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Abstract

address the challenges associated with the maintenance of pipelines in industries such as
oil and gas, chemical, and water treatment. Traditional inspection and painting methods
are labor-intensive, hazardous, and often fail to ensure uniform quality. This robot
autonomously navigates through the interior of pipes, using onboard sensors and cameras
to detect defects, corrosion, and structural anomalies. Equipped with a precise painting
mechanism, it simultaneously applies protective coatings, thereby increasing operational
efficiency and reducing downtime. The robot employs advanced algorithms for navigation,
obstacle detection, and localization, allowing it to operate in varying pipe diameters and
complex layouts without human intervention. Compact in design and The Autonomous
Internal Pipe Inspection and Painting Robot is an innovative solution designed to powered
by rechargeable batteries, the system ensures minimal disruption during deployment. The
integration of inspection and painting functions into a single autonomous unit not only
ensures consistent coating thickness but also provides real-time data for predictive
maintenance. This dual-functionality significantly enhances safety, reduces operational
costs, and extends the life span of pipeline infrastructure. The proposed robotic system
represents a step forward in smart industrial automation, ensuring safer, faster, and more
reliable pipeline maintenance solutions.

1.Introduction

Pipelines play a crucial role in industries like oil, gas, and water
distribution, but over time they face issues such as corrosion and internal damage.
Traditional inspection and maintenance methods are risky, labor-intensive, and often
inefficient [1]. An autonomous internal pipe inspection and painting robot offers a smart
solution by navigating pipes independently, detecting faults using sensors and cameras, and
applying protective coatings simultaneously. This integrated system improves safety,
reduces operational costs, and ensures consistent maintenance quality [2]. With its ability
to access complex pipe networks and deliver real-time data, the robot enhances pipeline
reliability and supports predictive maintenance practices effectively.

2. Literature Review

r ~
Volume 25, Issue 5, 2025 PAGE NO: 21


user
Textbox


Journal For Basic Sciences ISSN NO : 1006-8341

Over the years, numerous studies have been conducted on robotic systems for
internal pipe inspection and maintenance. Early methods relied on tethered robotic crawlers
equipped with cameras for visual inspection, which faced limitations in maneuverability
and data transmission. According to research by Kuntze and Haffner (2006), the use of
wireless sensor-based robots significantly improved inspection efficiency, allowing real-
time monitoring of pipe conditions[3]. Similarly, Wang et al. (2011) developed a magnetic
wheel-based robot capable of navigating vertical and curved pipelines, enhancing
accessibility in complex networks [4].

In terms of maintenance, internal coating systems traditionally required separate
operations, increasing downtime and labor costs. Recent developments integrate painting
mechanisms within inspection robots. For instance, Takahashi et al. (2017) introduced a
robot capable of both detecting corrosion and applying anti-corrosive paint, thus
streamlining the maintenance process[5]. Advances in Al and machine learning further
enabled robots to make autonomous decisions during navigation and defect identification,
as seen in the work by Zhang et al. (2019) [6] [7].

Overall, literature highlights a growing trend towards multifunctional, autonomous robotic
systems for pipeline maintenance. These innovations not only reduce human risk and
operational costs but also contribute to predictive maintenance strategies by delivering
accurate, real-time data and consistent coating application.

3.Materials And Methods

The development of the Autonomous Internal Pipe Inspection and Painting Robot
involves the integration of mechanical, electrical, and software components to
perform inspection and painting tasks efficiently within pipelines. The primary
materials used for the robot's structure include lightweight aluminum alloy and
durable polymers, ensuring both strength and maneuverability within confined pipe
environments. High-torque DC motors coupled with rubberized wheels or magnetic
tracks provide stable movement and adhesion on various pipe surfaces, including
vertical and inclined sections.

The inspection system comprises high-resolution cameras and ultrasonic sensors
for wvisual inspection and wall thickness measurement. These sensors detect
corrosion, cracks, and other anomalies, transmitting real-time data to a central
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serves as the robot’s brain, processing sensor inputs and controlling movement, data
logging, and painting operations.

For painting, the robot is equipped with a rotating spray nozzle attached to a
pressurized paint reservoir. The nozzle ensures uniform application of anti-corrosive
paint to the inner pipe surface, synchronized with the robot’s movement to maintain
consistent coating thickness.

Navigation and obstacle detection are managed using infrared and proximity
sensors, supported by a line-following or SLAM (Simultaneous Localization and
Mapping) algorithm for autonomous control. A rechargeable lithium-ion battery
powers the entire system, offering operational endurance suitable for long pipeline
sections.
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All components are housed within a sealed, modular body to resist moisture and
debris. This methodical integration of materials and control systems allows the robot
to perform dual functions—inspection and painting—autonomously and efficiently.

4.Results And Discussions

The autonomous internal pipe inspection and painting robot was tested under
controlled conditions to evaluate its performance in terms of navigation, defect
detection, and paint application. A prototype was constructed and tested inside a
custom-made pipeline model with various bends, joints, and changes in diameter to
simulate real-world scenarios[8].
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Navigation and Mobility:
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The robot demonstrated smooth movement through straight and curved pipe

sections, both horizontally and vertically. The use of rubberized wheels with high-

torque DC motors allowed the robot to maintain grip and stability, even in vertical

segments[9]. Obstacle detection using infrared and ultrasonic sensors proved

effective, enabling the robot to detect and avoid internal blockages or debris. The

navigation algorithm ensured that the robot could make autonomous decisions when

encountering junctions or dead ends, thereby minimizing the need for human

intervention[10].

Inspection Accuracy:

The robot’s onboard camera system and ultrasonic sensors accurately identified
defects such as rust patches, surface cracks, and wall thinning. These findings were
validated manually to verify the precision of the sensor outputs. In most cases, the
robot successfully transmitted clear visual data and wall thickness measurements to
the base station in real time[11]. The integration of these systems allows for the
development of a predictive maintenance schedule based on actual pipeline

conditions.
Test condition result remarks
parameter
o 10m pipe with 98% successful Smooth
Navigation bends and traversal operation,
efficiency vertical minor delay at
sections junctions
. Simulated 95% Accurate Few false
Obstacle detection internal debris detection positives with

accuracy

and blockage

small objects

Simulated 92% accuracy Verified with
Defect corrosion and manual
detection(cracks,rust) cracks inspection

] ) Anti corrosive 5% thickness Consistent and
Paint coating paint in 10m variation even coverage
uniformity pipe

] Continous 8M per fill Easily
Paint coverage per operation refillable
refill reservoir

) Full charge 90 minutes Suitable for
Battery life (12V Li-ion) short to
medium length
pipes
o Real time Stable within Slight lag
Data transmission video and 15m range beyond 15
sensor data meters

Painting Mechanism Performance:

The integrated spray painting unit functioned effectively, applying a uniform coat
of anti-corrosive paint throughout the inner pipe surface. The rotation of the spray
nozzle was well-synchronized with the robot's movement, ensuring consistent
coverage without overspray or missed areas. Paint thickness was measured at
different points along the pipe, and results showed a deviation of less than £5%,
indicating high reliability[12]. The modular paint reservoir was sufficient to cover
several meters of pipeline per refill, optimizing operation time.
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Battery and Endurance:

Powered by a 12V lithium-ion battery, the robot operated continuously for over
90 minutes, which is sufficient for short to medium-length pipeline inspections.
Battery capacity can be upgraded for industrial applications requiring longer
operational time. The modular design also allows for battery swapping in field
conditions[13].

Discussion:

The results affirm that the robot meets key functional objectives: autonomous
navigation, precise defect detection, and uniform internal painting[14]. It
successfully reduces human exposure to hazardous environments and offers
significant cost savings by combining inspection and painting processes. The real-
time data capture enables operators to take immediate decisions regarding pipeline
health and maintenance requirements.

However, some limitations were observed. In highly corroded pipes or pipes with
irregular internal structures, the robot’s mobility was slightly hindered, requiring
improved traction or adaptability. Additionally, in very narrow-diameter pipes,
component miniaturization becomes a challenge. Future versions of the robot may
incorporate Al-based defect classification and wireless charging systems to further
enhance performance and autonomy[15] [16].

Overall, the developed robot proves to be a promising solution for pipeline
maintenance, offering safety, efficiency, and intelligent operation in a compact and
modular system[17]. Its implementation can significantly transform maintenance
practices in various industrial sectors.

5.Conclusion

The development of the Autonomous Internal Pipe Inspection and Painting Robot
presents a significant advancement in the field of pipeline maintenance and
monitoring. By integrating both inspection and painting functionalities into a single
autonomous system, the robot effectively addresses key challenges associated with
traditional methods, such as safety hazards, high labor costs, and inconsistent
maintenance quality. The robot's ability to navigate autonomously through pipes of
varying orientations and diameters, combined with real-time data collection, enables

protective action after inspection, significantly reducing the risk of further
deterioration. This dual functionality not only saves time and resources but also
enhances the overall efficiency and reliability of pipeline operations. The results
from testing have demonstrated the robot’s capability to perform with high precision
in both navigation and coating application, with minimal deviations in paint
thickness and successful detection of structural flaws.
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Although certain limitations exist—such as maneuverability in severely damaged
or very narrow pipes—the system shows great potential for improvement through
further research and development. Future enhancements could include Al-based
decision-making, wireless communication, and extended battery life.

In conclusion, the autonomous internal pipe inspection and painting robot
provides a modern, intelligent solution to industrial pipeline maintenance. It
promotes safer working environments, ensures consistent performance, and supports
predictive maintenance strategies. With continued development, this technology can
revolutionize how industries manage their critical pipeline infrastructure.
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