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Abstract: Gas pipeline inspection and monitoring are essential to preventing rupturing with its associated human, economic and
environmental costs. Currently, the popular approaches utilized in monitoring gas pipelines are expensive and require sensors attached
to the pipeline at different locations. In this work, we propose a microcontroller-based line follower robot for gas pipeline monitoring
and leak detection. It uses the sensors, MQ-6 and TGS2611, to detect the presence of natural gases, methane (CH4), propane, carbon
monoxide (CO), LPG gases and alcohol. Also, the system has an on-board camera and is configured to wirelessly transmit a real-time
video stream as the robot navigates. If the measured gas concentration exceeds the threshold, the system is designed to set off an alarm
and signal the operator through SMS, including the measured gas concentration and the GPS location information.
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1. Introduction
Since they present a cost-effective option, gas pipelines

are the preferred means of transporting oil and natural gas
over long distances. As these pipelines suffer from third
party interference and from age-related degradation and
corrosion [1], [2] monitoring becomes necessary to prevent
gas leakage and also detect leakages on time whenever they
occur. Consequently, different systems have been built to
improve pipeline failure detection in order to minimize the
impact [3], [4]. Early pipeline testing systems were built
with a cable network to connect and communicate with
sensors located at defined intervals along the pipelines [5].
This approach requires high physical security and is suscep-
tible to network failure [5], [6]. Other monitoring systems
include using data management and retrieval system by the
computational analysis of the measured pressure, volume
and temperature through the deployment of sensors and
communication networks [7]. This system however suffers
from high cost, long delays, and inflexibility to protocol
changes attributes. The mass-volume balance method [8],
[9], the negative pressure monitoring method [10], [11],
acoustic monitoring method [12], [13] are limited by their
dependence on the extent of the leak, leak flow rate and
noise [14], [15].

All these leak detection methods can be categorized ma-
jorly into exterior, visual, and interior methods [16]. Some
of the most recent methods of monitoring pipelines are
based on wireless sensor networks (WSN) and Internet of

Things (IoT) which may involve the application of machine
learning algorithms [17], [18]. Robotic-based technology is
an attractive alternative to independent gas leak detection
since it eliminates the problem of unsafe plumbing, en-
vironmental hazards, and system damage [19]. A number
of robotic machine-based techniques have been studied,
either in autonomous operation or manually controlled [20].
Integration of Internet of Things (IoT) into robotics makes it
more robust adaptable to Artificial Intelligence (AI), enables
more multi-parameter monitoring and alarming, and makes
it accessible remotely [21]. Due to the small sizes of the sen-
sor nodes, wireless connection compatibility and low cost,
system configuration can be easily adjusted to suit different
applications and can also be engaged on a large scale [22].
Although such methods have in recent times shown to be
effective, manageable and reliable, there are still ongoing
efforts toward enhancements and improvements [23], [24].

We present in this paper a system for pipeline moni-
toring and leak detection with both geo-location data and
real-time video coverage for remote pipeline monitoring. It
uses a GSM module to enable communication between the
robot and the control center and a GPS module to report
the location of the gas leak.

2. RelatedWorks
A number of research works have investigated and

developed systems for pipeline monitoring and gas leakage
detection [25], [26], [27], [28], [29]. These include mainly
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sensor-based monitoring systems and can be classified as
either wired or wireless or robot agent-based approaches.

Zhu et al [11], proposed a system utilizing Lead Zir-
conate Titanate (PZT) sensors. It uses PZT sensors to
detect a leakage by determining a variation in the strain
due to a negative pressure wave (NPW). However, the
accuracy of this method is limited because the energy of
a NPW attenuates while propagating along the pipeline,
thus limiting the detectable NPW signal to the smallest
detectable leakage rate. Moreover, this method assumes
a constant NPW velocity for all materials, which isn’t
practical because the NPW velocity varies with the pipeline
materials and the system requires wired connections to link
the sensors to the control base, thus increasing the cost
and reducing performance and reliability from a possible
damage to any of the wires. To mitigate the problem of
attenuation in the NPW method, [3] suggested using a
localization formula that is dependent only on the sensor
spacing and the arrival time of the NPW.

A GSM-Based Alert System for gas leakage detection
system that could mainly sense LPG gas was designed [30].
An indicator (LED) was used to communicate with the
surroundings and a short message sent to a predefined
telephone number to alert a user on the occurrence of a
LPG leakage. However, this system is applicable only for
restricted areas, detecting occurrence beyond the system’s
immediate vicinity is not possible.

Recently, a number of the reported systems have in-
cluded the capacity to control gas leakages in addition to re-
porting the incidence of a leak. A gas detection system was
developed using Arduino Uno microcontroller, LED, MQ6
sensor GSM module, and buzzer connected through a valve
driver circuit [31]. Upon detection of a gas leakage, the
valve is closed, shutting off the gas supply. Also, the LED
is turned on and the buzzer is triggered. The administrator is
notified through SMS. A sensor network utilizing Bluetooth
communication was used by [32] to detect gas leakage.
It uses a Bluetooth (HC-05) for communication and send
its data to Arduino Uno. The system, upon gas detection,
activates an alarm and automatically releases a gas regulator
and neutralizes the air with the exhaust fan. However, such
systems have a limited coverage area to maintain from
the control room to ensure effective communication. An
improved monitoring system that uses IOT, it sends the data
over to the cloud and also displays them on the LCD was
developed [33]. However, it is limited by a lack of system
mobility and an absence of visual data feedback which is
necessary for an effective monitoring.

A robot which is capable of traversing pipelines back
and forth was made [34]. The robot displays its data on
an LCD. Gas concentrations above the threshold, the robot
stops, triggers the alarm, displaying the gas state on the
LCD. While this system solves the problem of mobility,
the system data cannot be accessed remotely.

A personal computer-controlled robot was developed
[35]. The system’s main control unit is a Raspberry PI 3. It
uses MQ-2 in sensing the gas concentration. The movement
of the robot is controlled from a PC or a mobile phone
through the WIFI network. The status of leakage gas can
be monitored on a personal computer or Phone with the
web-server via WIFI. A problem with this system is that
it requires extra manpower to operate it effectively and
requires strong internet connections in order to function
effectively.

3. System Overview
After a review of the related works, the following are

the main objectives that we have set for the proposed
system: (1) develop a line follower robot to move along
the path drawn close to the pipelines; (2) develop a gas
detection circuit to detect the occurrence of a leak in the
surroundings; (3) develop a system to communicate sensor
data along with the location to the central system; (4)
include a surveillance camera system for a real-time video
transmission for pipeline monitoring. The system uses two
sensors positioned on the robot to monitor the gas concen-
tration of the environment and update the microcontroller. If
the gas concentration exceeds the set threshold the system
will set off an alarm, send the gas alert SMS along with
the leak location to the control room. Wi-Fi, Bluetooth and
ZigBee are short range technologies and are unsuitable for
long distance applications [36]. As a result, GSM is used
to send the data to the control room.

4. System Implementation and Operation
The prototype system comprises of two parts: the gas

detection system and a robotic car, on which the camera and
other sensors are mounted, for mobility. A block diagram
of the system is as shown in Fig. 1. The architecture
of the detection circuit consists of the ATMEGA328P
microcontroller, and is coupled with a GSM module for
communication and a GPS module for geo-location infor-
mation. The sensor node is an array of MQ-6 sensor and
TGS211 sensor and can be customized depending upon the
target gases to be sensed. The sensed analog signals are
converted to digital through an ADC. ESP32 CAM module
is used for video real-time monitoring of the surrounding.
The gas detector circuit also has an alarm system to notify
people within the surrounding on the event of a gas leak.
The robot car is a four-wheel line follower, which trails
a pre-defined path and avoids obstacles. It is designed
using a PIC16F877A microcontroller and DC motors for
its movement. The path to be taken by the robot is drawn
using a black line maker. The robot uses Infrared Ray (IR)
sensors to find the path and direction and sends the signal
to the microcontroller which drives the motor in accordance
with the IR sensors’ feedback as programmed. The overall
algorithm of the system is as shown in Fig. 2.

The sensor node measures the concentrations of gases
in the environment using an array of gas sensors. When
the sensor values exceed the default threshold value, the
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Figure 1. Block diagram of the Gas Pipeline Monitoring and Leakage
Detection System

Figure 2. Flow chart of the system algorithm

alarm system is triggered and the control room is also
notified. The calibration constants, line equation constants
and complex processes were calculated for every family
variant using its graph. Using such methods, the real-time
software is implemented to calculate the gas concentration
in ppm using sensor output voltage. This process is repeated
for both sensors. Fig. 3 shows the LPG sensitivity graph of
MQ6 sensor using data obtained from the datasheet [37].
The calibration calculation is carried out by reading the
analog values from the sensors through an Analog to Digital
Conversion (ADC). The gas sensor provides an output
voltage which is fed to the microcontroller’s ADC input.
ADC reads this signal and digitizes it.

The value of the sensor resistance (RO) measured in
clean air is 20kΩ.

Figure 3. Mq6 sensor sensitivity graph

The relationship between the sensor resistance and the
gas concentration for LPG can be expressed as:

RS

RO
= c(PPM)m (1)

Where ‘c’ is a constant, (RS ) is the average value of
sensor readings in the presence of gas. From the Mq6
sensitivity graph in Fig. 3 and taking two points (x1, y1),
(x2, y2) as (1000, 1) and (10000, 0.4) respectively on the
LPG curve,

Log10 (Y)= mLog10 (X)+ Log10 (C) (2)

Where; X = PPM, Y =
RS

RO
and c = intercept (3)

http:// journals.uob.edu.bh

http://journals.uob.edu.bh


814 Johnson Okoli and Brendan Ubochi: Autonomous Robot for Gas Pipeline Inspection and Leak Detection

and m =
d
[
Log10 (Y)

]
d
[
Log10 (X)

] (4)

Where;

m and c are calculated as -0.4 and +1.19, respectively.
(5)

Figure 4. Gas Sensor Connections

In the sensor circuit shown in Fig. 4, (RS ) is the sensor
resistance that is series- connected to the load resistance
(RL) and they both form a voltage divider circuit, VCC
is the input voltage and VOUT is the output load voltage
of the sensor which is read through the analog output and
converted to a digital value using (6).

Vout=
Analog Value x 1023

5
(6)

Applying voltage divider rule to the circuit in Fig. 4 and
dividing by (RO):

Rs
Ro
=

(Vc − Vout)
Vout

RL

Ro
(7)

From (2),

ppm =10

 log
(

Rs
RO

)
−Log (C)

m


(8)

substituting (7), into (8),

ppm =10

 log
(

RL−(Vc−1
ROVout

)
−Log (C)

m


(9)

Where, RL, VC , and Vout are constants, m and c cal-
culated already. The gas concentration in parts per million
(ppm) is obtained from (9). The software is implemented by
applying these equations. The value of the load resistance
used is 47kΩ.

5. Car Robot System Locomotion
The robot is placed on a path such that the line (black),

intended to be drawn beside the pipeline, lies in-between
the left and right wheel with one sensor each put at both
sides. The system is configured to move in the forward
direction if the left and right IR sensor detect any colour
other than black. If the left IR sensor senses the line, the
robot turns leftward. However, a detection by the right IR
sensor would make the robot turn rightward. The flow chat
in Fig. 5 shows the algorithm. A line is drawn across the
initial line at the terminal point so that as soon as both
sensors detect the line, the robot stops.

The rated speed, current and voltage of the dc motor
are 1000RPM, 0.3A and 6V respectively. The speed is
controlled by feeding a PWM from the PIC microcontroller
to the enable pin of the L293D IC which changes the voltage
across the motor. The speed and the direction are controlled
from the code command.

The wheel diameter is 68 mm (approximately 214 mm
circumference) and it has a center hole of 5.3 x 3.66 mm.
As the motor speed is measured in rotations per minute,
to cover a longer distance in the same time, one with a
higher circumference and a higher motor effort is used [38].
The rubber wheels have a higher traction which enables it
go through bends better without skidding off the lane. The
wheels weigh 3.2 grams each and this reduces the weight
of the robot and improves its traction.

The whole system is attached to the bottom of the
enclosure. Metal studs of 7mm length provide the necessary
spacing between the wheel and the enclosure. The wires
from the motors are taken out through the pipe extender
and passed to the circuit.

6. System Hardware and Software
Fig. 6 shows the layout diagram of the gas detection sys-

tem using the MQ-6 and TGS2611 respectively. It includes
a buzzer to create the alarm system. The system uses a GSM
module to enable remote communication with the control
room while the GPS module acquires the leakage location.
The microprocessor frequency is set to operate at an optimal
value of 16MHz. The microcontroller used in the design
of the car robot is the PIC16f877a. The system (shown in
Fig. 7) performed optimally at a clock frequency of 16MHz.
The DC motors are driven through L293D IC (because the
microcontroller cannot power the 6V motors directly). The
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Figure 5. Flowchart of the line follower locomotion

robot has two IR sensors attached to it in order to sense the
path to follow. The microcontroller receives signals from
the sensors and controls the robot accordingly to ensure
that the robot moves on its track.

7. Results and Conclusion
The sensors were preheated for over 24 hours before

carrying out the calibration to make the readings more
accurate. The practical testing of the prototype system
(shown in Fig. 8) was done using butane based lighter,
which forms an ingredient of our gas system. When the
lighter is turned off, the gas sensors do not detect the gas.
The buzzer is triggered as soon as the lighter is turned

on and a message containing the location is sent. The
test results confirm the effective operation of the prototype
by detecting low and high gas leakage levels and alerting
the users by issuing appropriate audio and radio warning
signals. Fig. 9 shows a message sent to the control room
when the robot detects gas leakage.

The system test was also carried out outside. At 0m,
a LPG gas concentration level reading of 490 PPM was
recorded. From the graph in Fig. 10, it is observed that the
farther away the gas leakage detection system is from the
LPG gas cylinder, the lower the detected gas concentration
level and vice versa. This experiment was performed in
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Figure 6. Wiring diagram of the Gas Leakage System

Figure 7. Wiring diagram of the Line Follower Robot
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Figure 8. Image of the developed gas detector robot

Figure 9. Message sent by the robot to the control manager upon
gas leak

the open space and is affected by environmental parameters
such as wind speed and direction.

Figure 10. Gas concentration level variation as a function of the
distance from LPG containers

In our previous work, a similar system was tested
indoors and the gas detection time was found to vary as
a function of distance from the gas source as given in (10)
[28].
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Tc= 5 (DLC−1) (10)

Where; TC is the time taken to rise above the threshold
gas concentration level and DLC is the distance from the
gas source.

A screenshot of the real-time video stream interface
of the system is shown in Fig. 11. It was designed using
ESP32 CAM. The code was written in C and programmed
using an FTDI programmer. The output can be received on
either a laptop or mobile phone with hotspot feature. This
simultaneously takes the live feed and also stores the video
in a memory card stick.

Figure 11. The Camera output interface showing the parameter
settings.

8. Conclusions and Future Scope
In this work, we have developed an autonomous robot

for gas pipeline inspection and leak detection. It uses an
IR sensor-based line follower robot to navigate along a
specified path. The gas detection system uses MQ6 and
TGS2611 sensors to detect and measure the gas concentra-
tion, setting off an alarm and sending a text message if the
gas concentration is above the prescribed limits. Also, the
developed system is capable of video surveillance, a neces-
sary tool for monitoring the state of health of the pipeline.
This system provides real time inspection of gas pipeline
and has a quick response rate, thus making the diffusion
of critical situations faster than the manual methods. The

work could be extended by using UAVs thus increasing its
capacity for wide area surveillance of pipelines and over
water bodies. Also, integration with IoT could prove useful
in locations that have a good data network connection.

References
[1] Z. G. Jia, L. Ren, H. N. Li, T. Jiang, and W. Wu, “Pipeline leakage

identification and localization- based on the fiber Bragg grating hoop
strain measurements and particle swarm optimization and support
vector machine,” Structure Control Health Monitoring, vol. 26,
no. 2, pp. 1–23, Jan. 2019.

[2] J. Li, H. Zhang, Y. Han, and B. Wang, “Study on Failure of Third-
Party damage for urban gas Pipeline based on fuzzy Comprehensive
Evaluation,” Structure Control Health Monitoring, vol. 11, no. 2, p.
166472, 2016.

[3] J. Wang, L. Ren, T. Jiang, Z. Jia, and G. Wang, “A Novel Gas
Pipeline Burst Detection and Localization Method Based on the
FGB Calibre- Based Sensor Array,” Measurement, vol. 151, no. 2,
p. 107226, Nov. 2019.

[4] S. Ahmed, F. L. Mouel, and N. Stouls, “Resilient IoT- based
monitoring system for crude oil pipelines,” in 7th International
Conference on Internet of Things: Systems, Management and
Security (IOTSMS), ser. IOTSMS 2020. Paris, France: IEEE, Dec.
2020, pp. 1–7.

[5] J.-H. Kim, G. Sharma, N. Boudriga, I. S. S., and N. Prabakar,
“Autonomous pipeline monitoring and maintenance system: a RFID-
based approach,” EURASIP Journal on Wireless Communications
and Networking, vol. 1, no. 262, pp. 1–21, 2015.

[6] I. Godwin, D. Ene, I. Udo, P. Awe, E. Barthelomew, D. Oghenefegor,
G. Etebenumeh, B. Oghenenyerovwo, G. Ofualagba, and O. Ejo-
fodomi, “Pipeline inspection for corrosion using a mobile robotic
system,” International Journal of Robotic Engineering, vol. 1, no.
262, p. 87–97, 2015.

[7] M. Y. Aalsalem, W. Z. Khan, W. Gharibi, M. K. Khan, and
Q. Arshad, “Wireless sensor networks in oil and gas industry: Recent
advances, taxonomy, requirements, and open challenges,” Journal of
Network and Computer Applications; Elsevier Journal of Science,
vol. 113, no. 2, p. 87–97, 2018.

[8] M. Z. Karim, A. Alrasheedy, and A. A. Gaafar, “Compensated
mass balance method for oil pipeline leakage detection using
scada,” IEEE Journal of Solid-State Circuits, vol. 9, pp. 1277–1284,
2015. [Online]. Available: https://www.semanticscholar.org/paper/
Compensated-Mass-Balance-Method-For-Oil-Pipeline-Zaid-Karim/
3ed66b59736179a93a231ad823764da08c1e2fdc

[9] S. Yin, Y. Weng, Z. Song, B. Cheng, H. Gu, H. Wang, and
J. Yao, “Mass transfer characteristics of pipeline leak-before-
break in a nuclear power station,” Applied Thermal Engineering,
vol. 142, pp. 194–202, Sep. 2018. [Online]. Available: https:
//www.sciencedirect.com/science/article/pii/S1359431118321793

[10] G. He, Y. Liang, Y. Li, M. Wu, L. Sun, C. Xie, and F. Li, “A
method for simulating the entire leaking process and calculating
the liquid leakage volume of a damaged pressurized pipeline,”
Journal of Hazardous Materials, vol. 332, pp. 19–32, Jun. 2017.
[Online]. Available: https://www.sciencedirect.com/science/article/
pii/S0304389417301279

[11] J. Zhu, L. Ren, S. C. M. Ho, Z. guang Jia, and G. Song, “Gas
pipeline leakage detection based on pzt sensors,” Smart Materials

http:// journals.uob.edu.bh

https://www.semanticscholar.org/paper/Compensated-Mass-Balance-Method-For-Oil-Pipeline-Zaid-Karim/3ed66b59736179a93a231ad823764da08c1e2fdc
https://www.semanticscholar.org/paper/Compensated-Mass-Balance-Method-For-Oil-Pipeline-Zaid-Karim/3ed66b59736179a93a231ad823764da08c1e2fdc
https://www.semanticscholar.org/paper/Compensated-Mass-Balance-Method-For-Oil-Pipeline-Zaid-Karim/3ed66b59736179a93a231ad823764da08c1e2fdc
https://www.sciencedirect.com/science/article/pii/S1359431118321793
https://www.sciencedirect.com/science/article/pii/S1359431118321793
https://www.sciencedirect.com/science/article/pii/S0304389417301279
https://www.sciencedirect.com/science/article/pii/S0304389417301279
http://journals.uob.edu.bh


Int. J. Com. Dig. Sys. 11, No.1, 811-820 (Feb-2022) 819

and Structures, vol. 26, p. 025022, Jan. 2017. [Online]. Available:
https://iopscience.iop.org/article/10.1088/1361-665X/26/2/025022

[12] S. Li, Y. Song, and G. Zhou, “Leak detection of water distribution
pipeline subject to failure of socket joint based on acoustic
emission and pattern recognition,” Measurement, vol. 115, pp.
39–44, Feb. 2018. [Online]. Available: https://www.sciencedirect.
com/science/article/abs/pii/S0263224117306498

[13] C. Liu, Y. Li, L. Fang, and M. Xu, “New leak-localization
approaches for gas pipelines using acoustic waves,” Measurement,
vol. 134, pp. 54–65, Feb. 2019. [Online]. Available: https:
//www.sciencedirect.com/science/article/pii/S0263224118309898

[14] Y. Zeng and R. Luo, “Numerical analysis on pipeline leakage
characteristics for incompressible flow,” Journal of Applied Fluid
Mechanics, vol. 12, no. 12, pp. 485–494, Mar. 2019.

[15] H. Lu, T. Iseley, S. Behbahani, and L. Fu, “Leakage detection
techniques for oil and gas pipelines: State-of-the-art,” Tunnelling
and Underground Space Technology, vol. 89, p. 103249, Apr. 2020.
[Online]. Available: https://www.sciencedirect.com/science/article/
pii/S0886779818311131

[16] M. A. Adegboye, W.-K. Fung, and A. Karnik, “Recent advances
in pipeline monitoring and oil leakage detection technologies,”
Sensors, vol. 19, no. 11, p. 2548, Jun. 2019. [Online]. Available:
https://www.mdpi.com/1424-8220/19/11/2548

[17] R. R. Sharma, “Gas leakage detection in pipeline by svm classifier
with automatic eddy current based defect recognition method,”
Journal of Ubiquitous Computing and Communication Technologies,
vol. 3, no. 3, pp. 196–212, Oct. 2021.

[18] R. P. da Cruz, F. V. da Silva, and A. M. F. Fileti, “Machine learning
and acoustic method applied to leak detection and location in low-
pressure gas pipelines,” Clean Techn. Environ Policy, vol. 22, p.
627–638, Apr. 2020.

[19] R. Nagajyothi, S. Sindhu, N. Sushmitha, M. S. Yogitha, and
S. Padmashree, “Pipe inspection robot using labview,” International
Journal of Engineering Research and Technology (IJERT), vol. 9,
no. 12, pp. 1–4, 2021.

[20] H. Li, R. Li, J. Zhang, and P. Zhang, “Development of
a pipeline inspection robot for the standard oil pipeline
of china national petroleum corporation,” Applied Sciences,
vol. 10, no. 8, p. 2853, Apr. 2020. [Online]. Available:
https://www.mdpi.com/2076-3417/10/8/2853

[21] M. F. R. Al-Okby, S. Neubert, T. Roddelkopf, and K. Thurow,
“Mobile detection and alarming systems for hazardous gases and
volatile chemicals in laboratories and industrial locations,” Sensors,
vol. 21, no. 23, p. 8128, Dec. 2021.

[22] N.-A.-. Alam, M. Ahsan, M. A. Based, J. Haider, and E. M. G.
Rodrigues, “Smart monitoring and controlling of appliances using
lora based iot system,” Designs, vol. 5, no. 17, pp. 1–22, Mar. 2021.

[23] S. Shamisa and J. Aliakbar, “A study of the internet of things in
the oil and gas industry,” in IEEE 4th International Conference
on Knowledge-Based Engineering and Innovation (KBEI), ser.
SustainCom 2015. Tehran, Iran: IEEE, Mar. 2018, pp. 1–7.

[24] H. Ali and J.-h. Choi, “A review of underground pipeline
leakage and sinkhole monitoring methods based on wireless sensor

networking,” Sustainability, vol. 11, no. 15, p. 4007, Jul. 2019.
[Online]. Available: https://www.mdpi.com/2071-1050/11/15/4007

[25] J. B. A. Gomes, J. J. P. C. Rodrigues, R. A. L. Rabêlo,
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