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Abstract - In a world where environmental concerns and
industrial demands are growing, advanced technologies
play a vital role in addressing complex challenges. This
research proposes a novel solution: a remote-controlled
multi-gas sensing drone. Built on the foundation of
unmanned aerial vehicles (UAVs) and unmanned ground
vehicles (UGVs), this drone represents a significant
breakthrough in environmental monitoring and industrial
applications.

The petroleum industry, which is essential to the global
economy, faces environmental risks such as leaks, spills,
and emissions. Effective gas emission monitoring,
especially in remote or hazardous locations, is essential.
Traditional methods often fall short.

Environmental monitoring is also critical for
understanding and mitigating climate change and human
impacts. Drones have enhanced our ability to collect
environmental data.

This research introduces a hybrid UAV-UGV drone
equipped with advanced gas sensors. It can autonomously
navigate complex terrain, inspect infrastructure, and
detect gas emissions in real-time.

The paper explores the technical aspects of the drone's
design, sensor selection, and remote control integration. It
also discusses potential applications, ranging from gas
leak monitoring to comprehensive environmental surveys.

In conclusion, the fusion of UAV and UGV technologies in
this remote-based multi-gas sensing drone has the
potential to revolutionize the petroleum industry and
significantly improve environmental protection.

Key Words: UAV-Based, drones, Unmanned aerial vehicle,
Marine environment, Remote sensing sensors, Image
processing

1. INTRODUCTION

Given the growing environmental concerns and the
demand for heightened industrial safety standards, this
research introduces an innovative solution: a remote-

based multi-gas sensing drone that combines the
capabilities of UAVs and UGVs.

Researchers such as Shakya and Qu [1] have demonstrated
the potential of UAVs for precision agriculture, ecology,
and other environmental monitoring applications.
Anderson and Gaston [2] have reviewed the progress and
potential of drones in these fields, highlighting their ability
to collect data in a safe and efficient manner. Hunt et al. [3]
have shown how UAVs can be used to remotely estimate
vegetation fraction, which can be used to assess crop
health, monitor forest cover, and track changes in land use.
Anderson and Gaston [4] have also reviewed the use of
drones for wildlife modeling and monitoring, highlighting
their ability to collect data on animal behavior, movement
patterns, and habitat preferences.

Nex et al. [5] have reviewed the use of UAVs for
monitoring water quality parameters, such as turbidity,
pH, and dissolved oxygen. Pflugmacher et al. [6] have
examined the applications of UAVs in the forest industry,
noting their use for tasks such as inventorying timber
stands, detecting wildfires, and assessing the impact of
logging operations. Sankaran et al. [7] have reviewed the
advances in small unmanned aircraft system (sUAS)
remote sensing for mapping and monitoring agricultural
crops and weeds. Khodaei et al. [8] have provided a review
of UAV photogrammetry for topographic modeling in
environmental applications. Torres et al. [9] have
reviewed the use of UAVs for monitoring marine
environments, noting their use for tasks such as detecting
oil spills, assessing coral reef health, and monitoring
marine traffic. Colomina and Molina [10] have provided an
overview of sensors and image processing methods for
remote sensing with UAVs.

These studies highlight the growing interest in using UAVs
for a wide range of environmental monitoring and
industrial applications. The development of a remote-
based multi-gas sensing drone that combines the
capabilities of UAVs and UGVs has the potential to
revolutionize these fields, significantly enhancing our
ability to detect and mitigate environmental risks.
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This research introduces a remote-based multi-gas
sensing drone that combines the capabilities of UAVs and
UGVs. This drone builds on the existing body of research
on UAV applications in environmental monitoring, but it
offers several unique advantages. It can access difficult-to-
reach areas, such as hazardous waste sites or remote
forests. It can also collect data more quickly and efficiently
than traditional methods, such as ground-based sampling.
The development of this drone has the potential to
revolutionize environmental monitoring and industrial
safety applications.
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The project, titled "UAV And UGV-Based Remote Multi-Gas
Sensing For The Petroleum Industry And Environmental
Monitoring," aims to deploy Unmanned Aerial Vehicles
(UAVs) and Unmanned Ground Vehicles (UGVs) equipped
with gas sensors to monitor gas concentrations in diverse
settings. The project employs three types of gas sensors:
MQ135 (for CO2), MQ136 (for H2S), and MQ9 (for CO),
each with specific detection capabilities, typically within
the ranges of 1000 ppm for CO2 and CO and up to 2000
ppm for H2S.

The project's core hardware components include the
Arduino Uno R3 with DIP ATmega328P microcontroller,
NodeMCU ESP8266 for wireless communication, and the
UAV platform. Here's an in-depth breakdown of their
functions:

2.1 Gas Sensors and Arduino Uno:

The gas sensors interface with the Arduino Uno, which
acts as the central unit for data acquisition and processing.
The sensors provide analog voltage outputs, which the
Arduino converts into gas concentration values in parts
per million (ppm). Calibration curves specific to each
sensor are utilized to ensure data accuracy.

2.2 Data Transmission and Logging:

Following data acquisition and processing, the Arduino
communicates gas concentration data to the NodeMCU
ESP8266 using UART communication. The NodeMCU is
responsible for transmitting this data wirelessly to a

designated ground station. Concurrently, the NodeMCU
logs GPS coordinates during UAV flights, providing spatial
context for the gas concentration data.

2.3 UAV and Ground Station:

The UAV is equipped with GPS navigation and flight
planning capabilities to execute precise flight paths and
coverage. During UAV missions, it carries the gas sensing
equipment, collecting real-time data on gas concentrations
within the target areas. This data is subsequently
transmitted wirelessly to the ground station.

2.4 Data Analysis and Visualization:

Your laptop serves as the central hub, receiving data from
UAVs. It processes real-time gas concentration and
geospatial data using APIs, generating gas dispersion maps
for environmental monitoring. Additionally, it conducts
industry-specific analytics to ensure compliance with
petroleum industry regulations and safety standards,
enabling timely decision-making.

3.HARDWARE COMPONENTS
3.1 Drone:

To ensure stable flight, GPS navigation, and sufficient
payload capacity, the drone's design must incorporate
several key features. Stability in flight is paramount,
requiring a robust flight controller equipped with
advanced algorithms for precise control. Additionally, the
drone's construction should be sturdy to withstand
various environmental conditions, while its propulsion
system must consist of reliable motors and propellers
matched to its weight and payload. Integration of
gyroscopes and accelerometers further aids in stabilizing
the drone by providing feedback to the flight controller,
ensuring consistent orientation and position.

GPS navigation is indispensable for autonomous flight and
accurate positioning. This necessitates a high-quality GPS
module capable of receiving signals from multiple
satellites to ensure precise positioning. Integration of the
GPS module with the flight controller enables features
such as autonomous flight, return-to-home functionality,
and waypoint navigation. Real-time positioning is
facilitated through continuous tracking of the drone's
position using GPS data, allowing for accurate navigation
and control.

The drone's payload capacity for sensors and equipment is
crucial for multi-gas sensing. To optimize this capacity, the
drone should prioritize lightweight construction while
maintaining stability. Customizable payload mounting
options, such as gimbal systems or payload bays, should

© 2024, IRJET | ImpactFactor value: 8.226

IS0 9001:2008 Certified Journal | Page 830



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 11 Issue: 03 | Mar 2024

www.irjet.net

p-ISSN: 2395-0072

be incorporated to securely accommodate various
payloads. Additionally, the power management system
should be designed to support the additional load of
sensors and equipment without compromising flight time
or performance.

By integrating these features into the drone's design, it can
effectively meet the specifications for stable flight, GPS
navigation, and payload capacity required for remote
multi-gas sensing in the petroleum industry and
environmental monitoring.

Role: The drone is the aerial platform that carries the gas
sensing equipment. It will be responsible for collecting
aerial data over the target areas for gas concentration

analysis.
3.2 Arduino Uno R3 with DIP ATmega328P:

The Arduino Uno R3 with DIP ATmega328P is a versatile
microcontroller board widely used in electronics projects.
Featuring the ATmega328P microcontroller, it offers 14
digital input/output pins, 6 analog inputs, and a 16 MHz
crystal oscillator. The board incorporates a USB
connection for programming and power, making it
accessible for beginners and experienced users alike.

Its DIP (Dual Inline Package) ATmega328P chip allows for
easy replacement or customization, enhancing flexibility
and maintenance. The Arduino Uno R3 board supports a
variety of programming languages, including C and C++,
providing a familiar environment for software
development. Its open-source nature encourages
collaboration and innovation within the community.

With its compact design and rich features, the Arduino
Uno R3 with DIP ATmega328P serves as a robust platform
for prototyping and creating a wide range of electronic
projects, from simple circuits to complex automation
systems. Its affordability and accessibility make it an ideal
choice for hobbyists, educators, and professionals alike.

Role: The Arduino Uno will serve as the onboard
controller for data acquisition and sensor interfacing. It
will collect and process data from the gas sensors (MQ135,
MQ136, MQ9) and transmit it to the ground station or
storage system.

3.3 NodeMCU ESP8266 v3:

The NodeMCU ESP8266 v3 is a popular development
board based on the ESP8266 Wi-Fi module. It offers a
versatile platform for Internet of Things (IoT) projects,
wireless communication, and prototyping. Equipped with
the ESP8266 chip, it features built-in Wi-Fi connectivity,
GPIO pins, and a USB interface for programming and
power.

This development board is compatible with the Arduino
IDE and supports programming in various languages such
as Lua, Arduino, and MicroPython. Its small form factor
and onboard voltage regulator make it suitable for
embedding into projects with space constraints.

The NodeMCU ESP8266 v3 board simplifies the process of
connecting devices to the internet, enabling remote
monitoring, control, and data logging. Its affordability and
ease of use make it a popular choice among hobbyists,
students, and professionals for building IoT applications
and smart devices.

With its rich features and extensive community support,
the NodeMCU ESP8266 v3 serves as a powerful tool for
exploring the possibilities of connected devices and [oT
solutions.
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Role: The NodeMCU ESP8266 can be used for data
transmission, enabling real-time data streaming from the
drone to a remote ground station or cloud-based storage
for further analysis. It can also be used to log GPS
coordinates.

3.4 MQ135 Gas Sensor (for CO2):

Specifications: The MQ135 gas sensor is designed for the
detection of carbon dioxide (CO2) gas. It is capable of
measuring CO2 concentrations typically up to 1000 parts
per million (ppm).
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Role: The MQ135 sensor plays a pivotal role in the project
by specifically measuring CO2 concentrations during UAV
flights. It serves as a crucial component for assessing and
monitoring environmental gas levels, particularly in the
context of the petroleum industry. Data collected by the
MQ135 sensor contributes to a comprehensive
understanding of CO2 levels in the monitored areas,
facilitating informed environmental decisions.

3.5 MQ136 Gas Sensor (for H2S):

Specifications: The MQ136 gas sensor is engineered for the
detection of hydrogen sulfide (H2S) gas. It offers
sensitivity to H2S concentrations, typically up to 2000
parts per million (ppm).
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Role: The MQ136 sensor is instrumental in the project's
gas sensing capabilities, focusing on the measurement of
H2S levels during UAV operations. Its data collection plays

a pivotal role in evaluating and monitoring H2S gas
concentrations, with particular relevance to the petroleum
industry. The MQ136 sensor contributes essential insights
into H2S exposure levels, ensuring compliance with safety
standards and environmental regulations.

3.6 MQ9 Gas Sensor (for CO):

Specifications: The MQ9 gas sensor is designed for the
detection of carbon monoxide (CO) gas. It offers sensitivity
to CO concentrations, typically up to 1000 parts per
million (ppm).
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Role: The MQ9 sensor holds a significant role within the
project as it specializes in measuring CO concentrations
during UAV flights. It serves as a critical component for
evaluating and monitoring CO levels, especially in
environments pertinent to the petroleum industry. Data
collected by the MQ9 sensor provides valuable
information on CO presence, aiding in safety assessments
and environmental monitoring efforts.

4.Conclusion

The integration of Unmanned Aerial Vehicle (UAV) and
Unmanned Ground Vehicle (UGV) technologies within the
remote multi-gas sensing drone marks a significant stride
towards reshaping the practices within the petroleum
industry and bolstering environmental protection efforts.
By merging these cutting-edge technologies, this project
pioneers a new approach to tackling environmental
challenges while prioritizing industrial safety protocols.

This initiative underscores a firm commitment to
confronting environmental issues head-on while adhering
to the most stringent standards of safety within industrial
operations. It serves as a testament to the transformative
power of technology, showcasing its ability to not only
mitigate environmental risks but also to foster a deeper
understanding of our ecological landscape.

Moreover, this project holds the promise of unlocking a
multitude of possibilities, each with far-reaching
implications for industrial safety and environmental
stewardship. By harnessing the capabilities of UAVs and
UGVs, it enables real-time monitoring of gas emissions in
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remote and hazardous locations, thereby preempting
potential environmental hazards before they escalate.

In essence, this project epitomizes the convergence of
innovation, environmental consciousness, and industrial
responsibility. It stands as a beacon of hope for future
generations, illustrating how technology can serve as a
catalyst for positive change in safeguarding our planet's
delicate ecosystems. As we move forward, the insights
gained from this endeavor will undoubtedly inform the
development of more sustainable practices, ensuring a
safer and healthier environment for all.
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