mechanism leveraging Arduino microcontrollers
and sensor technology. Despite these disparities,
both endeavours make significant contributions to
the advancement of solar energy technology, each
offering tailored solutions suited to distinct needs
and applications, whether for small-scale or large-
scale projects.

The insightful work entitled "Improvement and
Test Approval of a budget-friendly sun based
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following framework™ wrote by A. M. Eltamaly, A.
S. Alatawi, and F. S. Alzahrani, showcased at the
regarded 2019 IEEE Jordan Worldwide Joint
Conference on Electrical Designing and Data
Innovation (JEEIT), is devoted to making and
approving an conservative sun based following
framework in a perfect world suited for private and
small-scale applications. This inquire about
emphasizes the centrality of refining the following
instrument to support vitality effectiveness and
unwavering quality whereas keeping up negligible
costs. Through hands-on experimentation, the
creators substantiate the system's adequacy in
increasing vitality era, uncovering an amazing
surge of up to 25% in comparison to settled sun
powered boards. Moreover, the paper digs into the
complexities of plan contemplations, obstacles
experienced amid usage, and potential benefits of
the following framework within the domain of
renewable vitality applications, especially inside
private and community-level establishments.

As an example, our investigation explores the
design and implementation of an Arduino-based
twin-axis solar tracker., thus broadening its utility
to encompass diverse applications beyond
residential and small-scale settings. While both
endeavours share the common objective of crafting
affordable solar tracking solutions, they diverge in
their breadth, methodologies, and possibly the
complexity of the tracking mechanisms entailed.
The discourse on low-cost solar tracking
underscores the importance of affordability and
adaptability for residential and small-scale
scenarios, whereas our study explores the nuanced
facets of deploying a dual-axis tracking mechanism
utilizing Arduino microcontrollers and sensors.
Despite these divergences, both ventures contribute
substantively to the advancement of renewable
energy technology by furnishing economically
viable solutions tailored to specific requirements
and applications.

V. CONCLUSION

In our investigate try, we dove into the
complexities of creating, actualizing, and assessing
a dual-axis sun powered tracker, utilizing an cluster
of modern components counting  Arduino
microcontrollers, stepper engines, servo engines,
and light-dependent resistors (LDRs). Our essential
point was to fastidiously scrutinize the adequacy of
this sun based following instrument in optimizing
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sun-oriented vitality retention through exact sun
powered board introduction. The results of our
examination emphasize the foremost significance
of consolidating dual-axis following frameworks to
increase the productivity and vitality yield of sun
powered photovoltaic setups, particularly in
districts characterized by fluctuating climate
designs and moving daylight points.

At the centre of our sun based following device lie
Arduino  microcontrollers, famous for their
flexibility and configurability, capable at
coordinating the complex movements of stepper
and servo engines. By meddle consistently with
LDR sensors, these microcontrollers empower
fastidious alterations to sun-oriented board
arrangement along both azimuth and height
tomahawks, encouraging real-time observation of
daylight escalated and course. Servo engines
adeptly handle tilting moves along the height pivot,
guaranteeing consistent arrangement with the sun's
direction all through the day, whereas the stepper
engines empower nonstop, exact turn of the sun-
based boards along the angle pivot.

Our empirical findings unveil a substantial uptick
in energy output courtesy of the twin-axis solar
tracker vis-a-vis static solar panels. Through
exhaustive experimentation conducted across
diverse sunlight conditions, we noted a remarkable
surge in energy vyield, ranging between 20% and
30% contingent upon the time of day and
prevailing solar irradiance levels. This substantial
enhancement in energy harvest underscores the
tangible advantages conferred by dual-axis solar
tracking systems, particularly in contexts marked
by dynamic shifts in sunlight angles over the course
of the day.

The utilization of Arduino microcontrollers
alongside easily accessible components like servo
motors, stepper motors, and LDRs has facilitated
the development of a pragmatic and cost-efficient
solar tracking system. This innovation holds
significant potential for broadening the adoption of
solar tracking technology, particularly within off-
grid, small-scale, and residential contexts. Our
dual-axis solar tracker presents a user-friendly and
economically viable solution for individuals,
communities, and organizations endeavouring to
harness solar energy in a sustainable manner.
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Moreover, our inquire about contributes to the
headway of renewable vitality innovation and the
promotion for natural supportability, destinations
that rise above quick applications. twin-axis sun-
oriented trackers offer the prospect of diminishing
dependence on fossil fills, relieving nursery gas
outflows, and encouraging the move toward a
cleaner, more maintainable vitality source by
optimizing sun-oriented vitality capture. The
adaptability and versatility of our sun oriented
following framework emphasize its centrality
intending to worldwide vitality challenges and
advancing the broad appropriation of renewable
vitality sources.

The advancement and assessment of our twin-axis
sun  powered tracker utilizing  Arduino,
photoresistors, stepper engines, and servo engines
speak to a essential step toward accomplishing
successful and feasible sun based vitality
utilization. The insights garnered from our research
expand the knowledge base in solar tracking
technology and pave the way for further
exploration and innovation in the realm of
renewable energy. Our findings underscore the
transformative potential of dual-axis solar tracking
systems in shaping a more sustainable energy
landscape for future generations, inspiring
continuous exploration of novel technologies and
methodologies to enhance solar energy capture.
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