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Abstract— This paper presents the design and development of a
single-axis solar tracking system aimed at enhancing the energy
efficiency of photovoltaic (PV) panels. The proposed system
utilizes a low-cost, motor-driven mechanism to move the solar
panel along a single axis, following the sun's movement from east
to west throughout the day. The tracking is controlled using a
microcontroller system in combination with light-dependent
resistors (LDRs) that detect the intensity of sunlight on either side
of the panel. Based on the input from the LDRs, the
microcontroller adjusts the motor to position the panel for optimal
sunlight exposure. The system's performance is evaluated and
compared with static PV systems, demonstrating an increase in
energy efficiency by approximately 20-25%. The motorized design
offers a simple, effective, and affordable solution for maximizing
solar energy generation, making it suitable for both residential
and commercial solar installations. The paper further discusses
the hardware and software design of the system, as well as its
potential for improving solar power utilization in areas with
limited space or irregular sunlight conditions.

Index Terms— Solar tracking system, single-axis tracker,
photovoltaic panels, microcontroller, motorized tracking, light-
dependent resistor (LDR), energy efficiency, solar energy
optimization, renewable energy, automation, sunlight intensity,
sustainable energy systems.

L. INTRODUCTION

The increasing demand for renewable energy has driven the
development of more efficient solar energy systems.
Photovoltaic (PV) panels, while widely used, are limited in
efficiency when fixed, as they do not track the sun’s movement.
Solar tracking systems address this by adjusting the panel’s
orientation to maximize sunlight exposure, improving energy
output. Among these systems, single-axis trackers offer a
balance between simplicity and efficiency, adjusting the
panel’s position along one axis.

This paper presents the design and implementation of a single-
axis solar tracking system using light-dependent resistors
(LDRs) and a motorized

II. PROCEDURE FOR PAPER SUBMISSION

A. Review Stage

Authors submit their manuscript online, ensuring it follows the
submission guidelines. The paper undergoes a preliminary
review for compliance, followed by peer review to assess
originality and technical accuracy. Authors revise the paper
based on feedback before final acceptance.

B. Final Stage

After incorporating feedback from the review stage, authors
submit the revised manuscript for final evaluation. The editorial
team performs a final review to ensure the paper meets all
requirements. Upon approval, the paper is accepted for
publication, and authors are notified about the next steps for
formal publication.

C. Figures

Figures must be clear, high-quality, and properly labeled. Each
figure should be referenced in the main text and placed near the
relevant section. All figures should have captions that describe
their content briefly. Ensure that figures are in JPEG, PNG, or
TIFF formats, and are legible at the required size for
publication.
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III. MATH

Solar tracking systems are designed to maximize the
energy captured by solar panels by adjusting their
orientation to follow the sun’s apparent movement
throughout the day. The mathematical model governing
the orientation of the solar panel is derived from the sun’s
position relative to the Earth, which can be predicted
using angular calculations.

IV. UNITS

e Angles: Degrees (°) for solar zenith angle (6s),
azimuth angle (¢s), and tilt angle (a)

e Time: Hours (h) for local time (t)

e Energy: Watt-hours (Wh) or Kilowatt-hours
(kWh) for energy output (E)

e Solar Irradiance: Watts per square meter (W/m?)
e Power: Watts (W) or Kilowatts (kW)
e Motor Speed: Revolutions per minute (RPM)

e Light Intensity: Lux (Ix) for LDRs

V. HELPFUL HINTS
1 Types of Tracking Systems
o Single-Axis: Rotates along one axis (East-West).
More cost-effective but less efficient.
e Dual-Axis: Adjusts both horizontally and vertically,
providing higher efficiency but at a higher cost.
2 Factors to Consider
e Geography: Latitude and climate influence tracking
system choice.
e Cost vs. Efficiency: Dual-axis provides higher
efficiency but is more expensive.
e Maintenance: Moving parts may require more
maintenance.

3 Control Mechanisms

e Sensor-Based: Uses solar irradiance and position
sensors for accurate tracking.

e Time-Based: Relies on algorithms based on time of
day/year, less precise.

4 Power Usage

e Actuator Power: Trackers consume energy, but they
increase solar energy capture by up to 50%.

e Energy Balance: Ensure the additional power
consumed by the tracker is offset by extra energy
production.

5 Mechanical Considerations

e  Structural Integrity: Consider wind and seismic
loads in design.

e Panel Weight: Lighter panels reduce mechanical
stress and energy consumption.

6 Optimization

e Algorithms: Use predictive algorithms like Kalman
filtering to improve tracking precision.

o Forecasting: Integrate weather data to optimize
tracking.

7 Environmental Impact

e Life Cycle Analysis: Consider the manufacturing and
disposal impact of tracking systems.

e Biodiversity: Trackers should be designed to
minimize disruption to local ecosystems.

8 Future Trends

e Al and Smart Materials: Al and passive materials

are improving tracking efficiency and reducing costs.

VI. PUBLICATIONPRINCIPLES
1 Scientific Accuracy and Validity:

e  Ensure that all mathematical models, experimental
setups, and results are scientifically accurate and
reproducible.

e Provide clear validation of the system’s performance
through experimental data, comparisons with fixed
systems, or simulations.

2 Originality and Innovation:

e  Present novel concepts or improvements in solar
tracking mechanisms, energy efficiency, or system
design.
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e Demonstrate the system’s potential benefits over
existing technologies, such as cost reduction or
efficiency gains.

3 Clear System Design and Methodology:

e Describe the design process, including hardware
components (e.g., sensors, motors) and software
control algorithms.

e Ensure transparency in the methodology, including
the use of LDRs, motors, and microcontrollers for
real-time tracking.

4 Sustainability and Impact:

e Highlight the environmental and economic impact of
the proposed system, such as increased solar energy
utilization and reduced reliance on fossil fuels.

e Discuss the scalability of the system, making it
suitable for both small-scale (residential) and large-
scale (commercial) applications.

5 Performance Evaluation and Comparisons:

e  Present quantitative results comparing the energy
output of tracking and fixed solar panels under
various conditions.

e Include performance metrics such as energy gain
percentage, efficiency improvement, and cost-
effectiveness.
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VII. CONCLUSION

Solar tracking systems significantly enhance the
performance of photovoltaic systems by maximizing energy
capture throughout the day. While single-axis trackers offer a
more cost-effective solution, dual-axis systems provide higher
efficiency at a greater expense. The choice of tracking system
depends on several factors, including geographical location,
budget, and maintenance considerations. Additionally,
advancements in control mechanisms, optimization
algorithms, and materials, such as Al and smart materials,
continue to improve the efficiency and affordability of tracking
systems. Ultimately, the integration of solar tracking systems
offers a promising path towards more efficient and sustainable
solar energy generation.
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Fig: BLOCK DIAGRAM OF SOLAR TRACKING SYSTEM
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