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ABSTRACT

The Compressed Natural Gas (CNG) vehicles are becoming increasingly popular in Nigeria due to the sharp
increase in the price of petrol and their environmental benefits. However, car owners who have recently
converted their vehicles from petrol to CNG are increasingly concerned due to numerous reports of cylinder
explosions across the nation. These explosions are primarily caused by high temperatures, excessive humidity,
and gas leaks, posing significant safety risks. As a result, addressing these safety concerns has become an urgent
priority. This research presents a smart loT-based monitoring system designed to enhance the safety of CNG
vehicles by continuously monitoring critical parameters such as cylinder temperature, car boot temperature,
humidity, and gas leakage. The system utilizes real-time data collection and alert mechanisms to detect
hazardous conditions early, enabling timely interventions and preventing potential explosions. The hardware
includes an ESP8266 microcontroller, an MQ-4 gas sensor for detecting CNG leaks, DHT11 and DHT22
sensors for monitoring temperature and humidity of the car boot and the cylinder respectively. These
components are integrated with a mobile app that delivers real-time monitoring and alerts, enhancing overall
safety. By combining sensors with wireless communication, this loT-enabled solution offers an effective and
scalable approach to addressing CNG-related safety hazards, improving user safety while boosting public
confidence in CNG technology.

Keywords: loT-based Monitoring, CNG Cylinder Safety, Gas Leakage Detection, Explosion Prevention,
Temperature and Humidity Control.

INTRODUCTION

Compressed Natural Gas (CNG) is widely recognized as an eco-friendly and cost-effective alternative to
traditional fuels, with its adoption in the automotive industry growing rapidly due to the need to reduce carbon
emissions and combat climate change [1]. Despite these environmental benefits, CNG usage presents significant
safety challenges, particularly in the storage and handling of CNG cylinders in vehicles [2]. High temperatures,
excessive humidity, and gas leaks are among the primary causes of CNG cylinder explosions, posing severe
risks to vehicle occupants and surrounding environments [3].

In Nigeria, several incidents of CNG cylinder explosions have been reported, often triggered by undetected gas
leaks and overheating due to high ambient temperatures [4]. These incidents underscore the urgent need for more
advanced safety monitoring mechanisms to detect and prevent hazardous conditions before they escalate.
Traditional safety measures are reactive and often inadequate, providing limited real-time insights into the
condition of CNG cylinders and surrounding environmental factors.

In addition to this, the Standard Organization of Nigeria (SON) has emphasized the importance of differentiating
between Liquefied Petroleum Gas (LPG) and CNG cylinders. [5] clarified that the two types of cylinders are
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designed for different pressure levels and applications. CNG cylinders are seamless and can withstand much
higher pressures, up to 300 bar, compared to LPG cylinders, which are built for lower-pressure environments.
This distinction is critical for ensuring the correct application and monitoring of safety standards specific to CNG
cylinders.

MRCH
ot ¢,

This research aims to address these safety challenges by designing a smart 1oT-based monitoring system that
provides real-time monitoring of CNG cylinder temperature, car boot temperature, humidity, and gas leakage.

The system is designed to detect unsafe conditions early, enabling timely interventions to prevent explosions
and other potential accidents. It incorporates key hardware components such as the ESP8266 microcontroller for
processing, the MQ-4 gas sensor to detect CNG leaks, and the DHT11 and DHT22 sensors for monitoring
temperature and humidity of the car boot and the cylinder respectively. Since methane, which makes up 80 to
90% of CNG, is naturally odorless, ethyl mercaptan is added as an odorant for leak detection [6]. However,
individuals with anosmia, or a weak sense of smell, may not detect a CNG leak immediately, increasing the risk
of an explosion that could affect both the vehicle and the surrounding area. By integrating these sensors and 10T
technology, this solution not only enhances vehicle safety but also contributes to the broader goal of promoting
the adoption of clean energy technologies in a safer and more reliable manner.

This system offers a proactive approach to CNG safety, combining technological innovation with practical
implementation to safeguard lives and property. This paper explores the development, implementation, and
potential impact of the loT-based monitoring system, emphasizing its role in preventing CNG cylinder
explosions and promoting a safer transition to sustainable energy solutions.

METHODS

The Figure 1 shows the block diagram of the proposed system. The system'’s hardware consists of seven primary
components: ESP8266 Microcontroller, power supply unit, MQ4 sensor, DHT 22, DHT 11, buzzer and fan

unit.
5V/3W Solar Panel Charging Controller \t
/_\,_.
L)

Power Supply Unit (Lithium ion Battery)

Wi-Fi Wi-Fi
Mobile APP

DHT 11 ESP8266
Microcontroller
DHT 22 o User Mobile Ph
Unit ser Mobile Phone

Casing

Figure 1: Block Diagram
Hardware Components

The system's hardware consists of an ESP8266 microcontroller, which serves as the central controller for the
device, coordinating data from the sensors and executing actions based on predefined conditions. The MQ-4 gas
sensor is employed to detect gas leaks from the CNG cylinder in the vehicle's boot, providing early warnings if
any leakage is detected. Additionally, two types of temperature and humidity sensors are used to monitor critical
environmental parameters. The DHT11 sensor monitors the temperature and humidity inside the car boot, where
the CNG cylinder is stored, with a maximum temperature range of 50°C. This sensor ensures that the ambient
conditions remain within safe limits to prevent any indirect risks of explosion. On the other hand, the DHT22
sensor is dedicated to monitoring the temperature of the CNG cylinder itself, capable of measuring temperatures
up to 80°C, ensuring the cylinder does not exceed dangerous levels.
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As part of the safety mechanism, if the temperature of the CNG cylinder or the surrounding environment rises
above the preset safety thresholds, the system automatically activates. A buzzer is triggered to alert the driver or
vehicle occupants of the unsafe condition, and simultaneously, a fan is turned on to initiate a cooling process.
This cooling mechanism helps reduce the temperature back to safe levels, thereby preventing potential hazards
such as explosions. Once the temperature stabilizes within safe limits, the system automatically shuts down the
cooling fan and deactivates the buzzer. This real-time monitoring and active intervention ensure that any
potential safety threats from high temperature or gas leaks are addressed promptly, enhancing the overall safety
of the CNG-powered vehicle.

ESP8266 Microcontroller

The ESP8266, a Wi-Fi microchip developed by Espressif Systems, is widely used in Internet of Things (10T)
applications due to its affordability, compact size, and versatility [7]. Although it has been succeeded by the
ESP32, it remains popular among 10T developers. The ESP8266 module connects microcontrollers to 2.4 GHz
Wi-Fi using the IEEE 802.11 bgn standard and can function as either a standalone microcontroller or provide
Wi-Fi connectivity to external host MCUs through ESP-AT firmware. It includes a full TCP/IP stack, GPIO
control, and data processing capabilities [8].

Figure 2: ESP8266 Microcontroller

As shown in Figure 2, the key specifications of the ESP8266 include a 32-bit Xtensa LX106 core clocked
between 80-160 MHz, 160 KB of RAM, external QSPI flash ranging from 512 KB to 4 MB, 16 GPIO pins, and
support for several interfaces like SPI, 12C, UART, and 12S. The module can handle networking, data processing
from sensors, peer-to-peer communication, and even run as a web server. Applications include smart security
devices, smart energy systems, industrial controllers, and medical monitoring devices [9]. The ESP8266 is
available in three formats: the basic chip, surface-mountable modules, and development boards. Modules are
typically FCC-approved and shielded, making them ideal for device manufacturers. Development boards, such
as those by Espressif, WeMos, and Adafruit, allow developers to prototype 10T devices efficiently. The
versatility of the ESP8266 continues to drive its widespread adoption across numerous loT applications [10].

In this research, the ESP8266 functions as the central microcontroller responsible for enabling Wi-Fi
connectivity in the 10T system. It connects various sensors, such as the MQ4 gas sensor and DHT11/DHT22
temperature and humidity sensors, and facilitates real-time data transmission to a cloud platform, Blynk, for
monitoring CNG cylinder temperature, car boot conditions, and gas leakage. The ESP8266 processes sensor data
and triggers safety actions like activating a buzzer or cooling fan when temperature thresholds are exceeded,
ensuring timely alerts and preventive measures to avoid potential hazards in compressed natural gas (CNG)
systems.

MQ 4 Gas Sensor

In this research, the MQ-4 gas sensor plays a critical role in detecting the presence of methane (CH.), the primary
component of compressed natural gas (CNG), which constitutes 80-90% of CNG. The sensor is installed in the
car's boot where the CNG cylinder is located to monitor for any gas leaks that may occur. Methane is odorless
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and highly flammable, so detecting leaks is crucial for preventing potential explosions [11]. The MQ-4 sensor
shown in Figure 3 is specifically designed for methane detection, making it ideal for this research, which focuses
on creating a safety system to monitor CNG cylinder conditions and alert users to gas leaks before they become
hazardous.

Figure 3: MQ-4 Sensor

The MQ-4 sensor uses a tin dioxide (SnO-) semiconductor as its sensing material [12]. In the presence of methane
or other combustible gases, the sensor’s conductivity increases, allowing it to detect the concentration of methane
in the environment. The sensor provides analog outputs that are read by the ESP8266 microcontroller, which
then processes the data and triggers alarms or cooling mechanisms when dangerous levels are detected. The MQ
sensor family includes a wide range of gas sensors, each designed to detect different gases. The table 1 compares
the MQ-4 sensor with other commonly used MQ sensors:

Table 1: Comparison of MQ-4 with Other MQ Series Gas Sensors

Sensor | Gas Detected | Detection Target Gases | Sensitivity | Operating | Heating Power
Range Voltage Consumption
MQ-4 | Methane 200 - 10000 | Methane, Natu- | High 5V ~0.75W
(CHa) ppm ral Gas
MQ-2 | Smoke, LPG, | 300-10000 | Smoke, Butane, | Moderate 5V ~0.6W
Propane ppm Methane
MQ-3 | Alcohol, Ben- | 25 - 500 Ethanol, Ben- Moderate 5V ~0.5W
zine ppm zine, Smoke
MQ-5 | LPG, Natural | 200 - 10000 | Methane, Pro- Moderate 5V ~0.75W
Gas ppm pane, Butane
MQ-7 | Carbon Mon- | 20 - 2000 Carbon Monox- | High 5V ~0.5W
oxide (CO) ppm ide, Methane
MQ-9 | Carbon Mon- | 10-10000 | CO, Methane, High 5v ~0.75W
oxide, LPG ppm LPG

The MQ-4 sensor was chosen for this research primarily due to its high sensitivity and specificity to methane,
which makes up the majority of CNG. Other MQ sensors, such as the MQ-2 and MQ-5, can detect methane, but
they also detect a range of other gases, such as propane and butane, which may lead to false alarms in this specific
application. The MQ-4, on the other hand, is optimized for methane detection, providing more accurate and
reliable readings in environments where methane leaks pose the highest risk. Also, the MQ-4 sensor has a wide
detection range (200-10,000 ppm), which is appropriate for detecting varying levels of methane concentration,
from small leaks to more dangerous levels. Its high sensitivity ensures that even minute traces of methane can
be detected, which is crucial for early leak detection and accident prevention.
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Moreover, the MQ-4’s low power consumption and compatibility with the ESP8266 microcontroller make it a
suitable choice for loT-based systems, where power efficiency and real-time data processing are essential [13].
Since the ESP8266 can read the analog output from the MQ-4 and send real-time data to a cloud platform like
Blynk, users can receive timely alerts and take preventive measures to avoid catastrophic events like explosions
due to gas leaks. The sensor’s ability to accurately detect methane, combined with its compatibility with 10T
technologies, makes it the best choice for this research focused on ensuring safety in CNG-based systems. It
offers a reliable and efficient solution for monitoring gas leaks, enhancing overall safety in vehicles using CNG.

DHT 11 and DHT 22: Temperature and Humidity Sensors

The DHT11 and DHT22 are popular sensors used for measuring temperature and humidity. Both are highly
utilized in Internet of Things (1oT) applications and offer reliable performance for monitoring environmental
conditions [11]. In this research, these sensors play crucial roles in ensuring the safety of compressed natural gas
(CNG) cylinders in vehicles, particularly in monitoring temperature and humidity within the car boot and the
CNG cylinder itself. Their usage helps detect abnormal conditions that could lead to accidents, such as gas
explosions caused by high temperatures or humidity levels.

The Figure 4 shows DHT11, a basic, low-cost digital sensor for measuring temperature and humidity. It uses a
capacitive humidity sensor and a thermistor to measure the surrounding air. It then converts the data into digital
signals for easy interfacing with a microcontroller like the ESP8266. The DHT11 offers a temperature range of
0°C to 50°C, with an accuracy of +2°C, and a humidity range of 20% to 90%, with an accuracy of 5% [14].

Vee

DHTI1 GND

Figure 3: DHT11 Temperature and Humidity Sensor

One of the advantages of the DHT11 is its low cost and simplicity [15]. However, it has some limitations in
terms of its relatively lower accuracy and smaller temperature range compared to more advanced sensors. This
makes the DHT11 ideal for applications where precision is not the top priority but where basic environmental
monitoring is required, such as monitoring the car boot temperature and humidity in this research. The maximum
temperature range of the DHT11 (50°C) fits well within the safety requirements for the car boot.

In the same light Figure 4 shows the DHT22 sensor which is also known as the AM2302, is an upgraded version
of the DHT11 with improved accuracy and a wider measurement range. It measures temperature from -40°C to
80°C with an accuracy of £0.5°C and humidity from 0% to 100% with an accuracy of +2% [16]. Like the DHT11,
it uses a capacitive humidity sensor and a thermistor but delivers better performance overall.
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Figure 4: DHT 22 Temperature and Humidity Sensor

Due to its superior accuracy and wider range, the DHT22 is more suitable for critical applications where
precision is necessary [17]. In this research, the DHT22 is used to monitor the temperature of the CNG cylinder,
where maintaining an accurate reading is essential for preventing dangerous conditions. The cylinder's
temperature can rise above 50°C, which exceeds the DHT11's limit, making the DHT22 the more appropriate
choice [18]. Table 2 shows the compares the two sensors.

Table 2: Comparison of DHT11 and DHT?22 Sensors

Feature DHT11 DHT22
Temperature Range 0°Cto 50°C -40°C to 80°C
Temperature Accuracy +2°C +0.5°C

Humidity Range 20% to 90% 0% to 100%

Humidity Accuracy 5% +2%

Sampling Rate 1 reading per second | 0.5 readings per second
Cost Low Moderate

Response Time Slower (1-2 seconds) | Faster (0.5-2 seconds)

In this research, the DHT11 is tasked with monitoring the car boot temperature and humidity since it provides
adequate accuracy for non-critical areas and is cost-effective. The DHT11's maximum temperature range of 50°C
is suitable for this task, as the boot is not expected to exceed this threshold under normal conditions [19].

The DHT22, on the other hand, is used for monitoring the CNG cylinder's temperature, which can potentially
rise to dangerous levels above 50°C [20]. Its higher temperature range and better accuracy make it the optimal
sensor for this critical application, where precise readings are needed to trigger safety mechanisms, such as
cooling systems or alarms [21].

Both the DHT11 and DHT22 are integral to this research's safety monitoring system. The choice of these sensors
is based on their respective accuracy, range, and cost-efficiency, aligning with the research's goal to prevent
CNG-related accidents through effective environmental monitoring.

Proposed Device Circuit Design and Simulation

In this research project, the key components of the system include an ESP8266, DHT11 or DHT22 sensors, MQ4
gas sensor, and a buzzer. The ESP8266 acts as the microcontroller and Wi-Fi module, connecting to a Blynk
cloud platform for data monitoring and alerts. The DHT sensors monitor temperature and humidity, while the
MQ4 gas sensor detects methane leaks. The buzzer is used as an alert system when dangerous conditions are
detected.
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Figure 6: Breadboard Circuit Arrangement

As shown in the Figure 5, the circuit for this 10T project is designed around the ESP8266 microcontroller, serving
as the central hub for gathering environmental data from sensors and controlling output devices like a fan and a
buzzer. The primary components involved in this system include the DHT11 and DHT22 temperature and
humidity sensors, the MQ-4 gas sensor, a buzzer for alarms, and a fan unit driven by a BC547 transistor circuit.
These components work together to monitor critical parameters like temperature, humidity, and gas leakage in
an environment (boot), with the data transmitted to the Blynk cloud platform for remote monitoring and control.

The DHT11 sensor is used to monitor the temperature and humidity inside the vehicle’s boot. It operates by
detecting changes in air temperature and humidity and sending the corresponding data to the microcontroller for
processing. In this circuit, the data pin of the DHT11 is connected to digital pin D2 of the ESP8266
microcontroller. The sensor uses a single-wire communication protocol to transmit data to the ESP8266. In
practice, when the DHT11 detects changes in temperature or humidity, it sends signals through its data pin to
the ESP8266, which reads these values and processes them to determine whether they exceed the predefined
safe limits. The sensor also requires a power connection of 3.3V, which is provided by the ESP8266, and a
ground connection to complete the circuit. The DHT11 has a temperature range of up to 50°C, making it suitable
for monitoring the relatively moderate environmental conditions in the car’s boot.

The DHT22 sensor, which has a broader temperature range compared to the DHT11, is used to monitor the
temperature of the CNG cylinder. Its ability to measure temperatures up to 80°C makes it ideal for this
application, as the cylinder can potentially reach higher temperatures under certain conditions. The data pin of
the DHT22 sensor is connected to digital pin D1 of the ESP8266 microcontroller, similar to the DHT11, using
a single-wire communication protocol. Like the DHT11, the DHT22 also requires a 3.3V power supply and a
ground connection. When the DHT22 sensor detects that the temperature of the gas cylinder is approaching or
exceeding safe levels, it sends data to the ESP8266, which then triggers the appropriate actions, such as activating
the fan to cool the cylinder or sounding an alarm.
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The MQ-4 gas sensor is responsible for detecting the presence of natural gas (methane) leaks in the car's boot.
This sensor’s data pin is connected to digital pin D7 of the ESP8266. The MQ-4 sensor outputs an analog signal
that corresponds to the concentration of methane gas in the environment. The ESP8266 can process this signal
to determine whether the gas concentration exceeds safety thresholds. The MQ-4 sensor requires both a power
supply (3.3V or 5V) and ground to function. In this project, when the MQ-4 detects gas leakage, the ESP8266
interprets the data and activates the appropriate safety measures, such as sounding the buzzer to alert the user or
turning on the fan to disperse the gas.

The buzzer in this system acts as an alert mechanism, warning users of dangerous conditions such as high
temperature, humidity, or gas leakage. The buzzer is directly connected to digital pin DO of the ESP8266. When
any of the sensors (DHT11, DHT22, or MQ-4) detect an abnormal condition, the ESP8266 sends a signal to DO,
causing the buzzer to sound. The buzzer requires a power supply and ground, which are provided by the
ESP8266. This simple yet effective alarm system ensures that users are immediately informed of potentially
hazardous situations inside the vehicle.

The fan unit in this project is designed to help cool the environment or disperse gas in case of a leak. The fan is
controlled by a transistor driver circuit built around the BC547 NPN transistor. The base of the transistor is
connected to digital pin D9 of the ESP8266 through a 1kQ resistor. The collector of the transistor is connected
to the fan’s power supply, while the emitter is connected to ground. The purpose of using a transistor here is to
act as a switch. When the ESP8266 sends a signal to pin D9, it turns on the transistor, allowing current to flow
from the power supply to the fan, thereby activating it. The 1k resistor serves to limit the base current to a safe
level, ensuring that the transistor operates correctly without being damaged. The fan helps to maintain a safe
environment by cooling down the CNG cylinder or dispersing any accumulated gas.

The data collected from the DHT11, DHT22, and MQ-4 sensors is transmitted to the Blynk cloud platform,
allowing for real-time monitoring and control via a mobile app or web interface. The ESP8266 connects to the
internet through its built-in Wi-Fi capabilities, sending sensor data to the Blynk server. Users can access this
data remotely, monitor environmental conditions, and receive alerts if any parameter exceeds safe levels. For
example, if the temperature of the CNG cylinder rises above a predefined threshold, the Blynk app will notify
the user, and the fan will be activated automatically. Similarly, gas leakage detection by the MQ-4 sensor will
trigger an alert on the Blynk platform, and the buzzer will sound in response. This integration enhances the
functionality of the system by providing users with remote access to crucial safety data and control mechanisms,
ensuring timely interventions in case of emergencies.

The ESP8266 acts as the central controller, processing data from all the connected sensors and making decisions
based on the collected information. The sensors continuously monitor the vehicle’s boot environment, including
temperature, humidity, and gas concentration. If any sensor detects abnormal conditions, the ESP8266 takes
immediate action by activating the fan, sounding the buzzer, and sending alerts to the Blynk cloud platform. The
combination of these hardware components ensures a robust system capable of preventing hazardous situations
by taking automatic corrective actions and notifying users of potential dangers in real-time. The breadboard
implementation of the circuit is illustrated in Figure 6.

RESULT AND DISCUSSION

In this section, we present the results of the experiment, analyze the data obtained from the sensors, and discuss
the system's performance in monitoring critical parameters such as temperature, humidity, and gas concentration
within the vehicle's boot environment. This loT-based system, leveraging the DHT11, DHT22, MQ-4 gas sensor,
fan, and buzzer, was designed to prevent hazardous conditions such as overheating and gas leaks, particularly
around a CNG cylinder.

Temperature and Humidity Monitoring

The DHT11 and DHT22 sensors were used to measure the temperature and humidity in the car's boot and the
CNG cylinder area, respectively. The temperature and humidity were recorded over a 24-hour period, and the
results are summarized in Table 3.
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Table 3: Temperature and Humidity Monitoring

Time DHT11 (Temp. in DHT11 (Humidity DHT22 (Temp. | DHT22 (Humid-
(hours) °C) %) in °C) ity %)
0 24 45 26 38
2 25 47 28 41
4 26 50 29 42
6 27 52 30 44
8 29 55 31 46
10 31 57 32 48
12 33 60 34 49
14 34 62 35 50
16 36 64 37 51
18 35 63 36 50
20 34 62 35 48
22 32 60 34 46
24 30 58 33 45

As shown in Figure 7, the temperature in the car boot increased gradually from 24°C to a peak of 36°C at 16
hours, while the humidity ranged between 45% and 64%. This increase in temperature is consistent with ambient
temperature variations during the day, highlighting the need for continuous monitoring to prevent overheating,
especially in hot climates.

The DHT22 sensor recorded slightly higher temperatures around the CNG cylinder, with a peak temperature of
37°C. The humidity around the cylinder remained relatively stable, with a slight increase from 38% to 51%. The
higher temperature around the cylinder indicates that it absorbs more heat due to the presence of gas,
necessitating the use of a cooling mechanism (fan) to prevent overheating.

Temperature Monitoring
T T
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Figure 7: Temperature and Humidity Monitoring for DHT11 and DHT22
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CNG Leakage Result
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The MQ-4 sensor was used to detect methane gas concentrations in the car boot. Table 4 summarizes the gas
sensor data during a simulated gas leakage.

Table 4: CNG (Methane Gas) Leakage Result

Time (hours) | MQ-4 Sensor Output (ppm) Action Taken
0 200 | None
2 230 | None
4 250 | None
6 270 | Buzzer activated, Fan ON
8 290 | Buzzer active, Fan ON
10 310 | Buzzer active, Fan ON
12 320 | Buzzer active, Fan ON
14 340 | Buzzer active, Fan ON
16 360 | Buzzer active, Fan ON

The MQ-4 sensor continuously monitored the methane concentration levels inside the car boot for the CNG
cylinder and the gas concentration over time in the boot is shown in Figure 8. During the first 12 hours of
operation, no gas leakage was detected, indicating that the cylinder was functioning optimally, and there was no
risk of gas buildup in the vehicle's boot. The sensor consistently read low methane levels, confirming that the
environment was safe. However, for experimental purposes, methane gas was manually introduced into the boot
starting at the 12th hour to simulate a potential gas leak scenario. This intentional introduction of gas aimed to
test the system’s responsiveness and verify its ability to detect and manage hazardous conditions. Over the next
four hours, the methane concentration steadily rose, eventually surpassing the 270-ppm safety threshold set in
the system's programming. As the methane levels exceeded this threshold, the system’s safety protocols were
triggered. The buzzer was activated to alert nearby individuals of the potential danger, while the fan was
automatically turned on to disperse the gas, lowering the concentration within the car boot and preventing a
hazardous buildup. The fan’s activation played a critical role in ventilating the enclosed space, helping to
mitigate the risk of explosion due to high methane levels.

400 |
350 |

300

Gas Concentration (ppm)

250

200 . ! :
o 5 10 15
Time (hours)

Figure 8: Gas Concentration overtime
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By the 16th hour, the experiment was concluded, and the methane gas introduction was terminated. The sensor
readings began to decline as the gas concentration dropped below the critical threshold, deactivating both the
buzzer and the fan once the environment was deemed safe again. This deliberate test successfully demonstrated
the system's real-time ability to detect abnormal methane levels, activate warning mechanisms, and manage
potential hazards by dispersing dangerous gas concentrations. Such a system ensures proactive safety measures
in vehicles equipped with CNG cylinders, thereby reducing the likelihood of catastrophic gas leaks.

CONCLUSION

This research successfully developed and tested an 1oT-based safety monitoring system for vehicles equipped
with CNG cylinders, addressing the critical need for preventing gas leakage and mitigating explosion risks. The
integration of various sensors MQ-4 for gas detection, DHT11/DHT22 for temperature and humidity monitoring,
and a fan and buzzer for alert and mitigation—demonstrates the system's capability to operate in real-time,
providing immediate response to hazardous situations.

The MQ-4 sensor efficiently monitored methane levels, and the system effectively responded when the
concentration exceeded 270 ppm, triggering the fan and buzzer to prevent dangerous gas buildup. The manual
introduction of methane for experimental purposes validated the system's sensitivity and responsiveness to gas
leaks, as the sensor detected the increased concentration and initiated safety protocols. This real-time data
collection and response were achieved through integration with the Blynk cloud platform, allowing for remote
monitoring and control. The use of the DHT11/DHT22 sensors ensured that temperature and humidity conditions
were also monitored, as elevated temperatures could increase the risk of gas leaks or accidents. The fan unit,
controlled by a BC547 transistor circuit, functioned seamlessly in conjunction with the gas sensor, dispersing
gas as needed.

Overall, the system provides a cost-effective, scalable solution for real-time safety monitoring in vehicles using
CNG. This research highlights the importance of integrating 10T technologies for proactive hazard prevention
and the effectiveness of cloud-based platforms like Blynk in enabling remote data access and control. Future
iterations can focus on improving the system’s scalability, integrating GPS tracking, and refining sensor
calibration for even greater sensitivity to a broader range of hazardous gases. The results demonstrate the
viability of using this solution to enhance safety in environments prone to gas leaks.
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