IEC Journal of Artificial Intelligence and Systems, 2022, 4, 50-64
Institute of Electronics https://iecscience.org/journals/AlS
and Computer ISSN Online: 2642-2859

Robotic Inspection Monitoring System for Pipelines

Muhammad Ahmad Baballe - *

! Department of Computer Engineering Technology, School of Technology, Kano State Polytechnic, Kano, Nigeria

* Corresponding Author: mbaballe@kanopoly.edu.ng, https://orcid.org/0000-0001-9441-7023

How to cite this paper: Muhammad Ahmad
Baballe  (2022). Robotic  Inspection Abstract
Monitoring System for Pipelines. Journal of
Artificial Intelligence and Systems, 4, 50-64. The most popular method for transporting fluids and gases is through pipelines
https://doi.org/10.33969/A1S.2022040104. . L L

nowadays. Regular inspection is necessary for the pipelines to work correctly. Humans
Received: August 30, 2022 . . . L
Accepted: October 5, 2022 must not enter potentially dangerous environments to inspect these pipelines. As a
Published: October 14, 2022 result of this, pipeline robots came into existence. These pipe inspection robots help in
Copyright © 2022 by author(s) and
Institute of Electronics and Computer.
This work is licensed under the Creative
Commons Attribution International

License (CC BY 4.0). ) requires repair. Despite numerous improvements, pipeline robots still have several
http://creativecommons.org/licenses/by/4.0/

limitations. The introduction of this in pipe inspection robots helps to solve many

pipeline inspection, protecting numerous people from harm since human beings cannot

enter the pipes and inspect them in case there is any such or kind of damage that

problems, such as leakage of the gas or fluid pipelines, rustiness, and also if the pipe is
broken from any part.
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1. Introduction

Pipelines are now the most widely used method of transport for gases and liquids
(63-65). Therefore, ongoing pipeline monitoring is necessary to assure its safety
and health [1]. The most widely utilized Non-Destructive Testing (NDT) inspection
techniques are optical testing, radiographic testing, ultrasonic testing, and
hydrostatic testing, among others [2]. However, because of recent advancements in
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robotic technology [66, 67], they are now the preferable choice. Robots are a
superior choice because it is challenging for people to access a small pipeline [3].
In-Pipe Inspection Robots (IPIR) have undergone a great deal of improvement
recently, and these advancements are categorized according to their various
locomotion patterns. Fig. 1 shows examples of the Pipeline Inspection Gauge (PIG)
[9, 10], screw [16, 17], inchworm [18-24], wall press [25-29], walking [30-34],
caterpillar [35-39], and wheel type [40-41], [50-52], [42-49]. These popular forms
of movement have drawbacks in addition to their benefits [53].

YeoR

(a) Pig type (b) Wheel type (c) Crawler type (d) Wall press typqg
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(e) Walking type (P Inchworm type (g) Screw type

Figure 1 Different types of In-Pipe Inspection Robots

1.1. Robotic In-Pipe Inspection Types (IPIR)

The PIG type can be utilized for large distances [4]-[8] and moves inside pipelines
using water pressure. The inside surface of the pipelines are not harmed by the
screw-helical type's motion when it moves [11-15]. The inchworm may pass
through pipelines because of its strong grasp despite its poor traction [18-22]. The
wall press type steadily passes through the pipelines by using contact force [25-29].
The walking kind employs legs to move and has a complex mechanism, which
causes reduced surface wear and slippage [30]-[34]. Caterpillars move inside
pipelines using tracked wheels, and its system enables them to adjust to the
circumstances there [35-39]. The wheel type is more mobile than the other varieties
and can travel inside pipelines by simply rotating its wheels [40-44]. Due to the
pipeline's curved and branching pipes, these robots must overcome numerous
obstacles. It encounters motion singularity and erratic motion while doing this.

1.2. Motion Singularity

The "Motion Singularity” is the loss of contact between a robot and pipeline
intersections such curved pipes, L-branch pipes, and T-branch pipes [54], [55]. Due
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to its powerful traction force and substantial contact area, the caterpillar robot offers
more stability and is the most widely used IPIR. The pipeline is kept in contact with
the inner surface no matter how the pipeline is turning by using tracked wheels
[35-39] and [54-55]. If one of the wheels loses contact with the inner surface of the
pipe, it is unable to pass through it, leading to motion singularity [54]. In Figure 2, a
caterpillar robot that is travelling through T-branch pipes uses two modules in place
of one to prevent motion singularity. Three caterpillar wheels are mounted on the
first module at a 120° angle to one another, and the second module is infix at a 60°
angle to the front module [54]. A pipeline exploration robot named "FAMPER"
loses contact with the inner surface of the pipeline while turning at Y and T-branch
pipes, which results in motion singularity. The caterpillar wheels were positioned at
a 5-degree inclination with regard to the robot body rather than set straight to
compensate for the loss of contact. "Motion singularity” is thereby avoided [55]. A
two-wheel chain robot that avoids the motion singularity is shown in [56].

L \ 120 degree

Figure 2 Two-Module Collaborative Indoor Pipeline Inspection Robot

1.3. Irregular Motion

According to published research, many conventional wheeled robots use wheels
that are symmetrically positioned at a 120° angle to ensure even loading and
improved stability while moving through pipelines. The wall press characteristic is
how the wheeled robots acquire this stability [35], [54], [57-59]. According to [41,
42], the inclusion of six wheels corrects the uneven motion that occurs along the
circumferential axis of the pipeline in forward motion caused by the three-wheel
arrangement in wheeled IPIR. The wheeled robot has a three-wheel layout and
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moves inside the pipelines using two different types of wheels. One has single
wheels, whereas the other has double wheels, as seen in Figure 3.

Figure 3 Three-wheel configuration robot

When moving forward, the robot's single three-wheel design tries to rotate in the
pipeline's circumferential direction [60]. Only straight pipelines have been the
subject of investigations about their motion. The orientation of the robot at the
completing end is different from the starting end in circumstances [61] where it
tries to roll over in order to maneuver through the curved pipeline. Additionally,
steering inside branching pipes is challenging due to how the wheels are positioned.
In order to avoid motion singularity and irregular motion while retaining the same
orientation before and after entering the curved pipeline, this research focuses on
constructing a wheeled IPIR with a single three-wheel arrangement [62].

1.4. Contribution

In order to address the issue of irregular motion and motion singularity occurring in
pipelines, a wheeled type IPIR is proposed and developed in this research. The
wheels on this robot are different from those on conventional robots in that they are
not fixed at a 120-degree angle from one another. The location of the wheels
guarantees that the robot's wheels are always in contact with the pipe surface and
prevents the robot from rolling over when moving along a curved pipeline. It also
aids the robot's navigation through branched pipes [62].

2. Resources and Techniques

Initially, we used the Solidworks program to design the robot. To ADAMS, the
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created model is exported. Using the limitations listed in the flowchart, motion
analysis is performed for the robot. The findings are then discussed. Links, wheels,
clamps, a central shaft, legs, a spring, a fixed joint, and a prismatic joint are all
features of the proposed robot. Inside pipelines, the legs provide improved stability.
The legs are supported by the small linkages. All of the parts are kept where they
belong thanks to the clamps. The wheels are designed to increase mobility within
pipelines. All of the modular parts are linked to the central shaft, which serves as
the primary body. The prismatic joint, which is the moveable joint and the one that
generates the force required for the wheels to make contact with the inner surface of
the pipeline, moves while the fixed joint remains stationary. Spring-based devices
that compress and expand in accordance with the inner circumference of the
pipeline supply the necessary force for the prismatic junction. The internal pipeline
diameter of the robot can range from 250 mm to 350 mm. It has three revolute
joints and one prismatic joint. By compressing and stretching the legs, these joints
provide the robot extra stability as it travels through the pipelines. It helps the robot
deal with various pipeline scenarios, such curved or T-branch pipes. The actuator
scale is ascertained using static analysis.

3. Discussion and Analysis

The ADAMS software does the motion analysis. The robot design is imported from
Solidworks and the boundary conditions for the simulation are provided by the
ADAMS software. Body-to-body contact, motor rpm, and spring stiffness are taken
into account. Simulations are done for the proposed robot as well as the conditions
when the wheels are offset by 120 degrees. In the scenario, the robot first travels
inside a 350mm-diameter pipeline. After traveling 600 mm, the pipeline's inner
diameter changes; it decreases by 10 mm, or 340 mm overall. The robot's capacity
to adjust to pipelines of various diameters is tested by this shift in diameter. The
robot then passes through a straight pipe once more before coming to a 90° curved
elbow. It enters the straight pipe once more after leaving the curved pipe to exit the
pipeline. This simulation scenario tests the robot's ability to move through pipes
that are straight, curved, and of different diameters. The only difference between the
simulations' parameters is the angle at which the wheels are mounted. Gravity,
motor speed, solid body contact, and spring stiffness are the criteria the robot must
meet in order to travel through the pipelines. The third wheel serves as a support
wheel, making the three wheels at the bottom of the robot's front side functional.
The robot has three inactive wheels at the back. The motor spins at 100 rpm, and
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the spring stiffness is 2.826 N/mm.
3.1. Robot with Wheels for Pipe Inspection

Traditional wheeled IPIRs have wheels that are 120 degrees apart from one another.
The angle is calculated between the centers of each wheel and the central axis of the
robot body. The homogeneous wheel mounting angle results in the motion
singularity. The prismatic junction between the three legs allows them to compress
uniformly as they pass through the pipeline. Motion singularity consequently
develops inside curved pipelines. Wheel 1 rotates with a greater angular velocity
than wheels 2 and 3, which remain stationary. The three wheels' angular velocity is
constant as the inner diameter of the pipe shrinks. The robot then attempts to enter
the curved pipeline, but wheel 3 loses contact, preventing the robot from doing so.
It demonstrates that wheel 3's angular velocity, which should have been high when
it traversed the concave region of the pipe, has remained constant in magnitude.
The fact that it lost contact with the pipe wall is thus demonstrated. A maximum
force of approximately 11.25 N is applied to wheels 1, 2, and 3 as the robot goes
through a 350 mm pipeline. Wheels 1 and 2 encounter the most force when the
pipeline diameter is increased to 340 mm, whilst wheel 3 experiences a decrease in
forces. The forces pulling on the wheels then cease to exist. Wheel 3 experiences an
increase in force when the robot enters the curved pipeline because the wheel loses
touch with the concave portion of the inner pipeline surface. When the robot tries to
travel through a curved pipe, it loses contact with one of the wheels and is unable to
do so; however, the two wheels that are still in contact exert a force on the spring,
which is why wheel 3 has a high spike after losing contact. The spring force causes
the wheels to push the robot backward, which causes wheel 3 to hit the inside of the
pipe and generate a huge force spike. Here, springs 1 and 2 refer to the springs in
the front and back of the robot, respectively. When the robot passes through a
pipeline with a 350 mm inner diameter, the force supplied by springs 1 and 2 ranges
from 1.25 to 12.5 N. When the inner pipeline diameter reaches 340 mm, the force
generated by springs 1 and 2 approaches 17.5 N. The robot cannot move through
the curved pipeline because of motion singularity, which causes the force in spring
1 to decrease. Motion singularity causes the back half to exert a slight push at that
precise moment because of the inertia of motion. As a result, the legs on the robot's
back compress, producing a strong force of roughly 25 N at first before
progressively reducing. It moves at an average linear velocity of 0.35 m/s while
inside the 350 mm straight pipeline. The linear speed of the robot varies between
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0.30 and 0.35 m/s when the inner diameter of the pipeline drops to 340 mm. The
robot then tries to enter the curved pipeline but is unable to do so due to motion
singularity, causing a sharp fall in linear velocity.

3.2. Wheeled IPIR design modification

The suggested wheeled design Inspection of the Pipe The wheels are
asymmetrically and at various angles mounted by the robot. The arrangement of the
wheels results in angles that are 120°, 104.88°, and 135.12° apart from one another.
Calculations are made to determine the angle between the central axes of each
wheel and the body of the robot.

In the curved pipeline, a robot With the exception of the wheel mounting angle, it
uses the same mechanism as a conventional robot with wheels. The motion
singularity in the curved pipeline is therefore avoided by the suggested design. The
angular velocity of all three wheels remains constant as the robot moves through a
straight pipeline with an inner diameter of 350 mm. When the inner pipeline
diameter was reduced to 340 mm, small spikes in angular velocity were observed.
After then, it moves via a straight pipeline with a constant angular velocity for the
three wheels. The angular velocity of wheel 3 increases while that of wheels 1 and 2
decreases as the robot moves along the curved pipeline. Wheel 3 has a higher
magnitude than the other two wheels because it travels through the concave portion,
which causes its angular velocity to increase. This demonstrates that the robot's
wheels are in contact with the ground as it travels through the bent conduit. After
leaving the curved pipe, it enters a straight pipeline where the three wheels' angular
velocities are held constant. As they go along the curved pipeline, there are
increased forces on all three wheels. The forces ranging from 2.5 to 10 N are
equally distributed among the three wheels. The springs utilized in the front and
back of the robot are numbered 1 and 2, respectively. When going through a
straight pipe with an inner diameter of 350 mm, spring 1 exerts a force of 11 N.
When the inner diameter of the pipe is reduced to 340 mm, spring 1's force
increases to 17.25 N. The robot travels through the curved pipe with a force of
15.65 N being applied by spring number one. It enters the straight pipe after leaving
the curved one, providing the same spring 1 force of 17.25 N. Spring 2 follows the
same pattern as it moves through the pipeline. The robot moves at a linear speed of
0.39 meters per second inside a straight pipeline with an inner diameter of 350
millimeters. It then has a linear velocity of 0.36 m/sec when the inner diameter is
changed to 340 mm. The speed of the object falls off as it approaches the convex
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portion of the curved pipeline wheels 1 and 2. As the wheel moves through the
concave portion of the curve pipe, its speed increases. It recovers to 0.36 m/s in
speed as it re-enters the straight pipeline. Until it exits the pipeline, it keeps moving
at this constant speed. The robot moves at an average speed of 0.33 m/s across both
straight and curved pipes because its velocity cannot be determined directly because
the three wheels have various magnitudes there. All three wheels are moving inside
a straight pipeline with an inner diameter of 350 mm, and the angular velocity is
constant for all three. Even after reducing the inner diameter to 340 mm, this
remained the same. It departs from the straight pipeline and then merges with the
curved pipeline. Wheels 1 and 2 are moving at an angle as they pass through the
concave portion of the pipeline. Wheel 3 also experiences a decrease in angular
velocity when it passes through the concave portion of the pipeline. Wheel 2's
greater angular velocity suggests that it was in contact with the pipeline's inner
surface and so prevented motion singularity. After leaving the curved tunnel, it
proceeds into a straight pipeline, where all three wheels' angular velocities stay
constant. The forces pulling on all three wheels of the robot rise as it travels through
the curved pipeline. With forces ranging from 2.5 N to 12 N, the forces applied on
all three wheels are roughly similar. While entering a 350 mm inner diameter
pipeline, spring 1's 11 N force remains constant. As the pipeline's inner diameter
decreases to 340 mm, the spring's first force rises to 17.25 N. The spring force then
decreases to 15.5 N while passing through the curved pipeline, and when it
re-enters the straight pipeline, it rises to 17.25 N. Spring 2 follows this same force
trend as it travels through the pipeline. Robot travels at a speed of 0.39 meters per
second as it passes a straight pipeline with an inner diameter of 350 millimeters.
The robot moves at a speed of 0.36 meters per second when its inner diameter is
reduced to 340 mm. Wheels 1 and 2 move more quickly through the bent pipeline
as wheel 3 moves less quickly. Wheel 2 travels through the pipeline's concave
portion, while Wheel 3 travels through the pipeline's convex portion, causing the
increase and decrease. When the robot enters the straight pipeline, its speed drops to
0.36 meters per second. The robot moved at an average speed of 0.33 m/sec both
inside the straight and curved pipelines.

4. Robots for Inspecting Pipelines

(1) Extreme security: Use the pipeline robot to enter the pipeline to efficiently
discover the interior conditions of the pipeline or remove any concealed dangers.
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Because of the high labor intensity and greater safety risks associated with manual
labor, these jobs are not good for employees' health. The Easy Sight pipeline robot's
intelligent operation may significantly enhance the operation's performance in terms
of safety.

(2) Labor-saving: Small and lightweight, the pipe inspection robot can be controlled
by one person. The controller can be put on the vehicle, which will save time and
room.

(3) Increased effectiveness and caliber: The smart pipeline robot from Easy Sight
can display real-time data such date and time, crawler inclination (pipeline slope),
air pressure, crawling distance (meters of line), laser measurement results, and
azimuth in addition to accurate positioning (optional). The function keys allow you
to control the clock display of the lens angle of view as well as the display status of
this information (positioning of pipeline defects).

(4) Great level of protection: There is no need to be concerned about the pipe
camera's quality because it has a high level of protection, airtight protection, and the
material is waterproof, anti-rust, and corrosion resistant..

(5) Receiving and releasing cables won't interfere with one another with a
high-precision cable reel, and the length is configurable. The pipe inspection robot
can inspect pipelines with diameters ranging from 100 mm to 2000 mm. It can raise
productivity and save labor in addition to enhancing task precision. Additionally, it
can maintain the pipeline in some locations where manual labor is not appropriate
and quickly identify the internal sources of pipeline degradation [68].

5. Conclusion

In this work, we contrast the suggested wheeled type IPIR with the wheeled type
IPIR that is currently in use. The three wheels are mounted on the current design at
a 120° angle from one another. Both the suggested and conventional wheeled forms
of IPIR are simulated. The ideal angles are 104.88°, 135.12°, and 120°. Results of
velocity and force analyses for each wheel demonstrate how this design brings the
wheels into contact with the pipelines. The created robot did not experience the
unequal force experienced by the robot with a wheel mounting angle of 120° when
traversing the curved pipeline. Also discussed are the effects of the in-pipe wheel
robots.
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