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Abstract— The widespread use of LPG cylinders brings 

the risk of gas leaks that can cause serious hazards, 

including fires and explosions. Therefore, an effective 

system is needed to detect gas leaks and provide early 

warnings to users. This study aims to develop an LPG 

cylinder leak detection device using an MQ-2 sensor 

based on the Internet of Things (IoT). The system consists 

of an MQ-2 sensor capable of detecting LPG, a 

microcontroller module for data processing, and an IoT 

communication module to send alerts to user devices via 

the internet. When the MQ-2 sensor detects a gas 

concentration that exceeds the predetermined threshold, 

the system sends an alert in the form of a notification to 

the user's mobile application. Additionally, the system is 

equipped with an audible alarm for direct on-site 

warnings. Test results indicate that this system can detect 

gas leaks with high accuracy and send alerts promptly. 

The implementation of IoT technology allows for real-

time monitoring and handling of gas leaks, thereby 

enhancing the safety of LPG cylinder users. Thus, this 

leak detection device is expected to reduce the risk of 

accidents due to gas leaks and provide a sense of security 

for users. 

Index Terms— gas detection; Internet of Things 

(IoT); Liquefied Petroleum; MQ-2 sensor; safety system. 

I. INTRODUCTION 

Systems that connect computer devices, mechanics, 

digital machines, objects, or individuals equipped with 

a Unique Identifier (UID) are known as the Internet of 

Things (IoT). With this system, data can be sent over 

the network without human intervention. One important 

component of the IoT is that every item connected to 

the internet has a configurable internet protocol address. 

This protocol address allows items to send data to other 

artificial objects or over a network. Machine-to-

machine communication solutions known as the IoT 

make it possible to view businesses in real-time[1]. 

Many aspects of human life have been influenced by 

advances in IoT technology in the current digital era, 

including household security and the industrial sector. 

This technology can be used to identify LPG leaks, 

which are a major problem that can endanger lives and 

property[2][3]. As a result, a robust and efficient system 

is required to detect gas leaks as quickly as possible. 

Natural gas leaks can be dangerous to the environment 

and human health. Even small particles leaking into 

buildings or other enclosed spaces can gradually build 

up to produce fatal levels of explosive or deadly gas. 

Leakage of refrigerant gas and natural gas into the 

environment[4]. LPG, which is a mixture of propane 

and butane, is used for various purposes, such as 

cooking and as generator fuel. LPG is highly 

pressurized and cold, so it is stored in cylinders even 

though it is often used as cooking gas. Ethanethiol is 

used as a powerful deodorizer to detect leaks. LPG 

leaks have increased to 10.74% of total kitchen 

accidents, up from 0.72% previously. Since rubber 

pipes can crack and cause leaks, small 5 kg LPG 

cylinders with a burner on top of the cylinder are 

considered safer[5][6].  

A report by the Multiconsult Group by Norad 

(2020) states that LPG helps developing countries 

achieve the Development Goals (SDG) in a sustainable 

manner by facilitating access to environmentally 

friendly fuel and technology. However, the use of LPG 

poses risks because the gas is highly flammable and can 

cause explosions and fires if the gas leaks. This can 

cause injury or even death as well as property loss. This 

accident problem is usually caused by old gas 

regulators, damaged hoses, unmaintained or low-

quality hoses, improper installation of the gas regulator, 

and poor hose connections to the gas stove[7][8]. 

When gas leaks, it can cause serious health 

problems such as headaches, dizziness, nausea, 

memory loss, vomiting, and even death. These 

consequences are preventable, showing how important 

a good detection system is. Using the MQ-2 sensor, we 

propose an IoT based LPG leak detection system. This 

sensor detects flammable gases and warns the user if the 

gas concentration exceeds safe limits. This system also 

has an automatic response mechanism with a servo 

motor to close the gas regulator if a leak 

occurs[9][10][11]. 
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II. METHODS 

A. System Block Diagram 

 

Fig. 1. System Block Diagram 

As can be seen in Figure 1, this research uses 3 

stages: input, process, and output. The input for this 

research uses the MQ2 Sensor, which is calibrated first 

to accurately read LPG parameters. The ESP32 

microcontroller is used as the processor in this research, 

allowing the data to be connected and displayed in the 

code. There are two outputs used: a servo and a modular 

display for user monitoring. The servo is utilized to 

perform specific actions based on the detected gas 

levels, such as closing a valve or activating an alarm 

system to ensure safety. The modular display allows 

users to monitor real-time data and system status, 

ensuring they are informed about the gas levels and any 

potential hazards. 

B. System Algorithm 

 

Fig. 2. System Algorithm 

In the Fig. 2 above the system starts by initiating all 

components. After the initiation process was complete, 

the sensor read the LPG gas parameters and then the 

ESP32 sent the reading value to the modular 

application. When the LPG gas parameters were above 

the predetermined values, the ESP32 ordered the servo 

to rotate in order to open the regulator. The ESP32 also 

turned on the buzzer as an offline notification to offline 

users. Apart from offline notifications, Kodular also 

provided notifications to the user's cellphone in the 

form of danger warning notifications. When the LPG 

gas parameters were below the predetermined limit, the 

ESP32 gave a command to turn off the buzzer. 

C. IoT Process 

 

Fig. 3. IoT process 

In this research, the IoT system is used to monitor 

LPG gas parameters. The IoT algorithm is implemented 

using ESP32, which is connected to a WiFi network and 

Firebase database. The connection process is carried 

out in stages with the initial stage being connecting the 

ESP32 to WiFi. When the ESP32 is connected to a WiFi 

network, it will connect to the Firebase that has been 

prepared. ESP32 is connected to the WiFi network and 

Firebase, so it can send MQ2 reading data to Firebase. 

Firebase, which has received the reading value, will 

send the data to Kodular. This process is illustrated in 

Fig. 3. 

D. Quality of Service 

QoS is used to measure the capacity of computer 

networks, such as network applications, hosts, or 

routers, to provide better network services so that they 

can meet the service needs of their users. QoS helps 

users get faster performance from network-based 

applications by using delay, jitter, packet loss, and 

throughput parameters. There are several parameters 

that need to be considered to determine QoS, including 

Throughput, Packet Loss, Delay, and Jitter. 

In this research, QoS is used as one of the metrics 

because the effectiveness of the LPG leak detection 

system heavily depends on the network performance. 

Accurate and timely detection and notification of gas 

leaks are crucial for ensuring user safety. By analyzing 

QoS parameters such as throughput, packet loss, delay, 

and jitter, the reliability and efficiency of the IoT-based 

detection system can be assessed. This ensures that the 

system can consistently provide real-time alerts and 

minimize false alarms, thus enhancing the overall 

safety and reliability of the system. 

1. Packet Loss 

Packet loss is a parameter that indicates how many 

data packets are lost during transmission, possibly 
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due to collisions and network traffic[12]. Packet 

loss parameter categories can be seen in Table I. 

TABLE I.  PACKET LOSS 

Category 

Lost Package 
Package Loss(%) Index 

Very good 0% 4 

Good 3% 3 

Currently 15% 2 

Bad 25% 1 

2. Delay 

Delay is not only the time it takes for a data packet 

to be sent from the start of the queuing process to 

the destination point, but also the time it takes for 

data to go from source to destination. The type of 

transmission media used, distance, and processing 

time required at each intermediate point in the 

network are some of the factors that influence delay 

[13]. Delay categories can be seen in Table II. 

TABLE II.  DELAY 

Category 

Delay 
Delay(ms) Index 

Very good <150 4 

Good 150 s/d 300 3 

Currently 300 s/d 450 2 

Bad >450 1 

3. Throughput 

Throughput, calculated in bits per second (bps), is 

the number of packets that successfully arrive at the 

destination during a certain period, divided by the 

duration of that time interval[12]. Throughput 

categories can be seen in Table III. 

TABLE III.  THROUGHPUT 

Category 

Troughput 
Troughput Index 

Very good 100 4 

Good 75 3 

Currently 50 2 

Bad <25 1 

4. Jitter 

Jitter can occur due to delays caused by routers or 

switches in a computer network[12]. Jitter 

categories can be seen in Table IV. 

TABLE IV.  JITTER 

Category 

Jitter 
Peak Jitter(ms) Index 

Very good 0 4 

Good 0 s/d 75 3 

Currently 75 s/d 125 2 

Bad 125 s/d 225 1 

III. RESULTS AND DISCUSSION 

A. MQ-2 Calibration 

The MQ-2 smoke gas sensor is used to detect smoke 

and LPG leaks in homes and businesses. This type of 

sensor measures the concentration of combustible gases 

and smoke in the air and outputs readings as analog 

voltage. It can be used to prevent fires by detecting 

smoke and LPG gas leaks[7][14]. One of the main 

features of the MQ-2 sensor is its high sensitivity and 

fast response time, which allows measurements to be 

made as quickly as possible. It has the ability to 

measure natural gas concentrations between 200 and 

5000 ppm[9]. Due to its high sensitivity to various types 

of airborne particles, the MQ-2 sensor needs to be 

properly calibrated before use to ensure the accuracy 

and consistency of its data. This includes gases such as 

LPG, butane, hydrogen, smoke, and methane. The 

sensitivity of the sensor to different gas concentrations 

is changed by calibration. For a variety of applications, 

including gas leak detection, air quality monitoring, and 

security systems, this results in more accurate and 

reliable findings. 

Calibration is considered to be a crucial step 

because it ensures that the sensor provides accurate and 

reliable readings. Without proper calibration, the sensor 

may give false readings or fail to detect dangerous gas 

concentrations, leading to potential safety hazards. If 

the calibration process is not done, the sensor might 

either overestimate or underestimate the gas 

concentration levels. Overestimation can cause 

unnecessary alarms and disruptions, while 

underestimation can prevent the detection of dangerous 

gas leaks, resulting in a failure to provide timely alerts 

and potentially causing catastrophic accidents, such as 

fires or explosions. Therefore, calibration is essential to 

maintain the effectiveness and reliability of the sensor 

in detecting gas leaks and ensuring safety. 

The following list of steps outlines how to calibrate 

the MQ-2 sensor to detect LPG (Liquid Petroleum Gas) 

gas. 

1. Before commencing the calibration of the MQ-2 

gas sensor, it is essential to preheat the sensor to 

ensure accuracy in its measurements. The 

recommended preheating procedure involves 

applying a voltage of 5V to the sensor for 

approximately one hour. This process ensures the 

sensor is in optimal condition for accurate gas 

detection. 

To achieve the best operational state, the MQ-2 gas 

sensor utilizes a heating coil. The preheating 

technique consists of an initial heating phase where 

the sensor is heated for 60 seconds at 5V, followed 

by a secondary heating phase at 1.4V for 90 

seconds. This dual-phase heating process enhances 

the sensor's readiness for precise gas measurement. 

The wiring of the voltage divider on the MQ-2 can 

be seen in Fig. 3. 
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Fig. 4. The voltage divider for the MQ-2 voltage is 5V 

2. Find the Ro value in the room that will be detected 

by the MQ-2 using the program below. 

 

Fig. 5. Look for the RO value 

The RL value is obtained from the resistance on the 

MQ-2 sensor. In the calculation of Ro = Rs / 9.6, the 

value 9.6 is obtained from the MQ-2 sensor 

datasheet (Fig.5) based on measurements in clean 

air conditions.  The value 3.3 is the analog voltage 

produced by the ESP32 and the value 4095 is 

because the ESP32 ADC uses 12 bits. 

 

Fig. 6. MQ-2 datasheet graph 

3. After completing the upload program, we can see 

the Ro value on the serial monitor. Make sure the Ro 

value seen on the serial monitor is stable before 

recording it. 

4. Next, look for the values x1, x2, y1, and y2 using an 

additional website, namely webplotdigitizer.com 

using the datasheet from MQ-2. The result of this 

can be seen in Fig.7. 

 

Fig. 7. Webplotdigitizer display 

5. Select load image, then insert the image from the 

MQ-2 datasheet graph. 

6. Next select 2D (X-Y) Plot, then click Align Axes, 

then click proceed continue like Fig.8. 

 

Fig. 8. Add images 

7. The webplotdigitizer display will look like Fig.9. 

 

Fig. 9. Added images to Webplotdigitizer 

8. To determine x1, x2, y1, and y2, click sequentially as 

in the Fig.10. 
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Fig. 10. Determine points x1, x2, y1, and y2 

9. After that, click Completed and adjust the settings 

as shown in the Fig.11 then click OK. 

 

Fig. 11. Setting points x1, x2, y1, and y2 

10. Determine points x1 and x2 for the LPG graph shown 

in Fig.12. Do this sequentially then click view data. 

 

Fig. 12. Determine points x1 and x2 for LPG 

11. Note the values that appear in the data view. The 

result of data shown in Fig.13. 

 

Fig. 13. Values x1, x2, y1, and y2 

Results obtained : 

 𝑥1 = 201.99634510465384 

 𝑥2 = 801.3399487015388 

 𝑦1 = 1.6141972398403783 

 𝑦2 = 0.8716166089617573 

12. Find the values of m and b with the following 

equation (1) 

𝑚 =
[log(𝑦2) –  log(𝑦1)]

[log(𝑥2) –  log(𝑥1)] 
 (1) 

Results obtained:  

𝑚 =  − 0.44719 

13. After getting the value of m, we can find the value 

of b by creating an intersection point as shown in 

the Fig.14. 

 

Fig. 14. Find the x and y values 

14. Note the values that appear in the data view shown 

in the Fig. 15. 

 

Fig. 15. x and y values 
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Results obtained:  
 𝑋 =  500.30707131293366  

𝑌 =  1.05562212823438789  

15. Calculate the value of b using the following 

equation (2). 

𝑏 = 𝑙𝑜𝑔(𝑦) − (𝑚) LOG(𝑥) (2) 

Results obtained:  

𝑏 = 1.23057 

16. After getting the m and b values, we can calculate 

the LPG PPM value using the MQ-2 sensor using 

the following syntax shown in Fig.16. 

 

Fig. 16. Find the PPM value for LPG 

The following are the reading results of the MQ-2 

sensor before and after calibration under normal 

conditions without LPG gas contamination. 

TABLE V.  MQ-2 TESTING 

No Before calibrating After calibrating 

1 213.00 6.16 

2 223.00 5.83 

3 222.00 6.08 

4 214.00 6.00 

5 214.00 5.91 

6 211.00 6.00 

7 209.00 6.25 

9 214.00 5.67 

10 211.00 6.08 

11 208.00 6.42 

12 208.00 6.00 

13 214.00 5.67 

14 208.00 5.67 

15 209.00 6.00 

16 206.00 6.00 

17 209.00 5.83 

18 204.00 5.59 

19 204.00 5.67 

20 208.00 6.00 

21 215.00 6.08 

22 215.00 6.00 

23 212.00 6.25 

24 208.00 6.00 

25 209.00 6.00 

26 213.00 5.51 

27 208.00 6.08 

28 208.00 5.67 

29 203.00 5.35 

30 219.00 5.91 

31 205.00 5.67 

32 203.00 5.83 

33 202.00 5.75 

34 220.00 5.91 

35 198.00 6.00 

36 208.00 5.91 

36 206.00 6.00 

37 204.00 5.83 

38 192.00 6.16 

39 201.00 6.16 

40 195.00 6.34 

41 213.00 6.16 

Based on Table V, it can be seen the difference in 

the reading values of the MQ-2 sensor before and after 

calibration. The MQ-2 sensor readings before 

calibration showed an average reading of 208.825 with 

a reading value of 195.00 – 223.00 under normal 

conditions without exposure to LPG gas. In contrast to 

the reading results of the MQ-2 sensor after calibration, 

the average value was 5.9515 with the reading value 

being 5.51 – 6.83 under normal conditions without 

exposure to LPG gas. 

B. Sensor and Buzzer Testing 

In testing the MQ2 sensor and buzzer,  A buzzer is 

an electronic part that uses electric current to convert 

electrical energy into sound. Moving the coil forward 

or backward makes the air vibrate, which produces 

sound [10]. This system was designed to detect the 

presence of gas. When the sensor measures a value 
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below twenty, the buzzer remains in silence, indicating 

that the environment is safe from harmful gases. 

However, once the sensor value exceeds the threshold 

of twenty, the buzzer immediately sounds loudly as a 

warning of the presence of gas that exceeds the safe 

limit. In this way, users can quickly and effectively 

recognize the presence of potentially threatening gas 

hazards, thereby enabling timely safety precautions. 

Based on the Table VI, it can be concluded that the 

bell is functioning well. This was proven when the 

author carried out tests with a threshold limit of 20 PPM 

for LPG. If the MQ-2 sensor detects LPG above 20 

PPM then the buzzer will turn on, whereas if the MQ-2 

sensor detects LPG below 20 PPM then the buzzer will 

sound. 

C. Motor Servo Testing 

This system is designed to detect surrounding gas 

when testing the MQ2 sensor and buzzer. If the sensor 

value is below 20, the buzzer will be silent, indicating 

that the environment is safe; if the sensor value exceeds 

20, the buzzer will sound, indicating the presence of 

dangerous gas. In addition, when the sensor value 

exceeds 20, the servo motor will rotate, indicating a 

potential danger, and when the sensor value is below 

20, the servo motor will stop rotating. As a result, users 

can easily identify dangerous gases and take necessary 

precautions to maintain safety. 

From the test results Table VII, it can be concluded 

that the servo is running well. This is proven by the 

servo not moving when the LPG gas condition is below 

20. Meanwhile, when the LPG gas condition is above 

20 the servo moves to open the regulator. 

TABLE VI.  SENSOR AND BUZZER TESTING 

No Gas Value Identification Buzzer 

1 5.83 Gas not detected Off 

2 6.16 Gas not detected Off 

3 22.42 Gas detected On 

4 20.78 Gas detected On 

5 5.91 Gas not detected Off 

6 22.05 Gas detected On 

7 16.92 Gas not detected Off 

9 15.85 Gas not detected Off 

10 22.05 Gas detected On 

11 14.38 Gas not detected Off 

12 22.61 Gas detected On 

13 22.42 Gas detected On 

14 6.00 Gas not detected Off 

15 6.08 Gas not detected Off 

16 20.60 Gas detected On 

17 5.91 Gas not detected Off 

18 20.96 Gas detected On 

19 6.16 Gas not detected Off 

20 22.80 Gas detected On 

21 22.61 Gas detected On 

22 12.22 Gas not detected Off 

23 6.08 Gas not detected Off 

24 22.42 Gas detected On 

25 14.24 Gas not detected Off 

26 22.99 Gas detected On 

27 23.37 Gas detected On 

28 22.99 Gas detected On 

29 21.32 Gas detected On 

30 5.91 Gas not detected Off 

31 13.54 Gas not detected Off 

32 22.80 Gas detected On 

33 22.61 Gas detected On 

34 5.91 Gas not detected Off 

35 10.85 Gas not detected Off 

36 5.51 Gas not detected Off 

36 22.42 Gas detected On 

37 6.78 Gas not detected Off 

38 4.89 Gas not detected Off 

39 4.97 Gas not detected Off 

40 11.34 Gas not detected Off 

TABLE VII.  MOTOR SERVO TESTING 

No Gas Value Identification Motor Servo 

1 5.83 Gas not detected Off 

2 6.16 Gas not detected Off 

3 22.42 Gas detected On 

4 20.78 Gas detected On 

5 5.91 Gas not detected Off 

6 22.05 Gas detected On 

7 16.92 Gas not detected Off 

9 15.85 Gas not detected Off 

10 22.05 Gas detected On 

11 14.38 Gas not detected Off 

12 22.61 Gas detected On 

13 22.42 Gas detected On 

14 6.00 Gas not detected Off 

15 6.08 Gas not detected Off 

16 20.60 Gas detected On 
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17 5.91 Gas not detected Off 

18 20.96 Gas detected On 

19 6.16 Gas not detected Off 

20 22.80 Gas detected On 

21 22.61 Gas detected On 

22 12.22 Gas not detected Off 

23 6.08 Gas not detected Off 

24 22.42 Gas detected On 

25 14.24 Gas not detected Off 

26 22.99 Gas detected On 

27 23.37 Gas detected On 

28 22.99 Gas detected On 

29 21.32 Gas detected On 

30 5.91 Gas not detected Off 

31 13.54 Gas not detected Off 

32 22.80 Gas detected On 

33 22.61 Gas detected On 

34 5.91 Gas not detected Off 

35 10.85 Gas not detected Off 

36 5.51 Gas not detected Off 

36 22.42 Gas detected On 

37 6.78 Gas not detected Off 

38 4.89 Gas not detected Off 

39 4.97 Gas not detected Off 

40 11.34 Gas not detected Off 

D. Modular Testing 

This modular testing aims to evaluate whether the 

application is running well or not and to determine the 

QoS status of the application. The following is a display 

of the application shown in Fig.16 and Fig. 17. 

 

Fig. 17. Application display when LPG leak is not detected 

 

Fig. 18. Application display when an LPG leak is detected QoS 

Fig. 17 shown when the ppm of LGP gas detected is 

still within safe limits. When the sensor detects the ppm 

of LPG gas above the safe limit (Fig. 18), the 

application will change the text "KONDISI AMAN" to 

"KONDISI TIDAK AMAN". 

E. QoS Testing 

QoS testing is carried out to manage or ensure data 

in the delivery process. Testing was carried out with the 

help of Wireshark software by sending 1512 data 

packets from ESP32 to Firebase to determine 

throughput, packet loss, delay and jitter values. 

Following are the test results at Fig.19. 

 

Fig. 19. Throughput testing 

 

Fig. 20. Delay testing 

 

Fig. 21. Jitter testing 
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TABLE VIII.  PACKET LOSS TESTING 

No Time Source Destination 

110 215.378333

9 

54.169.4.174 192.168.62.216 

121 253.370689 54.169.4.174 192.168.62.216 

452 799.389220

0 

204.79.197.2013 192.168.62.216 

It can be seen in Fig. 19, the resulting throughput is 

216.67 bytes or 1733 bits/s. In this test, the resulting 

throughput is included in the Very Good category. 

Fig.19 records the average delay of 1.28 seconds or 

1277.41 milliseconds in the tests that have been carried 

out. Based on the results Fig. 20, the delay parameters 

on this system are included in the Very Bad latency 

category. Fig. 21 records that the average jitter 

produced was 1.28 seconds or 1274.23 milliseconds, 

which is also included in the Very Bad category. These 

Very Poor ratings for delay and jitter may be caused by 

network congestion, inefficient algorithms, or 

inadequate hardware. High delays and jitter impact the 

system by causing late or inconsistent warnings, which 

can reduce the effectiveness of the LPG leak detection 

system. This can potentially lead to dangerous 

situations due to delayed or unreliable notifications. To 

improve system performance, optimizing network 

infrastructure, improving data processing algorithms, 

and ensuring sufficient hardware capacity is essential. 

Table VIII, there are 3 data packets that were not sent 

out of the 1512 data sent. So the Loss Package value is 

obtained as equation (3). 

(Package sent - Package received)/Package sent × 100 (3) 

Results obtained:  

𝑃𝑎𝑐𝑘𝑎𝑔𝑒 𝐿𝑜𝑠𝑠 =
(1512 − 1509)

1512 × 100
= 0.19% 

A packet loss rate of 0.19% indicates that a small 

fraction of data packets sent over the network were not 

successfully received. While this value is relatively low 

and generally acceptable in many network applications, 

it can still impact the system's performance. In the 

context of the LPG gas leak detection system, even a 

small packet loss can lead to delays or loss of critical 

data. This might result in missed or delayed alerts, 

reducing the reliability and effectiveness of the system 

in providing timely warnings about gas leaks. 

Therefore, minimizing packet loss is crucial to ensure 

that the system can consistently deliver accurate and 

prompt notifications to enhance user safety. 

IV. CONCLUSION 

This study builds a prototype LPG leak detection 

device using an MG996r servo motor, an ESP32 

microprocessor, and a MQ-2 gas sensor. The MQ-2 

sensor can identify several types of airborne particles. 

For this reason, accurate information needs to be 

obtained through a calibration process. The IoT system 

that detects this LPG gas uses firebase http 

communication. The throughput and packet loss figures 

for IoT connectivity fall into the very good category, 

according to the test results, with a throughput of 1733 

bits/s and a packet loss percentage of 0.19%. 

Nevertheless, this IoT communication falls into the 

extremely poor category with a latency value of 

1277.41 milliseconds and a jitter value of 1274.23 

milliseconds. 

The research results show that, although there is a 

slight delay and significant jitter, the IoT process can 

run well. Since the system does not require highly 

accurate real-time labor, this difference is not very 

significant. It is hoped that it will be used as an easy and 

cost-effective security tool. However, the weakness of 

this study is that it only uses one gas sensor and one 

actuator, and detection occurs only at one point without 

knowing exactly how close the sensor and gas sump 

are. Experimental results show that the MQ-2 sensor 

and buzzer are very effective in detecting gas leaks; if 

the sensor value falls below 20, the buzzer will sound, 

and the motor will rotate. 

For future research, it is recommended to use 

multiple gas sensors and actuators to improve the 

system’s detection accuracy and coverage. 

Additionally, the distance between the sensor and the 

gas sump should be considered, and real-time 

monitoring could be enhanced with more precise data 

analysis tools. 
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