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The Arduino-Based Line-Following Robot with Automated Alcohol Spraying Mechanism is an
autonomous mobile system designed to perform consistent surface spraying along predefined
indoor paths. The robot navigates using infrared sensors to detect line contrast, while color
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1.0 Introduction

Autonomous robotic systems have gained increasing
attention in recent years because they can perform
repetitive or predefined tasks with greater consistency and
precision than manual human operation. In environments
where tasks are structured and repetitive, robotic
automation has been shown to reduce variability and
improve the repeatability of outcomes (Koreis, 2024).

A line-following robot is a type of autonomous mobile
robot that navigates along a predetermined path by
following visual or physical guides, such as marked lines
on the floor. These robots typically use onboard sensors,
usually infrared or reflectance sensors, to detect the contrast
between the line and the surrounding surface and adjust
their motion accordingly (Telangana et al., 2025). This
method allows the robot to traverse a track autonomously
without relying on complex mapping systems, global
positioning systems, or advanced vision algorithms.

Line-following robots are widely used in educational,
research, and prototyping settings because of their
accessibility and relative simplicity. Microcontroller

platforms such as Arduino enable the creation of functional
autonomous robots with minimal hardware and software
requirements while still providing reliable navigation
performance (Chandrashekar et al., 2025). In addition, the
large developer community and extensive documentation
for Arduino support rapid prototyping and iterative design.

Incorporating task-specific mechanisms, such as liquid
dispensing or spraying actuators, further extends the
functional capabilities of mobile robots. Previous studies
have shown that combining mobility with actuation
mechanisms allows robots to perform operational tasks
autonomously, reducing reliance on human intervention
and improving process consistency (Weber et al., 2023).

Despite the increasing use of robotics in various
applications, many autonomous systems depend on
expensive components, complex sensing frameworks, or
proprietary platforms, which can limit accessibility for
students, researchers, and institutions with limited
resources. Open-source, microcontroller-based designs,
especially those using the Arduino platform, offer a cost-
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effective alternative that supports functional automation
while maintaining adequate control and flexibility
(Tsebesebe et al., 2024).

In this study, the focus is on the design and development of
an Arduino-Based autonomous line-following robot
equipped with an automated alcohol spraying mechanism
and safety sensors. The project emphasizes functional
performance, navigation accuracy, actuator coordination,
and overall system integration using sensor-based logic that
is accessible and practical. Consistent with its engineering
focus, the study evaluates navigation performance,
actuation control, and cost-effectiveness rather than the
chemical or biological efficacy of the dispensing system.

2.0 Methodology

The Arduino-Based Line-Following Robot with Automated
Alcohol Spraying Mechanism is an autonomous mobile
system designed to navigate along predefined indoor paths
while performing automated surface spraying. The system
employs line-following navigation, using a color sensor to
detect floor strips, where each color cue triggers specific
movements and spraying actions. PIR sensors detect human
presence to ensure safety, preventing the sprayers from
activating when motion is nearby. The Arduino
microcontroller processes data from these sensors and
controls the motors for movement, the servo-actuated spray
mechanism, and the spray pumps connected to dual nozzles
on each side.

2.1 Research Design

This study employed an experimental research design
focused on the development and performance evaluation of
an Arduino-Based Line-Following Robot with an
Automated Alcohol Spraying Mechanism. The design
involved constructing a functional prototype and subjecting
it to controlled testing to assess navigation accuracy,
spraying performance, and safety sensor responsiveness.
An experimental approach was selected to enable direct
observation and measurement of system behavior and
subsystem integration. Performance indicators were
evaluated through repeated trials under consistent
environmental conditions. This design is appropriate for
validating embedded systems and autonomous robotic
applications.

2.2 Research Instrument

The research instrument used in this study was a researcher-
developed robotic prototype and its embedded control
system. The Arduino-Based Line-Following Robot with
Automated Alcohol Spraying Mechanism, composed of an
Arduino Mega 2560 microcontroller, infrared line sensors,
TCS34725 color sensor, HC-SR501 passive infrared
sensors, motors, servo actuators, and spraying mechanism,

served as the primary instrument for data generation and
performance evaluation. The embedded software,
programmed in C++ using the Arduino Integrated
Development Environment (IDE), functioned as the logical
instrument that processed sensor inputs and controlled
navigation, spraying, and safety operations. No test items,
questionnaires, or interview instruments were utilized, as
the study did not involve human participants. Instrument
validity and reliability were established through repeated
functional testing under controlled conditions.

2.3 Data Gathering Procedure

Data were collected through controlled experimental
testing of the developed prototype in a simulated indoor
environment. The testing setup utilized an illustration board
as the floor surface, black electrical tape for line-following
paths, and RGB color markers for triggering spraying
actions. Multiple test trials were conducted to evaluate
navigation accuracy, color detection reliability, spraying
activation, safety sensor response, and effective spray
range. Observations from each trial were systematically
recorded, including operational outcomes and performance
accuracy. All tests were conducted under controlled
lighting and environmental conditions to ensure
consistency of results.

2.4 Data Analysis Procedure

The collected data were analyzed using descriptive
quantitative methods. System performance was evaluated
by computing success rates and accuracy percentages based
on repeated test trials. Results were summarized using
tables to present navigation, spraying, and safety
performance. Comparative analysis across ftrials was
conducted to assess system reliability and integration
effectiveness. Inferential statistical techniques were not
applied, as the study focused on prototype performance
validation.

2.5 Ethical Considerations

This study did not involve human participants; therefore,
informed consent and confidentiality procedures were not
applicable. Ethical considerations focused on ensuring
operational safety and responsible system testing. Passive
Infrared (PIR) sensors were integrated to automatically
inhibit spraying when human motion was detected,
reducing the risk of unintended exposure. All experiments
were conducted in controlled environments following
standard safety guidelines for handling isopropyl alcohol.
The prototype was used strictly for academic and
experimental purposes.

3.0 Results and Discussion

This section presents and discusses the results obtained
from the experimental testing of the Arduino-Based Line-
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Following Robot with Automated Alcohol Spraying
Mechanism. The findings are organized to evaluate the
color-based spraying
activation, safety sensor performance, and effective spray
range. Quantitative results from repeated test trials are

system’s navigation accuracy,

presented using tables and figures, followed immediately
by corresponding discussions that interpret observed
behaviors and system limitations. The discussion relates the

performance outcomes to the design objectives and
highlights factors influencing system reliability and
efficiency. This integrated presentation ensures that each
result is directly examined in the context of the system’s
functional performance and operational design.

3.1 Functional Performance and System Integration
Test Results

Function Expected Outcome | Test | Test | Test | Test | Result/Accuracy
1 2 3 4
Line Robot moves forward Pass | Pass | Pass | Pass 100%
Following | when centered, adjusts
left/right when needed,
and stops at endpoints
Color Robot pauses Pass | Pass | Pass | Pass 100%
Detection | navigation and activates
(Spray correct spraying routine
Trigger) based on detected color
Left-Side | Spraying is enabled Pass | Pass | Pass | Pass 100%
Safety only when no human
Motion motion is detected on
Detection | the left side
Right-Side | Spraying is enabled Pass | Pass | Pass | Pass 100%
Safety only when no human
Motion motion is detected on
Detection | the right side
Dual-Side | Spraying on both sides | Pass | Pass | Pass | Pass 100%
Safety 1s enabled only when
Motion no motion is detected
Detection
Automate | Sprayer releases Fail | Pass | Pass | Pass 75%
d Alcohol | alcohol smoothly on
Spraying | correct side(s)
Mechanis
m
System Robot transitions Pass | Pass | Pass | Pass 100%
Integration | correctly between
navigation, spraying,
and safety states

Figure 1. Functional Performance and System Integration Testing of the Arduino-Based Line-Following Robot with

Automated Alcohol Spraying Mechanism
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Figure 1 presents the functional performance results of the
proposed robotic system. The robot achieved a 100%
success rate in line-following navigation, color-based
command recognition, and motion-based safety detection.
The automated spraying mechanism recorded a 75%
success rate due to a single instance of actuator timing delay
during testing. Despite this limitation, the system

demonstrated reliable coordination among navigation,
spraying, and safety modules. The results indicate that the
core system functions operate effectively, with minor
improvements required to enhance spraying consistency.

3.2 Spray Module Testing (Effective Spray Range)

Test Distance (cm) Expected Outcome Result / Accuracy
15 Alcohol reaches intended Pass
area
25 Alcohol reaches intended Pass
area
35 Alcohol reaches intended Pass
area
45 Alcohol reaches intended Fail
area

Figure 2. Effective Spray Range Testing of the Automated Alcohol Spraying Mechanism

Figure 2 summarizes the performance of the automated within short to moderate distances, while

alcohol spraying mechanism at varying distances. The
spray successfully reached the intended target area at
distances of 15 cm, 25 cm, and 35 cm. However, at 45 cm,
the spray failed to reach the target, indicating a limitation
in the maximum effective spray range. These results
suggest that the spraying mechanism performs reliably

mechanical or pressure optimization may be required for
extended range operation.

3.3 Safety and Navigation Sensor Performance
Evaluation

Sensor

Expected Outcome

Result / Accuracy

Color Sensor (TCS34725)

Detects color-coded paths Pass
and triggers corresponding
system actions

IR Sensor (3-Way)

Ensures accurate line- Pass
following navigation

PIR Sensor (HC-SR501)

Detects human motion to Pass
prevent spraying during
presence

Figure 3. Effective Spray Range Testing of the Automated Alcohol Spraying Mechanism

Figure 3 presents the performance evaluation of the sensors
integrated into the robotic system. The TCS34725 color
sensor accurately identified color-coded paths, enabling
appropriate command execution. The three-way infrared

sensor provided reliable line detection, ensuring stable

navigation along predefined routes. The HC-SR501 passive

infrared sensor consistently detected human motion,
successfully suspending the spraying operation to ensure
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user safety. Overall, the sensor modules demonstrated
dependable performance, supporting safe and accurate
autonomous operation

4.0 Conclusion

The testing results demonstrate that the Arduino-Based
Line-Following Robot with Automated Alcohol Spraying
Mechanism is capable of performing its core functions with
a high degree of accuracy and operational reliability. The
robot achieved 100% success in line following, color-based
spray activation, and motion detection, indicating that the
navigation and safety mechanisms are fully functional and
capable of supporting autonomous operation. Sensor
integration was validated through successful performance
across all trials, confirming the effective coordination of the
TCS34725 color sensor, 3-way IR sensor, and HC-SR501
PIR motion sensor in enabling precise detection and
responsive control actions.

The spraying mechanism achieved a 75% success rate, with
intermittent timing issues observed during activation.
While the module demonstrated effective spraying area
coverage at distances up to 35 cm, the failure at 45 cm
confirms a limitation in its maximum effective range. These
findings indicate that the robot performs reliably within
short to moderate spraying distances but would benefit
from refinement of the dispensing system to improve
consistency and extend operational coverage.

Overall, the results validate the feasibility of an
autonomous, sensor-based alcohol spraying system using
readily available components. The prototype demonstrates
strong performance in navigation, detection, and safety
functions, with optimization of the spraying mechanism
identified as the primary area for further improvement. The
outcomes provide a solid foundation for future iterations
aimed at increasing spraying reliability, enhancing system
integration, and expanding the effective area coverage for
broader application environments.
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