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Abstract
Pipelines are constructed to transport all kinds of fluids. Accidents have occurred from toxic fluid leaks owing to
the cracks and corrosion of pipelines, wreaking havoc on plants, animals and humans. One very effective way of
doing this is to perform regular inspection of pipelines. This paper presents the design, development and testing
of a pipeline inspection robot. The robot was built using an autonomous mobile robot, ultrasound sensors and
a buzzer. The robot is initially placed at the entrance of the pipe before it is switched on. Once powered, the
robot begins to advance forward. The distance between the robot and the bottom of the pipe d1, is measured as
well as the distance between the robot and the top of the pipe d2. The measured values were used to determine
the presence of deposits and corrosion within the pipe. The Inspection robot was tested on a pipeline model
constructed from 1.5 m sheet of aluminum and successfully demonstrated the ability to detect deposits and
corrosion. Future improvements to the inspection robot include the addition of a camera for visual inspection,
integration of wireless capability for easy viewing of acquired data and images, and using a more rugged robot
for indoor and outdoor operation.
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Introduction
Pipelines are constructed to transport all kinds of fluids, some
toxic, some highly flammable and others fairly unreactive. In every
case, it is important for the transported fluid to be contained within
the pipeline, and under ideal situations, have no interaction with the
surrounding environment. However, every pipe, depending on the
material from which it is fabricated, deteriorates progressively with
time, and the pipe becomes prone to cracks and heavy corrosion.
Many accidents have occurred from fluid leaks owing to the cracks
and corrosion of pipelines [1]. These accidents wreak havoc on
plants, animals and humans [2-8]. It is therefore vital to prevent the
occurrence of such fluid leaks and save ourselves the disaster.
One very effective way of doing this is to perform regular inspection
of pipelines. The information gotten from the inspection is analyzed
and used to evaluate the condition of the pipeline. The condition of
the pipeline analyzed is used to forecast the areas/points of possible
fluid leaks and prescribe maintenance operations for the pipeline. This
way the pipe condition is monitored and accidental leaks are reduced

to the minimum. Pipe Inspection is an essential activity associated
with fitness-for-service (FFS) assessments for surface and buried
piping at nuclear plants, oil and gas terminals, refineries, industrial
sites, cased pipeline crossings, and distribution pipelines for all sorts.
Intelligent pigs are automated inspection systems which are usually
designed such that one inspection tool is looking for a specific type of
defect utilizing one technology [9]. Majority of the pigs used operating
using either a magnetic flux leakage (MFL) tool or an ultrasonic tool
for wall thickness measurements, with the latter being the more
common [10]. A pipe inspection robot is a device that is inserted
into pipe to check for obstruction, damage, and deterioration, and
corrosion. These robots are mostly used for offshore and buried
pipes. Nonetheless, they can also be used on surface pipes if the
cost is not too high. Ismali et al. provides a thorough review on the
various types of pipe inspection robots that have been developed over
the last twenty years [11]. These design for these inspection robots
vary greatly, ranging from differences in locomotion methods to the
principle used in detection corrosion and other pipe abnormalities
[12-18].
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Pipe inspection robots employ a number of approaches to provide
the desired information. The different methods employed depend on
the sensors used by the robot and the parameter being measured.
Some of the common sensors used are ultrasonic sensors and infrared sensors. In recent times, video inspection has become popular. For
this approach, a camera is installed on the robot. The basic approach
for pipe inspection is to take geometric measurements of the pipe
under inspection, and often times the inner diameter of the pipe is
measured. Motamedi et al. used a robot with a line laser and a CCTV
camera to recognize defects of the inner pipeline structure [19].
This paper presents the design, development and testing of a pipeline
inspection robot. It is common knowledge that pipelines are proven
to be the safest way of transporting fluids, to maintain that reputation
regular inspection is required as carefully highlighted above. This fact
cannot be overstressed. However, owing to the nature, construction
design and purpose of the pipeline, simple external inspection of
the pipeline is inadequate. The inner diameter of the pipe is often
called into question as this information provides a more accurate
analysis and inference from pipe inspection operations. Based on
this observation, the pipeline inspection robot was designed to
have the ability to move from one point to another within the inner
diameter of the pipeline, to possess the capacity detect corrosion
in the pipe by detecting geometric changes in the pipe, and be
able to give an alarm when corrosion or obstruction is detected. It
should be noted that ultrasonic inspection robots used for pipeline
inspection typically measure the wall thickness of the pipeline to
determine the presence of corrosion. The ultrasonic inspection robot
presented in this paper measures instead the inner diameter of the
pipeline to determine the presence of corrosion and/or deposits. An
advantage to this method is the fact that the robot presented in this
paper can also identify regions with dents and geometric distortions
as these also compromise the inner diameter of the pipeline.
The design and development of the pipe inspection robot is outlined in
the methods section. The results obtained from testing the inspection
robot is presented in the discussion and conclusion section.
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Figure 1: The autonomous mobile robot for the pipe inspection robot.

Materials and Methods
Materials
The pipeline inspection robot has three main physical sections to
its design: an autonomous mobile robot, a corrosion detector and an
alarm system. The final stage of the design deals with the interfacing
and control of these three sections.

Figure 2: Some components of the Autonomous mobile Robot.

Autonomous mobile robot (AMR): The first requirement of
the inspection robot is that it should be capable of motion. To do
this, an autonomous mobile robot was designed. An autonomous
mobile robot (AMR) is a robot capable of navigating an uncontrolled
environment without the need for physical or electro-mechanical
guidance devices. This robot also provided the base chassis on which
we mounted the sensors and other components (Figure 1).
The items required for the construction of this robot were: 4
wheels, 2 plastic chassis, 4 velocimetry code disks, 4 motors with
wires, 8 plastic fasteners, 8 long screws, 6 mounting rods, 8 small
screws, 15 nuts a battery connector and a 4 AA battery holder (Figure
2).
The corrosion detector: The corrosion detector unit simply
consisted of two (2) ultrasonic sensors (Figure 3) mounted base-tobase to measure the inner diameter of the pipe. An ultrasonic sensor
is a proximity sensor. Such a sensor is capable of detecting nearby
objects without any physical contact. They send out ultrasound
waves and analyze the echo (returning signal) that is received. The
time between sending out the signal and receiving the echo is used
to estimate the distance to an object (since the speed of sound is
known). This gives us our height which translates to pipe diameter.
The ultrasonic sensor used in the inspection robot is the HC-SRO4
ultrasonic sensor (Figure 3). It requires a 5 V DC power supply,

Figure 3: Ultrasound Sensor.

performs well in 30° angle, and has a resolution of 3 mm. A single
ultrasonic sensor measures the distance from its location to the
bottom of the pipe (called d1), while the second ultrasonic sensor
measures the distance from its location to the top of the pipe (called
d2). The distance between the two ultrasonic sensors is also known. By
summing the distance between the ultrasonic sensors and the values
of d1 and d2, the internal diameter of the pipe can be calculated. Once
the internal diameter of the working pipe is known, the measured
values of d1 and d2 can be used to determine the presence of corrosion
or deposits. For a normal pipe, d1 = 1 cm. If d1 > 1 cm, then this
indicates that there is corrosion at the bottom of the pipe. If d1 < 1 cm,
this indicates there are deposits at the bottom of the pipe. Similarly,
for a normal pipe, d2 = 5 cm (Pipe Diameter). The 5 cm accounts for
the distance between the two ultrasonic sensors (top and bottom) as
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Figure 4: Buzzer for robot alarm system.

Figure 7 (a-e): Construction of AMR.

(a)

(b)

Figure 5 (a,b): Arduino board with USB cable attached.

(a)

(b)

Figure 8 (a,b): Buzzer and Ultrasound sensor connections to AMR.

microcontroller board, allowing the robot to operate independent
of the computer used to program. This is a plus for long distance
inspection. However, it can also be operated directly from the
computer using an Arduino board connecting cord (Figure 5). The
advantage of this method is that the software can be modified when
the robot is in operation. Its major drawback is that it is impractical
for long distance inspection, which would be dependent on the length
of connecting cord.
Figure 6: Arduino board and the Motor shield on the plastic chassis.

well as the distance between the lower ultrasonic sensor (d1) and the
bottom of the pipe. If d2 > 5 cm (Pipe Diameter), this indicates there
is corrosion at the top of the pipe. If d2 < 5 cm (Pipe Diameter), this
indicates there are deposits at the top of the pipe.

Motor shield: A motor shield was utilized to provide sufficient
power to the four dc motor of the robot, to allow movement of the
robot inside the pipe (Figure 6). The Arduino board was programmed
to control the motor shield, sensors, and buzzer.

Methodology

Arduino Uno R3: The Arduino board (Figure 5) serves as the
brain for the pipe inspection robot. Arduino is a tool for making
computers that can sense and control more of the physical world/
quantities than a desktop computer. It is an open-source physical
computing platform based on a simple microcontroller board and a
development environment for writing the software for the board.

Construction of AMR: The velocimetry code disks were coupled
to the 4 Motors with wires (Figure 7a). The 1.5V battery terminal
casing was coupled to the top plastic chassis of the AMR (Figure
7b). The motors and code disks were coupled to the plastic chassis
of the AMR (Figure 7c). Next, the 4 plastic wheels wee coupled to
the mounted motor (Figure 7d). We coupled the top chassis to the
base chassis of the AMR using both plastic fasteners and coupling
screws. The motor shield was mounted on the Arduino board and
placed on top of the AMR. The 4 motors were connected to the motor
terminals of the motor shield. Motors were powered using 4 AA
batteries (Figure 7e).

It can be used to develop interactive objects, taking inputs from
a variety of sensors and controlling a variety of physical outputs
such as light, motion, etc., making it the perfect choice for the
pipeline inspection robot. The software can be uploaded into the

Electronics and control: A breadboard was mounted on the
AMR to allow for neater connections. Connection to the buzzer was
done on the breadboard (Figure 8a). The longer leg of the buzzer was
connected to pin 17 of the motor shield, while the shorter leg of the

The alarm system: For this, a buzzer (Figure 4) was programmed
using Arduino language to go off, producing a ticking sound for 3
seconds when the robot detects corrosion within the pipeline.
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Figure 9: Flow Chart for operation of Pipe Inspection Robot.

buzzer was connected to the ground channel of the breadboard.
For the attachment of the ultrasonic sensors, it was easiest to
place them as far right to the breadboard as possible. The ground pin
on the ultrasonic sensor is connected to the ground channel on the
breadboard. The echo pin on the ultrasound sensor1 was connected to
pin 16 on the motor shield and that of ultrasound sensor 2 to pin 19.
The Trig pin on sensor 1 was connected to pin 14 on the motor shield
and that of sensor 2 to pin 18. Lastly, the VCC pins of the sensors were
connected to the 5 volt channel on the breadboard (Figure 8b).
Control of pipe inspection robot: This robot applies the
ultrasonic inspection method. This method approaches pipeline
inspection, by comparing measurements. The Robot measures the
actual inner-diameter of the pipeline and compares it to a set-value.
The set value can be altered to inspect different pipes with diameters
ranging from 6-60 inches. It is capable of doing this in such a way that
a variation between the measured value and the set value triggers an
alarm from the robot. The flow diagram in figure 9 summarizes the
steps and decisions taken by the robot at every stage to implement
this design concept.
The robot is initially placed at the entrance of the pipe before it is
switched on. Once powered, the robot begins to advance forward. The
distance between the robot and the bottom of the pipe d1, is measured
using the first ultrasound sensor. The ultrasonic sensor converts time
to distance. For the sensors used in this robot, the conversion was
carried out using the following formula:
Distance = (duration/2) / 29.1; 			

(1)

Where the speed of sound is 340 m/s or 29 µs/cm and duration is
the time taken in microseconds to receive an echo signal after a pulse
has been sent out. The ultrasound pulse travels out and back, so to
find the distance of the object we take half of the distance travelled.
For a normal pipe d1 should be equal to 1 cm. If d1 is less than 1
cm, it means there are deposits at the bottom of the pipe. If d2 is greater
than 1 cm, it means that point in the pipe has undergone corrosion. If
either deposit or corrosion is detected by the first ultrasound sensor,
the robot stops and sends out an alarm for three seconds before
continuing on its route. If d1 is equal to 1 cm, then the pipe is healthy.
In this case, the robot does nothing, but simply continues on its way.
Next, in a similar manner, the distance between the robot and the
top of the pipe d2, is measured using the second ultrasound sensor.
For a normal pipe d2 should be equal to 25 cm. If d2 is less than 25
cm, it means there are deposits at the top of the pipe. If d2 is greater
than 25 cm, it means that point in the pipe has undergone corrosion.

If either deposit or corrosion is detected by the second ultrasound
sensor, the robot stops and sends out an alarm for three seconds
before continuing on its route. If d2 is equal to 25 cm, then the pipe
is healthy. In this case, the robot does nothing, but simply continues
on its way.
The entire process is repeated while the robot moves through the
entire length of the pipe, alerting the inspection team to regions in
the pipe that contain deposits or have undergone corrosion. Once the
robot reaches the end of the pipe, it exits the pipe and comes to a
stop. The current pipeline inspection robot developed in this paper is
capable of providing corrosion inspection for straight pipelines with
6-60 inches in diameter. Future improvements to this initial design
will include the addition of a forward-facing ultrasonic sensor to
determine changes in the inner shape of the pipelines. With this new
ultrasound sensor, the robot will be able to detect when there is a
curve or a T-junction in the pipeline and its movement can be altered
accordingly.

Discussion and Conclusion
The pipe inspection robot was tested using a pipeline model
made from 1.5 m sheet of metal (Figure 10). The pipeline model was
made of aluminum sheet wrapped into a cylinder and bounded with
metal strips or solidity. The inner diameter of the pipeline model was
30 cm. certain sections of the pipeline model were tampered with
to introduce dents and geometric distortions within the interior
pipelines. These regions were used to simulate the effect of corrosion
or the presence of deposits within the pipeline. The presence of
corrosion will result in an increase in the inner diameter of the
pipeline, while the presence of deposits in the pipeline will result in a
reduction in the inner diameter of the pipeline. It is important to note
that the current algorithm employed by the inspection robot view
dents and geometric distortions the same as corrosions and deposit
and will alert the inspection team whenever it encounters dents,
geometric distortions, corrosions or deposits within the pipeline.
On careful inspection of the model surface, the purposefully
induced dents and geometric distortions can be visually observed. A
visually observable dent is more than enough proof of corrosion or
presence of deposit in an actual pipeline, hence, the designed robot is
expected to be capable of detecting these distortions on the pipeline
model if the design is accurate.
First, we connected the inspection robot to a laptop using an
Arduino connecting cord to provide a visual display of the sensor
measurement as the robot inspects along the pipeline. Since the AMR
is not suited for rugged terrains, the pipeline inspection robot was
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In the course of designing the pipeline inspection robot, several
challenges were encountered. A few of them, which may affect the
robot’s efficiency, are outlined below:

•
Speed: It was a challenge finding the perfect speed for the
robot. If the robot went too fast, it raced past distortions, and when
it was too slow, it stopped and refused to initialize motion after 3
seconds because it was still detecting the corrosion at that point.
•
Absence of Switch: The absence of a switch meant that
whenever the robot was powered it went straight to operation. This
was a problem when it came to conserving power and retrieving the
robot after inspecting a pipe length.
(a)

(b)

Figure 10 (a,b): Pipeline model used for testing the Pipeline Inspection
Model.

•
Insufficient Space: The chassis was too small for most of
the installations that the robot required. And it made the robot look
aesthetically clumsy.
•
Low Buzzer Volume: The buzzer volume is too low, it is
impossible to hear the buzz in a noisy environment.

(a)

(b)

Figure 11: Pipeline Inspection Robot inspecting the pipeline model (a) Robot
at entrance of pipe (b) Robot near the end of pipe.

The pipeline inspection robot clearly demonstrated the capacity
to detect deposits and corrosion within a pipeline. The algorithm
implemented can be readily adjusted to inspect pipes with different
parameters. There are however, several improvements that can be
made to improve the efficiency of the robot. A switch should be
included to help conserve power and ensure safer operation of the
robot. A more rugged AMR can be used for subsequent designs.
This will improve the adaptability of the robot, making it suitable
for both outdoor and indoor operations. Other inspection methods
(sensors), such as video inspection can be included, to increase the
scope of inspection done at any point in time. An alarm unit with
better volume characteristics should be used for subsequent designs.
Finally, the robot should be equipped with wireless capability so that
acquired data and images can be readily transferred to a computer for
easy viewing by the inspection team.

inserted into the pipeline model, and placed at the start of the pipe. Next,
we connected the 9V battery to the battery connector, and observed
the robot as it initialized motion, measuring the inner diameter of the
pipe in two unequal fractions as it runs along the length of the pipeline.
The sections of the pipeline model considered to be normal had an
inner diameter of 30 cm. The robot moved along these normal sections
at an approximate speed of 200 mm/s and did not stop or give off an
alarm. This indicates that the robot is capable of identifying sections
in a pipeline that conform to the standard diameter. When the
robot reached the sections of the pipeline model in which dents and
geometric distortions had been introduced, the robot stopped, gave
off the buzzing alarm, and smoothly resumed motion in a straight
line. When the geometric distortion introduced into the pipeline
model resulted in an inner diameter greater than 30 cm, the robot
identified that region as a section in which corrosion was present.
When the geometric distortion resulted in a diameter less than 30 cm,
the robot identified that region as a section in which deposits were
present. Again, it is important to note that the robot will flag regions
that possess dents, geometric distortions, corrosion or deposits.
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