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Abstract: In modern times, the development of IoT technology is faster and more 
advanced. Fire detection systems also inverted with IoT technology to replace 
traditional Fire detection systems. Users can get real-time information through the 
system. So, users can get notification from the system at any time or anywhere. In this 
project, the microcontroller used is a Raspberry Pi 4. The installation of this fire 
detection system is implemented to get the information’s of the surrounding peat soil.  
The purpose of this microcontroller is to read data from sensors and communicate 
with websites and users. The fire detection sensor module, temperature and humidity 
sensor, and smoke detection sensor are the main sensors in this system. Users can 
easily view data parameters based on cloud services. User can also find out the 
conditions around the system in real time such as temperature, humidity and carbon 
monoxide concentration. The data will always be updated and displayed in the chart 
to give users can see the data easily. To improve the fire detection process, the Blynk 
application was implemented to improve the fire detection system. By using this 
application, users can get notification from this system in order to know the 
surrounding environment of the system. 
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1. Introduction 

An IoT based fire detection system is designed to detect any sign of flame or smoke immediately 
and send the information through online with IoT technology to maximize the efficiency of the user to 
getting know about the condition of the fire and minimize the time to extinguish the fire. This IoT based 
fire detection system is make used of the embedded system like Arduino, NodeMCU and Raspberry Pi 
and built with any other sensors that regarding to the fire detection. It also aids to minimize the time of 
the user to getting know about the current condition with IoT technology. This IoT based fire detection 
system implementation has been used in many fields like IoT based forest fire detection system, IoT 
based fire alarming for workhouse and company [1]. Peat is a partially decomposed organic matter 
formed primarily from plant material that has collected in the surface organic layer of a soil due to 
waterlogging, oxygen shortage, excessive acidity, and nutrient inadequacy. Peat soil will normally be 
found at a warm moist climatic conditions. Peat fires harm the economy by irreversible losses of forest 
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land, extracted peat reserves, and peat deposit degradation, as well as the expenditures involved with 
fire detection and suppression [2]. 

1.1 Raspberry Pi 4 

Raspberry Pi is a microcomputer that uses Linux-based operating system. This embedded system 
is equipped with ARM-architecture CPU, having a built-in RAM card and promote with two USB ports 
and an Ethernet controller. There are many types of programming languages such as python, java and 
C++ can be used. It can also install software that can be used. It can serve webpage by installing Apache 
HTTP Webserver on it [3]. 

1.2 Fire detection system 

The fire detection system focus on detect surrounding condition automatically with IoT technology. 
An IoT platform use to store the parameters such as temperature, humidity and carbon monoxide level 
in real-time. The feature of this ideas is to provide a cloud platform that can stored the real-time data 
and a web page which administrators can access and observe the data collected from the sensors [4]. A 
flame detection sensor module uses to detect the existence of a flame. Flame sensor module is 
implemented to detect the fire by IR sensor [5]. DHT 22 use to detect surrounding temperature and 
humidity [6]. MQ-2 gas sensor use to detect the concentration of carbon monoxide with analogue output 
and MCP 3008 can convert the analogue data from sensor to digital pin for Raspberry Pi [7]. 

2. Materials and Methods 

The methods and materials will be arrange for this development of IoT based fire detection system 
for peat soil. This paper will be focused on the planning and development of the IoT based fire detection 
system for peat soil. 

2.1 Materials 

The material of the hardware in this project was using: (1) Raspberry Pi 4, (2) MO-2 gas sensors, 
(3) DHT 22 sensor, (4) Flame sensor module, (5) MCP 3008. The software will be using: (1) Thonny 
IDE, (2) ThingSpeak, and (3) Blynk, 

For the setup for this system a schematic diagram is shown in Figure 1. This figure shows the 
connection between the microcontroller, sensors, and other components. A DC power supply with 5 V 
is connected to the Raspberry Pi. A flame detection sensor module is connected at the GPIO 16 pin. 
Buzzer is connected to the GPIO 22 and ground. DHT 22 sensor is connected at the GPIO 17. MCP 
3008 is used to transfer from analogue input to digital input, this component is used with smoke 
detection sensor, MQ 2. There are 4 pins from the MCP 3008 are connected to the Raspberry Pi 4. 
Those pins are define as SPI pins which will connect to the GPIO 8, GPIO 9, GPIO 10 and GPIO 11. 
From MCP 3008, the pin number of 16 will be connected to the 5V and pin number 9 will connected to 
the ground. Then, the Channel 0 input from the MCP 3008 is connected with the analogue output from 
the MQ 2 smoke detection sensor. The digital output from the MQ 2 smoke detection sensor will be 
connected to the GPIO 26 from Raspberry Pi. MCP 3008 is connect to 5 V power supply and the ground 
channel is connect to the ground from Raspberry Pi 4. The clock signal CLK, digital input𝐷𝐷𝑖𝑖𝑖𝑖, digital 
output𝐷𝐷𝑜𝑜𝑜𝑜𝑜𝑜, and shutdown pin SHDN in MCP 3008 is connect with GPIO 11, GPIO 10, GPIO 9 and 
GPIO 8 respectively.  
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Figure 1: Schematic Diagram 

2.2 Block diagram 

Figure 2 shows the fire detection system consist of MQ 2, DHT 22, flame module sensor and a 
buzzer for normal operation. The block diagram show that there is a connection between sensors and 
Raspberry Pi. Other than that, a cloud storage ThingSpeak and blynk app are also connect with 
Raspberry Pi to store the real time data and notify the user.  

 
Figure 2: Block Diagram 

2.3 Thonny IDE 

Thonny is a free Python Integrated Development Environment (IDE) with Python programming 
language. It can provide service to the device that run with Window, macOS and Linux. In this project, 

https://realpython.com/python-ides-code-editors-guide/
https://realpython.com/python-ides-code-editors-guide/
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Raspberry Pi 4 is used, and it run the Rasbian OS by the Linux Kernel. Therefore, Raspberry Pi 4 can 
use Thonny IDE to write the program code and upload to the microcontroller and run it directly. 

Thonny IDE is user-friendly toward the beginners because it able to show syntax error for the users. 
This feature allows the users find out their error and modified to the correct code. In this project, Thonny 
IDE has several modes for stepping through the code, including step-by-step expression evaluation, 
comprehensive call stack visualisation, and a mode for explaining the principles of references. A set of 
Python program code done by using the Thonny IDE to run sensors and transfer the data to the IoT 
platform [8].   

2.4 ThingSpeak 

ThingSpeak is an application of IoT platform, which allow the users to connect the platform and 
save real-time data in the cloud to develop any IoT application. ThingSpeak offer some features such 
as real-time data collection, data processing, visualizations, apps, and plugins. MATLAB support helps 
you act on data. Sensor data can be easily integrated and sent from Arduino or Raspberry Pi or any other 
IoT gateway. 

ThinkSpeak is a free IoT platform which can provide a graphical interface with data display. The 
graph will show up the data collected from the sensor such as temperature or humidity data and available 
at any place if there is a network provided to connect with ThingSpeak. It is suitable to store and monitor 
the real-time sensor data from Raspberry Pi 4 in the cloud storage [9]. 

2.5 Blynk  

Blynk is a hardware agnostic IoT (Internet of Thing) platform supported by both IOS and Android 
applications based which help to control Arduino, Raspberry Pi, ESP 8266 and others to send the data 
over the Wi-Fi, ethernet, cellular like GSM, 2G, 3G, 4G/LTE as well as the coming 5G. Blynk is a 
digital type dashboard where the user can customize a graphic interface for their project by drag and 
drop the needed widgets. By using this application, the smart fire detection system relates to it, and the 
user can get the notification from the system. The Blynk system will get the hardware of Raspberry Pi 
4 online as well as connect it to Blynk Cloud. Blynk application will be used as a remote for the user 
[10]. 

2.6 Overall Programming Flowchart 

For the overall programming in Figure 3, the program start with declare all the variables. Then, the 
Raspberry Pi 4 will then connected to the blynk with provided authorize token.  
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Figure 3: Flowchart 

After that, the program will proceed with reading the surrounding temperature and humidity data 
from DHT 22 sensor. The output from the MQ 2 smoke detection sensor will be converted from 
analogue data to digital data by using Analogue Digital Converter. Next, Raspberry Pi 4 will read the 
digital data. The next part is the notification system, a main loop is use for looping the program. When 
the flame detection sensor module is being triggered the buzzer will on followed with the notification 
to user through blynk and an email will also send through from blynk to user with certain email account. 
If the flame detection sensor module is not triggered, the buzzer will off and proceed to looping. Lastly 
the programming will start the delay 30s and then it will be looping back to the reading sensors data for 
detection and notification system. 

3. Results and Discussion 

This chapter is about the data uploaded and store to the ThingSpeak platform and the Blynk 
interface with the hardware. 

3.1 Results 

The findings of results will be displayed about the ThinSpeak will be used as an IoT platform to 
store the variety of the surrounding condition by showing those data with graph from different sensors 
for fire detection system. Besides that, the Blynk interface with the hardware is being include with the 
interaction between the app with the hardware and the communication in between hardware, Blynk, and 
email.  

3.2 DHT 22 temperature sensors 

The DHT 22 sensor detect the surrounding temperature data and the Raspberry Pi 4 read DHT 22 
data and upload the data to the customized IoT platform which is ThingSpeak. From the graph, The 
overall process for DHT 22 take an hour to detect the surrounding temperature. From the graph, the 
data show that the highest surrounding temperature of the peat soil is 41.9 °C while the lowest 
surrounding temperature of the peat soil is 32.8 °C. In between 3.36 pm to 3.48 pm, the DHT 22 
probably has no barrier or cloud to block the sunlight and make the temperature start to climb and reach 
the highest point. In between 3.54 pm to 4.30 pm, the sunlight probably block by some obstacle or cloud 
and make the surrounding temperature start to decrease and reach a lowest surrounding temperature 
point at 4.30 p.m. Lastly, the graph also show that there is a 30 seconds interval for the Raspberry Pi 4 
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to upload the data to the IoT platform. This show that the cloud storage for the surrounding temperature 
data is successfully store in the ThingSpeak which allow the user can observe the previous data by 
accessing ThingSpeak. 

 

Figure 4: Graph of DHT 22 Temperature sensors 

3.3 DHT 22 humidity sensors 

From the graph, the data that being displayed in this graph is surrounding humidity percentage. The 
data start displays the humidity percentage at 51.6 0% and then drop to 34.00 % in 5 minutes later. The 
graph also show that the highest surrounding humidity of the peat soil is 51.60 % while the lowest 
surrounding temperature of the peat soil is 34%. At 3.47p.m the DHT 22 detected the surrounding 
humidity start return to about 45.00 % for 5 minutes and the start to drop off to around 40.00 %. Then, 
the graph show that the data have a linear grow until 51.60 % at 4.07p.m. The highest humidity 
percentage shown in between 4.10 pm to 4.30 pm since in that time the surrounding temperature is quite 
low. The lowest humidity percentage shown in between 3.36 pm to 3.48 pm, since the surrounding 
temperature is quite high at that time. Those results show that there is a relationship between the 
surrounding temperature and surrounding humidity. Therefore, the reasons that affect the surrounding 
temperature can also influence the surrounding humidity.  

 
Figure 5: Graph of DHT 22 Humidity sensors 
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3.4 MQ-2 Gas Sensor 

The MQ-2 gas sensor can also detect the surrounding COlevel which is concentration of Carbon 
Monoxide. The data that being displayed in this graph is surrounding concentration of Carbon 
Monoxide. From the graph, there are only between 0 – 5 of COlevel at the first 30 minutes, Then, 
the data start to rise to highest surrounding concentration of Carbon Monoxide of the peat soil which 
is 16 and have a change in between 0 – 16 of COlevel in another 30 minutes later. This concentration 
of Carbon Monoxide can be conclude as low since it less than 50 while the lowest surrounding 
temperature of the peat soil is 0[11]. The highest concentration of Carbon Monoxide shown in 4.15 
pm while the lowest concentration of Carbon Monoxide shown at many time. This results show that 
the surrounding concentration of Carbon Monoxide of peat soil is normal and also no smoke or 
flame occurred.  

 

Figure 6: Graph of MQ-2 gas sensor 

3.4 Blynk app interface with hardware 

The app interface show that there is a connection between the Raspberry Pi 4 and blynk. In the 
blynk app there are 5 widgets are added from the widget box. The 1st widget with a phone icon is the 
notification widget. The blynk will send notification when there is an event occur at the python coding 
from the Raspberry Pi 4. Then, the next widget is an email widget this show that it will send an email 
through the blynk to the user with fixed email account. In the email widget it can adjust user email that 
should blynk send to.  Lastly, there are 3 same widgets which are gauge from widget box. The three 
gauge being used to display the current temperature, humidity and carbon monoxide level respectively. 
It allow the user to check the surrounding condition from the blynk app. Those widgets are set with 
fixed virtual pin to receive the data from the Raspberry Pi 4.  
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Figure 7: Blynk App 

3.5 Blynk app with notification system 

It show the interaction between Raspberry Pi 4 with Blynk App. The Raspberry Pi 4 is being coded 
as when the flame module sensor detect the fire, the Raspberry Pi 4 will read the output pin from the 
flame module sensor and send the notification through the Blynk app. The blynk will print a ‘flame 
detected’ message to user as scripted in the programming code. At the same time, the E-mail will also 
being sent to the user through the Blynk. When there is an event triggered, the blynk will send an email 
to the user with ‘Raspberry Pi 4 Alert Flame detected’. The phrase is being scripted in the programming 
code. 

 
Figure 8: (a) Blynk notification, (b) E-mail notification 

(a) (b) 
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4. Conclusion 

All over this paper, the fire detection system able to read surrounding parameters with DHT 22 
sensors and MQ-2 gas sensor. The system can detect the surrounding fire occurrence with flame module 
sensor. The system able to communicate with Blynk app and notify the user via e-mail or the app. User 
can also access the real-time data in Blynk app. The system will also upload the data every 30 seconds 
to ThingSpeak, user able to access the previous surrounding condition. Raspberry Pi 4 function as a 
microcontroller to read data and give order to Blynk app in this fire detection system  
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