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Abstract — Indonesian is one of the countries in a tropical
region, in the summer season normally high temperature and
hot environmental then forest and forest fire happened. This
is because most of the land in Indonesia is peatland and
a‘estr_v area, especially in Sumatera and Kalimantan island.
Worst when it has a huge impact on the local economy,
environmeal'lora, fauna and human health. As reported,
millions of people have suffered from respiratory problems,
which some have died and in serious health conditions. This
research aims to prevent more casualties, providing detection
and forecasting as well as warning on fires as alert to the
community and representative institution. Furthermore, the
research discusses on developing a smart sensing system for
the ground level to do monitoring and forecasting. Several

of sensor used based on fire basic parameters such as
temperature, humidity, gasses and carbon sensor to measure
value in the open environment. Arduino microcontroller and
algorithm introduce to the system to achieve smart
monitoring system and filtering noise data from the sensors.
Mathematical model and analysis appl in this system to do
forecasting for the future and estimate number of hotspots in
the area of forest in Riau Province. The information based on
sensing and analysis as well as forecast data forward to the
respective institution or government agency for further
action.

Keywords Smart Sensing, Forest Fire, Detection,
Forecasting, Riau Indonesia

I. INTRODUCTION

Riau Province is located at Sumatera Island in
ak)nesiam, as a tropical country was suffering from bad
haze due to land and forest fires that happen almost every
year. The location of Indonesia at equatorial causes this
country to have longer dry season spans from July to
October. This disaster is not only affecting the community
in Indonesia but also to the ncighb{)g countries such as
Singapore, Malaysia and Thailand. Worst when it has a
huge impact on the local economy, environment, flora,
fauna and human health. Elderly people and children are
avcmly affected due to haze. As reported, millions of
people have suffered from respiratory problems, which
some have died and in serious health conditions. To prevent
more casualties, providing an early indication of fires is vital
iuﬂruciill. Therefore, in this research discussed developing
a smart monitoring system to detect and monitor the
environmental behavior in term of temperature, humidity,
gasses and climate change to do forecasting on a forest fire.
The technology used in this smart monitoring is a wireless
data cma'luniczlli()n with long-range (LoRa) and internet of
things (loT) technology. The integration of sensors with
LoRa technology would not only save the environment and
people’s lives. Flalcmwrc, the sensor would also have
forecasting and could access the information through
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developed real-time database anywhere and anytime. This
ground level detection method deployed in regions and
states in Indonesia. It is anticipated to be a quicker and
cheaper solution than to satellite data acquisition and this
would be beneficial to social welfare and economy
development in Indonesia. Figure 1 shows forest fire
hotspot scattering in Indonesia region and most of it in Riau
Province in Sumatera Island. Riau province is located in the
center and middle of Sumatra Island which most of the is
peatland type that easily to get fire when dry season.

Fig. 1. Forest fire hotspot scattered in Indonesia and Riau Province

The detailed objective of this research is to develop a
ground level of sensing and collect information on the
environment that can be done on analysis as data collection.
There basic parameter and closely related to the impact of
forest fire such as temperature, humidity, gasses, and carbon
from the environmental changing for land and forest. This
can be achieved by designing a smart sensor network using
LoRa-ToT lahn()l()gy and analysis the data for the
forecasting. Forest fire data in Indonesia, especially in the
anmcr season, become the increasing number of hotspots
because of dry environment, many places in Indonesia with
rising temperature in summer then easy to get fire on land
and forest area. In Sumatera dan Kalimantan Island, a forest
fire is a disaster because of the peatl arca and easy to get
fire and even no one fired the land. Table 1 shows the data
of forest fire in Indonesia based on province, where Riau
province is one of the high and very often getting forest fire.
The forest fire data shows detail in every province or state
in Indonesia which almost every province has experience of
fire disaster. This research aims to do detection using smart
sensor of ﬁest fire and analysis the data for the future
forecasting of fire hotspot in Riau Province, Indonesia as
prevention action for the authority to know hotspot location.




TABLE L. FOREST FIRE DATA IN INDONESIA YEAR 2014-2019

No Province 2014 2015 2016 2017 2018 2019 Total (ha)
1 Aceh 155.66 913.27 9,158.45 3,865.16 1,284.70 141.78 15519.02
2 Bali 30 37346 - 370.8 206.54 - 980.8
3 Bangka Belitung - 15 B1 - - 2,055.67 - 21826.48
4 Banten 2 E.ﬂz : ; - - 252.02
5 Bengkulu 5.25 931.76 1,000.39 131.04 8.82 147 2078.73
6 DKI Jakarta - - - - - - o
7 Gorontalo 1 5,225.89 73791 - 158.65 27.7 6150.15
8 Jambi 3,470.61 115,634.34 8,281.25 10917 1,390.90 418 128890.45
9 a Barat 552.69 2,B86.03 - 64811 4,104.51 - 8191.34
10 Ea Tengah 159.76 2,471.70 H 6,028.48 331.67 - 8991.61
11 Jawa Timur 4,975.32 7.966,79 - 5.116,43 7.279,76 - 4975.32
12 Kalimantan Barat 3.556,10 93,515.80 9,174.18 7,467.33 68,311.06 2,27397 180742.35
13 Kalimantan Selatan 341 196,516.77 2,331.96 8,290.34 98,637.99 5253 306170.59
14  Kalimantan Tengah 4.022,85 583.833,44 6.148,42 1.743,82 41.521,31 27,00 o
15 imantan Timur 325.19 69,352.96 43,136.78 676.38 26,605.57 5,153.07 145249.95
16 E imantan Utara - 14,506.20 2,107.21 8222 625.82 79211 18113.56
17  Kepulauan Riau 1 1 67.36 1961 320.96 4,969 .85 5377.78
18 Lampung 22.8 71,926.49 3,201.24 6,177.79 14,963.87 - 95692.19
19  Maluku 179,83 43,281.45 7,83454 3,918.12 14,131.33 180.03 69345.47
20 luku Utara 6.5 13,261.10 103.1 311 69.54 56.79 13528.13
21 sa Tenggara Barat 3.977,55 2.565,71 706,07 33.120,81 14.352,26 29,10 o
22 usa Tenggara Timur 930.87 85,430.86 8,968.09 38,326.09 55,207.64 99.13 185012.68
23 ua 300 350,005.30 186,571.60 28,767 38 87,676.88 - 653321.16
24 Eua Barat 1 7,964.41 542.09 1,156.03 120.63 58.36 9841.52
25 u 6,301.10 183,808.59 85,219.51 6,866.09 37,220.74 27,683.47 347099.5
26 gaw esi Barat H 4,989.38 4,133.58 188.13 978.38 56.77 10346.64
27 Sulawesi Selatan 433.1 10,074.32 438.4 1,035.51 1,741.27 441.07 14213.67
28  Sulawesi Tengah 70.73 31,679.88 11,744.40 1,310.19 3,890.95 21592 48912.07
29 awesi Tenggara 2,410.86 31,763.54 7242 3,313.68 8,121.35 1642 45698.27
30 gaw esi Utara 236,06 4.861,31 2.24047 103,04 125,07 9,98 0
31 Sumatera Barat 120.5 3,940.14 2,629.82 2,227.43 2,421.90 60.68 11400.47
32  Sumatera Selatan 8,504.86 646,298 80 887491 3,625.66 13,019.68 23649 680470.4
33 Sumatera Utara 3,219.90 6,010.92 33,028.62 767 98 3,678.79 152.55 46858.76
34 Yogyakarta 0.27 - - - - - 0.27
Total (ha) 32,438.97  2,012,184.19  429,268.22 12539982  447,285.81 42,674.34  3,089,251.35

II. RELATED WORKS

Research on the forest fire and wildfire have been done
by some others researcher, there is a gap for the previous
research required o fulfil and improve to become better
solution and action. Previous research has been done as
discussed in [1][2][3][4], the researchers used satellite
images to collect data for wildfire in India region, the use of
images and analysis for prediction. Modelling and detection
of forest fire for prediction of number hotspot in future have
been done, the data used 1s series data with mathematical
analysis and computer simulation. Analysis of forest fire
and the effect of burnt to environmental use spatiotemporal
distribution and the frequency by time which day, month
and year as discussed in [5][6]. The statistical and
relationship between temporal dynamics of fire to the
socioeconomics of landscape due to climate change effect
then behaviors of weather. By elaborate temperature
explanatory power to determine the anomalies of weather
and how many burnt areas due to forest fire.

Use of model the constant frequency cosine to analysis
seasonal variations of land environmental with time-varying
parameters is one of method to determine environmental

effect cause of forest fire. The model as discussed in [7] is
to analysis of time-varying changes in the forest trees and
vegetation. In addition, the use of Monte Carlo to do
estimation is another technique apply to improve analysis
and approach use by time-varying frequency. Changing of
detector in binary hypothesis of land environmental data to
cover and measure time-series data. In [8] discussed on the
implementation of the ground sensors to do detection of
changing environmental, where several sensors related to
the environment especially air quality and carbon index
used. Every sensor retrieve data from environmental then to
analyze to determine quality of air and how much is
pollution index in a location. A decision to help authority in
order to support solutions and action to overcome to
pollution when occur is one of the aims in this method. The
effect of forest fore smoke to the human health and
cardiovascular disease as well as to identify the forest smoke
by computer vision as elaborate in [9][10]. The end-to-end
system apply by combine variational autoencoder, then use
if random forest smoke to collect and classify data into
preprocessing. Validation and verification of smoke data set
s done with the accuracy to determine the amount and
impact to human health. The performance of the model by




convolutional neural network to analysis smoke data setalso
explore in this method, the results give improve the
accuracy in major by reducing positives and negatives false.

In the tropical countries one of the issues is forest or
wildfire, most of country used satellite image to detect
number of fire hotspot. A new method to detect fire hotspot
as discussed in [11][12][13][14], a new solution to identity
number of hotspot use ground sensor to improve the
accuracy compare to the conventional by satellite images.
The use of Wireless Sensor Network (WSN) and Long
Range (LoRa) Wide Area Network (WAN) to support in
detection  system. Apply of combination several
technologies to enhance data detection results of fire hotspot
is done in this system, high accuracy detected data is
beneficial for many applications and to plan preventive
action in solve the fire issue. Investigation of number fire
hotspot by generated physical and electromagnetics
properties as discussed in [15] is a technique to identity how
many hotspot in an area that potentially to become disaster.
The electromagnetics properties analyze the scattered of the
hot surface in the area by dispersed number of ash particles.
Basic scattering of the fire ash and particle detected through
direction of the wind and accumulated in the area that
detected how much particle amount polluted to the
environmental measure in a particular of time, while
decision to determine fire hazard.

An intelligent system to detect and analyze forest fire
use multi sensor which to obtain many parameters of data
related to forest fire is a method elaborated in [16][17][18].
Several ccommon parameters related to forest fire such as
smoke, temperature, pH, and carbon dioxide area among
monitored. While, detection of smoke in forest fire in initial
stage during prevent fire events is another discussion to
achieve better and accurate data in fire detection. Use of
Attention Enhanced Bidirectional Long Short-Term
Memory Network (ABi-LSTM) to analyze the fire image
recognition from video. Analysis of fire data use numerical
calculation is a method applied in determine concentration
of forest fire, which distribution, spread and threat on the
environmental calculated. In [19] discussed on the data
series collected in a few months to achieve behavior of data
distribution and trend of environmental values to forest fire
threat. Use of similar concept of mathematical modeling to
revealed data to a dependence covered area.

Machine leaming through Deep Belief Network (DBN)
is one of technique applied in the analysis of fire data. Video
surveillance security data is use to get forest fire data in
surrounding environment. Training of data and fine tuning
with the speeder in data analysis 1s advantage of the method
as discussed in [20][21][22]. Theoretical model to analyze
forest fire by influencer of fire particles in area of
environmental as elaborated give good impact of analysis
due to complex environmental such with vegetable, trees
and others impact in land. Detection and monitoring of ash
discharges from forest fire is a way to find how much the
fire in a forest as well as how large the area get fire. The
mechanism to detect of multiple particle in a amount fire
emitted from fire with a number of maximum the electric
field charge to strength near the elongated particle is 10.2
times as elaborated in [23][24]. Early detection of
environmental with high risk of flame, hot surface of land
especially if summer or dry season that potential to fire the
land and forest is applied method discussion. Structured

algorithm implements in the determine of fire based of
values mention to prevent and action taken to overcome fire
disaster in a land or forest.

II. FOREST FIRE DETECTION AND MONITORING S YSTEM

The number of hotspot detection and monitoring is
based data received by the ground sensor system installed a
dedicated area that potential go get fire. Data captured by
sensor send to the central database which is at the backend
system in the Islamic University of Riau for analysis. In this
case, the station installed in most of region or location
potentially to become a hotspot based on the survey have
been done before installation. Figure 2 shows the map of
Riau Province Indonesia, where the location of the ground
sensor installed and scattered at the point of the area which
becomes potentially to get fire, especially in the peatland
area as curent issue in the forest fire. Wireless Sensor
Network (WSN) technology is applied in this sensing
system, for the detection environmental parameter and
monitoring the changes of the basic parameter as indicating
the potential to become fire. The parameters such as
temperature, humidity, carbon dioxide, haze, and smoke.
These parameters can be analyzed and become the main
reference to determine either the environmental potential for
the fire or just normal condition.

A sensoe | - e

Fig.2. Location of ground sensor installed in Riau Province, Indonesia.
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Figure 3 shows a block diagram for the detection of
basic parameters used for analysis and determine the
potential of the forest fire. There is a different sensor used,
each selﬁl‘ working asset to detect the parameters setin the
system. Data detected from all the sensor collected in an
internal memory system in sensor node then forward to the
WSNs gateway system for a large capacity of data memory.
In the gateway system data filtering for unused data is done
to minimize a large number of data to be sent to the backend
system

Fire Sensor Cantral System and Radio Communication

1l
|

Cellular
Data
(46)

Signal 0
Canditioning pacLl

Power Supply (Solar Cell)

Fig.3. Block diagram of a sensor system for detection environmental
parameters.




In actual condition, the fore in the forest may have a
different scenario, in someplace have many numbers of
hotspot and closer, while other places may have a few
numbers of the hotspot. To determine the number of
hotspots in a geographical area, can do estimation using
formula (1) with alsﬂning the number of sensors deployed
in the area with the function of coverage P is given as (1).

P=f0yt={(x.y,) . (xy,)}
(wy ) =fO.k=123.n m

(x,y) isrepresenting coordinate of the sensor deploys in the
area or region to be monitor, the larger area to cover than
more sensor to deploy. In this research used scenario of the
sensor with the static position, while the sensing system
expected to read more data from the environmental as well
as multi parameters then coverage area indicates by Index
Percentage (IP). In tn, case, assume the IP is coverage area
that can define by a scalar value refer to the amount of
percentage area coverage by the sensor and with the
specific time can be calculated IP as in formula (2). The
number of sensors deploy will determine the IP, more
sensor installed will get more accuracy in data collection.

IP = area covered with sensors .100% (2]

the total area of the surveillance region

Signal conditioning of data retrieve from all the sensors
connect to the main control unit (MCU) for data processing.
In this case several step to analysis the data in order to avoid
noise data to be analysis, real-time data from the sensor
normalized by the system before send to the test unit and
used artifical intelligent algorithm to achive high accucary
decision in the result. Figure 4 shows a block diagram how
a data from many sensor with various type of data being
analysis with data training as part of intelligent algorithm.
While loss or error data during analysis optimize and repeat
back untul zero error and no losses data. The final step is
determine results of forecasting number of fire hotspot data
based on traning and testing data, results achieved
presented and keep in the database.

TN
( Signal Conditioning |
and Data Processing

Real-Time
Sensor Data Set

|

Data
Normalization

-

Training Testing

Data
Analysis

Data Testing

Data Training

Error Forecasting

Hgertom . m

Fig. 4. Analysis diagram of real-time sensor data to forecasting number
of hotspot using algorithm.

Optimization

IV. RESULTS AND DISCUSSION

Forest fire detection system has been developed and
installed several sensors to detect many types of
environmental-related to the fire. A fire commonly consists
of several parameters such as changing temperature,
humidity, carbon dioxide, haze particle, and smoke. Results
of detection data from sensor log into a computer as a
database to do an analysis and prediction in the future trend
of forest fire hotspot. The sensor works base on the
monitoring of the environment if the value indicates a high
concentration of carbon, smoke, and high temperature then
analysis of data to the potential of exist of fire hotspot. This
case with high value of parameters related to the existence
of fire hotspot but is not guaranteed because of other factors
such as vehicle pollution and transportation effect, local
community firing the land of rubbish near the home, or
pollution from the factory. To conform to the fire hotspot,
exist based on data recorded from the system then another
technique or method to make sure as evince which is to
check how the content of carbon concentration in the sky
as well as haze content. All of the parameters detected and
monitored by the system recorded in a database for some
time then analyze to achieve high accuracy of data dan
decision.

Furthermore, all those data keep in a database and by
the time the amount of data is become high in volume the
results of analysis become accurate because of data training
and evince in data history is in big number. The monitoring
system is also occupied with an alert system if the value of
some parameters related to the fire of over or in
abnormally. Figure 5 shows a system complete with
sensors to detect air pollution and fire parameters in the sky
to measure and indicate the level related to the forecasting
number of fire hotspot.

Fig. 5. Forest fire sensors system developed and initial test to capture
number of hotspot.

The data captured and recorded by the sensor deploy in
the area within Riau Province provide information number
of hotspots of forest fire during the time. Table 2 shows a
series data number of hotspots recorded started from
January 2014 to December 2019. Data shows number of
hotspots difided into monthly classification and based on
the region of fire in Riau Province, Indonesia.

TABLE IL. DISTRIBUTION DFR.EST FIRE DATA IN RIAU PROVINCE,
INDONESIA YEAR 2014-2019




Forest fire hotspots detection and forecasting based on
sensor data collection and analysis with mathematical
analysis and modelling have been done. Data obtain refer to
sensor deployed in many areas that potentially become fire
and strategic location. Series dulzlahieved for the 5 years
with the number of hotspots, the data C()llccteawilh Riau
Province. Results shows the forest fire hotspot was selected
and could be used for monthly data modelling of hotspots or
for the 5 months ahead since it fulfilled all the criteria in the
portmanteau test. Forecasting data of number fire hotspot
and information of the location is very beneficial for the
local government or authority.
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No. of fire No. of fire
Year Manth hatspots Year Manth hotspots
2014 January 15 2037 January 25
February 66 February 11
March n March 18
April 21 Agril 20
May 5 May 24
June 15 June 15
July 11 July 55
August 20 August 16
September 40 September 30
October 10 October 19
November 10 November 10
December 10 December 25
2015 January 1 2018 January 24
February 75 February 48
March 21 March 28
April 65 Agril 30
May 15 May 11
June 44 June 16
July 16 July 43
August 26 August 13
Septernber 52 September 12
October 16 October 10
November 30 November 10
December 28 December 20
2016 January 41 09 January 35
February 74 February 35
March 2 March 7
April 20 Agril 33
May 26 May 28
lune 36 Jure an
July 32 July 32
August 11 August 30
September a2 September 15
October 13 October 21
November 20 November 16
December 12 December 12

2
The final Elmbcr of forest fire hotspot based on sensor
detection and analysis of the results in forecasting in the
next few coming months. Based on the data then authority
or representative institution can do preparation on the
disaster of land and forest fire including the location or
region that potentially to become get fire. The decision and
analysis give the values with the high accuracy, the data
collected is based on real environmental and from the
sensor deployed. Table 3 shows forecasting of number
hotspot in Riau Province based on analysis of data
collected. Finally, the detection and monitoring system for
forest fire get benefit to the authority and community to
prevent forest fire in the summer season with the dry
environmental. The prevention action also can be plan by
the government or authority based on forecasting data as
well as specific to the area and how many the number of

the fire hotspot.

TABLE I1I. FORECASTING NUMBER OF FOREST FIRE HOTSPOTS IN RIAU
PROVINCE IN 5 MONTHS

Months Appearance of number fire
hotspots
1 25
2 31
3 26
4 30
5 27

V. CONCLUSION
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