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Abstract 

This review paper demonstrates an in-depth discussion of the technological development in different solar tracking systems, 
which is one of the important components of solar power generation. These systems play a distinctive role in raising the energy 
generated by moving solar panels towards the sun. This paper is concerned with shedding light on the different classifications 
of tracking systems, control methods, and major modern smart components, including remote system monitoring and control, 
with an emphasis on the importance of increasing efficiency and cost-effectiveness. The study of solar tracker systems is crucial 
to consolidate current knowledge, recognize gaps in research, and foster revolution in this area. It offers a comprehensive 
thoughtful of up-to-date developments in control systems, classifications, and evolving technologies such as the internet of 
things (IoT) and artificial intelligence (AI). The study highlights limitations in prevailing systems, directorial future studies and, 
research to improve scalability, reliability and, affordability. Besides, they play a critical role in encouraging sustainability by 
capitalizing on the utilization of solar energy and donating to global goals of renewable energy. Moreover, this review paper acts 
as a valuable and distinct resource for industry leaders, policymakers, and researchers, offering awareness of the greatest 
practices and inspiring collaboration of interdisciplinary for progressing technologies of solar tracking. 

Keywords: internet of things (IoT); single-axis solar tracker; dual-axis solar tracking; classifications of solar trackers. 

 
 

I. Introduction 
It is known that human life requires energy. The 

provision of adequate energy supplies is necessary for 
the sustainable development of societies. A permanent 
source of energy that does not run out is needed, such 
as renewable energy sources. Most countries are 
concerned with using renewable sources of energy, like 

wind energy, solar energy, and geothermal energy. 
Solar energy is a plentiful energy source and research 
about it is being widely conducted [1][2]. One of the 
most reliable and abundant renewable sources of 
energy is solar energy. The effectiveness and efficiency 
of solar energy capturing systems are highly dependent 
on the solar cell’s direction, which should always orient 

https://doi.org/10.55981/j.mev.2025.1004
https://issn.brin.go.id/terbit/detail/1434164106
https://issn.brin.go.id/terbit/detail/1436264155
https://mev.brin.go.id/mev
mailto:mohamed.essa@iaet.edu.eg
https://doi.org/10.55981/j.mev.2025.1004
https://doi.org/10.55981/j.mev.2025.1004
https://www.scopus.com/sourceid/21101101245
https://sinta.kemdikbud.go.id/journals/detail?id=814
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://crossmark.crossref.org/dialog/?doi=10.55981/j.mev.2025.1004&domain=pdf


M.E.S.M. Essa et al. / Journal of Mechatronics, Electrical Power, and Vehicular Technology 16 (2025) 1-14 

 

2 

toward the sun perpendicularly. This requirement 
makes the installation of a solar tracking system 
essential to boost the solar panels' energy output 
[3][4][5]. 

Solar tracking systems are classified into different 
types, such as passive, active, and chronological, other 
than freedom-based classification, like trackers with 
one and two axes [6]. Single-axis trackers move solar 
panels perpendicular to the sun's east-west direction, as 
presented in Figure 1 while dual-axis trackers move 
them based on the angles of solar elevation and azimuth, 
as given in Figure 2 [7]. Table 1 shows the comparison 
of solar tracker types. 

The dual-axis tracking method offers a higher 
energy efficiency level than the single-axis. Many 
studies found that the electrical output from a dual-axis 
solar tracking system established greater efficiency 
when contrasted with single-axis trackers or fixed 
panels [8][9][10]. Therefore, dual-axis solar tracking 
system installation is important to maximize the solar 
panel's power output. 

In recent years, solar tracking technologies have 
evolved significantly, leading to the employment of 
internet of things (IoT) solutions that enable remote 
system control and monitoring via the internet. The 
first solar tracker was created by C. Finster, although it 
had little energy gains, testing, study, and development 

have led to improvements in energy output and the 
emergence of advanced solar tracking technologies 
[4][11]. The effectiveness of solar tracking devices has 
risen with technological advancements; there are now 
more kinds of systems that have emerged, including 
solar tracking devices with one or two axes that can 
determine the sun's position based on the time of day 
and the season. Although the fixed solar collector type 
is easy to install even in harsh environmental 
conditions, the solar tracking system is still widely 
preferred to efficiently collect solar energy despite the 
additional side preparation, such as wiring, trenching, 
and grading [12]. Solar systems performance is 
enhanced using the IoT, where embedded monitoring 
systems continuously measure variables like solar 
radiation, panel location, and environmental 
conditions. 

The benefits of IoT-enabled solar tracker systems 
are numerous, such as monitoring and safety, 
controlling energy use, assessing solar radiation 
captured, and keeping an eye on the production of 
renewable energy. IoT is used to ensure reliable control 
over solar trackers, minimize downtime, and maximize 
the performance of the solar installation [13][14]. 
Moreover, the integration of IoT technology enhances 
the overall system efficiency by enabling effective 
energy management and load balancing. Through data-

 
Figure 1. Single-axis solar tracking system. 

 
Figure 2. Dual-axis solar tracking system. 

Table 1. 
Comparison of solar tracker types [7][11][12]. 

Types Advantages Efficiency improvement (%) 

Fixed Stationary panels with no 
movement 

Low-cost, simple installation Lower energy capture, not 
optimized for the sun’s 
movement 

Baseline 

Single-axis Rotates on one axis 
(horizontal or vertical) 

Increased energy capture 
compared to fixed systems, 
relatively simple design 

Limited optimization 
compared to dual-axis, 
moderate cost 

36.4 % increase over fixed 

Dual-axis Rotates on both horizontal 
and vertical axis 

Maximizes energy capture by 
fully tracking the sun’s 
movement 

Higher cost, more complex 
installation and maintenance 

Up to 32.2 % increase over 
fixed 

 



M.E.S.M. Essa et al. / Journal of Mechatronics, Electrical Power, and Vehicular Technology 16 (2025) 1-14 3 

driven optimization algorithms, IoT-enabled solar 
tracker systems can adapt to changing environmental 
conditions, grid demands, and energy storage 
requirements [15][16][17]. 

Many studies have been conducted to discuss solar 
tracker systems [8][18]. In [18], the article aims to 
implement an IoT-based  system  with dual-axis 
tracking to maximize solar panel effectiveness. The 
system is designed to maneuver and remotely monitor 
the orientation of the solar tracking system  (STS) and 
leverages IoT technology to remotely align the 
orientation of the solar panels as described in [19]. This 
involves utilizing angle data obtained from the internet, 
enabling users to optimize the solar panel's positioning 
from any location for enhanced solar energy collection. 
The paper describes the mechanical and electrical 
systems and the use of sensors to ensure accurate 
orientation. 

The use of Proteus software in designing an IoT-
based mechanism for tracking the sun to increase 
output energy by tracking the movement of the sun is 
showcased in [20]. The article highlights the need for 
renewable energy sources and how solar energy can be 
transformed into electricity using solar panels. The 
increase in the usefulness coefficient of solar panels will 
result in an increase in energy conversion. The research 
also discusses the problems with the low efficiency of 
solar panels and how to make the solar panels bigger or 
the intensity of lighting on the surface is not an effective 
solution due to increased costs and the need for more 
space. The solution is to enhance the quantity of power 
by obtaining the most energy derived from the 
capacitance of solar panels. Besides, a block diagram of 
a solar tracking system and its control system is 
demonstrated in this paper. In this system, a simulation 
of the solar tracking system was conducted using 
Proteus software. Like in [21], this system is composed 
of light dependent resistor (LDR) sensors, voltage and 
current sensors, a liquid crystal display (LCD), a solar 
panel, and a servo motor. In [22] the different types of 
solar trackers and different types of controllers for solar 
tracking systems are presented, such as using a 
proportional-integral-derivative (PID) controller. This 
system gives high efficiency. However, it is more 
expensive than other methods. The article also 
illustrates the use of Arduino with the MATLAB 
simulation to control solar tracking systems. In 
conclusion, the article highlights the importance of 
solar energy and the need for maximum efficiency in 
power plants. 

Authors in [23] present an effort to enhance the 
efficiency of solar systems using a solar tracking system 
to achieve maximum power output. The utilized 

tracking system relies on the IoT, which is an effective 
system for remotely controlling the solar tracking 
system. Two-axis tracking systems are recommended 
to achieve maximum solar energy efficiency. The 
proposed solar tracking system consists of LDR, a 
microcontroller, a solar panel, and an LCD display. By 
implementing automated solar tracking, the system can 
increase energy efficiency and reduce manual 
supervision and maintenance time. In [8], the paper 
concludes with the need to incorporate advanced 
remote management and control capabilities into the 
system. The systems of solar trackers have been widely 
developed and studied as they show a crucial role in 
improving the efficiency of solar photovoltaic (PV) 
systems by maximizing the production of energy for 
solar systems [10][14][15]. Numerous technologies and 
designs containing single and dual-axis trackers have 
been offered to enhance energy harvest under changing 
environmental conditions [1][5][7]. Modern 
improvements comprise innovations in integration 
with the IoT, control algorithms, and hybrid schemes 
that syndicate solar tracking with supplementary 
renewable sources of energy. While important 
development has been completed, current studies 
mostly emphasize specific advancements in technology 
or narrow topographical case studies. However, there is 
a shortage of comprehensive reviews that holistically 
compare and analyze the cost-effectiveness, 
performance, and scalability of various solar tracker 
systems. Furthermore, the incorporation of emerging 
technologies such as machine learning (ML), and 
artificial intelligence (AI) in solar trackers systems is 
underexplored. 

The paper systematically reviews and introduces 
recent developments in solar tracker systems by 
considering peer-reviewed literature. A comparative 
evaluation and analysis of present technologies is 
offered, followed by a study of emerging trends and 
their prospective impact on the efficiency of solar 
energy. The review contribution of the paper could be 
summarized in the following points. 

1. Provide a comprehensive study of tracker for solar 
systems, containing their performance, design, 
and challenges. 

2. Evaluate the scalability and cost-effectiveness of 
various types of solar trackers. 

3. Highlight the prospect of integrating progressive 
technologies such as IoT and AI into trackers of 
solar systems.  

4. Identify upcoming opportunities and trends for 
development and research in this field. 

The layout of this paper is described as follows. 
Section I describes the introduction. Section II 
demonstrates the methodology. Section III shows the 
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solar tracker  classification. Section IV presents the 
control system for solar tracker. Section V presents 
tracking PV systems installation. IoT technology for 
solar tracking systems is given in section VI. Future 
vision and research opportunities is depicted in section 
VII. The conclusions are stated in section VIII. 

II. Materials and Methods 
This paper review was established to offer an in-

depth assessment of the emerging trends, recent 
developments, and challenges in systems of solar 
tracker. The process of review followed an organized 
style to guarantee reproducibility and transparency, 
concentrating on published literature within the last 
decade. 

The search for literature was performed across 
various databases, including Web of Science, Scopus, 
IEEE Xplore, ScienceDirect, Google Scholar, and 
SpringerLink. These databases were chosen for their 
wide-ranging coverage of optimization topics, 
renewable energy, and engineering. The search 
involved a wide area of keywords and topics in the field 
of the presented review paper. The paper was 
additionally refined by containing most of the research 
published in the last ten years (2014 - 2024) to 
guarantee the review replicates the state-of-the-art 
technological developments. Moreover, only studies 
published in peer-reviewed conference proceedings or 
journals were taken into account to confirm the quality 
and reliability of the included studies.  

The selection process was performed in two stages. 
Initially, the abstracts and titles of the manuscripts 
recognized in the search were studied to govern their 
significance to the solar tracker system development. 
Articles that discussed mechanisms of tracking, energy 
optimization, algorithms, and interrelated technologies 
were chosen for full-text review. In the second stage, the 
articles were carefully observed to guarantee they met 
the inclusion criteria. The inclusion criteria for this 
review were: (1) studies published between 2014 and 
2024; (2) peer-reviewed articles or conference 
proceedings; (3) research focused on the design, 
optimization, control algorithms, and technological 
developments of solar tracker systems; and (4) articles 
written in English. Studies that focused exclusively on 
unrelated renewable energy systems or lacked sufficient 
technical depth were excluded. To combine the 
findings, studies were gathered into groups depending 
on their strategies of control and their mechanisms of 
tracking. A comparative analysis was carried out across 
various kinds of tracking systems, seeing their 
effectiveness in enhancing energy capture, reducing 
errors in tracking, and minimizing costs [1][6]. 

Developing trends in the design of solar trackers, 
mainly those integrating IoT and AI, were emphasized 
to evaluate their prospective for future improvement 
[16][17]. The review also examined the geographical 
focus of the studies, noting that environmental factors 
such as irradiance, latitude, and temperature could 
significantly affect the performance of solar tracker 
systems [7][9][10]. 

Lastly, a quality evaluation was directed to 
guarantee the presence of high-quality research. This 
includes the evaluation of how well-thought-out the 
methodological accuracy of each study is, comprising 
the clearness of experimental setups, the data reliability, 
and the significance of the findings. Studies with clear 
performance metrics, distinct approaches, and robust 
analysis of data were prioritized for presence in the 
review paper. 

III. Solar Tracker Classifications 
Solar trackers could be categorized according to the 

technology used to regulate the motion of solar panels, 
and this classification includes passive, active, and 
chronological solar trackers [6][24] (see Figure 3). 

A. Passive solar trackers  

Passive solar trackers could efficiently align 
themselves with the path of solar without the need for 
mechanical motors; these trackers typically feature two 
actuators, which may be filled with a gas that expands 
or is made of an alloy with shape memory properties. 
The system takes advantage of the expansion of thermal 
or imbalance at a pressure between both tracker ends. 
As soon as the PV panel is oriented toward the sun, 
both sides of the tracker remain balanced. When the 
sun moves, the side of the solar tracker facing the sun is 
heated and expands while contracting the other side, 
resulting in the solar panel's rotation (see Figure 4). 

The concept of implementing solar tracking 
systems for PV applications has led to a proposed novel 
approach for expansion produced from the thermal of 
thin flat strips, which is the basis for passive solar 
tracking [25]. It also describes the design, build, and 
testing of a passive solar tracking system prototype 
depending on a lever mechanism connected to three 
vertical strips with different orientations, as a 
consequence of which energy production increased by 
28 % in comparison with stationary PV panels [25]. 
However, the prototype has limitations in its design, 
and improvements to materials and maintenance 
requirements are necessary for further improvements 
[26]. 
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B. Active solar trackers 

An active system of solar tracking employs sensors 
to continuously identify the sun's position during the 
day (see Figure 5). The actuator or motor is triggered 
by these sensors in order to adjust the positioning of the 
fixture and track solar radiation. This adjustment is 
necessary when sunlight is inclined on the tracker, and 
the tracker's direction is changed by altering the 
illumination reaching the sensors to become 
perpendicular to the sun [27]. Currently, there are two 

kinds of solar trackers based on their movement 
technology: single and dual-axis trackers [25][28]. 

The creation and production process of a single-axis 
solar tracker device to adjust and increase the solar 
cell’s efficiency is presented in [29]. Cell efficiency is 
influenced by a number of factors, including cell 
temperature, the maximum power point tracker 
(MPPT), and the efficiency of conversion energy [29]. 
The solar tracker system developed in this study 
improves electricity conversion optimization by using 

 
Figure 3. Type of solar tracking system. 

 
Figure 4. Passive solar trackers. 

 
Figure 5. Active solar trackers. 



M.E.S.M. Essa et al. / Journal of Mechatronics, Electrical Power, and Vehicular Technology 16 (2025) 1-14 

 

6 

oriented photovoltaic panels to conform to the sun's 
direction [30]. In the experimental system, a dedicated 
drive circuit intelligently controls a DC motor to 
change solar panel orientation determined by signals 
from light sensors. The study showcases the 
effectiveness of incorporating a tracking system, as PV 
output is almost double compared to stationary 
photovoltaic panels. The findings suggest that this solar 
tracker system can be used to charge batteries and fulfill 
home energy requirements. Future recommendations 
include improving the design to reduce structural 
weight and make it more efficient by applying 
concentrators to reflect sunlight to the PV panel to 
increase power output [31]. 

In [32], the research suggests a tracking system 
using dual-axis and how to change the angle in the east-
west direction and inclination using sensors to manage 
the system. The control of the system is done through a 
programming controller that uses precise electric 
motors to control the solar panels. It contains radiation 
power density sensors used to determine solar radiation. 
There are also integrated micro-inverters that convert 
energy into household current, including tracking 
MPPT. The system accurately stores data for both 
tracking and fixed solar panels in sunlight. In addition, 
the system is compatible with a vane anemometer that 
can accurately assess both wind speed and direction. If 
the predetermined wind speed threshold is exceeded, 
the system ensures the protection of the mechanical 
integrity by adjusting the solar panels to a horizontal 
position [33]. 

C. Chronological solar trackers 

Chronological solar trackers (see Figure 6), are 
tracking systems that rely on time, where the tracker 
mechanism rotates at a constant angle based on the 
time of day and month. The motor rotation rate is 
controlled at a slow rate. This method is considered the 
most energy-efficient tracking method because there 
are no losses in energy. 

The implementation of the chronological tracking 
system is dependent on the time when the module or 
collector moves at the same daily and monthly rate of 
angle as proposed in [34]. The motor rotates at a slow 
rate, making it an energy-efficient open-loop control 
tracker. Researchers have studied and investigated this 
system, mainly for photovoltaic applications. Some 
researchers have concentrated on single-axis solar 
tracking, while others have studied dual-axis tracking 
[34]. 

The highlights of the risks of fossil fuels and their 
impact on the environment, and that sources of 
renewable energy are the greatest choice is given in [35]. 

Solar energy is sustainable and environmentally 
friendly. A practical time-based single-axis sun tracking 
system evolved, utilizing an axis-based design. The 
rotation angle varies by 15 degrees per hour, and 
sometimes the tracking angle is 10 degrees or 
20 degrees per hour, indicating that there is a deviation 
of approximately ±5 degrees per hour [36][37][38]. It 
was explained that the best angle for the tracking 
system is 15 degrees per hour compared to other 
rotation angles because it provides a high-performance 
ratio [39][40][41]. 

IV. Control Systems of Solar Tracker 
Systems 

A different strategies of control system for solar 
tracker are shown in tree shape as in Figure 7. A PV 
tracker's principal goal is to automatically and precisely 
track the movement of the sun while minimizing 
pointing errors. Automation is achieved through a 
variety of control circuits and feedback. 

A. Open-loop control 

In this operating mode, positional errors are 
minimized by eliminating the need for a feedback 
element. Stepper motors are commonly utilized as 
drives in an open-loop control mode. However, 
without feedback, any errors resulting from 
overshooting or variations in load cannot be corrected 
[42]. 

 
Figure 6. Chronological solar trackers. 
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B. Closed-loop control 

Closed-loop control is the opposite of open-loop 
control  in a PV tracker that incorporates feedback 
mechanisms to correct any errors in the stepper motor 
drive steps. Sensors are employed to detect deviations 
between the amount of sunlight hitting the PV module 
surface and the ideal orientation of the PV panel. 
Closed-loop control allows the exact location of the sun 
to be given accurately throughout the day. Light sensors, 
typically positioned on the solar panel, measure 
variations in light intensity, enabling the PV panel to be 
accurately realigned to be perpendicular to the incident 
sunlight [42]. 

C. Microcontroller for active solar trackers 

There are multiple types of controllers that are used 
in sun-tracking instruments, which are employed to 
control the performance of the tracking system and 
manage the elements and components in the system 
[43][44]. Table 2 presents various control algorithms 
for solar tracking systems. 

A design of a control system for solar tracking  using 
a programmable logic controller (PLC) S7-1200 from 
SIEMENS has been done [43]. The system performed 
function such as processed analog inputs from solar 
irradiance sensors, controlled the solar tracker, and 
managed the outputs for linear actuators. The control 

Table 2. 
Control algorithms for solar tracking [45][46]. 

Types Advantages Efficiency 
improvement (%) 

PID control Proportional-integral-
derivative control for error 
minimization 

High Used in real-time tracking systems 
for smooth and responsive 
adjustments 

Moderate 

Fuzzy logic Utilizes fuzzy set theory to 
handle incertainties in tracking 

Moderate to high Effective in varying weather 
conditions where precise medeling 
is difficult 

High 

Artificial Neural 
Networks (ANN) 

Learns and predicts optimal 
tracking positions based on 
historical data 

High  Applied on complex 
environments with non-linear 
patterns 

High 

 

 
Figure 7. Control system for solar tracker. 
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strategy was implemented using a ladder programming 
language in the PLC, enabling the detection of the 
maximum solar irradiance among different inclination 
angles of the photovoltaic cells [43]. 

Another different control method was 
implemented, and the system's performance was 
assessed [22]. The traditional control method and the 
programming environment method using two (LDRs) 
were utilized. Furthermore, the two-axis sun tracking 
system with four sensors was produced and compared 
to the one-axis system with two sensors. Simulink 
environment with embedded code was also used in the 
research. In addition to the previous methods, the PID 
control was applied using PID controllers. The (PID) 
settings were practically computed using the actual 
values and PID tweaking tool with MATLAB. The 
system required LDRs to detect the sun's location, and 
the error signal came from PID input, which was the 
distinction between the solar panel and the sun's angle. 
The integrated controller managed the system to repair 
the erroneous signal and provide optimal performance 
[22]. 

The solar tracking system has been improved and 
developed using a photovoltaic panel, Arduino 
microcontroller, and sensors [47]. Where the LDRs are 
utilized to measure the amount of the solar panels' 
incoming light, and the information is sent to the 
precise controller that controls the DC servo motor 
circuit. The servo motor circuit is constructed, and a 
potentiometer is used to control the motor speed [47]. 
A simulation of the system was performed using 
Proteus software to ensure it would yield the expected 
performance [44][48]. 

V. Tracking PV Systems Installation 
An algorithm for a closed-loop solar tracking 

system aimed at achieving optimal response from the 
solar panel to track the sun as light of the sun falls on it 
is presented in [49]. The Arduino controller is used in 
this system, and photodiodes and operational 
amplifiers are employed to generate error voltage 
feedback. Control in this model is achieved using 
Arduino to drive the motor [49]. Also, a dual-axis solar 
tracker using two linear actuators and a PLC was 
utilized to control this dual-axis solar tracker, and its 

performance was compared to a fixed solar system [50]. 
The short circuit current of a cell was standardized 
using a current transducer and scaled to solar 
irradiance using ladder programming language and the 
IEC-61131-3 standard [43]. 

In [51] it is presented a hardware description of the 
elements used in a solar tracker system prototype. The 
paper provides brief definitions of components such as 
LDR sensors, servo motors, solar panels, and Arduino 
[51]. The algorithm of the solar tracker system is 
examined in depth, including a closed-loop system 
block diagram and a table summarizing the different 
tracking situations. The paper also includes a design of 
a prototype and a simulation of the circuit section that 
uses the Proteus program for the electric scheme. The 
analog part of the Arduino is described using A0-A3 
input pins. The paper concludes by showing the four 
LDR sensors reading voltage outputs in real-time. 
Overall, the paper provides valuable insights and details 
about the hardware components used in a solar tracker 
system prototype [52]. Table 3 depicts the materials and 
components used in solar tracker systems. 

VI. IoT Technology for Solar Tracking 
Systems 

The IoT is a huge networking platform for the 
control and interaction of multiple tools of electronic 
through the Internet. It is a combination of processors, 
sensors, and controllers for actuation, which all 
communicate by means of the Internet. The data 
streams from the sensors or any other smart devices 
that acknowledge the change in environmental factors 
get stored in a common platform where the necessary 
information gets processed, computed, and analyzed. 
This filtered data can either be stored for future 
reference or can be utilized instantaneously to take 
actions such as controlling. The idea of IoT is to act as 
a bridge that establishes connections between actual 
physical objects and the virtual world through the 
internet [55][56][57]. 

Kevin Ashton initially used the phrase IoT in 1999 
in an exhibition for Procter & Gamble, connecting the 
concepts of radio-frequency identification (RFID) to 
the supply chain of the company [58]. However, the 
first usage of the IoT, as we see it now, was even before 

Table 3. 
Materials and components used in solar trackers [53][54]. 

Component Material Cost  Durability Efficiency impact 

Tracker frame Recycle steel Moderate High Support structural integrity, enabling optimal panel positioning 

Actuators Electric motors Variable Moderate to high Pecise movement enhances sun tracking accuracy 

Sensors Light sensors (LDR) Low Moderate Detects sunlight intensity for real-time tracking adjustments 
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the term was coined. The concept first appeared in the 
mid-1970s at the Computer Science Department of 
Carnegie Mellon University in a Coke vending machine. 
It permitted students to look at the status of the vending 
machine, such as knowing when the vending machine 
was full/empty or whether the drinks inside the vending 
machine were hot or cold. As the years progressed from 
the mid-1970s, computers became smaller, faster, and 
more available. In 1991, author Mark Weiser wrote an 
article, “The Computer for the 21st Century”. Table 4 
presents technological advancements in solar tracker 
systems. 

IoT has revolutionized solar tracking by making it 
possible for real-time data gathering, analysis, and 
control (see Figure 8). Here are some key ways in which 
IoT is utilized in solar tracking. 

A. Remote monitoring and control 

IoT makes remote monitoring of solar tracking 
systems possible, allowing operators to collect and 
analyze data on panel performance, energy production, 
and weather conditions. Users can monitor the system's 
status via internet connectivity, eliminating the need 
for physical presence. Remote control of devices 
through smartphones further enhances convenience 
and control, helping to prevent electricity wastage [60]. 

B. Sensor integration 

IoT devices incorporate a variety of sensors used in 
a single system that operates synchronously, and the 
sensors are integrated together into a main controller 
responsible for sensor scanning and data transmission, 

enabling precise tracking of the sun [61]. Data from the 
tracking system can be analyzed, and data processing 
issues can be studied. Control devices are used to 
analyze and manage the system effectively. Data 
analysis helps improve the positioning of solar panels 
and predict future movements of the sun [62]. With 
solar tracking, solar system efficiency is increased, 
leading to enhanced energy production and improved 
solar system efficiency [63][64]. Solar energy tracking 
systems that utilize the IoT can monitor system 
performance and detect faults or errors [65][66]. 

C. Mobile application 
Creating a mobile application has the purpose of 

displaying all measurements related to the solar system 
(radiation, temperature, voltage, current, and 
efficiency) and showing alerts for solar tracking system 
failures, such as battery issues or motor problems, as 
shown in Figure 9 [59][64][65]. The application should 
be able to identify the faulty system in case multiple 
solar tracking systems are connected. It should also 
provide alerts for high-temperature failures in the 
tracking system to avoid potential fire hazards. Figure 9 
displays a mobile application for solar tracking system 
failures. 

VII. Future Vision and Research 
Opportunities 

The development of trackers for solar systems has 
unlocked weighty potential for enhancing the 
sustainability and efficiency of the generation of solar 

 
Figure 8. IoT in solar tracking. 

Table 4. 
Technological advancements in solar tracker systems [57][58][59]. 

Technology/ feature Application Benefits 

AI-based tracking Utilizes artificial intelligence to optimize panel 
positioning 

Enhance efficiency by predicting sun paths and weather 
conditions 

Terrain-adaptive 
trackers 

Trackers that adjust to uneven terrain without 
extensive land grading 

Reduces installation costs and environmental impact, expands 
viable installation sites 
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energy [50][54][56]. Conversely, numerous promising 
areas of research remain underexplored, giving exciting 
prospects for future exertion. These gaps are present 
not only due to limitations of technology but also as a 
result of the challenges related to executing innovative 
thoughts in applications in the real world. Below, we 
plan crucial areas for prospect research, deliberate why 
these areas still open issues and problems, and highlight 
the challenges obstructing their realization. 

One promising way is the integration process of ML 
and AI into systems of solar trackers [50][54][56]. ML 
and AI can improve the performance of solar trackers 
by forecasting output energy under variations of 
weather conditions, allowing cutting-edge scheduling 
of maintenance, and predicting demand for energy. 
Conversely, their extensive adoption is imperfect 
because of the lack of labeled, large datasets that 
replicate diverse conditions of environmental. 
Emerging generalized and robust models of AI also 
demand trivial resources of computational and 
capabilities of processing in real-time. Furthermore, 
many solar farms depend on legacy hardware, making 
the incorporation of systems-based-AI a costly and 
complex endeavor. 

A different area with enormous potential is the 
integration of technology of IoT into systems of solar 
trackers [50][59][62]. IoT-enabled systems could assist 
in fault detection, remote monitoring, and seamless 
integration of data, enhancing whole efficiency and 
decreasing downtime. Even with the fast advancement 
of IoT, its employment in trackers is delayed by 
limitations of infrastructure, concerns about the 
security of data, and the lack of standardized protocols. 
Moreover, the high costs related to communication 
networks and hardware of IoT, mainly in large-scale or 

remote installations, further obstruct development. 
Furthermore, susceptibilities to cyber attacks increase 
significant worries about the safety and reliability of 
IoT-enabled methods. 

The enlargement of autonomous hybrid systems of 
solar tracking is another exhilarating outlook. Hybrid 
systems that syndicate the topographies of single and 
dual-axis trackers might make the most of the efficiency 
of energy while decreasing costs [60][65][66]. Though, 
these systems are still mostly investigational due to 
contests in complexity, performance, and balancing 
cost. The increased complexity of the mechanical issue 
for hybrid systems primes complex maintenance 
necessities, while limited testing under varied 
environmental conditions makes it problematic to 
confirm their theoretical benefits. 

Research into progressive materials for components 
of solar trackers also presents great potential. Materials 
such as surfaces with self-cleaning or lightweight alloys 
could develop the performance and durability of solar 
trackers, mainly in tough environments [55][60][66]. 
On the other hand, scaling up and developing such 
materials need time for difficult testing, momentous 
funding, and observance of standards of safety. 
Furthermore, improbability regarding recyclability and 
the impact on the environment of these materials are 
additional challenges to their implementation and 
adoption. 

Optimization in real-time for trackers of solar 
systems via forward-looking algorithms, such as 
particle swarm optimization (PSO) or generic genetic 
algorithm (GA), denotes an additional critical 
opportunity for the research. Although these 
algorithms are well-established in hypothetical studies, 
their real-world application faces logistical and 

 
Figure 9. Mobile application showing alerts for solar tracking system failures. 
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computational barriers. Real-time systems require 
great processing power to perform complex techniques, 
and incorporating these methods with hardware 
investigation systems is mainly challenging for trackers 
to keep it low-cost. Furthermore, continuous upgrades 
and re-educating of optimization strategies are 
required to familiarize with varying conditions of 
environmental, adding to the deployment complexity. 

The future of trackers for solar systems 
compromises exhilarating opportunities; these parts 
continue as open issues and problems due to practical, 
economic, and technological challenges [50][59][65]. 
Overcoming these obstructions will need 
interdisciplinary partnerships among data scientists, 
scientists of material, engineers, and policymakers. 
Solving these challenges will bridge the gap between 
applications in real-time and theoretical innovations, 
paving the way for solar tracker systems to play an 
essential role in the global transition to renewable 
energy. Table 5 depicts opportunities and challenges in 
emerging solar tracker technologies. 

VIII. Conclusion 
Solar tracker system is considered as a directive 

technology for improving the harvesting of solar energy. 
Through a comprehensive study of their control 
systems, categorizations, and incorporation with IoT 
technologies, this study emphasizes the substantial 
developments in the field. The strategies reviewed 

prove the developing sophistication in implementing 
and designing trackers of solar systems, which can 
meaningfully enhance the cost-effectiveness and 
efficiency of solar systems. Furthermore, the literature 
highlights the advancement of control approaches, 
from simple designs of mechanical systems to 
automated, intelligent systems integrating various 
sensors and data processing in real-time. Looking 
ahead, the incorporation of evolving technologies such 
as AI, ML, and cutting-edge IoT frameworks offers 
exhilarating opportunities for additional innovation in 
systems of solar trackers. These technologies are able to 
improve prognostic maintenance, enhance 
performance, and qualify adaptive behavior and 
responses to variations in environmental conditions. 
Future studies should focus on converging challenges 
linked to system scalability, affordability, and reliability, 
paving the way for the prevalent approval of solar 
trackers in both industrial and residential applications. 
By adapting these solutions, solar energy systems can 
play an essential role in the powerful goals of global 
sustainability. 

Declarations 

Author contribution 

All authors contributed equally as the main 
contributor to this paper. All authors read and 
approved the final paper. 

Table 5. 
Opportunities and challenges in emerging solar tracker technologies [52][55][57]. 

Research area Opportunity Why it remains unavailable Challenges 

Integration of AI 
and ML 

Optimize solar tracker performance 
using predictive models for energy 
output, maintenance, and demand 
forecasting 

Limited availability of large, diverse 
datasets; reliance on legacy hardware 
in solar farms 

High computational power 
requirements, real-time processing 
demands, and cost of integrating AI 
into existing systems 

IoT-enabled solar 
trackers 

Facilitate remote monitoring, fault 
detection, and seamless data 
integration 

Infrastructure limitations, lack of 
standardized protocols, and data 
security concerns 

High implementation costs; 
vulnerability to cyberattacks; scalability 
challenges in large or remote 
installations 

Autonomous 
hybrid systems 

Combine single-axis and dual-axis 
features for optimal energy 
efficiency at lower costs 

It is still in the experimental stages due 
to mechanical complexity and 
difficulty in balancing cost and 
performance 

High maintenance requirements, 
limited field testing; and difficulty 
validating theoretical gains in diverse 
environments 

Advanced 
materials 

Use lightweight alloys or self-
cleaning surfaces to improve 
durability and performance 

High costs and time required for 
material development and testing; 
uncertainty about environmental 
impacts 

Scalability issues; adherence to safety 
standards; recyclability concerns for 
new materials 

Real-time 
optimization 
algorithms 

Enhance tracker efficiency using 
bio-inspired algorithms like Genetic 
Algorithms or Particle Swarm 
Optimization 

Computational demands and 
hardware compatibility issues hinder 
practical implementation 

High processing requirements; 
continuous retraining of models; 
challenges integrating algorithms into 
low-cost systems 

Energy storage 
integration 

Pair solar trackers with advanced 
storage systems for grid stability and 
energy availability during off-peak 
hours 

High capital investment and limited 
technological maturity of storage 
systems 

Battery degradation over time; 
environmental concerns about 
recycling and disposal; high long-term 
costs 
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