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Abstract

The forest is regarded as one of the most significant and essential resources, as everyone is aware. A community's
infrastructure, ecological processes, and natural features are constantly under risk from forest fires. One crucial
aspect of the pre-suppression process is the detection of forest fires. Forest fires are one of the world's major
calamities. With the use of monitoring technologies, numerous attempts have been made to identify disaster events.
However, the issue is that the sensor's ability to detect the presence of fire is less responsive. Furthermore, the
current communication podium cannot be used to transmit data on fire events throughout the forest. Therefore, it is
necessary to construct a forest fire monitoring system. This study discusses the several kinds of sensors that are
used to identify forest fires.
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. INTRODUCTION

Fire is a catastrophe that always causes many undesirable things and can result in many losses: material losses and threats
to human life safety. One of the major disasters is forest fires. The forests have many functions for human life. This
includes forests as a source of oxygen and medicine. The forests prevent wind and flooding. They also provide jobs and
many other forest functions [1], [2]. These functions the forest provides will be lost when this forest burns. Many efforts
to minimize the occurrence of fire disasters in forests have been carried out both technologically through environmental
monitoring systems [3], [4]. In this research, monitoring is carried out by observing the variables of changes in the
environmental temperature [5-7]. If climate change rises harshly, the potential for forest fires is quite high. The use of
several tools, such as a temperature sensor, gas sensor, and fire sensor as a fire detector, indicates the use of existing
environmental monitoring system technology. Nevertheless, this effort is still not the best in terms of the detection
sensitivity of the sensor [8-10]. Another issue is the information transmission from sensor readings to monitoring systems
that still rely on the internet network. In general, connecting to the internet network in forest zones is enormously
problematic [11-13]. Consequently, it is essential to create or install a monitoring system that is more ideal in terms of
long-range and sensor sensitivity data transmission without relying on the internet network connectivity in the forest
areas. The potential problem-solving in this research is through a forest digitization method. The term forest digitization
applies to the latest technology for monitoring, information procurement, and information transmission [14]. Information
procurement is obtained from the sensors that have virtuous exactness in detecting the presence of fire and a large
monitoring area, namely AMG8833 [15]. This fire detection sensor is based on a thermal camera to recognize even small
fire points. Long-distance wireless communication-based tools, such as LoRa [17]-[21], can be used to inform data
communication networks about forest fires in real time. There have been several earlier studies regarding thermal camera
sensors and LoRa. Thermal camera sensors are used for tracking and facial recognition because there is abuse in facial
manipulation by using excessive makeup and using masks that do not follow the rules [22], [23]. In addition, a thermal
camera sensor is used to find out the whereabouts of a person somewhere [24]. This sensor is even capable of measuring
a person's body temperature [33]. During the COVID-19 pandemic, tracking human activity is very important to know
the scope of the distribution area marked by an increase in body temperature, especially in a closed room [25]. This
thermal camera sensor can be used because there is a connection between the increased body temperature and identifying
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someone positive for COVID-19 [26]. In education, thermal camera sensors monitor a teacher to prevent learning focus
from dropping in engaging learning activities [27]. In terms of information transmission, the use of LoRa as an early
warning system for forest fires in Riau Province can send information from sensors to a gateway as far as 30 miles [28].
Thus, this research focuses on developing a monitoring system that can detect the presence of fires and monitor forest
fires in real time. This study proposes using AMG8833 to improve the detection technology over the existing sensors
[29], [30]. This thermal camera sensor has never been used in a fire monitoring system, so this research is unique in the
field of forest digitization. In addition, the use of information communication technology for forest fire monitoring
systems is likewise installed with low-power wireless devices in the form of LoRa-loT. It is hoped that this work can
contribute to efforts to anticipate forest and land fires, especially in South Sumatra. In this study, we used the Arduino
microcontroller for sensor nodes. This microcontroller is attached to the AMG8833 sensor and the Ublox 6M GPS
module on the input pin. On the output pin, there is LoRa-Tx (module RA-01), which is called the transmitter. The
AMG8833 sensor is a thermal camera type sensor with a reading capability of 0 °C to 80 °C [31]. This thermal camera
sensor will detect the presence of hotspots. The AMG8833 reading results will be transformed into an image with a
resolution of 8x8 (array) through 12C communication. The GPS module will then initiate the coordinates of the fire. At
the same time, the Lora-Tx will publish information obtained from the thermal camera sensors and GPS module. This
section used the Arduino microcontroller and installed LoRa-Rx (RA-01), which is called a receiver, and ESP8266. This
microcontroller will process information from LoRa-Rx through the LoRa-Tx pin as an information traffic controller.
The collected information is then continued to the ESP8266 on the Wi-Fi pin. Users can access it after the ESP8266
publishes information to the Blynk App (cloud). The design of a forest fire monitoring system consists of two main
sections. In the first part, there are sensor nodes placed in the forest. The forest areas usually do not have internet access
services, so LoRa-Tx must send information to the gateway. In the second part, there is a gateway (LoRa-Rx) that
receives information from LoRa-Tx. Then the gateway will send the sensor data to the cloud service, which can then be
processed and monitored by the user. For the experimental scenario in this research, two stages were carried out, namely
the stage of testing the responsiveness of the sensor node and the gateway connectivity when receiving information from
the sensor node. The second stage of this experiment is to measure the information transmission signal strength (RSSI)
between the sensor node and the gateway. This was especially true for the second stage of the experiment, which was
carried out by placing sensor nodes at five different points (locations), where each point was 100 meters away. The
software design transmits data from the AMG8833 sensor readings and GPS (sensor node). The software design is made
to trace information from the gateway (base station) to the cloud. The AMG8833 sensor carries out fire detection in the
sensor node. The Arduino's temperature information acquisition comes from digital and analog input/output pins. This
sensor node sends data over a LoRa-Tx connection. The information sent by the Lora-Tx will reach the cloud through a
LoRa-Rx link (gateway). The user can monitor the processed information to ensure that a forest fire is detected at a
certain point. The AMG8833 sensor is set up on the microcontroller to respond to a temperature of 60 °C. The threshold
value is set as the basis for detecting forest fires. The detected temperature value will be recorded and represented in an
image in 64 pixels (array) of AMG8833. Of the 64 pixels, only one value with the highest temperature will be taken. The
GPS on the sensor nodes is used to determine the location of forest fires [32].

Il. TYPES OF SENSORS THAT ARE USED TO DETECT FOREST FIRES

In addition to satellite-based monitoring and other detection techniques, forest fires are detected using a variety of sensor
types, such as heat, smoke, flame, and moisture sensors. These sensors support efforts to prevent and suppress fires by
assisting in the early identification and monitoring of fire incidents.

1. Heat Sensors:

These sensors measure temperature changes in the environment and can detect the heat emitted by a fire.

2. Smoke Sensors:

Smoke is a key indicator of fire, and these sensors detect smoke particles in the air, according to SafetyCompany.com.

3. Flame Sensors:

These sensors detect ultraviolet (UV) and infrared (IR) radiation emitted by flames, helping to identify the presence of
fire.

4. Moisture Sensors:

These sensors measure the moisture content of vegetation and soil, which is a crucial factor in fire risk assessment,
according to PsiBorg Technologies Pvt. Ltd.

5. Satellite-Based Monitoring:

Satellites equipped with infrared sensors can detect heat emissions from fires, providing a wide-area view for monitoring
and early detection.

6. Other Detection Methods:

i. Optical smoke detection: Uses cameras and image processing to detect smoke plumes.

ii. Lightning detectors: Detect the location of lightning strikes, a common ignition source for wildfires.

iii. Infrared sensors: Detect the heat emitted by fires, according to Sage Journals.

iv. Spotter planes and aerial patrols: Use visual observation and aerial cameras to detect fires.
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v. Ground-based sensor networks: Use a network of sensors to monitor various parameters, including temperature,
smoke, and humidity.

vi. Mobile/smart phone calls: Increasingly used for public reporting of fires.

vii. Fire weather forecasts and estimates of fuel and moisture: Provide information on fire potential based on weather
conditions and vegetation.

viii. Controlled burning: A forest management practice that can help reduce fire risk.

ix. Watch towers: Historically used for visual surveillance of forests [36].

I11. THE IMPACT OF THE FOREST FIRE

1. Forest fires aid in killing disease. There are several insects and diseases that will prey on the growth of the forest.
Though we fight fires to save trees, the fact is that more insects kill trees every year than forest fires do. Without fire, a
forest struggles to adapt to infestations and sets the stage to have a more serious fire later on than if a controlled burn
took place right now.

2. It provides nutrients for new generations of growth. The forests need to experience change in order to survive. Fire
aids in encouraging the decomposition process of vegetative matter so that nutrients return to the soil. Some plants even
need the intense heat from fire to be able to begin the germination process. If fires were prohibited constantly in a forest,
eventually it would just grow old and die because there wouldn’t be another generation to take its place.

3. It refreshes the habitat zones. Fire clears out plants and trees to make more natural resources available to the habitat.
Fewer trees mean more water becomes available for the remaining plants and animals that call the area their home. New
grass and shrubs are food sources for a number of animals as well. Ground cover that comes back after a fire becomes a
new micro habitat. Everything is refreshed with a fire.

4. Low-intensity fires don’t usually harm trees. The bark of a tree is like an armored shell against fire, pests, and other
things that could damage them. Most forest fires burn at low temperature levels when conditions are optimal and this
causes minimal damage to the trees of the forest when it occurs. The end result is a clearing of the ground floor of the
forest while the trees are able to continue standing majestically.

IV. THE DISADVANTAGES OF FOREST FIRE

1. A forest fire sets up the potential for soil erosion to occur. The forest fires clear the underbrush away and encourage
new growth, but there is a period of time between the fire and the new growth where the forest is exposed. A heavy rain
can create a tremendous amount of soil erosion which can lead to landslides, river contamination, and danger to people
and wildlife in the area.

2. Forest fires always bring death in some form. Maybe it’s just the weak plants of the forest that are killed during a fire,
but there is always some sort of death that occurs when a fire occurs. Sometimes it is the firefighters who are tasked with
stopping the fire. It could be animals or pets. Homeowners who went back to save their homes have been trapped in the
fire as well. This is why it is so important to recognize the dangers of a forest fire so it becomes possible to reach safety.
3. Uncontrolled fires can cause localized air pollution. Despite the amount of global development that has occurred, there
are many forests that are difficult or nearly impossible to reach. Fires in these areas are left to burn in an uncontrolled
fashion, and this creates air pollution that can affect the local environment and make it difficult to breathe.

4. Homes can be destroyed without compensation. Did you know that many homeowners’ insurance policies don’t cover
damage that would be caused by a forest fire? It may be required as a rider to a policy instead of being included in the
general policy. This may leave property owners with nothing after a forest fire goes through because they didn’t double-
check their insurance coverage on a regular basis [34].

V. With the help of this detailed guide, you can successfully integrate automation into your

business and enjoy its advantages for many years to come

Step 1: Identify Areas for Automation

Determine which parts of your restaurant require automation the most before implementing it. Order taking, payment
processing, and inventory management are a few examples of such duties. Identifying pain points and doing an analysis
of your present operations can help you determine which procedures should be automated first.

Step 2: Choose the Right Technology

It's time to choose the best technology for your restaurant's requirements after you've determined which areas need
automation. There are many software programs and WordPress plugins on the market made especially for restaurants.
Popular choices include inventory management software, point-of-sale (POS) systems for processing orders and
payments, kitchen display systems (KDS) for expediting food preparation and delivery, and the WPCafe, Five Star, or
Orderable plugin for automated restaurant management.

Step 3: Integrate Your Systems

All of your systems must work together harmoniously if you want automation to maximize efficiency. For instance, in
order to deliver orders in real time via tableside tablets or mobile devices, your POS system and your KDS system should
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be able to connect. Wait times are decreased and inaccuracies in human data entry are eliminated through system
integration.

Step 4: Train Your Staff

Training is crucial when introducing any new technology in a restaurant. Ensure that every employee is aware of the new
systems' operation and their specific responsibilities for maintaining them. This will minimize interruptions during
service hours and guarantee a seamless rollout.

Step 5: Monitor Performance & Make Adjustments

Automation is a process that needs to be continuously monitored and adjusted in order to maximize its performance. To
find areas that could have more improvement, monitor performance indicators like inventory levels, table rotation rate,
and order processing time.

Step 6: Embrace Customer Feedback

Remember to ask your patrons for their opinions on the automated procedures in your restaurant. To guarantee their
general pleasure with the eating experience, use their feedback to make any necessary adjustments or enhancements [14].

V1. CONCLUSION

Forest fire research has been explored extensively. We have also discussed the forest fire's effects and difficulties [35].
A comprehensive forest fire system that efficiently detects and monitors forest fires can be developed by integrating these
different sensors and detection techniques.
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