International Journal of Advanced Trends in Engineering and Management
(ISSN 2583-7052)

pp. 173-177, April

Design and Implementation of a Dual-Axis Closed-Loop Solar Tracking
System for Enhanced PV Energy Yield

J. Jenisha!, S. Latha?, K. Nandakumar®

M. E Scholar, Department of Electrical and Electronics Engineering, E.G.S. Pillay Engineering
College — Nagapattinam.
2Assistant Professor, Department of Electrical and Electronics Engineering, E.G.S. Pillay Engineering College —
Nagapattinam.
3Professor, Department of Electrical and Electronics Engineering, E.G.S. Pillay Engineering College — Nagapattinam.

!Corresponding Author E-mail: jenisha27112001@gmail.com

ABSTRACT: This paper presents the design and implementation of an automated dual-axis solar tracking
system utilizing a closed-loop control mechanism to optimize the energy output of photovoltaic (PV)
panels. The system employs light-dependent resistors (LDRs) as primary sensing elements to detect the
sun's position in both azimuth and elevation planes. Sensor signals are processed by an embedded logic
controller, which computes positional errors and commands a pair of high-torque DC gear motors through
dedicated driver circuits to maintain the PV panel surface perpendicular to incident solar radiation
throughout the day. A real-time clock module facilitates automatic system reset to the eastern horizon at
dawn, ensuring reliable daily operation. Comparative performance analysis against a fixed-tilt PV panel of
identical rated capacity demonstrated a 30—40% improvement in energy generation under diverse weather
conditions. The proposed system offers a robust, cost-effective, and scalable solution for enhancing solar
conversion efficiency, positioning it as a viable option for residential and small-scale commercial
photovoltaic installations.

Keywords: Solar tracking system, dual-axis tracking, closed-loop control, photovoltaic (PV) panel, light-
dependent resistor (LDR), energy harvesting, DC gear motor, maximum power point, renewable energy,
embedded control.

and 22%, thereby necessitating methods to
enhance solar energy harvesting. The output
power of a PV module is strongly dependent on
the intensity of incident solar radiation.

1. Introduction

The growing concerns over climate change and
energy security have accelerated the global
transition toward renewable energy systems.

Among the available technologies, solar According to the cosine law of illumination,

photovoltaic (PV) systems have emerged as one of
the most viable solutions for distributed power
generation due to their widespread availability,
decreasing installation costs, and low maintenance
requirements [1], [8]. However, the energy
conversion efficiency of commercial PV panels
remains limited, typically ranging between 15%

maximum power is obtained when sunlight strikes
the panel surface at a perpendicular angle. Fixed-
tilt PV installations, although economically
attractive and mechanically simple, are unable to
compensate for the sun’s apparent motion
throughout the day and across seasons. This
results in increased incidence angles and reflection
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losses, limiting energy capture. Experimental
studies report that fixed PV systems can harvest
only 60-75% of the available solar energy when
compared to continuously tracking systems

[SL.[15].

Solar tracking systems have been developed to
overcome this limitation by dynamically adjusting
panel orientation to follow the sun’s trajectory.
Single-axis trackers compensate for daily solar
motion, while dual-axis trackers adjust for both
thereby
maintaining  near-optimal  alignment  with
incoming solar radiation throughout the year

[11.[12].

Tracking control strategies are broadly classified
into open-loop approaches based on solar position

azimuth and elevation variations,

algorithms and closed-loop systems employing
real-time feedback from optical sensors or
imaging techniques to improve tracking accuracy
under varying environmental conditions [3], [7].

Recent advancements in microcontroller-based
designs and intelligent control techniques have
enabled the development of efficient yet cost-
effective solar tracking systems suitable for small-
and medium-scale installations [4], [10]. Techno-
economic analyses indicate that dual-axis tracking
systems can enhance energy yield by
approximately 30-40% compared to fixed
installations, particularly in tropical regions [5].

In this context, the present work focuses on the
design and experimental evaluation of a low-cost
dual-axis solar tracking system based on closed-
loop control. The proposed system utilizes light-
dependent resistors (LDRs) for solar position
sensing, an embedded controller for real-time
processing, and DC gear motors for panel
actuation. A real-time clock (RTC) is incorporated
to ensure automatic system reset at sunrise. The
performance of the tracking
experimentally compared with an identical fixed-
tilt PV panel under outdoor operating conditions

system is

to assess its effectiveness in improving energy
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capture and supporting economically viable solar
deployment [4], [11].

2. Existing Systems

1. Fixed-Tilt Systems: Panels are mounted at a
fixed angle. They are cheap and reliable but only
capture maximum sunlight at noon, missing out on
morning and afternoon energy.

2. Passive Trackers: Use special fluids that
expand when heated by the sun to physically move
the panel. They require no electricity but are slow
and not very accurate.

3. Open-Loop Active Trackers: Use pre-
programmed software or algorithms to calculate
where the sun should be and move the panel
accordingly. They do not use sensors to verify if
they are correctly aligned.

4. Closed-Loop Active Trackers: Use actual light
sensors (like LDRs) to detect the sun's real-time
position and provide feedback to the controller,
ensuring the panel is always perfectly aligned.

5. Commercial Trackers: Large-scale, industrial
systems used in big solar farms. They are highly
reliable and efficient but are very expensive to
install and maintain.

2.1 Disadvantage of Proposed Systems
1. Fixed-Tilt Limitations
2. Passive System Drawbacks
3. Open-Loop System Constraints
4. Closed-Loop System Challenges
3. Proposed System

1. Purpose: An affordable, reliable dual-axis solar
tracker for small-to-medium solar panels to
maximize energy capture.

2. Light Sensing: Uses four Light-Dependent
Resistors (LDRs) with tubes to sense the sun's
exact position (azimuth & elevation).

3. Brain of the System: A microcontroller reads
the sensors, calculates errors, and controls the
motors.
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4. Smart Control: Uses a "deadband" to prevent
constant motor switching and a "dawn reset" to
face east every morning.

5. Dual-Axis Movement: Two separate motors
allow the panel to move side-to-side (360°
rotation) and up-down (0-90° tilt).

6. Motor Drivers: Uses H-bridge circuits to
control motor direction and speed smoothly via
PWM signals.

7. Safety Features: Includes limit switches to
prevent the motors from moving too far and
damaging the mechanism.

8. How it Works (The Loop): The system
continuously checks the LDRs; if the sun has
moved, it runs the motors to realign the panel.

9. Power Efficiency: Motors are turned off most
of the time (only moving when needed) to save
energy.

10. Robust Build: A lightweight aluminum frame
with bearings ensures smooth, accurate movement
and withstands wind.

3.1 Advantage of Proposed System

1. Increases energy output by 30-40%
compared to fixed-tilt panels.

2. Highly accurate alignment within +2°
using real-time light sensor feedback.

3. Works reliably even in cloudy conditions
and ignores reflected light.

4. Cost-effective and affordable, using
simple, off-the-shelf components.

5. Energy-efficient operation consumes less
than 3% of the extra power it generates.

3.2 Applications

1. Residential homes with rooftop or
ground-mounted systems to maximize
energy production.

2. Remote off-grid locations like cabins,
telecom towers, and scientific monitoring
stations.

3. Agricultural operations such as solar-
powered irrigation, water pumping, and
livestock facilities.

4. Educational institutions for renewable

energy research, labs, and STEM
demonstrations.

5. Humanitarian projects including
medical refrigeration, community

charging, and rural electrification.

3.3 Block Diagram
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Figure 3.1: Proposed model
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Figure 3.2: Block Diagram for Circuit Diagram
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3.4 Block Diagram Components

1. Light Sensors (LDRs): Three light-
dependent resistors sense the sun's
position. When the panel is misaligned,
they receive different light levels and send

variable  voltage signals to the
microcontroller.
2. Brain (ATMEGA 328

Microcontroller): This is the central
processing unit. It reads the sensor values,
compares them to determine if the panel is
misaligned, and decides which motor to
run and in which direction to correct the
position.
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3. User Interface (LCD Display): A small
screen shows real-time information like
sensor readings, system status

(tracking/sleep), and panel orientation,

allowing users to monitor performance on-

site.

4. Motor Drivers and Relays: These act as
the interface between the low-power
microcontroller and the high-power

motors. They amplify control signals and

switch motor power on/off, enabling

bidirectional rotation for both axes.

5. Power Supply Unit: The system is
powered by the solar panel itself, with a
charge controller and battery bank
ensuring  24/7  operation.  Voltage
regulators provide stable 5V  for
electronics and 12V for motors.

[ —
T

T

1, 5

] — S
| [m‘ Lf: [T L=
[N
[1 <

—

/a, )

i

Figure 3.3: Proposed Model Circuit Diagram
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Figure 3.4: Output for Proposed System
4. Conclusion

The developed dual-axis solar tracking system
successfully demonstrated a 30-40% increase in

Page | 176

energy generation compared to fixed-tilt
installations. By integrating LDR sensors with an
Atmega328 microcontroller and relay-controlled
DC motors, the system achieves accurate, real-
time sun tracking with automatic dawn reset
functionality. Its modular design uses readily
available components, making it an economically
viable solution for residential and small-scale
commercial applications. The robust mechanical
design and energy-efficient control algorithm
ensure long-term reliability while minimizing
operational costs. This work proves that
significant  efficiency
achievable without prohibitive increases in system
complexity or cost, contributing to broader
renewable energy utilization goals.

improvements  are
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