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Pipeline failures and leakages in the oil and gas industry pose serious environmental,
economic, and safety risks. Traditional monitoring methods mainly depend on periodic
manual inspection and wired communication systems, which are unable to provide
continuous real-time monitoring and early fault detection over long distances. This paper
Real-Time

Localization, proposes a real-time loT-based pipeline monitoring and leak detection system using LoRa

Monitoring, Industrial Safety. communication technology. The proposed system continuously monitors critical parameters
such as gas concentration, temperature, flow rate, pressure, and vibration using multiple
sensors integrated with an ESP32 microcontroller. The collected data is transmitted
wirelessly over long distances using LoRa modules to a monitoring station, where abnormal
conditions are identified through threshold-based analysis. Alerts along with GPS location
are generated immediately when leakage or unsafe conditions occur. Experimental results
demonstrate reliable long-range communication, low power consumption, and fast fault
detection capability. The proposed system improves pipeline safety, reduces manual

inspection, and provides a scalable solution for remote industrial monitoring applications.

1. INTRODUCTION

The rapid growth of the oil and gas industry has led to
the installation of long-distance pipelines for transporting
petroleum products, natural gas, and chemicals. These
pipelines pass through remote areas such as forests,
deserts, underground routes, and offshore regions. Any

leakage, abnormal pressure, or gas release in pipelines can
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cause severe environmental damage, economic loss, and
safety hazards. Therefore, continuous monitoring of
pipeline conditions is essential.

Conventional monitoring techniques mainly rely on
manual inspection and wired SCADA systems. These
methods are expensive, require heavy infrastructure, and

fail to provide instant alerts in remote locations. Delayed
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detection of faults may lead to pipeline rupture, fire
accidents, or toxic gas exposure.
an JoT-based smart

To overcome these issues,

monitoring  system using long-range  wireless
communication is proposed. The system integrates
multiple sensors to continuously monitor temperature,
pressure, gas leakage, vibration, and flow rate. The
collected data is transmitted wirelessly using LoRa
communication to a monitoring station, enabling
real-time supervision and faster fault detection.

1.1. Objectives

¢ Continuously monitors pipeline parameters and
provides instant remote status updates in real time.

e Quickly identifies abnormal changes such as
leakage, blockage, gas presence, or overheating
conditions.

e Reliably transmits monitoring data from remote
areas using low-power long-range wireless
communication.

e Automatically sends exact geographical coordinates
of the faulty pipeline section.

manual and allows

e  Minimizes inspection

maintenance only when necessary, reducing
operational cost.

e Generates timely warning alerts to prevent accidents
and environmental damage.

¢ Operates with low energy consumption and can be

expanded easily for large pipeline networks.

1.2. Principles of Monitoring system:
1) Multi-Sensor Multiple

continuously observe temperature, pressure, flow

Monitoring: Sensors
rate, gas concentration, and vibration conditions
inside the pipeline to identify operational changes at
an early stage.

2) Embedded Processing: The ESP32 microcontroller
processes the collected sensor data in real time and
compares it with predefined safety thresholds to
determine whether the system is safe or abnormal.

3) Wireless The LoRa

transmits monitoring data to a remote control station

Communication: module
over long distances while consuming very low
power, making it suitable for remote industrial
areas.

4) Fault Detection: Whenever any parameter exceeds
the safe limit, the system automatically detects the

331

e
International Journal for Modern Trends in Science and Technology

fault and generates an immediate alert for quick
preventive action.

5) Location Identification: The GPS module provides
accurate latitude and longitude coordinates along
with sensor data, helping maintenance teams easily

locate the affected pipeline section.

1.3 Processes Involved:

The system operates in the following sequence:

Step 1: Data Acquisition

Sensors placed along the pipeline continuously measure
key parameters in real time. The DS18B20 senses
YF-5201

monitors flow rate, MQ-7 detects gas leakage, and

temperature, BMP180 measures pressure,
SW-420 senses vibration. These readings provide the
basic condition of the pipeline.

Step 2: Data Processing

The ESP32 reads all sensor values and compares them
with preset safety limits. If any value crosses its
threshold, the controller identifies it as a fault condition
and prepares an alert.

Step 3: Wireless Transmission

LoRa

communication to the monitoring station over long

Processed  data is  transmitted using
distance with low power consumption. This enables
remote monitoring without wired connections.

Step 4: Alert Generation

During abnormal conditions, the buzzer turns ON, the
LCD displays a warning, and the GPS location is
attached. The information is then sent to the control
centre for quick response.

1.4 Operating Conditions:

e Temperature range monitored: 0°C - 100°C
The system continuously measures pipeline
temperature within this range to identify
overheating, leakage, or abnormal thermal
variations.

e Flow rate Monitored: 0-80 L/min
The flow sensor tracks liquid movement and detects
sudden drops or increases that may indicate
blockage or leakage.

e Gas Detection: PPM level monitoring
The gas sensor measures combustible gases in
parts-per-million concentration to identify even
small leaks at an early stage.

e Pressure monitoring: Real-time variation detection

Pressure changes are monitored continuously to




detect cracks, bursts, or valve malfunction in the
pipeline.

e Communication range: Up to several kilometres
using LoRa technology allows reliable long-distance
data transmission from remote pipeline locations to
the monitoring station.

embedded

designed for

e Power
The

consumption, enabling long-term field deployment

supply: Low-power system

circuit is minimal power
using battery or regulated supply.

Pipeline Monitoring System Process
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Fig. 1. Pipeline Monitoring System Process

1.5 Materials and Methods

The materials and methods for the LoRa-based pipeline
monitoring system involve several electronic sensing,
processing, and communication components working
together to detect abnormal pipeline conditions and
transmit alerts reliably.

a) Materials:

1. ESP32 Microcontroller:

The ESP32 acts as the central processing unit of the
monitoring node. It reads data from all connected
sensors, compares values with predefined safety
thresholds, controls the buzzer and LCD display, and
manages communication with the LoRa module and
GPS module. Its dual-core processing and low-power
operation make it suitable for real-time industrial
monitoring applications.

2.LoRa sx1278 Module:

The LoRa module provides long-distance wireless
communication between the pipeline node and
monitoring station. It transmits sensor data over several
kilometres with minimal power consumption. This

ensures reliable monitoring in remote oil and gas
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pipeline locations where wired communication is

impractical.
3. GPS Neo-6M Module:
The GPS module determines the geographical

coordinates of the monitoring unit. During abnormal
conditions such as leakage or gas detection, it sends
latitude and longitude information along with sensor
data so that maintenance teams can quickly locate the
fault.

4. DS18B20 Temperature Sensor:

This digital temperature sensor measures the pipeline
temperature continuously. Abnormal temperature rise
may indicate friction, leakage, or chemical reactions
inside the pipeline.

5. BMP180 Pressure Sensor:

The pressure sensor monitors internal pipeline pressure.
Sudden pressure drop or rise helps in identifying
leakage, blockage, or valve malfunction conditions.

6. YF-5201 Flow Sensor:

This sensor measures the liquid flow rate using a turbine
mechanism. Variation in flow rate compared to expected

values indicates leakage or obstruction inside the

pipeline.
7. MQ-7 Gas Sensor:
The gas sensor detects carbon monoxide and

combustible gases. It helps identify hazardous gas
leakage conditions and prevents industrial accidents.

8. SW-420 Vibration Sensor:

The vibration sensor detects abnormal mechanical
vibrations caused by structural damage, external impact,
or pipeline weakness.

9. LCD Display (16x2 I12C):

Displays real-time sensor readings and warning
messages locally at the monitoring node, helping nearby
operators quickly understand pipeline status.

10. Buzzer Alarm:

Provides immediate audible alerts whenever abnormal
conditions are detected to warn nearby workers.

11. Power Supply Unit (Voltage Regulator + Battery):
Provides stable regulated DC power to all sensors and
modules reliable  continuous

electronic ensuring

operation.

b) Methods:
1. System Design and Integration
All sensors are connected to the ESP32 microcontroller.

The LoRa and GPS modules are interfaced for




communication and location tracking, while LCD and
buzzer are connected for user alerts.
2. Programming and Configuration
Embedded C/C++ programs are developed in Arduino
IDE. The program reads sensor values, compares
thresholds, data

wirelessly using LoRa communication.

generates alerts, and transmits

3. Sensor Calibration and Testing
Each sensor is calibrated to ensure accurate readings:
e Temperature calibration
e Pressure calibration
¢ Flow rate verification
¢  Gas Detection sensitivity testing 2. EXP

e Vibration detection testing

4. Communication Testing
The LoRa communication range and reliability are tested
by placing transmitter and receiver at long distances and

verifying successful data reception.

5. Performance Evaluation
System performance is evaluated based on:
e Leak detection accuracy
e Response time during faults
e  Wireless communication reliability
e  Correct GPS location reporting
e Power consumption efficiency
Analytical Methods
Leak Detection Analysis:
Comparison of sensor readings with safety limits to
identify abnormal conditions
Communication Analysis:
Verification of long-range LoRa data transmission
reliability
Localization Analysis:
Accuracy of GPS coordinates during fault detection
Safety Analysis:
Evaluation of buzzer and alert response time
Power Analysis:
Measurement of energy consumption during continuous

operation

¢) Block Diagram:

The system consists of multiple sensors connected to the
ESP32 controller. The controller processes data and
sends it through the LoRa module to the monitoring

station. When abnormal conditions occur, the buzzer
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activates, LCD displays warning, and GPS location is

transmitted.

*LoRa Transmitter in the room
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Fig. 2. LoRa Transmission and Reception

2. EXPERIMENTAL METHODOLOGY

21 Working Principle of LoRa Based Pipeline
Monitoring System:

The proposed pipeline monitoring system is developed
safety

embedded systems, multiple sensors, and long-range

to provide continuous surveillance using

wireless communication.

The

communication, and alert generation into a single

system  integrates  sensing,  processing,

intelligent monitoring unit deployed along the pipeline.

The monitoring node is built around the ESP32
microcontroller which acts as the central controller.
Different sensors are connected to measure pipeline
parameters such as temperature, pressure, gas
concentration, flow rate, and vibration. These sensors
continuously collect real-time data from the pipeline
environment. The ESP32 processes the collected readings
and compares them with predefined safety limits stored

in the program.

Whenever the measured values exceed the safe
threshold, the system identifies it as a fault condition
such as leakage, blockage, overheating, or structural
damage. The LoRa module then transmits the sensor
data over long distance to the monitoring station. At the
same time, the GPS module provides the exact
geographical coordinates of the affected pipeline

location.

To ensure immediate warning, a buzzer alert is activated
and the LCD displays the abnormal condition locally.
The monitoring station receives the transmitted data and
allows operators to take quick maintenance action. The

entire system operates on a regulated low-power supply




making it suitable for remote and large-scale

deployment.

The system is designed to reduce manual inspection,
improve detection speed, and enhance safety reliability

in oil and gas pipeline networks.

The processed data is then transmitted to the remote
monitoring station using the LoRa module, which
ensures long-distance communication with low power
consumption. Simultaneously, the GPS module provides
exact location details of the monitoring node. This

integrated working mechanism ensures early fault

detection, accurate  localization, and reliable
communication  for  effective  pipeline  safety
management.
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Fig. 4. Pipeline Monitoring Data Transmission
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2.2 System Testing Procedure
The experimental setup was conducted to evaluate the
accuracy, reliability, communication range, and response
performance of the proposed monitoring system.
1. Sensor Accuracy Test
e Each sensor (temperature, flow, gas, pressure,
vibration) was tested individually.
e Sensor readings were compared with known
standard values.
¢ Measurement error and stability were recorded.
2. Leak Detection Test
e Artificial abnormal conditions were created by
varying flow and gas levels.
e The system response to threshold crossing was
observed.
e Fault detection rime was measured.
3. LoRa Communication Test
e Data transmission was tested over increasing
distances.
e Packet loss and signal strength were monitored.
e Reliable communication range was determined.
4. GPS Localization Test
e Fault conditions were generated at different
locations.
e Received coordinates were verified using map
location.
e Position accuracy was evaluated.
5. Alert and Response Test
e Buzzer activation and LCD warning were
observed during faults.
e Time delay between detection and alert
generation was measured.

e Real-time monitoring capability was confirmed.

6. Continuous Operation Test
e The system was operated for long duration.
e Power consumption and stability were recorded.
e Reliability

conditions was evaluated.

under continuous monitoring

2.3 Mechanism of Integrated System Operation

® The pipeline monitoring system operates through an

automated sequence where sensing, processing,

communication, and alert generation occur under

centralized embedded control.




The integrated mechanism includes:
® Multi-parameter sensing using temperature,
pressure, flow, gas, and vibration sensors.
e Data processing and decision-making by the
ESP32 microcontroller.

¢ Long-distance wireless communication using

the LoRa module.
¢ Fault detection based on predefined safety
threshold values. Location identification

through GPS coordinates.
¢ Alert generation using buzzer and LCD warning

display.

This

monitoring, early leak detection, and rapid maintenance

integrated = operation ensures continuous

response, improving industrial safety and reliability.

3. RESULTS & DISCUSSION

3.1 Sensor Performance and Leak Detection Analysis:
The primary objective of this study was to evaluate the
performance of the proposed pipeline monitoring
system  under different operating conditions.
Experimental testing was carried out by varying
temperature, pressure, flow rate, gas concentration, and
vibration levels to observe system response. The results
showed that under normal operating conditions, all
sensor values remained within predefined safety limits
and no alerts were generated. When artificial leak
conditions were created by reducing flow rate and
pressure simultaneously, the system successfully
detected abnormal variations and triggered fault alerts.
Gas leakage simulation using controlled exposure to
combustible gas resulted in immediate buzzer activation
and LCD warning display. The response time of fault
detection was observed to be within a few seconds,
confirming real-time monitoring capability. The system
effectively distinguished between normal operational
fluctuations and critical fault conditions, reducing false

alarms.

3.2 Wireless Communication Performance

The LoRa communication module was tested to evaluate
transmission reliability over long distances. Data packets
containing sensor readings were transmitted from the
pipeline node to the monitoring station under different
distance conditions. The system maintained stable
communication up to several kilometres in open-area

testing conditions. Minimal packet loss was observed
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within the optimal range. The received data at the
monitoring station accurately matched transmitted
values, confirming reliable long-range communication.
Latency measurements indicated that sensor data was
delivered with minimal delay, ensuring fast response
during emergency situations. The results confirm that
LoRa technology is suitable for remote oil and gas

pipeline monitoring applications.

Fig. 5. Results displayed on the LCD

3.3 GPS Localization and Alert System Evaluation

The GPS module was evaluated under simulated fault
conditions to verify its effectiveness in real-time pipeline
monitoring. During abnormal events such as gas
leakage, high temperature, or pressure variations, the
system successfully captured and transmitted accurate
latitude and longitude coordinates. These coordinates
were cross-checked using digital mapping tools, and the
results confirmed that the positional accuracy was
sufficient for practical maintenance operations. The GPS
module provided consistent readings with minimal
deviation, ensuring reliable localization of faults even in

outdoor and remote environments.

The alert system was also tested to assess its
responsiveness and reliability. Whenever any monitored
parameter exceeded its predefined threshold, the system
immediately activated the buzzer and displayed
warning messages on the LCD screen. At the same time,
all relevant sensor data along with GPS coordinates were
transmitted to the remote monitoring station via LoRa
communication. This ensured that both local and remote
alerts were generated simultaneously, enabling quick

awareness of critical conditions.

Furthermore, the response time of the alert mechanism
was analyzed by measuring the delay between fault
detection and alert activation. It was observed that the
system responded within a very short time interval,

ensuring near real-time operation. Once a parameter




crossed its threshold, the system promptly triggered
alerts without noticeable delay. This rapid response
capability enhances the reliability of the system and
plays a crucial role in preventing potential pipeline
hazards, minimizing damage, and improving overall
safety.
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Fig. 6. Results displayed in the App

3.4 Continuous Operation and Power Analysis

The system was operated continuously for extended
durations to analyse stability and energy efficiency. The
ESP32 and LoRa modules consumed low power during
normal operation, making the system suitable for
battery-based  deployment. Power consumption
measurements confirmed that the monitoring node can
operate for long durations with minimal maintenance.

The voltage regulation ensured stable performance of
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sensors and communication modules. The results
indicate that the proposed system is energy-efficient and

suitable for remote pipeline monitoring applications.

3.5 Overall System Performance

evaluation of the proposed system

The overall
demonstrates:

e High accuracy in leak detection.

¢ Reliable long-range wireless communication

e Accurate GPS-based fault localization

e Fast alert response time

e Low power consumption
The experimental results confirm that the LoRa-based
pipeline monitoring system provides a reliable,
cost-effective, and scalable solution for improving
industrial safety and environmental protection in oil and

gas pipeline networks.

Fig. 7. Proposed System Hardware Kit

4. BLOCK DIAGRAM

The below flowchart illustrates the working process of
an loT-based Dissolved Oxygen (DO) monitoring system
for water quality analysis. The system starts by
establishing an initial connection between the IoT-DO
device and the internet network to enable real-time data
the

connection is established, the sensors begin measuring

transmission and remote monitoring. Once

important water quality parameters such as water




temperature and dissolved oxygen (DO) levels. These
sensor readings are then transmitted to the IoT
microprocessor unit, where the collected data is
processed and analysed. After processing, the measured
values are displayed on the LCD module for local
monitoring. At the same time, the data is uploaded to a
cloud service platform, allowing remote access, storage,
and continuous observation of water conditions. The
system then checks the DO condition by comparing the
measured value with predefined standard limits. If the
dissolved oxygen level falls outside the safe range, it is

identified as an abnormal condition.

( Start )

Initial connection of IoT-DO device and
internet network

L L

Sense water .
Sense DO in water fF—
temperature k... L.

L i

Communicate with IoT-
Microprocessor Unit

Display on LCD Upload data to
module cloud service

DO Condition

Notice to user

L

Completed

Fig. 8. Flowchart

In case of abnormal detection, a notification is sent to the
user to take immediate corrective action. If the condition
is normal, the system continues monitoring. Finally, the
process completes one cycle and repeats continuously

for real-time water quality monitoring.

5. CONCLUSION
The proposed LoRa-based pipeline monitoring system is
designed as an energy-efficient and reliable solution for

real-time detection of leakages and abnormal conditions
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in oil and gas pipelines. The system integrates
embedded

long-range wireless communication, and GPS-based

multi-sensor  monitoring, processing,
localization to ensure continuous supervision of pipeline
parameters. The objective of this study was to evaluate
system performance under different simulated operating
conditions and to analyze its detection efficiency and

communication reliability.

In this study, a prototype pipeline monitoring node was
developed using ESP32, LoRa module, GPS module, and
multiple sensors including temperature, pressure, flow,
gas, and vibration sensors. The system was operated in
continuous mode, and fault conditions were
intentionally created by varying flow rate, pressure
levels, and gas concentration to test the responsiveness
of the system. Threshold-based decision algorithms were
implemented to detect abnormal variations. The system
identified leak-like

seconds of parameter deviation and generated real-time

successfully conditions within
alerts. It was observed that the integrated multi-sensor
approach improved detection accuracy compared to
single-parameter monitoring. The LoRa communication
module demonstrated stable long-distance transmission
with minimal packet loss, making it suitable for remote
GPS

precise fault localization, which is essential for rapid

industrial environments. integration enabled
maintenance response and minimizing downtime. The
experimental results showed that the system maintained
stable performance under continuous operation with

low power consumption.

The alert mechanism, including buzzer activation and
LCD display warnings, functioned effectively during
abnormal conditions. Compared to traditional manual
inspection methods, the proposed system significantly
reduces human effort, inspection time, and maintenance
cost. From this investigation, it can be concluded that the
proposed IoT and LoRa-based high-efficiency pipeline
monitoring system enhances industrial safety, reduces
environmental risk, and provides a scalable solution for
The

demonstrates superiority over conventional monitoring

long-distance pipeline infrastructure. system
methods by offering real-time detection, faster response,
improved reliability, and energy-efficient operation.
With further optimization and integration of advanced
analytics, the system can be implemented for large-scale

commercial applications in the oil and gas industry.




6. FUTURE WORK

Future work will focus on improving sensor accuracy,
extending communication range, and testing the system
under real industrial conditions. Integration of cloud
analytics and machine learning can further enhance
predictive leak detection. Energy optimization and
secure data transmission will also be considered for

large-scale deployment.
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