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Abstract: Addressing the urgent concern of recurrent wildfires in the peatlands of Riau, particularly exacerbated during dry
seasons and complicated by the geographical challenges faced by local rangers, this paper presents a novel solution—a human-
centric sensing technology designed for effective wildfire prevention. Employing an agile methodology, our approach unfolds
in three main sprints, beginning with the development of a comprehensive sensor network. The system's architecture extends
to include a user-friendly dashboard, a proactive alert system for timely responses, and a dedicated mobile application
specifically tailored to meet the needs of local rangers. In this research, the agile methodology serves as the backbone,
providing a flexible and iterative framework conducive to addressing evolving requirements. The three main sprints cover the
development of sensor nodes, the creation of the dashboard, and the crafting of the mobile application. The primary objective
is to deliver a holistic monitoring solution that actively involves all stakeholders engaged in peatland preservation. By merging
technological innovation with a human-centric design, the proposed system aims to overcome the challenges posed by the
intricate geography of peatland terrain. This holistic approach not only enhances monitoring capabilities but also facilitates
swift and informed decision-making in wildfire prevention efforts. The culmination of our research results in the delivery of a
sophisticated human-centric monitoring system, positioned as a potent tool for safeguarding the invaluable peatland ecosystem
for future generations. This project represents a pivotal stride toward harmonizing technological advancements with the
imperative goal of preserving natural resources sustainably.
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living conditions [4]. In addition to the immediate threats

1. Introduction posed to human safety, the economic ramifications are

Over the past few years, Riau's peatlands have faced a
daunting challenge in the form of recurring wildfires,
particularly intensifying since 2019 [1]. These wildfires
have become an alarming and persistent threat, causing
substantial damage to the delicate ecosystem [2] . The
peatland, prone to ignition during the dry season,
experiences frequent and extensive fires that pose a severe
risk to the region's environmental stability [3]. The
increasing frequency and intensity of these wildfires have
raised urgent concerns among local communities and
environmentalists alike, demanding immediate attention
and innovative solutions to mitigate the far-reaching
consequences. The repercussions of peatland wildfires
extend beyond ecological concerns, directly impacting the
well-being of local residents. The risks to human health,
infrastructure, and livelihoods have escalated, as these
wildfires release harmful pollutants into the air,
exacerbating respiratory issues and creating hazardous
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profound. The local economy, often dependent on
agriculture and natural resources, faces disruptions due to
damaged crops, loss of biodiversity, and the increased
costs associated with firefighting and recovery efforts [5].
The specter of peatland wildfires in Riau has galvanized a
diverse array of stakeholders into action, ranging from
governmental bodies to impassioned environmental
activists, diligent researchers, and even neighboring
countries. Recognizing the gravity of the situation, these
stakeholders have initiated multifaceted efforts to counter
the relentless wildfires [6]. For instance, the government
has launched comprehensive firefighting campaigns,
deploying resources and manpower to contain and
extinguish the flames [7]. Environmental activists, on the
other hand, have been at the forefront of raising awareness
and advocating for sustainable practices to prevent future
outbreaks [8]. Researchers are contributing by developing
innovative monitoring systems, like the one proposed in
this paper, to enhance early detection and response
capabilities [9]. Neighboring countries have engaged in
collaborative initiatives, sharing resources and expertise
to address the transboundary nature of this environmental
crisis [10]. This collective endeavor reflects a unified front
against the devastating impact of peatland wildfires,
underscoring the importance of collaborative and cross-
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disciplinary ~ approaches in  tackling  complex
environmental challenges.

The urgency of implementing an early warning system for
peatland wildfires lies in the critical window it provides
for proactive intervention, offering the potential to avert
catastrophic consequences. Unlike conventional fire
response mechanisms, an early warning system allows for
timely detection, enabling a swift and targeted response to
emerging threats. In the context of peatlands, notorious for
their susceptibility to rapid and extensive wildfires, early
detection is paramount to preventing the uncontrolled
spread of flames [11]. This is especially crucial during dry
seasons when the risk is heightened [12], as it empowers
stakeholders with the foresight needed to deploy
firefighting resources and enact preventative measures,
ultimately mitigating the environmental, economic, and
human impact of wildfires [13].

For researchers, the imperative to develop an innovative
and human-centric monitoring system stems from the
need to bridge existing gaps in current approaches [14] .
Conventional monitoring systems may fall short in
addressing the nuanced challenges posed by peatland
wildfires, necessitating a more adaptive and responsive
framework. By infusing human-centric design principles
into the system, researchers can ensure that it aligns with
the practical needs of stakeholders, enhancing its
effectiveness and usability [13]. This approach not only
fosters a more seamless integration of technology into
real-world scenarios but also promotes a collaborative
relationship between technology and the human agents
responsible for wildfire prevention and management.
Discrepancies between research results and on-the-ground
realities highlight the existing gaps in current early
warning systems for peatland wildfires. These gaps,
encompassing differences in results, concepts, data, and
theories, underscore the complexity of the challenge at
hand. Addressing these disparities requires a more holistic
and context-aware approach, considering the specificities
of peatland ecosystems and the dynamic conditions
influencing wildfire behavior. The proposed human-
centric system seeks to bridge these gaps by leveraging
advanced technologies like sensor networks and intuitive
monitoring interface. This ensures a more nuanced and
accurate early warning system that aligns with the
intricacies of the peatland environment.

The proposed human-centric early warning system
comprises several interconnected components. A sensor
network forms the backbone, actively monitoring key
indicators of fire risk [15]. Intuitive monitoring interface
providing a broader perspective and aiding in the early
detection of potential hotspots [15]. Data processing and
analytics synthesize the information collected, generating
actionable insights for decision-makers [16]. A user-
friendly dashboard facilitates intuitive interaction,
enabling stakeholders to interpret and act upon the data
efficiently [14]. An alert system ensures timely
communication of potential threats, while a mobile
application tailored for local rangers enhances their on-
the-ground responsiveness [17]. The adoption of an agile
methodology is pivotal in the development process,

allowing for iterative adjustments based on feedback and
evolving requirements [18]. This iterative approach is
crucial in addressing the dynamic and evolving nature of
wildfire threats in peatlands, ensuring that the system
remains adaptive and effective over time [19].

The main goal of this research is to create a smart and
people-friendly solution to stop wildfires in Riau. With a
focus on the real challenges faced during dry seasons, the
research aims to build a monitoring system using sensors.
The key is to make sure it's easy for everyone, especially
local rangers and communities, to use. By bringing
together technology and the practical knowledge of people
in the area, the goal is to make a system that works well
and helps prevent wildfires in Riau's peatlands.

2. Material and Objective of Sensing
Technology

In crafting a human-centric monitoring system for wildfire
prevention in the peatlands, the agile methodology serves
as the guiding force, seamlessly intertwining adaptability
and collaboration. The design approach prioritizes the
needs and experiences of the local communities, ensuring
a symbiotic relationship between technology and human
intuition.

2.1 Agile methodology

Embarking on the design journey of a human-centric
monitoring system for wildfire prevention using the agile
methodology unfolds in three strategic sprints [20]. The
first sprint focuses on the development of node sensors to
meet the demands of the peatlands in Riau Province. Agile
principles allow for quick feedback loops with
stakeholders and environmental experts to fine-tune the
sensor's capabilities. This iterative process ensures that the
sensors are not only technologically sound but also finely
attuned to the specific needs of the peatland ecosystem,
enhancing their efficacy in detecting early signs of
potential wildfires. The agile approach encourages
constant communication between the development team
and those on the front lines of wildfire prevention,
fostering a symbiotic relationship between technology and
human expertise [21].

In the second sprint, the agile methodology pivots towards
the creation of a comprehensive dashboard development.
This phase prioritizes the end-users, crafting an interface
that seamlessly integrates into the daily lives of local
communities and authorities involved in wildfire
prevention efforts. The iterative cycles allow for
continuous feedback loops, ensuring that the design aligns
with the diverse needs and capabilities of the users.
Through this collaborative process, the monitoring system
evolves into a tool that not only provides real-time data
but also empowers users with actionable insights,
enhancing their ability to respond swiftly and effectively
to potential wildfire threats. The agile methodology, with
its adaptability and emphasis on collaboration, becomes
the driving force behind a technologically advanced yet
human-centric solution. In the third sprint, the agile
methodology conducted a mobile development for local
ranger. The agile approach enhances the monitoring
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system's capabilities by providing a broader perspective,
enabling a more holistic approach to wildfire prevention.
The whole process of the agile method for the monitoring
system can be seen in Figure 1 below.

Sprint 1 Sprint 2 Sprint 3:

Node Sensor 3‘ Dashboard | ‘ Mobile i
%Developmem ) Development Development 4
N

Fig 1. The Whole Agile Process

2.2 Node sensors development

In the first phase of designing a human-centric monitoring
system for wildfire prevention, the focus narrows on
crucial node sensor development. The goal is proactive
wildfire prevention in the peatlands of Riau Province,
necessitating a keen understanding of environmental
dynamics. The node sensor module, a pivotal element in
this strategy, comprises specialized sensors—soil
moisture, air humidity, and groundwater debit—integrated
with a microcontroller and a transmitter. This combination
acts as a sentinel, constantly monitoring the environmental
conditions that could precede a wildfire outbreak. To
address the remote and off-grid nature of the area, each
node sensor is fortified with a solar panel and an
independent battery system, ensuring continuous,
sustainable operation even in the absence of a
conventional power supply.

The meticulous node sensor development adheres to agile
principles, fostering iterative cycles of feedback and
adjustments. Local stakeholders, environmental experts,
and technology developers collaborate closely, refining
the sensors' capabilities to be finely attuned to the unique
challenges posed by the peatland ecosystem. The soil
moisture sensor gauges the vulnerability of the peat to
ignition, the air humidity sensor provides insights into
atmospheric conditions conducive to wildfires, and the
groundwater debit sensor offers a comprehensive
understanding of water availability—critical factors in
pre-emptive wildfire prevention. This agile approach not
only ensures the technological robustness of the node
sensor module but also underscores the human-centric
aspect by incorporating local expertise. The result is a
finely tuned system that acts as an anticipatory guardian,
leveraging technology to prevent wildfires before they can
wreak havoc in the delicate peatlands of Riau Province.

2.3 Dashboard and mobile development

Transitioning into the second sprint, the monitoring
system involves the development of a web-based
dashboard and a user-friendly mobile application. The

dashboard serves as a centralized hub accessible to
officers stationed remotely, providing a comprehensive
overview of real-time data collected by the node sensors.
This web-based app is designed for ease of use, offering a
user interface that facilitates quick decision-making based
on the critical information presented. The agile
methodology guides the iterative development process,
ensuring continuous feedback loops with officers to refine
the dashboard's features and functionality. The goal is to
empower officers to monitor and respond effectively to
potential wildfire threats.

Simultaneously, the mobile application caters to the needs
of local rangers patrolling the expansive peatlands. This
user-centric mobile app leverages data from the node
sensors to provide on-the-ground insights during patrols.
Agile development principles drive the iterative cycles,
allowing for constant refinement based on the feedback of
local rangers. Through this agile approach, the human
element is central to the technology, emphasizing the
empowerment of local rangers with real-time data for
proactive wildfire prevention. The dashboard and mobile
application, both born out of the agile methodology,
collectively form a comprehensive monitoring system that
not only aids officers in remote stations but also equips
on-the-ground local rangers with the tools they need to
protect the peatlands of Riau Province.

2.4 Testing Scenario

The testing scenario focuses on assessing the
understanding of the monitoring system by users,
specifically station officers and local rangers. The testing
adopts a usability testing approach, which is an evaluation
method employed to gauge the user-friendliness and
effectiveness of a product's interface. The primary goal is
to observe real users interacting with the system,
identifying any challenges, confusions, or areas for
improvement related to navigation, clarity of information,
and overall user satisfaction. This method is designed to
ensure that the system's design aligns with user
expectations, delivering a seamless and intuitive
experience.

3. Results and Discussion

Due to preventing wildfires in peatland, strategically
distributing sensor nodes is essential. The sensor nodes,
equipped with fire detection capabilities, should be
carefully positioned across the peatland landscape. An
optimal distribution takes into account the vulnerability of
different areas to wildfire outbreaks, considering factors
such as vegetation density, topography, and historical fire
occurrences. By deploying these sensor nodes
strategically, the network can effectively monitor the
peatland in real-time, promptly detecting any signs of fire.
This early detection is crucial for enabling swift response
and intervention to mitigate the spread of wildfires,
ultimately safeguarding the fragile ecosystem of peatlands
and reducing the risk of extensive environmental damage.
Following the strategic distribution of sensor nodes across
peatland to detect wildfires, the collected data is
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transmitted to the cloud for processing. In the cloud
environment, the processed information is then delivered
to a user-friendly dashboard and a mobile application.
This real-time accessibility empowers stakeholders. The
dashboard and mobile application provide comprehensive
visualizations, alerts, and updates, allowing users to make
informed decisions and respond promptly to emerging
threats.

3.1 Node sensor unit

To meet stakeholder requirements for wildfire monitoring
in peatland, the deployed sensors must possess the
capability to detect anomalies in the surrounding
environment before a fire occurs. Additionally, these
sensors should regularly transmit data about the
situational conditions to enable field officers and station
personnel to monitor the land periodically. It is crucial to
emphasize that the selected sensors are intended to detect
environmental changes preceding a fire rather than
identify areas already affected by fire.

Detecting air temperature and humidity using the DHT22
sensor is crucial for environmental monitoring in peatland,
particularly in the context of wildfire prevention. The
DHT22 sensor provides accurate readings of both
temperature and humidity, offering valuable insights into
the prevailing atmospheric conditions [22]. Monitoring
these parameters is essential in wildfire prevention, as dry
and hot conditions significantly contribute to the risk of
fire outbreaks. High temperatures and low humidity levels
can increase the flammability of vegetation, making it
crucial to detect and mitigate such conditions promptly.
The DHT22 sensor operates by utilizing a calibrated
digital signal output, providing precise and reliable data.
Its working principle involves a capacitive humidity
sensor and a thermistor for temperature measurement.
This information is pivotal for developing warning
systems, enabling timely intervention and proactive
measures to prevent wildfires in vulnerable areas.

Soil moisture detection using the FC-28 sensor plays a
critical role in environmental monitoring, particularly in
identifying drought conditions or monitoring soil moisture
levels in peatland areas. The FC-28 sensor is instrumental
in gauging the moisture content of the soil, offering
valuable insights into the health and resilience of
vegetation [23]. In the context of peatland, maintaining
optimal soil moisture is crucial to preventing the
occurrence of wildfires. Peatlands are highly susceptible
to fire outbreaks when the soil becomes excessively dry.
The FC-28 sensor operates based on the principle of
electrical conductivity, where changes in soil moisture
alter the conductivity of the sensor. As the soil moisture
decreases, the electrical conductivity increases, providing
a quantitative measure of soil moisture levels. This real-
time data aids in proactive measures, allowing local ranger
or firefighter to implement interventions to mitigate the
risk of fire in peatland areas.

Groundwater level observation using the SL067 sensor is
crucial for environmental monitoring, particularly in
preventing drought conditions and managing soil moisture
in peatland areas. The SL0O67 sensor provides accurate

readings of groundwater levels, offering essential
information to comprehend the hydrological dynamics of
an area [24]. Maintaining an appropriate groundwater
level is vital to preventing the risk of wildfires.
Groundwater acts as a natural buffer against soil
desiccation, and its depletion can lead to increased
flammability of peat, making it more susceptible to
ignition. The SL067 sensor operates using pressure
transducer technology, where changes in groundwater
levels are measured by variations in pressure. Real-time
data from this sensor assists stakeholders in preventing the
occurrence of wildfires in peatland areas and ensuring the
ecological health of the environment.

All the sensors mentioned were installed on each sensor
node to provide warnings tailored to the characteristics of
peatland and stakeholder preferences. To achieve desired
outcomes, calibration was performed on all three sensors
to ensure results aligned with expectations, as reflected in
Table 1 below.

Table 1. Sensor Calibration
Calibration

<30% = Safe

30% — 40°% = Normal
41% — 60°% = Alert

> 61% = Danger

Components

Air temperature sensor

Soil Moisture sensor <50 =Dry
> 51 = Moist
Groundwater level Sensor 480 — 615 =low

660 — 690 = normal
700 — 710 = high

Sensors in Table 1 are positioned on each sensor node unit,
with each unit also equipped with a solar panel and
independent battery for power supply, a microcontroller
for data processing, and a GSM transmitter module for
sending data to the cloud server. The entire set of
components is illustrated in the block diagram in Figure 2.

L
el g

I
LED Board
L, D

[u] ’ a/. \ g . Descipion

Node sensor

L
& 5| n] o
& Q a Q Peatland area

Fig 2. Node Sensor Unit Diagram

The distribution of sensors in peatland must also take into
consideration several factors, including sensor coverage
(R), overlap of coverage (O), energy distribution (E), and
sensor density (D). Proper placement of sensors is
essential to ensure comprehensive coverage of the
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peatland area and effective monitoring. The sensor
coverage (R) denotes the maximum distance a sensor can
detect, while the overlap of coverage (O) ensures that
there are no gaps in monitoring. Energy distribution (E) is
crucial for maintaining a balanced power supply among
sensors to sustain their functionality. Additionally,
achieving an optimal sensor density (D) involves
determining the appropriate number of sensors per unit
area.

Ideal distance = Rx (1 —0) x \/% (1)

The strategic consideration of these factors enhances the
efficiency of the sensor network in capturing accurate and
reliable data for environmental monitoring in peatland
areas. Figure 3 provides a visual representation of the node
sensor distribution.

Solar panel

Water level T 4’ 9 I

sensor transmitter
* microcontroller

Independent
battery

Soil moisture

sensor

Fig 3. Node Sensor Distribution
3.2 Dashboard and mobile application

After the sensor nodes have been successfully developed,
the environmental conditions in the peatland will be
recorded and periodically sent to the cloud server. The
data stored on the cloud server will serve as information
for the web-based dashboard and mobile application,
providing stakeholders with real-time insights and
facilitating effective monitoring of peatland conditions, as
seen in figure 4. The information displayed on the
dashboard includes data based on the sensor's location and
the surrounding conditions for each sensor, encompassing
air, soil, and groundwater level monitoring. The dashboard
presents information in easily comprehensible graphs
tailored to user preferences, ensuring that each piece of
information can be quickly understood. This user-friendly
approach enhances the accessibility and usability of the
dashboard, enabling stakeholders to make informed
decisions promptly based on the visualized data.

SMART MONITORING

Lokasi :
Last Update :

Temperature Humidity

P

o

o (il

Earth Temp Water Level

= TN

Fig 4. Dashboard Interace

The desktop-based dashboard application is tailored for
users stationed at the base or office, providing a
comprehensive interface for in-depth data analysis and
monitoring. In contrast, local rangers responsible for on-
site inspections of peatland conditions benefit from a more
streamlined mobile application. This mobile application
(Figure 5) prioritizes simplicity, ensuring quick and
efficient reporting and decision-making capabilities while
in the field. The mobile application's concise design aims
to enhance usability, allowing field users to seamlessly
navigate and report their findings with minimal effort. By
optimizing for mobile use, the application becomes an
invaluable tool for local rangers, providing them with the
necessary features to make informed decisions and
contribute to the overall effectiveness of peatland
management.

11l Smartmon V2

Lokasi :SIAK

LastUpdate  :12:00 23 January 2021

Status Lokasi :Aman

Temperature H Moisture i Humidity

70% 70% 70%

olody ® ®Today @i oTossy ®

Temperature mitmo Thsyer  Thiweek

Fig 5. Mobile Application
3.3 Usability testing

Usability testing involves 10 station officers and 25 local
rangers. It is anticipated to serve as a benchmark in
achieving the effectiveness of the built system that meets
the users' needs. The testing scenarios are divided into 5
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aspects related to how users utilize the monitoring system
under realistic simulation. Within these 5 aspects, station
officers and local rangers are given different yet
interconnected scenarios. The goal of this usability testing,
aside from assessing success metrics, is to observe the
extent to which station officers and local rangers
collaborate in handling peatland wildfire incidents based
on the information available on their interfaces. The
results of the usability testing can be seen in the following

with other
field
rangers,
sharing
updates on
the
situation

Test the
effectiven
ess of
communic

Table 2.

Table 2. Usability Testing Result

Item

Subject

Scenario

Test Score
Result (%)

Incident
recognition

Station
officer

Use the
web-based
dashboard
to locate
and
understand
the details
of the
reported
incident,
such as its
exact
location
and nature
based on
node
sensor

90

Local
ranger

Assess the
ability to
comprehe
nd the
incident
informatio
n
presented
on the
mobile
applicatio
n

100

Navigation
and
Information
Retrieval

Station
officer

Test the
ease of
navigation
on the
web-based
dashboard
to retrieve
additional
informatio
n about
the
environme
ntal
conditions

100

Local
ranger

Evaluate
the
capability
to quickly
find
relevant
informatio
n on the
mobile
applicatio
n

90

Coordination
and
Communicati
on

Station
officer

Utilize the
web-based
dashboard
to

coordinate

90

ation
features on
Local the mobile
ranger applicatio
n for
coordinati
ng with
other
rangers in
real-time
Assess the
clarity of
informatio
n
displayed
on the
web-based
dashboard,
Station focusing
officer on its
contributio
nto
informed
decision-
making in
managing
the
incident.
Evaluate
the mobile
applicatio
n's support
for on-the-
spot 100
decision-
making
based on
available
data
Assess the
simplicity
and
completen
Station ess of
officer reporting
features on
the web-
based
dashboard
Use the
mobile
applicatio
nto
generate 100
actions
taken
during the
event

95

Decision-
Making

100

Local
ranger

Reporting

100

Local
ranger

The usability testing results for the Monitoring System for
Wildfire Prevention are highly encouraging, indicating a
well-designed and user-friendly interface for both the
web-based dashboard and the mobile application. Station
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officers and local rangers demonstrated a commendable
understanding of the system's functionalities, showcasing
their ability to efficiently perform critical tasks. Based on
the result above, the system's overall usability is
commendable, with users expressing satisfaction in their
ability to navigate, coordinate, make informed decisions,
and generate reports seamlessly. The minor areas for
improvement identified will be addressed in future
updates to enhance the user experience further. The
Monitoring System for Wildfire Prevention has proven to
be an effective tool for both station officers and local
rangers in managing and preventing wildfire incidents in
peatland areas.

Conclusion

In the face of recurring wildfire disasters in the peatland
areas of Riau Province, the imperative for a human-centric
monitoring system that caters to user needs becomes
evident. The development of this monitoring system
follows the agile methodology, delineated into three
sprints: node sensor development, dashboard
development, and mobile development. This iterative and
collaborative approach ensures adaptability and
responsiveness to user requirements throughout the
developmental stages. Following the comprehensive
development of the monitoring system, the evaluation
phase involves user testing, specifically engaging station
officers and local rangers. This testing encompasses a
meticulous assessment of five key aspects, aiming to
validate the system's functionality and user-friendliness.
The user-centric design philosophy is aimed at
empowering users to comprehend and effectively navigate
the intricacies of the monitoring system. The testing
results unveil a promising outcome, demonstrating that
users not only grasp each facet of the system's
functionality but also exhibit a heightened ability to
coordinate seamlessly during peatland wildfire incidents.
This user-centric monitoring system, finely tuned to the
needs of station officers and local rangers, stands as a
testament to the successful fusion of agile development
principles with a human-centered design approach.
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