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ABSTRACT: Forest fires are catastrophic events that pose serious threats to ecosystems, biodiversity, and human health.
Conventional monitoring techniques are often limited in coverage and response time, making early detection difficult
and ineffective. This study proposes the development of an advanced forest fire monitoring system utilizing unmanned
aerial vehicles (drones) equipped with integrated microcontroller-based technology. The system consists of a master
microcontroller installed on the drone and a slave microcontroller connected to various environmental sensors,
including temperature, humidity, hazardous gas detection, and flame sensors. Sensor data is transmitted in real-time
to a web server, enabling remote visualization and monitoring of potential fire occurrences. The research focuses on
the design, integration, and implementation of the monitoring system, as well as the development of a user-friendly
web interface for real-time data presentation. The expected outcomes of this study include improved accuracy in forest
fire detection, enhanced data availability for environmental analysis, reduced operational costs, and a more responsive
forest monitoring framework. This system is anticipated to serve as a reliable and scalable solution for early warning

and disaster mitigation in forest fire management.
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l. INTRODUCTION

Forest fires are one of the natural disasters that
have a significant impact on the environment and
human health. Forest fires that occur repeatedly will
disrupt the balance of ecosystems that should be stable
[1]. The impact of forest fires is not only detrimental to
the environment, but also to humans. The causes of
forest fires mostly come from natural factors, such as
the dry season, lightning strikes, and climate change
[2]. Itis important to control forest fires effectively. To
ensure that forest fires can be extinguished quickly,
early identification is crucial. However, conventional
monitoring methods such as the use of satellites and
watchtowers face various constraints, including limited
detection and coverage [3].

Drones for environmental monitoring have
become an innovative and practical solution as
technology advances. Drones have the ability to reach
locations that are difficult to access, provide a wide
view, and enable real-time monitoring. However, to
improve monitoring efficiency, integration of advanced
sensor and data communication technologies is
required [4]. In a previous study entitled "Design of
Forest Fire Detection System Based on Mcu Esp8266
Node" has paved the way for the development of
innovative forest fire monitoring technology. By using
the Mcu Esp8266 Node, the study successfully
produced a system capable of detecting forest fires
efficiently and transmitting information in real-time.
This technology integration proves that a
microcontroller-based approach can be an effective
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solution in environmental monitoring [5]. Another
research entitled "Forest Fire Monitoring System
Based on Internet of Things (IoT)" has shown that the
use of loT technology in monitoring forest fires can
increase the effectiveness of early detection and rapid
response to fire incidents. In this study, environmental
sensors were connected via a wireless network to
collect real-time temperature, humidity, and smoke
data, which were then analyzed and displayed on a
web-based platform [6]. Therefore, the authors propose
the use of integrated microcontroller-based drones to
monitor forest fires. Parameters such as temperature,
humidity, presence of harmful gases, and presence of
fire will be incorporated into this system to detect forest
fires. The system uses one master microcontroller
placed on the drone and two slave microcontrollers
placed at the observation site equipped with sensors.
This research aims to develop a forest fire monitoring
system using an integrated microcontroller-based
drone. With this system, it is expected to increase the
efficiency and effectiveness of early detection of forest
fires, so as to reduce the damage caused. This research
is significant because it can contribute to
environmental conservation efforts and mitigation of
forest fire disasters in the future.

1. OVERVIEW
A. DRONE X3 PrRO

A drone, or Unmanned Aerial Vehicle (UAV), is
an aircraft that is operated without a human pilot on
board. Drones can be remotely controlled or fly

130

=armzm 1 his work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.



http://creativecommons.org/licenses/by-nc-sa/4.0/
mailto:khafilahainurrasyidin@gmail.com

ISSN: 2720-989X

JEEE

JOURNAL OF ENERGY AND ELECTRICAL ENGINEERING

autonomously using software and GPS [7]. Initially,
this advanced technology was only used by the
military. However, over time, its use has expanded and
been adopted by various sectors. Government agencies
utilize drones to connect intelligence with land, while
the general public now also has access to using drones
for various daily purposes [8].

B. ESP32

ESP32 is a 2.4 GHz WiFi and Bluetooth combo
chip designed with TSMC 40 nm ultra low-power
technology. This technology is designed to achieve the
best power performance, demonstrating robustness,
versatility, and reliability in a wide range of
applications. This makes the ESP32 an ideal choice for
loT projects that require wireless connectivity and
efficient power management [9].

C. ARDUINO UNO

Arduino Uno is an electronic development board
that is very popular among DIY (Do It Yourself) and
prototyping enthusiasts. The board uses an
ATmega328 microcontroller and is programmed using
the Arduino-based programming language. The
Arduino Uno is equipped with various input/output
(1/0) pins that can be used to connect sensors and other
devices [10]. The combination of ease of use,
flexibility, and broad support makes the Arduino Uno
an ideal choice for developing electronics projects [11].

D. DHT11l

The DHT11 sensor is a temperature and humidity
sensor that is often used in various electronics projects,
including forest fire monitoring systems. This sensor
can measure temperature in the range of -20°C to 50°C
with a resolution of 1°C, and air humidity in the range
of 20% to 90% with a resolution of 1%. The DHT11
uses digital technology, making it easy to integrate with
microcontrollers such as the Arduino Uno [12].
However, it has limitations in temperature and
humidity measurement range, as well as lower
resolution compared to more expensive Sensors.
Nonetheless, the DHT11 remains a popular choice due
to its simplicity and ability to fulfill basic temperature
and humidity measurement needs [13].

E. MQ-2

The MQ2 sensor is a gas sensor used to detect the
concentration of harmful gases in the air, such as LPG
gas, smoke, alcohol, carbon monoxide (CO), and
methane. This sensor works on the principle of
electrical resistance changes that occur when exposed
to certain gases. The MQ?2 has two legs that are used to
provide power and read the output signal [14].

F. FLAME SENSOR

Flame sensor is a device used to detect the
presence of fire or flame by detecting the spectrum of
VOLUME 6, NUMBER 2, APRIL, 2025
Khafilah Ainur: Forest Fire Monitoring Using...

@ 0[A]6) © the Authors (2025)

light produced by fire, usually in the ultraviolet (UV)
or infrared (IR) range. This sensor works by detecting
light in that specific spectrum range and sending an
electrical signal as an indication of the presence of fire
[15]. In this research, flame sensors are used on drones
to detect the presence of fire in the forest, enabling
early detection of forest fires. The advantages of using
flame sensors include fast response, high accuracy in
distinguishing between fire and other light sources, and
portability that makes it easy to install on mobile
devices such as drones [16].

G. LORA

LoRa SX1278 is one of the wireless transceiver
modules based on LoRa (Long Range) technology.
LoRa itself stands for "Long Range," which refers to a
wireless module technology designed to transmit data
over long distances with low power consumption. The
LoRa SX1278 module was developed by the Semtech
company [17]. The module is ideal for use in battery-
based applications, enabling long battery life. With the
combination of wide range, power efficiency, and high
penetration capability, LoRa SX1278 becomes an
excellent choice for various loT applications that
require long-distance communication [18].

H. WEB SERVER

A web server is hardware or software that
provides services to store, manage, and access web
pages, data, or applications over the internet [19]. Its
function is to receive requests from clients, which are
usually web browsers, and send back the requested web
pages or requested data to the client via secure HTTP
(Hypertext Transfer Protocol) or HTTPS (Hypertext
Transfer Protocol Secure) protocol [20].

1. METHOD

This research method begins with a literature
study taken from scientific journals, books, and other
reliable sources to support this research. Direct sources
are obtained from the results of discussions and
consultations with lecturers or people who have
competence in this field. The literature studied are,
Drone, Microcontroller, DHT11 Sensor, MQ-2 Sensor,
Flame sensor, LoRa SX1278 Communication Module.

A. SYSTEM BLOCK CONCEPT

First, the drone acts as the main platform equipped
with an ESP32, which acts as the brain of the system.
The ESP32 plays an important role in retrieving data
with LoRa from the Arduino Uno which acts to control
the sensors, such as temperature, humidity, hazardous
gas presence, and fire presence sensors, and manages
the collection of data from these sensors. These sensors
are key components in the system, as they are
responsible for collecting the data required for forest
fire monitoring. The temperature sensor is used to
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detect suspicious changes in temperature and humidity,
the hazardous gas sensor is used to detect the presence
of hazardous gases that signal a fire, while the fire
sensor detects the presence of flames if a fire has
already occurred. Next, the ESP32 will transfer the data
that has been collected by the drone to the web server
device. The data that has been received by the web
server will be displayed in the form of a web that has
been specifically designed to monitor real-time forest
fire monitoring data. Through this web server, users
can easily monitor forest fire conditions and take the
necessary steps according to the information provided.
Thus, the interaction between the drone, ESP32,
Arduino Uno, LoRa, and web server forms an efficient
and effective system for forest fire monitoring.
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Fig 1. Concept Block Diagram of the System
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RESEARCH HARDWARE DESIGN

This hardware design is made to use the
components that will be used for the hardware layout.

Sistem Pemantauan Hutan

Data Sensor Lokasi 1

Suhu ¥elembapan As3p Api

Data Sensor Lokasi 12

Suhu xelembapan Asap Api

Fig 3. Software Design
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Hardware placement is designed in such a way as to
have an optimal layout.

WebT éerver

Set2

Fig 2. Research Hardware Design
C. SOFTWARE DESIGN

The software design for the forest fire monitoring
system includes several components that work together
to control the hardware, collect and process data, and
displaying real-time information to users via a web
server. The firmware on the ESP32 and Arduino Uno
microcontrollers is responsible for controlling the
sensors, collecting data, and managing data
communication. The ESP32 has a key role in
controlling communication with the LoRa module,
receiving data from the Arduino Uno, processing the
data, and sending it to the web server via Wi-Fi.
Meanwhile, the Arduino Uno is in charge of controlling
the temperature sensor (DHT11) and hazardous gas
sensor (MQ?2), collecting data, and sending it to ESP32
via LoRa.
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D. SYSTEM WORK PROCESS
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Fig 4. System Flowchart

Description:

1. System Initialization: The system is initialized,
including hardware (drone, ESP32, Arduino
Uno, sensors, LoRa module) and software
(web server, database).

2. Data Collection by Arduino Uno: The Arduino
Uno activates and reads data from the

temperature, humidity, hazardous gas
presence, and fire presence sensors
periodically.

3. Data Transmission from Arduino Uno to
ESP32: Sensor data is transmitted from
Arduino Uno to ESP32 using LoRa module.

4. Data Receiving and Processing by ESP32: The
ESP32 receives data from the Arduino Uno,
processes it, and prepares the data to be sent to
the web server.

5. Data Transmission from ESP32 to Web Server:
The data that has been processed by the ESP32
is sent to the web server via a Wi-Fi
connection.

6. Data Storage on Web Server: The web server
receives data from the ESP32 and stores itin a
database for further analysis.

7. Data Display in the Web Application: The web
application retrieves data from the web server
and displays it in real-time to the user in the
form of graphs, tables, and interactive maps,
and provides notifications if suspicious
conditions are detected.
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E. DATA TRANSMISSION PROCESS USING LORA E32

Arduino Uno is used as the slave microcontroller
in this system, where each Arduino Uno is equipped
with DHT11 sensors to measure temperature and
humidity, MQ2 to detect gas, and Flame Sensor to
detect fire. These two Arduino Uno, referred to as Slave
1 and Slave 2, are responsible for collecting data from
these sensors. The collected data is then sent to the
master microcontroller, the ESP32, using the LoRa E32
communication module. LoRa (Long Range) is a
wireless communication technology that enables long-
distance data transmission with low power
consumption. This technology is very suitable for 10T
(Internet of Things) applications that require long-
distance communication. The LoRa E32 module on
each Arduino Uno is set to communicate with the LoRa
E32 module connected to the ESP32. Data transmission
is carried out in a predetermined format so that ESP32
can recognize and process data properly. Each Arduino
Uno sends sensor data periodically via LoRa E32 to the
ESP32, ensuring that data from each monitoring
location is received by the master microcontroller.

Slave 1 LORA
L.
Mikrokontroler Web Server
Master | E—

Mikrokontroler Y
Slave 2 LORA

Fig 5. Data Transmission Process

After the ESP32 receives data from both
Arduino Uno through the LoRa E32 module, the data
is processed or accumulated as needed. The next step is
to send the processed data to the web server using the
HTTP protocol. The ESP32 is connected to a Wi-Fi
network to access the internet and transmit this data.

IV. RESULTS AND DISCUSSION

The results and analysis of the tests will include
the suitability of the tool parameters used as well as the
evaluation of the controls in the forest area.
Furthermore, the data obtained will be further
analyzed. The tests carried out include the Flame
Sensor test, MQ-2 Sensor test, DHT11 Sensor test, and
LoRa method test. There are also pictures of the tools
used during the research, the picture can be seen as
follows. In the following data collection design, several
measurements of each sensor at the location will be
displayed. This test will include the success of sending
data via LoRa and the suitability of measurement
values between the web server and the data taken at the
location.
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Fig 6. Research tools

A. TESTING SET1

Testing on set 1 will be done to take the following
data:

Tests on set 1 were carried out on December 11-12,
2024 with various parameters measured, including air
humidity (%), temperature (°C), smoke concentration

(PPM), and detection of the presence of fire
(High/Low) test results High then the fire is not
detected. Data was sent via LoRa and successfully
received by the web server for each test. On December
11, 2024, the measurement results showed that the air
humidity was in the range of 75.44% to 81.00%, the
temperature ranged from 29.14°C to 34.57°C, and the
smoke concentration increased from 1.50 PPM at 09:20
to 5.22 PPM at 13:20. Sensors detected fire throughout
the test with a status of High. On December 12, 2024,
humidity was recorded between 73.43% and 80.12%,
with temperatures ranging from 30.10°C to 32.50°C.
Smoke concentration increased from 2.37 PPM at
10:13 am to 7.86 PPM at 2:13 pm, indicating an
increase in air pollution levels. The presence of fire
remained detected in all measurements with a status of
High. All data was successfully transmitted using LoRa
and received on the web server, indicating that the
communication system is stable and reliable for
environmental monitoring.

Thl 1. Test Results on Set 1

Place Set 1 Web Server
Lora Delivery
NO Date, Time
Hum Temp Smk  Fire (Yes/No) Hum Temp Smk  Fire
(%) (C) (PPM) (H/L) (%) (C) (PPM) (HIL)
1 11/35/22824 81.00 29.14 0150 High Yes 81.00 29.14 0150 High
2 11/1112/22824 7920 3000 0319 High Yes 7920 3000 0319 High
3 11/1132/22824 7544 3457 0522 High Yes 7544 3457 0522 High
4 12/115/12324 8012 3010 0237 High Yes 80.12 3010 0237 High
5 12/1122/12324 7732 3250 0552 High Yes 7732 3250 0552 High
6 12/115/12324 73.43 31.28 07.86 High Yes 73.43 3128 07.86 High
B. TESTING ON SET 2
Testing on set 2 will be done to take the following
data:
Tbl 2. Test Results on Set 2
NO Date, Time Place Set 1 Lora Delivery Web Server
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(Yes/No)

Hum Temp Smk Fire Hum Temp Smk Fire

@) () (PPM) (HIL) @) () (PPM) (HIL)
1 1302024 4170 3019 0184  High Yes 8170 3019 0L84 High
2 M2 7011 3208 0405 High Yes 7011 3208 0405 High
3 13/1122_/32324 7050 3502 0839 High Yes 7050 3502 0839 High
4 TORZZ gaon ausa 0257 High Yes 8321 3152 0257 High
5 15/1112_/ng4 7832 3471 0469 High Yes 7832 3471 0469 High
6 15/115_/12324 80.44 3389 0692 High Yes 80.44 3389 0692 High

Test set 2 was conducted on December 13 and 15,
2024, with measured parameters including air humidity
(%), air temperature (°C), smoke concentration (PPM),
and fire detection (High/Low). AIll data was
successfully sent via LoRa and received by the web
server without a hitch. On December 13, 2024, the
measurement results recorded that: At 08:33, the
humidity was 81.70%, the temperature was 30.19°C,
and the smoke concentration was 1.84 PPM, At 10:33,
the humidity dropped to 70.11%, the temperature
increased to 32.08°C, and the smoke concentration
increased to 4.05 PPM, At 12:33, the temperature
continued to rise to 35.02°C, the humidity increased
slightly to 70.50%, and the smoke concentration
reached 8.39 PPM, and the sensor detected the presence
of fire with High status throughout the test. On
December 15, 2024, the measurement results showed
that: At 09:15, the humidity reached 83.21%, the
temperature 31.52°C, and the smoke concentration
2.57 PPM, At 11:15, the humidity dropped to 78.32%,
the temperature increased to 34.71°C, and the smoke
concentration rose to 4.69 PPM, At 13:15, the
temperature slightly decreased to 33.89°C, while the
humidity rose to 80.44%, with the smoke concentration
reaching 6.92 PPM, and The presence of fire remained
detected throughout the test with a status of High then
the fire was not detected. These test results confirm that
the LoRa-based monitoring system operates well and is
able to transmit data to the web server accurately,
supporting optimal environmental monitoring.
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V. CONCLUSION

Based on tests conducted on December 11-12,
2024 (Set 1) and December 13-15, 2024 (Set 2), the
LoRa-based monitoring system is proven to operate
properly and is able to transmit data to the web server
smoothly without problems. The measurement results
showed that the air humidity was in the range of
70.11% to 83.21%, the temperature ranged from
29.14°C to 35.02°C, and the smoke concentration
increased gradually with the highest value reaching
8.39 PPM. The sensor detected a High status on the
presence of fire throughout the test, indicating that no
fire was detected during the monitoring. Overall, the
system performed stably and accurately, making it an
effective tool for monitoring the forest environment,
especially in measuring humidity, temperature, and air
pollution levels due to smoke.
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