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ABSTRACT - This paper presents the development of a mobile robot meticulously engineered to enhance safety
protocols within gas industries by detecting gas leaks, flames, temperature, humidity, and human presence in
hazardous environments. Through the integration of advanced sensors and communication technologies, including
gas sensors (MQ6, MQ4), a flame sensor, an ultrasonic sensor (HC-SR04), a GPS module, an ESP32 Cam, and an
L298N motor driver, the system ensures comprehensive monitoring capabilities. Operating seamlessly in both
manual and autonomous modes, the robot offers precise control and continuous monitoring, augmented by graphical
representation of sensor data through the Blynk platform. Moreover, it provides real-time alerts in abnormal
conditions, ensuring swift and proactive response to potential hazards. With a steadfast commitment to safety and
innovation, this project addresses critical safety concerns within gas industry operations with the highest degree of
effectiveness.

Index Terms: Mobile Robot, Gas Industry, Safety Monitoring, Sensor Integration, Autonomous Control, Real-time
Alerting, Blynk Platform, Innovation.

[. INTRODUCTION
In an era marked by escalating global energy demands, the indispensability of gas industries in powering
essential societal functions remains undeniable. However, alongside their pivotal role comes a significant array
of safety risks, spanning from gas leaks to potential fires, posing grave threats to both human lives and
infrastructure integrity. The stark reality painted by the International Association of Fire and Rescue Services,
with a distressing average occurrence of 2.9 fire incidents per 1000 inhabitants worldwide, vividly underscores
the urgent necessity for robust safety measures. Against this harrowing backdrop, this project embarks on a
pioneering endeavor in safety monitoring within gas industries through the development of a specialized mobile
robot. Integrating cutting-edge sensors and communication technologies, such as MQ6 and MQ4 gas sensors, a
flame sensor, an HC-SR04 ultrasonic sensor, GPS, an ESP32 Cam, and an L298N motor driver, the robot offers
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unparalleled monitoring capabilities. For instance, consider the bustling city of Dhaka, Bangladesh, where gas-
related incidents pose a constant threat to public safety and infrastructure. In 2023 alone, Dhaka witnessed a
staggering 22,180 fire incidents, resulting in significant casualties and property damage. Similarly, in industrial
regions like Chittagong, the risk of gas leaks and fires looms large. The frequency of fire incidents in
Chittagong has seen a steady rise, with an average of 12,550 incidents reported annually over the past five
years. These alarming statistics highlight the imperative for advanced safety monitoring technologies to
safeguard lives and assets in these high-risk environments. Operating seamlessly in both manual and
autonomous modes, the robot ensures adaptability to a myriad of operational scenarios. The incorporation of the
Blynk platform facilitates intuitive, real-time graphical representation of sensor data, empowering stakeholders
with actionable insights. Furthermore, the robot's capacity to deliver instantaneous alerts in abnormal conditions
enables swift, proactive responses, significantly mitigating the impact of safety incidents Beyond addressing
safety concerns, the proposed mobile robot holds immense potential to bolster operational efficiency within gas
industries. By providing real-time data insights and enabling proactive maintenance measures, the robot stands
poised to optimize resource utilization and minimize downtime. Moreover, its autonomous navigation
capabilities mitigate the necessity for human intervention in hazardous environments, thus augmenting overall
operational safety and reliability. Through these multifaceted capabilities, this project endeavors not only to
mitigate safety risks but also to drive substantial improvements in productivity and operational resilience within
the gas industry.

II. LITERATURE SURVEY
Advancements in industrial monitoring systems have spurred the development of innovative solutions tailored
to address specific challenges in various sectors.
Mohammed Y Aalsalem et al. [1] propose an intelligent oil and gas well monitoring system leveraging IoT
technology. This system employs smart sensors distributed throughout oil and gas infrastructure to continuously
monitor critical parameters like pressure, temperature, and vibration. Real-time data collected by these sensors
is wirelessly transmitted to a centralized control center, where advanced algorithms analyze the data for
anomalies and potential equipment failures. The system enables proactive monitoring and predictive
maintenance, facilitating timely intervention and preventive measures to optimize oil and gas operations.
Sayeda Islam Nahid et al. [2] introduce a Toxic Gas Sensor and Temperature Monitoring device utilizing [oT
technology for real-time monitoring of toxic gases and ambient temperature in industrial environments. Smart
sensors strategically placed in areas prone to gas leaks continuously monitor the air for hazardous gases such as
methane, hydrogen, and carbon monoxide, as well as ambient temperature fluctuations. Upon detection of
abnormal gas levels or temperature variations, the system triggers alarms and visual alerts, warning personnel of
potential hazards. Real-time data transmission to a centralized server enables remote monitoring and
management, ensuring worker safety and preventing catastrophic incidents.
S Vivekanandan et al. [3] present an Autonomous Industrial Hazard Monitoring Robot integrated with GSM
technology for hazard detection in industrial complexes. Equipped with gas, smoke, and fire detectors, as well
as obstacle avoidance sensors, the autonomous robot navigates industrial environments autonomously, scanning
for potential hazards such as gas leaks, smoke, and fires. Upon detection, the robot triggers alarms and sends
real-time alerts via GSM technology to designated personnel, enabling timely intervention and preventive
measures. The integration of GSM technology facilitates seamless communication and remote monitoring,
ensuring workplace safety in hazardous environments
.Meer Shadman Saeed et al. [4] propose a Dual Mode Autonomous Gas Leakage Detecting Robot designed to
address the challenge of gas leakage detection in confined spaces. Operating in obstacle avoiding mode using
ultrasonic sensors and line following mode using infrared sensors, the robot navigates industrial environments
autonomously, scanning for gas leaks and obstacles. Real-time data transmission to a centralized control center
enables monitoring of gas leakage intensity in real-time via an LCD display. By leveraging autonomous
robotics and wireless communication technology, the proposed system enhances workplace safety and mitigates
potential risks associated with industrial hazards.

HI. EXISTING SYSTEM
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The current industrial hazard monitoring systems predominantly rely on stationary sensor-based configurations,
which demonstrate limitations in adaptability and coverage. These systems employ fixed sensors deployed
within industrial sites to detect specific hazards such as gas leaks, fires, and smoke. However, their efficacy is
constrained by their static nature, resulting in blind spots and limited coverage across dynamic industrial
environments. Furthermore, these systems require manual intervention for maintenance and data retrieval,
leading to operational inefficiencies and potential delays in hazard detection.

IV. PROPOSED SYSTEM

Our proposed robotic system redefines industrial hazard monitoring by seamlessly integrating advanced sensors
and autonomous navigation technologies. Combining gas level detection for air quality monitoring, flame
detection for fire hazard prevention, and obstacle avoidance for smooth navigation, the system ensures
comprehensive safety coverage. Offering both manual control for precision and autonomous operation for
continuous monitoring, it adapts flexibly to diverse operational requirements. With GPS-enabled location
tracking and human detection capabilities, the system enhances security and situational awareness in hazardous
environments. Graphically representing sensor data through the Blynk platform facilitates real-time monitoring
and proactive decision-making. Overall, our system represents a significant advancement in industrial safety,
promising heightened efficiency, reliability, and adaptability in safeguarding personnel and assets.

SYSTEM ARCHITECTURE
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A. Mg4

Figure 1. Mg4
The MQ-4 gas sensor is a highly sensitive metal oxide semiconductor (MOS) sensor designed to detect methane
gas concentrations in the air. With a detection range from 200 to 10,000 parts per million (ppm), it is widely
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used in homes, industries, and offices to detect gas leaks. Equipped with an onboard LED indicator, the MQ-4
sensor provides visual feedback for gas presence. Its adjustable detecting resistance, ranging from 10KQ to
60KQ, offers flexibility in sensitivity settings. Operating within a temperature range of -10 to 50°C, the MQ-4
sensor ensures reliable performance in various environmental conditions. With low power consumption and
selective digital or analog output capability, it is an essential component in gas detection systems, contributing
to safety and hazard prevention. The MQ-4 can detect natural gas concentrations anywhere from 200 to
10000ppm. Just power the module with 5V set the threshold and you can start getting the gas concentration of
the air around the sensor! An onboard LED signals the presence of any gas.

B. Mq6

Figure 2. Mq6

The MQ-6 gas sensor module plays a pivotal role in gas leakage detection systems for both residential and
industrial settings, offering heightened sensitivity to liquefied petroleum gas (LPG), iso-butane, propane, and
LNG. With its ability to swiftly detect other substances like alcohol, cooking fumes, and cigarette smoke, it
ensures comprehensive hazard monitoring. Operating on the principle of analog voltage output proportional to
gas concentration, this module facilitates real-time feedback on gas levels and integrates seamlessly with
microcontrollers like Arduino or Raspberry Pi.

Figure 3. DHT11 sensor

The DHT11 sensor presents itself as a dependable solution for temperature and humidity monitoring across
diverse applications. Its built-in NTC and 8-bit microcontroller enable seamless output of temperature and
humidity data in serial format, making it easily integrable with various microcontroller platforms. With a
temperature range of 0°C to 50°C and humidity range from 20% to 90%, coupled with an accuracy of £1°C and
+1% respectively, the sensor ensures precise measurements within these parameters. Operating within a voltage
range of 3.5V to 5.5V and exhibiting low power consumption, the DHT11 sensor offers operational efficiency
while maintaining accurate readings. Its factory calibration further enhances its reliability, making it a preferred
choice for applications requiring consistent and accurate temperature and humidity monitoring. Its seamless
integration with microcontroller platforms, coupled with precise measurements and low power consumption,
ensures efficient and accurate data acquisition. With a focus on operational efficiency and reliability, the
DHTI11 sensor stands out as a preferred choice for applications demanding consistent and precise environmental
monitoring

C. Flame detector
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Figure 4. Flame detector
A flame detector is a critical sensor used in various industrial settings to swiftly identify the presence of flames,
ensuring prompt response to potential fire hazards. These detectors utilize Ultraviolet (UV) or Infra-Red (IR)
technology to detect flames almost instantly, making them indispensable in environments where rapid detection
is crucial for safety. With the ability to detect fires caused by various sources, including hydrocarbons,
hydrogen, and metals, flame detectors provide an early warning system, enabling timely activation of safety
measures such as alarms or fire suppression systems.

D. ESP32

Figure 5. ESP32 Microcontroller
The ESP32 is a versatile microcontroller series renowned for its low-cost, low-power design and integrated Wi-
Fi and dual-mode Bluetooth capabilities. Manufactured by Espressif Systems, the ESP32 features a Tensilica
Xtensa LX6 microprocessor, operating at speeds of 160 or 240 MHz, with up to 600 DMIPS performance. With
520 KiB of RAM and 448 KiB of ROM, it offers ample memory for various applications. Its wireless
connectivity includes support for Wi-Fi 802.11 b/g/n and Bluetooth v4.2 BR/EDR and BLE, making it suitable
for IoT projects. The ESP32 also boasts an array of peripheral interfaces, including GPIOs.

Figure 6. ESP32-CAM

The ESP32-CAM is a compact and efficient camera module powered by the ESP32 microcontroller. Equipped
with an OV2640 camera and a microSD card slot, it offers a range of functionalities for various IoT
applications. With features like 802.11b/g/n  Wi-Fi, low-power 32-bit CPU, and support for
UART/SPI/I2C/PWM/ADC/DAC interfaces, the ESP32-CAM is highly versatile and suitable for tasks such as
wireless video monitoring, WiFi image upload, QR identification, smart home devices, intelligent agriculture,
facial recognition, and more. Its small footprint and low deep sleep current make it ideal for embedded
applications where space and power consumption are critical factors.

E. GPS
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Figure 7. GPS

GPS, or Global Positioning System, is a satellite-based navigation system utilized to determine precise locations
on Earth. Owned and operated by the US government through the US Space Force, GPS comprises three
primary segments: the space segment, consisting of a constellation of satellites broadcasting navigation signals;
the control segment, which optimizes accuracy by managing potential sources of errors; and the user segment,
consisting of receiving devices that utilize ground stations and satellite control stations for monitoring and
control. Operating independently of weather conditions and without the need for subscription fees or setup
charges, GPS functions globally, 24/7, and does not rely on WiFi or cellular data connections.

F. HC-SR04

Figure 8. HC-SR04
The HC-SR04 or High-Conductance Ultrasonic Sensor, accurately measures distances using sound waves
without physical contact. Emitting ultrasonic sound waves and detecting their reflections, it calculates distances
based on the time interval between transmission and reception of pulses. L298N

(@)2a & :mrrm(e)

Figure 9. L298N

The L298N Motor Driver Module — 2A is a compact yet powerful driver essential for driving DC Motors and
Stepper Motors. With an input voltage range of 5-35V and a maximum output current of 2A per channel, it
ensures efficient motor control. Measuring just 55mm x 60mm x 30mm, it's lightweight and easy to integrate
into projects. Equipped with the reliable L298 motor driver IC and onboard 5V regulator, it guarantees stable
performance. Its support for motor supply voltage up to 46V and logic voltage of 5V makes it suitable for a
wide range of motor applications.

V. RESULT & DISCUSSION
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Figure 10 Hardware implementation
The successful implementation of our project, "SMART GUARDIAN: Deploying Smart Robotics for Reliable
Gas Industry Monitoring," demonstrates a significant advancement in industrial safety and efficiency. Through

i

meticulous integration of cutting-edge technologies, our system offers comprehensive hazard monitoring
capabilities and proactive response mechanisms. Real-time data visualization through the Blynk platform
empowers stakeholders with actionable insights, facilitating prompt decision-making and risk mitigation. With
high sensitivity sensors and autonomous navigation, our solution enhances operational efficiency while
minimizing human intervention in hazardous environments. Cost-effective and scalable, our system holds
promise for broader application across diverse industrial sectors, promising a safer and more productive
working environment for personnel and assets.

VI. CONCLUSION

In conclusion, the development of a mobile robot for gas industry monitoring marks a significant step forward
in enhancing safety and efficiency within industrial environments. By leveraging a combination of sensors and
communication technologies, the robot autonomously detects gas leaks, flames, temperature, humidity, and
human presence in hazardous areas. This streamlined approach not only mitigates risks and prevents accidents
but also optimizes operational efficiency by automating monitoring tasks. With its practicality and cost-
effectiveness, this solution holds promise for broader application across various industrial sectors, including
chemical plants, refineries, and power stations. Overall, this project underscores the potential of robotics to
revolutionize safety and productivity in industrial settings.
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