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ABSTRACT

Every year, South East Asian (SEA) region has suffered from haze
pollution significantly caused by forest fires and agricultural-related
burning. Mitigating this problem requires a robust system that
can monitor haze and air pollution in real time across the region.
The SEA-HAZEMON is an IoT platform that consists of low-cost
air quality sensors and several cloud services. The platform also
consists of a forest fire detection model based on particulate matter
(PM2.5) and Carbon Monoxide (CO) concentration. In our trial, the
early warning messages were timely sent to navigate the local forest
fire authorities via short messaging applications (i.e., Telegram and
Line). The notification messages were analyzed together with real
forest fire incidents that occurred in the northern part of Thailand
during the fire burning season. The results showed that there were
367 fire events detected in April 2022 that achieved an accuracy
of 84%. Our study also discovered the effect of humidity which
reduced the accuracy of our model by approximately 13%.
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1 INTRODUCTION

The massive forest fire outbreaks during the past decade have exac-
erbated global climate change and health impacts in various parts
of the world. Forest fire and biomass burning are one of the major
sources to generate small particulate matter (PM2.5) emissions into
the atmosphere [14]. Once inhaled, these small particles can pene-
trate deeply into the heart and lungs causing several respiratory
diseases. To mitigate this issue, providing an early warning to pre-
vent large forest fire damage is very crucial. Traditionally, the local
forest fire authorities and volunteers have to regularly monitor the
fire situation by patrolling around the forest and national reserved
areas. However, this method is limited to large-area monitoring
which is hard to provide timely information. For wider observa-
tion, a satellite-based system, namely Fire Information for Resource
Management System (FIRMS) has been used to monitor global fire
events [13] for more than a decade. The near real-time hotspot lo-
cations are periodically collected through the Moderate Resolution
Imaging Spectroradiometer (MODIS) equipped on Terra and Aqua
satellites, which can report active fire maps worldwide. However,
the satellite data is still lacking precision and fine resolution on
ground measurement [10]. Besides, with a fixed schedule of the
satellite orbit, the fire hotspot measurement is captured only once
or twice a day. On the other hand, commercial forest fire detection
instruments such as thermal cameras and precision smoke detec-
tors have been widely proposed, but their cost is very expensive
(i.e., 10,000 - 30,000 USD per unit) [3]. In addition, setting up those
tools typically is limited to a stable installation site which requires
reliable electric power and network connection.

Alternatively, the emergence of the Internet of Things (IoT) en-
ables the use of new low-cost and tiny sensors for real-time envi-
ronmental monitoring applications. Electronic sensors like PM2.5,
CO, CO; and O3 have been widely integrated into IoT devices to
indicate the start of a potential fire incident [9, 17]. Among those
sensors, PM2.5 with light scattering detection technique is the most
acceptable one due to its accuracy and high correlation with the
reference instruments [1]. Nevertheless, the use of IoT devices is
still considered only in the laboratory setting and urban/semi-urban
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areas, the practical deployment in a challenging environment like
a forest area has not been much explored.

To better observe and prevent the impact of forest fire occur-
rences, this paper proposes a robust air pollution monitoring system
that can collect data in a remote area (i.e., forest area, agricultural
field). A low-cost IoT device, called Canarin is developed with the
following objectives; providing both online and offline measure-
ments of PM2.5 and other related parameters (CO, CO, RH, etc.),
powered by solar and rechargeable battery and capable of long-
term deployment. The cloud platform, called SEA-HAZEMON is
developed to support large-scale data collection, real-time monitor-
ing, and big data analytics for detecting forest events. The platform
is also integrated with short messaging services (e.g., Line and
Telegram) to provide timely forest fire warnings. Consequently, a
network of Canarin nodes was deployed in Doi Chang Pa Pae, the
highest mountain in Lamphun province, Thailand, to monitor the
forest fire. Specifically, our key contributions are summarized as
follows:

e We share our firsthand experience in successfully designing
and building a real-world field air quality sensors network in
a deep forest area with low-cost [oT devices. These devices
have proven to be a self-sustain system for long-term data
observatories.

e Analysis of the data collected during the forest fire events
provides timely alert messages to local authorities in pre-
venting substantial damage.

e We observe that relative humidity (RH) factor plays a key
role to distort the efficiency of sensor readings. Through
extensive data analysis, we shed light on how to filter some
erratic data while improving the accuracy of forest fire detec-
tion model. Besides, we suggest an effective area and point
out suitable location for deployment.

2 HAZE AND FOREST FIRE MONITORING
PLATFORM

This section presents the SEA-HAZEMON platform that aims to
monitor and detect forest fire events in real time. The platform con-
tains two parts; 1) a low-cost sensor node to gather data collection
in the field and 2) a cloud back-end system that is responsible for
data storage and data visualization.

2.1 Low-Cost Haze Monitoring Sensor

A low-cost haze monitoring sensor node, called Canarin has been
developed under the SEA-HAZEMON project [15]. A Canarin sen-
sor node is built from the UDOO Neo, a single board computer that
contains two CPU cores: ARM Cortex-A9 and Cortex M4 which run
both Ubuntu Linux distribution and full stack Arduino environment
at the same time. The Arduino part and onboard pin connectors
are compatible with most of the sensors and actuators. Figure 1
illustrated the blueprint of Canarin node that integrates with multi-
sensors including PMS 7003 (light scattering PM1/2.5/10 sensor),
BME 280 (relative humidity, temperature, and air pressure sensor),
ZE-07 (CO sensor), MH-Z16 (CO2 sensor) and Ublox M8N (GPS
module).

On the other hand, the Linux core acts as a central control unit for
collecting and transmitting data to the cloud. A python script, called
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Ardu2Linux handles the sensor data readings from the Arduino core
through the UART interface. Each collected data is attached with
GPS location and timestamp and stored on a local SD card. The
timestamp can be updated from various synchronization sources
including a preconfigured NTP server, GPS information, and a built-
in RTC module. The Linux2Server script is responsible for reading
the data from local storage and creating UDP packets encoded in
Type-Length-Value (TLV) format. The Canarin’s data packet will
be transmitted to the pre-configured address: hazemon.in.th via
a WiFi connection. To provide reliable transmission, we follow a
simple stop-and-wait protocol by waiting for an acknowledgment
from our server before sending a new packet. After receiving the
acknowledgment, the data packet will be deleted from the memory.
The re-transmission will proceed if a node could not receive the
acknowledgment before timeout. In case, a node could not connect
to the server (i.e., an internet connection is not available), the data
packet will be kept in the local SD card. When the connection is
resumed, the pending packets in the queue will be gradually sent
to the server.

Our goal is to deploy the Canarin node in the deep forest area
where a stable electric source is not available. In this regard, a
self-harvesting solar station was designed and built to provide an
alternative power source for the Canarin node. Each station consists
of a solar panel, a solar charge controller, a Lithium-ion battery,
a circuit breaker, and a 4G WiFi router for internet connectivity.
A waterproof box was modified to enclose the Canarin node and
other equipment as shown in Figure 2. Table 1 illustrates a total
power consumption which is about 330 mA/ 3.9 Wh. Based on this
calculation, we select the battery size as 25 Ah with a 12 V supply.
Theoretically, our devices could last for 76 hours (more than 3 days)
with a fully charged battery. As for the solar panel, a 100 Wh har-
vesting capability is chosen where an empty battery could be fully
charged within 3 hours. The specification is designed to compen-
sate for the efficiency dropped during the deployment. Given that
the deployed location is inside a tropical forest surrounded by thick
trees, the efficiency of a solar panel can be reduced dramatically.
However, we assume that a solar panel could have at least 3 hours
to harvest the energy, then our Canarin could continuously operate
without interruption.

Table 1: List of equipment and average power consumption

Equipment Volt mA Wh
Canarin Sensor 12 300 3.6
4G/WiFi Router 9 20 0.18

Solar charge controller | 12 10 0.12
Total 330 mA | 3.9 Wh

Prior to the field deployment, each Canarin node was tested
in our laboratory for reading consistency among different nodes
by putting all nodes together under the same environment. All
nodes were found to give similar readings according to a sensor
datasheet. From this process, the sensor nodes that happened to
report different readings from the rest of the group were excluded
and fixed. As a consequence, the Canarin sensor nodes were also
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Figure 1: The architecture Canarin sensor node and SEA-HAZEMON cloud platform

Solar Panel

(a) A Canarin sensor node and (b) The solar charging circuit and
4G/WiFi router are kept in the the battery are stored in another en-
enclosure box. closure box.

Figure 2: A Canarin sensor node and solar power station
deployed in Doi Chang Pa Pae Mountain.

tested in an ambient environment by co-locating them at the refer-
ence air quality station owned by the Pollution Control Department
of Thailand (PCD). The station locates in the downtown area of
Bangkok close to the Rama-IV road in the Pathumwan district. The
station uses the beta ray attenuation method for measuring the
PM2.5 concentration in an hourly average. Figure 4 illustrates an
experimental setup in an ambient environment where the Canarin
nodes were temporarily set up on the station roof (See Figure 4).
As shown in Figure 4 and 5, PM2.5 reading from Canarin nodes
correlated well with the reference instrument with the coefficient
of determination (”2) of 0.64.

2.2 SEA-HAZEMON Cloud

The SEA-HAZEMON offers several services running over the cloud
network. Those services include a web front end for data visualiza-
tion, a database, and an active notification system. The architecture
of the SEA-HAZEMON cloud is illustrated in Figure 1 which con-
tains four main components as follows:

Figure 3: The Canarin nodes were tested in an ambient envi-
ronment by co-locating with a Beta Rey air quality station

Sensor Server collects data stream from each online Canarin
sensor node. The communication between a sensor node and the
sensor server is based on the traditional UDP protocol where each
node transmits its data through a WiFi connection. Once this data is
received, the payload is extracted and inserted into the sensor data-
base. The acknowledgment message is used to confirm a successful
transmission.

Cloud Data Storage is based on the MySQL database. Each
data consists of a unique node ID, GPS location of the sensor node
(latitude, longitude, and altitude), sensor type, sensor value, and the
sampling timestamp in the form of key/value pairs allowing data
to be inserted into the MySQL database irrespective of a node ID.

Web Front End is in charge of data visualization. It periodi-
cally retrieves data from the MySQL database. This web front end
provides a user interface for internet users to visualize the status
of haze monitoring in real time. In addition, it also provides an
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Figure 4: The time series plots of PM2.5 concentration col-
lected from the Canarin nodes and the Beta Rey air quality
station station (PCD).

Figure 5: The scatter plot comparing the PM2.5 collected from
a Canarin node number 207 and the Beta Rey air quality
station station (PCD)

interface for downloading the open data in CSV format for further
data analytics propose.

Decision Engine (DE) is a core component that can make the
strategic decision of critical alerts. Several algorithms can be further
deployed for di erent decision-making on haze pollution and other
related applications. The DE is also connected with short messaging
services for sending push noti cations to our subscribed users.
Currently, SEA-HAZEMON has connected to Line and Telegram
through Messaging API. The o cial channels on Telegram and Line
were created to receive updates and noti cation messages from
SEA-HAZEMON services.

2.3 Forest Fire Detection Model

The forest re detection model has been integrated into the Decision
Engine for detecting forest re events in real-time. The model was
developed from our previous worklH using a non-parametric
supervised learning method with the forest re observation and a
sensor dataset in 2021. The algorithm was derived from a decision
tree model that classi es and predicts the forest re event based on
PM2.5 and CO concentrations as presented in Algorithm 1.
Atthe rst step, the decision engine retrieves the PM2.5 and CO
samplings over the past period. In our casé, is set as 15 minutes
following the suggestion inT]. Then, it calculates an average value
of PM2.5 concentration for each sensor node while comparing
it with PM2.5 threshold values. The algorithm is classi ed into
three states based on average PM2.5 concentration. Atigé

A. Lertsinsrubtavee, et al.

Algorithm 1 Forest Fire Detection

1: Input %"gh) °: %" 25 values of node8in period) , $ gb) ©:
CO values of nod8in period) , (: Set of sensor nodes
2: forall 82 ( do

3z ? E4A064%"gY) °° {Average PM values 9f}
4 2 "0Gt'$ g °°{Maximum CO values of }
5. if ?j 12122{High State }

6: Send Noti cation ()

7. elseif 7122Y ? Y 12122{Mid State }

8: if2i0

o: Send Noti cation ()

10: else{Low State }

11: return No re detected

12: end for

state, the average PM2.5 concentration is higher tH&122" «< 3
which is classi ed as burning (i.e., a forest re event is detected).
Consequently, théModeratestate means the PM2.5 concentration
is between12122and 71722 < 3. The burning is detected if the

$ concentration is higher tha® ppm. Lastly, if the% "2 is less
than 7122, the state is determined dsF where the burning is
not detected. The functio®end Noti cation ()s called when the
burning is detected. Consequently, the alert message will be sent to
both users subscribed to our Telegram and Line o cial accounts.

3 SYSTEM DEPLOYMENT

The Doi Chang Pa Pae area was chosen for our study which is
the highest mountain located at the border between Lamphun and
Chiangmai provinces in northern Thailand. The local community
living in this area is typically the Karen Sagor hill tribe who are do-
ing mountain agriculture for their living. Many of the community's
members have volunteered to monitor the forest re situation in
their area. To help them monitor the re situation, the Canarin
sensor nodes together with solar stations were deployed in 5 lo-
cations including 1) Phu Huai Pu (222), 2) Mon Wai(276), 3) Buak
Tong Tung (207), 4) Buang Tum Boon (220) and 5) Ta Dedo (215)
as shown in Figure 6. Each Canarin node was placed around the
rebreak ring which is used as a barrier to slow down the progress
of forest re. All ve Canarin sensor nodes have been operated
since July 2021 using self-harvesting solar energy. An example of
deployed Canarin sensor node at the Buang Tum Boon location
(215) with a solar station is presented in Figure 2.

4 RESULTS AND DISCUSSIONS

Our main objective is to determine how the low-cost sensor nodes
would perform in a forest area while focusing on the e ciency
of our proposed forest re detection model. To identify the actual
forest re events, we obtained the ground truth data from the re
report collected by Ban Hong and Jom Thong forest re authorities
together with the satellite-based hotspots from FIRMS][ The
data were collected from 1 to 28 April 2022 which was considered as
the peak of the forest re season in Doi Chang Pa Pae. Consequently,
the boundary of our study area was de ned by drawing a 5 km
line from each direction. For instance, the northbound was drawn
from node 207, the westbound was drawn from node 276, while the
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