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Abstract: Landfills are significant contributors to environmental degradation and pose serious risks due to the accumulation and
spontaneous ignition of methane gas. Methane, a highly flammable greenhouse gas, builds up in decomposing organic waste
and, under the right conditions, can trigger fires that are difficult to control and harmful to surrounding ecosystems. This study
investigates the role of real-time gas monitoring and rapid response systems in preventing such incidents. A detailed analysis of
existing landfill safety measures revealed a gap in active, autonomous monitoring solutions, especially those that combine
detection with immediate suppression capabilities. This led to the conceptualization of an aerial platform that can proactively
monitor and mitigate gas hazards in landfills. The project culminated in the development of a functional drone system equipped
with an ESP32 microcontroller, an MQ-4 methane sensor, and a chemical suppression unit powered by a pump. The ESP32 acts
as the core controller, managing sensor data acquisition and wireless transmission, while the MQ-4 sensor continuously
measures methane concentration during flight. Upon reaching critical thresholds, the system activates the pump to release a
neutralizing chemical, effectively reducing methane concentration in real time. The drone is programmed to autonomously
patrol designated landfill zones, offering both mobility and rapid response. Field testing demonstrated the system’s ability to
detect varying levels of methane and dispense chemicals with high accuracy and reliability. This drone-based solution represents
a significant advancement in landfill safety and environmental monitoring. Unlike traditional static sensors or manual
inspections, the aerial platform offers scalability, speed, and access to otherwise unreachable areas. In future iterations, the
drone can be enhanced with thermal and flame detection sensors to actively identify and suppress landfill fires, not just prevent
them. The study confirms that integrating loT-based detection systems with autonomous aerial platforms can create an effective,
low-cost, and scalable method for mitigating landfill fire risks, ultimately contributing to safer waste management practices and
reduced environmental impact.
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L. INTRODUCTION

Landfills are essential components of modern waste management systems, but they come with significant environmental and safety
challenges. One of the most critical issues is the buildup of methane gas, a highly flammable byproduct of decomposing organic
matter. In many cases, methane accumulation can lead to spontaneous fires, which are difficult to control and cause serious harm to
the environment, local air quality, and surrounding communities. Traditional methods for monitoring landfill gases are often
manual, slow, and limited in coverage, making them less effective for early detection and prevention of such hazards.

To address this gap, this project introduces an autonomous drone system capable of detecting methane concentrations and taking
preventive action. By using an ESP32 microcontroller, an MQ-4 methane sensor, and an onboard chemical suppression system, the
drone can monitor landfill conditions in real-time and respond immediately to dangerous gas levels. This solution not only helps
prevent fires but also reduces the need for human intervention in hazardous environments. The project demonstrates how integrating
drone technology with 10T-based gas detection can provide a safer, more efficient way to manage landfill risks.
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1. LITERATURE REVIEW
A. Drone Building Guide
Author: John Smith (2015)
The drone developed for this project is based on a standard aerial platform and incorporates critical components such as the MQ-4
methane sensor, an ESP32 microcontroller, and a mini pump-based suppression system. The design and integration approach aligns
with established practices outlined in drone construction references such as Drone Building Guide by John Smith. The MQ-4 sensor
is strategically mounted on the underside of the drone frame to ensure accurate detection of methane concentrations during flight.
The ESP32 microcontroller is responsible for processing sensor data and enabling wireless communication for real-time monitoring.
In addition, the pump is configured to operate an onboard mist sprayer system capable of dispensing a sodium bicarbonate solution,
providing a localized suppression mechanism in response to elevated methane levels. By combining standard drone-building
methodologies with specialized gas detection and hazard mitigation capabilities, this system offers a practical and effective solution
for monitoring and managing methane emissions in landfill environments.

B. Wireless Communication for Drones

Author: Emily Jones ( 2021 )

Incorporating insights from Wireless Communication for Drones by Emily Jones (RC Tech Journal, 2021), this project emphasizes
the importance of robust and efficient wireless communication systems in drone-based environmental monitoring. Given the need
for real-time data transmission and control, the methane detection drone utilizes wireless modules capable of supporting stable, low-
latency connections between onboard sensors and ground control systems. Effective communication infrastructure ensures that
critical information—such as CHs4 concentration spikes—is promptly relayed to operators, enabling swift suppression responses or
mitigation strategies. The integration of proven wireless communication protocols also enhances the drone’s operational range and
reliability, especially when surveying vast or obstructed landfill environments. This communication framework plays a pivotal role
in supporting autonomous flight operations, sensor data collection, and emergency suppression system activation, making it a
foundational element of the overall system design.

C. Integrating Cameras in Drones, Tech Drones Monthly, Vol. 32, no.2

Author: Alex Wilson (2022)

Drawing on concepts from Integrating Cameras in Drones by Alex Wilson (Tech Drones Monthly, 2022), the methane detection
drone has been designed to include a compact, high-resolution camera system for enhanced situational awareness and operational
precision.

This visual subsystem complements the gas detection module by enabling real-time video streaming and high-detail imagery of
surveyed landfill areas. The camera is strategically mounted with vibration isolation to ensure clear footage during flight, while
integration with the onboard processing unit allows for potential computer vision applications, such as identifying visible methane
leak indicators or mapping hotspots.

By aligning the visual data with sensor readings, the system supports more accurate methane source identification and improves
overall monitoring reliability.

Additionally, camera footage provides valuable documentation for environmental audits, safety assessments, and incident analysis,
reinforcing the drone’s role as a comprehensive monitoring and mitigation platform.

D. Fire Fighting Drones

Author: DJI

Drawing inspiration from DJI's advancements in firefighting drone technology, our methane detection drone is designed to offer
comprehensive monitoring and rapid response capabilities for landfill safety management. Equipped with thermal and high-
resolution visual sensors, the drone can detect elevated methane levels and identify potential ignition sources. The integration of
RTK modules ensures centimetre-level positioning accuracy, facilitating precise localization of hazards. Real-time data transmission
to ground control stations enables swift decision-making and deployment of mitigation measures. By adopting these advanced
features, our drone system aims to enhance safety protocols, prevent environmental hazards, and support compliance with regulatory
standards
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E. Wildfire Drones

Author: DJI

Drawing inspiration from DJI's advancements in wildfire drone technology, our methane detection drone is designed to offer
comprehensive monitoring and rapid response capabilities for landfill safety management. Equipped with thermal and high-
resolution visual sensors, the drone can detect elevated methane levels and identify potential ignition sources. The integration of
RTK modules ensures centimeter-level positioning accuracy, facilitating precise localization of hazards. Real-time data transmission
to ground control stations enables swift decision-making and deployment of mitigation measures. By adopting these advanced
features, our drone system aims to enhance safety protocols, prevent environmental hazards, and support compliance with regulatory
standards.

F. Working Principle

The Landfill Fire Prevention Drone operates on the integration of real-time gas detection and automated chemical suppression,
coordinated by an onboard microcontroller system. The MQ-4 sensor, known for its sensitivity to methane (CH.), continuously
monitors the concentration of methane gas in the surrounding environment during the drone’s flight over landfill areas. This sensor
is interfaced with the ESP32 microcontroller, which processes the analog data from the sensor and compares it against a predefined
threshold level. When the detected methane concentration exceeds the safe limit, the ESP32 triggers a relay module to activate a
chemical pump. The pump, connected to a chemical reservoir, disperses a fire-retardant or neutralizing agent directly into the
affected zone. This suppression system helps in diluting the methane concentration and reducing the chances of ignition. The entire
setup is mounted on a quadcopter platform controlled by the APM 2.8 flight controller, which provides stability, GPS-guided
navigation, and programmable flight paths. The drone follows a pre-defined autonomous route over landfill sites, and its onboard
systems function independently during flight. Real-time data can also be transmitted via Wi-Fi or Bluetooth for monitoring
purposes. The coordinated operation of gas detection, processing, and suppression ensures the drone can act as an early intervention
tool to prevent landfill fires.

1. HARDWARE USED

A. APM 2.8

The APM 2.8 flight controller is an open-source autopilot system designed for drones, offering stabilization, GPS-based navigation,
and telemetry support. Equipped with a gyroscope, accelerometer, magnetometer, and barometer, it ensures stable flight and precise
altitude control. It supports Mission Planner software for autonomous waypoint navigation and features failsafe functions like
return-to-home (RTH) and automatic landing in case of signal loss or low battery. In the methane detection drone, APM 2.8 works
alongside the ESP32 to enable autonomous flight when methane levels exceed a threshold. It allows GPS-based navigation to the
leak site, controls the chemical spraying mechanism, and supports manual operation via an RC transmitter. Its ability to integrate
with sensors and telemetry makes it ideal for environmental monitoring and industrial automation applications.
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B. F450 Frame

The F450 drone frame is a lightweight, durable, and modular quadcopter frame commonly used for DIY drone projects. Made of
glass fiber and reinforced plastic, it provides high strength and stability while keeping the overall weight low. The 450mm
wheelbase supports standard 2212/920KV brushless motors, 30A ESCs, and 10-inch propellers, making it suitable for both hobbyist
and research applications. Its X-shaped design ensures balanced weight distribution and stable flight performance, ideal for aerial
photography, FPV racing, and sensor-based applications. The F450 is compatible with popular flight controllers like APM 2.8,
Pixhawk, and Naza, making it a versatile choice for custom drone builds.

C. 1000Kv motor

A 1000KV drone motor is a brushless outrunner motor commonly used in quadcopters and RC aircraft. The "KV rating" refers to
the RPM per volt applied, meaning a 1000KV motor spins at 1000 RPM per 1V supplied. It is typically used with 3S (11.1V) or 4S
(14.8V) LiPo batteries, producing moderate thrust suitable for mid-sized drones like the F450 frame. These motors are designed for
efficiency and stability, often paired with 30A ESCs and 10-inch propellers for optimal performance. Their low KV rating allows
them to generate high torque, making them ideal for aerial photography, sensor-based drones, and endurance flights.

D. ESC

An Electronic Speed Controller (ESC) is a device that regulates the speed, direction, and of a drone's brushless motors. It converts
the DC power from the battery into the precise three-phase AC signals needed to control motor rotation. ESCs receive signals from
the flight controller and adjust motor speed accordingly for stable flight. In drones, 30A ESCs are commonly used with 1000KV
motors, ensuring efficient power delivery. Many modern ESCs feature BLHeli or SimonK firmware for smoother performance and
opto-isolation for noise reduction. They are essential for precise throttle control, stability, and flight efficiency in quadcopters.
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E. GPS

A GPS module in drones enables autonomous navigation, position hold, and waypoint tracking by providing real-time location data.
It communicates with satellites to determine precise latitude, longitude, altitude, and speed, allowing the drone to follow pre-
programmed routes or return to home (RTH) if the signal is lost. Common drone GPS modules, like the Ublox NEO-6M or M8N,
integrate with flight controllers such as APM 2.8 or Pixhawk for GPS-assisted stabilization and automated flight missions. GPS is
essential for applications like mapping, surveillance, delivery drones, and environmental monitoring.

F. ESP 32

In this project, the ESP32 microcontroller is used for methane level detection and wireless data transmission. It processes data from
the MQ-4 methane sensor and sends real-time readings to a ground control system via Wi-Fi or LoRa. When methane levels exceed
a critical threshold, the ESP32 triggers the drone’s flight controller (APM 2.8) to autonomously fly to the leak site and activate the
chemical sprayer. Its low power consumption, dual-core processing, and wireless capabilities make it ideal for real-time
environmental monitoring and automated response.

G. MQ-4 Sensor

The MQ-4 gas sensor in this project is used to detect methane concentrations in landfill areas. It works by measuring changes in
resistance of its internal sensing element when exposed to methane gas, producing an analog voltage signal proportional to the gas
concentration. This signal is read by the ESP32 microcontroller, which continuously monitors it in real time. When the detected
methane level exceeds a predefined safety threshold, the ESP32 activates a connected pump to release a neutralizing chemical,
thereby helping to reduce the methane concentration and prevent possible fire outbreaks.
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H. Pump

In this project, a peristaltic pump is used for precise chemical spraying when methane levels exceed a critical threshold. It operates
by compressing a flexible tube to push liquid through, ensuring accurate and controlled dispensing without contamination.
Triggered by the ESP32, the pump releases a methane-neutralizing chemical at the leak site. Its self-priming, leak-free, and
adjustable flow rate design makes it ideal for targeted spraying in hazardous environments, ensuring efficient mitigation of methane

buildup.

I. Battery

A 1500mAh LiPo battery is a lightweight and compact power source commonly used in small to mid-sized drones. It provides a
balance between flight time and weight, typically delivering 5-10 minutes of flight depending on motor efficiency and payload.
Usually rated at 3S (11.1V) or 4S (14.8V), it works well with 1000KV motors, 30A ESCs, and 10-inch propellers, ensuring stable
power delivery. ldeal for FPV racing, aerial photography, and sensor-based applications, it offers high discharge rates (C-rating) for
efficient energy output.

J.  Transmitter Receiver

A transmitter and receiver (TX/RX) system in a drone enables remote control and communication between the pilot and the drone.
The transmitter (TX) is a handheld radio controller that sends control signals, while the receiver (RX), mounted on the drone,
interprets these signals and relays them to the flight controller for execution. Common systems operate on 2.4GHz frequency for
reliable, long-range communication. Advanced setups support telemetry, multiple channels, and fail-safes like return-to-home
(RTH) in case of signal loss. Essential for manual flight, navigation, and mission planning, TX/RX systems are crucial in FPV
drones, aerial photography, and autonomous applications.
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The APM 2.8 flight controller was configured using Mission Planner software, where firmware was uploaded, and essential sensors
such as the compass and accelerometer were calibrated. Flight modes were assigned, and autonomous waypoint missions were
planned using the Flight Plan feature. GPS and telemetry modules were also integrated for real-time monitoring and feedback during

flight.

For gas detection, the MQ-4 sensor was interfaced with the ESP32, which read analog methane levels using its ADC. When the
methane concentration exceeded a preset threshold, the ESP32 triggered a relay module to activate a pump that released a
neutralizing chemical. The ESP32 was programmed using Arduino IDE, and wireless communication was enabled for real-time data

monitoring and safety logging.

L. Program

Arduino

#define GAS_SENSOR_PIN 34 // Analog input pin
#define RELAY_PIN 26 /I Digital output to relay

void setup() {
Serial.begin(115200);
pinMode(RELAY_PIN, OUTPUT);
digitalWrite(RELAY_PIN, LOW); // Relay OFF initially
}
void loop() {
int gasVValue = analogRead(GAS_SENSOR_PIN);
Serial.printIn(gasValue);

if (gasValue > 2000) {
digitalWrite(RELAY _PIN, HIGH); // Turn ON relay

}else {
digitalWrite(RELAY_PIN, LOW); // Turn OFF relay

¥

delay(500); // Delay for stability
}

V. RESULT AND OUTPUT
1) The drone successfully detected varying methane levels over simulated landfill zones using the MQ-4 sensor.
2) Upon exceeding the methane threshold, the ESP32 reliably triggered the pump to dispense the neutralizing chemical.
3) Autonomous flight missions using APM 2.8 and Mission Planner were executed accurately with stable navigation.
4) Real-time data transmission and logging were achieved via the ESP32’s wireless capabilities.
5) The system effectively demonstrated preventive action by reducing methane concentration before ignition risk.

6) The integrated solution proved responsive, stable, and suitable for hazardous landfill environments.
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V. CONCLUSION
The Landfill Fire Prevention Drone successfully demonstrates a proactive approach to detecting and mitigating methane gas
accumulation in landfill environments. By integrating the MQ-4 sensor with the ESP32 microcontroller and a chemical suppression
system, the drone is capable of identifying hazardous gas levels and responding in real time. Combined with autonomous flight
control using the APM 2.8 and Mission Planner, the system ensures wide-area coverage and minimal human intervention. The
project proves to be an effective and scalable solution for preventing landfill fires and can be further enhanced with thermal imaging
and flame detection for direct fire suppression in future developments.
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