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Abstract: This paper proposes a mobile biological sensoresydhat can assist in early
detection of forest fires one of the most dreadsdnal disasters on the earth. The main idea
presented in this paper is to utilize animals wstinsors as Mobile Biological Sensors
(MBS). The devices used in this system are animdleh are native animals living in
forests, sensors (thermo and radiation sensors @S features) that measure the
temperature and transmit the location of the MBSgeas points for wireless communication
and a central computer system which classifiesnohal actions. The system offers two
different methods, firstly: access points contirglgueceive data about animals’ location
using GPS at certain time intervals and the gathdega is then classified and checked to
see if there is a sudden movement (panic) of timargroups: this method is called animal
behavior classification (ABC). The second method ba defined as thermal detection
(TD): the access points get the temperature vdtoes the MBS devices and send the data
to a central computer to check for instant changebe temperatures. This system may be
used for many purposes other than fire detectiamaty animal tracking, poaching
prevention and detecting instantaneous animal death

Keywords: Forest fire detection; Biological sensors; Mobigmsors; Animal tracking

1. Introduction

Forest fires are the most prevalent type of disastidied in the literature since they are reédyiv
easy to prevent, and with the threat of global wagnthey are gaining increasing importance. Early
detection of forest fires, containment at the begig of the fire, and extinguishment before spregdi
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have vital importance [1].For this reason, for mgegrs, a large number of academic and theoretical
studies and practical applications have been cdaduon early detection of forest fires.
Simultaneously, many environmental studies haven lmeaducted on creatures that live in the forest
habitat, especially those which are under the thokextinction.

Although both animal studies and studies in forés¢ detection have been conducted
independently, both have focused on the forestrenment. Combined efforts from both areas of
research into a single would be very fruitful. Theper presents a proposal that addresses thefidea
using classified animal tracking data and thernaahdor forest fire detection, using animals as MBS
The MBS approach needs versatile devices that eamsbed as effective thermal sensors on animals,
GPS devices, access points for a wireless netvaoik animals themselves.

The main objective of the MBS approach is not teate an alternative to current forest fire
detection systems but to support these systemisrmtaneously using sensors attached to animals.

1.1 Related Works

Since this proposal suggests the use of animaldBs3, both the use of sensors with animals and
the existing forest fire detection systems havédadnvestigated. This section, therefore, givesesom
information about existing fire and animal behawdetection systems.

Animal behavior research using sensors has beete¢asut for some time. A great deal of
scientific research has been conducted with reggatbe existence and habitat of the marine and land
animals. One such study has collected data abeaingc "UC Santa Cruz researchers are using marine
animals outfitted with sensors to collect oceanplgi@ data. For example, sensors on California sea
lions collect the animals' location, speed, ancedilata along with ocean temperature and salinity
information. The data is then transmitted to theeagchers via satellite” [2,3,4]. In another stuithg
first effective method was based on a pyro-detestuch sensed the temperature contrast between the
animal’'s body and the surrounding pasture [5]. réhere similar studies related to animal tracking
using sensors. The main idea is therefore to sth@iekistence of many investigations into animal
tracking using sensors.

There are many existing techniques used for detedi forest fires. One of the most important is
described by Harden et al [6]. Their paper outliaesodel which can be readily adapted for analysis
any forest, and has actually been used to examaneus fire detection strategies for the Footner
Forest in Northern Alberta. Some research is basednage processing techniques, capturing camera
segments and processing and classifying these snfmgefire detection. Using image processing
methods, Roy and UNEP have used a satellite foludag images from forests and, have detected
whether there is a fire possibility or not [7,8jn@dther satellite application in forest fires deitts by
Lafarge et al. They present a fully automated naibioforest fire detection from TIR satellite image
based on the random field theory where preprocgssinsed to model the image as a realization of a
Gaussian field. This study shows some interestinggaties because the fire areas considered to be i
the minority are considered as anomalies of thelt f[9]. Nakau et al. developed a fire detection
information system from receiving AVHRR satellite dutput fire detection map and validated the
early detection algorithm using AVHRR satellite meay. Forest fires were detected using an
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algorithm; two-dimensional histogram method by Piddido [10]. A further study presents a system
called Integral Forest Fire Monitoring System (iro&ian IPNAS) [11]. Another study is computer-
vision based forest fire detection and monitoringgtem where fixed cameras are used [12].
Furthermore, there is a great many forest firedite studies and systems [13-16].

Research involving the use of thermal and radiagensors for fire detection and early warning
systems can also be found. In his study, Hefeedaecases the Fire Weather Index (FWI) System,
which notes that different components can be usedesigning efficient fire detection systems FWI
[17]. Ollero et al. have studied a scheme usingirsghsorial integrated systems for early deteatibn
forest fires. Several information and data source®lleros’s study were used, including infrared
images, visual images, data from sensors, mapsranttls [18]. Casanova et al. present the MSG-
SEVIRI sensor’s ability to detect forest fires aubsequent fire monitoring [14]. There are a number
of similar studies on fire detection using sensors.

Using animals for disaster detection is not a né@aibut it has been limited to a few of disaster
types such as earthquake. Yeung describes an examhpbbserving animals’ behavior for early
earthquake alert, but the author gives no guartinatlyhis study works correctly for every earthquake
[19]. Kahn suggested an idea that the best andhbapest biosensors are already distributed gioball
but generally ignored: They're called animals [2@ahn’s idea leads the scientists to start new
investigations to be made on animals. An importaséarch, which is similar to the study proposed in
this paper, has been conducted by Lee et al. |alijheir study, they offered a Bio-adhoc sensors
network for early forest fire warning system for untain areas, and they used animals as wireless
adhoc nodes. However, the proposal presented snpidgper is based on the usage of many access
points explicitly constructed in the forests insted an adhoc network structure. Although it may no
seem to be feasible to install sufficient numbenofess points to cover whole forests, some dritica
points which are highly under the risk of fire, daa selected for the access point locations. Maeov
the usage of the access points would remove tlikeofisnterruption of communication (network
failure) that usually occurs in adhoc networksarifmals are used as wireless nodes. Furthermoee, Le
et al. in their study focused on the usage of alsinh@havior only for detection of fire possibiés this
paper, however, focuses on using both animal behalassification and thermal detection methods.

In this paper, a proposal for a fire detection @ystombining methods from both animal tracking
and current fire detection systems is presented. shistem proposed does not claim to detect every
possible fire, and can readily be used to augmitars.

1.2 Motivation

Both the previously stated methods and others warehsimilar in regard to animals tracking and
early fire detection may be successful in their aight, but, applying these into a single homogenou
system would have significant return. While scigtstiare tracking animals to gather information on
their daily habits, such as hunting or mating, $brangers can use the gathered data for fire titatec
In addition, unifying these methods into a singletem may alleviate the overall cost and economic
burden on governments.

In addition, this paper offers a solution to prob¢e stemming from using static sensors and
satellites in forest fire detection. Using sate#lifocused only on a forest causes many extra andts
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of course it requires a satellite to exist. Usimgrinal and radiation sensors attached to fixed
coordinates, restricts the effective detection @raad this situation therefore, requires too much
sensors to be set up for a hectare of forest.drséime way, using fixed cameras with image proogssi
techniques for detection requires multiple cameexshectare and, these use limited to areas with fu
light, so it may be useless for shadowed areasaleiforests, and cliffs. Thermal cameras are wnabl
to be used in the daytime because of heat frorsuhe

These problems are needed that is a new methoettofgsup sensors, the use of mobile sensors.
Using animals as MBS resolves the problems reldtedixed sensors. The proposed system,
additionally, has a classifier which built-in megesito use animal action (panic) to signal a fieena
in situations where thermal sensors usage is iog@pjte. Furthermore, this system may assist in
preventing poaching, monitoring animals’ death, anderstanding animals’ group behavior.

2. Animals as Mobile Biological Sensors

Since this study proposes the use of animals as,MBf6re introducing the system, an explanation
is needed about which animals and sensors mayusdzkfor different kinds of forests.

2.1. Appropriate animals and sensors for certaimdkpf forest’ fires

Animals and sensors should be chosen in accordaticecharacteristic the forest such, as climate
zone, natural specifications, and density. Seleatibanimals which are native to the forest araas,
the choice of sensors depend on which method (TRB®) will be applied. The usual pattern of fire
spread for a particular forest is another criteriothe selection of animals and sensors. Figwskalvs
examples of animals that can be used as MBS (thsiseal species can vary in accordance with the
territory’s specifications), and Figure 2 shows plarsensors which can be attached to animals [22-
26]. The most important issue in the selectionesfsers is that they must all have GPS features with
both methods (TD and ABC).

(@ M) © (a)

Figure 1. Some animals that can be used as MBS in the system
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Figure 2. Sample sensors that can be used in the syste@6]22-

Selection of proper sensors depends also on asipeaie that will be used for the system. Figure 2
shows some samples of sensor that can be attaglied MBSs. Figure 2 (a) and (f) show collar type
sensors which are usually used for mammals aned targestrial animals, sensors in (b), (c) anda(e)
used for reptiles and some naval mammals and s$estsor in figure 2 (e) is used for avian animals,
especially big insects. Figure 2 (d) shows an RREaithat measures the temperature, but this sensor
must be combined with other sensors having GP$irealinstallation of sensors to the animals is also
shown in the figure. Figure 2 (g) shows the peniphdevices used in collars and sensors boxes.eThes
sample sensors have different operational spetidits such as battery life, weight, burst rate atc.
shown in Table 1. There are, in fact, many othesges that can be used in the system with long life
batteries and different features. If battery lifetbe selected sensors is short, the batteries, must
therefore, be recharged periodically.
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Table 1. Sample sensor specifications for the system.

Model Sensor Type Physical Specifications Estimated Life (days)
Size in mm Air Water | 2s betweer, 5s between
(dia x length) weight g.| weight g.|  bursts bursts
Sensors for use with SRX 400A / SRX 600 radio reeeir family:
SR-M11-12 | Motion 11 x 41 7.7 4.3 59 137
SR-TP11-18 | Temp & Pressure 11x51 9.C 4.4 142 348
SR-TP11-25 | Temp & Pressure 11 x58 10 5.0 203 497
SR-PM11-25 | Pressure & Motion 11 x 58 11 5.2 203 497
SR-PM16-25 | Pressure & Motion 16 x 53 18 12 487 3yr
Sensors for use with MAP 600 MP, RT, SDL acousticeceiver family:
MA-M11-12 | Motion 11x42 7.9 4.0 12 29
MA-TP11-18 | Temp & Pressure 11x54 9.1 4.7 29 72
MA-TP11-25 | Temp & Pressure 11x61 10 5.6 41 103
MA-PM11-25 Pressure & Motion 11x61 11 5.8 41 102
MA-PM16-50 Pressure & Motion 16 x 81 32 17 137 340
Sensors that work with both radio and acoustic redgers:
CH-M11-12 | Motion 11 x 49 9.0 4.7 19 47
CH-TP11-18 | Temp & Pressure 11 x 58 11 5.3 48 120
CH-TP11-25 | Temp & Pressure 11 x65 12 5.9 69 171
CH-PM11-25 | Pressure & Motion 11x70 13 6.1 69 169
CH-PM16-50 | Pressure & Motion 16 x 83 38 21 243 597

As previously stated, one of the important criterio selection of appropriate animals and sensors
is forest fire types. Forest fires can usually badeéd into three categories as shown in figurdide
first is Ground Fires (GF): These occur in the harand peaty layers beneath the litter of composed
material on the forest floor and produce intensa bet practically no flame. Such fires are relgliv
rare and have been recorded occasionally at highdas in Himalayan fir and spruce forests [7]isTh
kind of fires is the most difficult to detect besauhey are undetectable until they blaze up. Géiyer
by the time they are detected, the forest underrasvalready reduced to ashes, killing all theveais
that live underground. For this type of forest fitke most appropriate animals are reptiles, htdkes
(figure 1 a,b), or turtles because most of thera limderground are slow to escape from fire. In the
same way, sensors selection should be directeddswhermal and radiation sensors which have the
capability to measuring as little as 1°C differemmcéemperature (almost all of the sensors suppbits
facility). The best method for this kind of forefstes is, therefore, detection of temperature with
thermal and radiation sensors, because trackingg €lnimals and classifying their actions is
problematic.
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a) Ground Fires b) Surface Fires c) Crowesir
Figure 3. Types of forest fires [7].

Another type of forest fire is Surface Fires (S&)irface fires, occurring on or near the groundhen t
litter, ground cover, scrub and regeneration, heerhost common type in all fire-prone forests & th
Mediterranean countries. In this type, the sprddt@is regular and usually depends on wind speed
and the proper detection method is ABC. Hence,csaleanimals should be fast and/or living in
groups and sensors attached to those animals shautl GPS features only. Thus, panicked animal
groups can be easily detected and their behaviorbeaanalyzed and, therefore, classified in fire
detection. If panic continues for a long time, timay be an indication of the commencement of a fire

The last type is Crown Fires (CFccurring in the crowns of trees, consuming foliage usually
killing the trees, these fires occur most frequemtllow level coniferous forests. Crown fires tmest
dangerous fires for a forest, spread rapidly argelyi In the possibility of this kind of fires oating
in a special territory, the use of both TD and AB@&thods must be applied. Many animals living in
the forest should be equipped with sensors (batnthl and radiation) and many access points (GSM
base stations and high voltage poles can be usddisopurpose) should be set up as wide on area as
possible. Because, it is uncertain as to which phthe forest is under risk by which type of fire,
applying both methods simultaneously would be appate for all kinds of forest fires. If there is a
suspicion of fire in a certain zone, this zone nnshediately be monitored.

2.2. Proposed System Infrastructure

The proposed system infrastructure, regarding G@hand ABC methods, can either be simply
adapted from existing animal tracking informatigistems, or a completely new one can be designed.
A sample infrastructure is given in Figure 4.

Devices and equipment to be used in the systemagrdepending on the characteristics of a forest
area. However, some mandatory devices essentia¢ teystem are listed below.

1. Communication channels: To build a wireless netwaork forest for fire detection, two methods
can be considered. One of them Satellite based systentJsing a satellite is fairly complex and
requires the satellite to focus on a certain areapite of the high cost this system, it has some
advantage and can be used for other detection aethech as image processing, that is, TD and
ABC simultaneously. When a satellite connectioruismvailable or problematic (for example
because some points are invisible to the satedigpecially floors in closed forests, and there may
be many such blind spots in a forest), the altereas the use oAccess pointsThese are used to
collect thermal and movement data from sensorshathto animals (MBS), which are then sent



Sensor007, 7 3091

to the central computer. GSM base stations, highage poles, tall, massive trees, forest
watchtowers, and poles particularly designed foedbuse are possible access points. Frequency
of access points depends on forest and territoegiBpation, and type of sensors used in the
system. If sensors enable long distance transmidaimilities, access points can be set at 3-4 km
intervals.

2. A central classifier. This device is used to cligsdata received from MBS via the access points,
and is assisted by a decision support system. ddnger continuously receives data from access
points and stores them in a database. Because rtterdoe thousands of MBS in large forests,
computers located in this centre must be large gmow deal with multiple transactions
concurrently.

3. MBSs, which are the most important parts of thetesysas mentioned before, can vary in
accordance with method to be used in the systera. eBsential activity of MBSs is to send
changes in temperature or radiation level, andeotilbcation of animals to the access points.

4. Trustworthy, robust and highly sensitive sensorsstmhie combined with suitable animals to
enhance system reliability and sustainability.

%%})satemte

(

Access point .

classifier

Figure 4. Forest fire detection system'’s infrastructure.
2.3. Fire Detection Methods in Proposed System

Depending on the type of sensors used in the system different detection methods can be
implemented. These methods are the Thermal Dete€fiD) method to measure instant temperature
changes, and the Animal Behavior Classification CABnethod to classify sudden changes in animals’
behavior.
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2.3.1 TD - Measuring the instant changes in tenmpeza

TD method is essentially based on the idea thaatimals (especially reptiles) know how to escape
fire and they play it cool when fire sweeps throdige woods. In this method, thermal and radiation
data obtained from MBS is evaluated and it is deiteed whether a forest fire has occurred or nadt. Al
the possible constraints including seasonal tenyreraverages, daily temperature averages, daytime-
night temperature differences, must be considesedne coefficients are obtained from constraints,
and they must also be calculated in accordance animal type (reptile/fast/mammal/etc.), daily
feeding habits, general pattern of life, and terapge differences depending on whether they are
exposed to sunlight or not. For example, an inatatus increase in temperature as a coefficient mus
be greater than difference between under sunligtitshade. Figure 5 shows a sample scenario for
animals’ escaping in case of a fire in the forest.

Figure 5. Animals know how to escape fire [27].

In the figure, the ground heat is approximately@@hd the heat decreases dramatically deep dawn.
The animals start to escape fire and they runotgrter to nearest burrows or any holes underground
This scenario shows that there must be a certeipaeature difference among the member of animals
group carrying sensors. This, intern, means thatetimust be a significant decrease or increase in
temperature received from the same sensors fafirrggperiod of time.

Reptiles are cold-blooded and they need to sunbpém®dically in order to keep their body
temperature under control, they, therefore, movdicoously from shade to sunlight and sunlight to
shade. During these movements, the temperatureuneelaly MBS may have 15 °C fluctuations, and
this difference can be accepted as normal changerefore, critical temperature interval on a MBS
may be considered as = 15 °C. If the central coerpuieasures a temperature difference +20 °C in
certain period from a MBS, it must be tracked aahgfand if continuous changes in temperature are
recorded, it indicates a potential fire outbreakfma ground. In the same way, an air temperatureeva
received from a MBS exciding 70 °C may also beratication of a possible fire. In both situations,
the MBS which sends the data is identified, thée, ¢urrent location of the MBS is determined by
means of GPS device which is then checked by foaesfers.
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Furthermore, in case of strong fluctuations in terafure within a short time period, this would also
be an indication that MBS is panicking, thus, poigtan escape event from heat (fire) or a poacher,
location of MBS, therefore, has to be checked mgeas or others. These examples have, of course,
been based on simple scenarios, but of course rstatistical studies must be made before
determining the critical temperature values, flatiug interval in temperature, and so on.

Both scenarios have been simulated in SIMDL [2B]tHis scenario, selections of database and
decision support system don’'t matter. Devices anohals that have been used for the system in both
scenarios are as follows:

Animals : 3 Loria Forest snakes, 2 Egyptian togsis
Sensors  : 5 SR-TP11-25 (Temperature and Presswserggroduced by Lotek Corp)
Area : 1 acre

Figure 6 (a) and (b) show Loria Forest Snake whscla secretive, ground-dwelling species of
forests and adjacent grasslands. Sightings aregumént due to its secretive habits: the species liv
amongst the confusing tangle of leaf litter, mossagh and rotting logs of the forest floor [29]. &h
figure (c) shows an Egyptian tortoise (Testudorkiganni), it is a ground-dwelling specie too and it
lives amongst the grass [30]. The selection ofd@resmals is very suitable for TD method because of
their daily life habits, five of them have, thenefpbeen selected for simulation. Simulation resaitd
the temperature values received from MBS for 12uteis are plotted in Figure 7.

(a) (b) (©)
Figure 6. Suitable animals for TD method [29,30].
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Figure 7. Data gathered from MBSs under both normal and rabalo(fire) conditions.
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The diagram to the left of Figure 7 shows the terajpee values received under normal conditions
from MBSs, and the one to the right shows the teatipee values received on the abnormal (fire)
situation. In the alter, there is a 60°C value gk from Turtlel in the eighth minute, which is a
signal for a problem related to excessive heat.edeer, the figure shows significant deviations on
temperature that can easily be seen between fiithteanth minutes, and the temperature values are
fluctuating for Turtle2 and Snakel-2-3 MBSs, herthese deviations in the temperatures are possible
an indication of a fire. The communication with Tet has been interrupted after the tenth minute,
hence, the sensor attached to Turtlel may havellve&an down or it may have run out of batterytor i
has been burned at the tenth minute. Thus, thdidocaf Turtlel must immediately be monitored
against either a fire possibility or a sensor fallActually, a fire initiated at the fifth minusecording
to the scenario, and fire can possibly be detdmtgghning from the eighth minute, so this meansethe
is a little delay in detection like three minutes.

This scenario is based on the usage of five MB&srie acre. The amount of such sensors may be
increased or decreased according to the type e$tf@and the risk of fire.

2.3.2 ABC - Classifying MBS actions

ABC method is based on the idea that the fire esepainic on the animals (especially mammals).
Each mammal in a group instinctively tries to keésplf closer to others, however, in case of panic
(this panic occurs especially in case of fire arebfunk), it runs away to the unpredictable di@tsi
Thus, such observations on the behavior of animalgs can be used for classification.

Classifying MBS actions is rather more complex th@B, and highly dependant on an
understanding of animals’ psychological reactiomgdrtain events. MBS panic is a relative concept
and may change according to animal species songieiag what constitutes MBS panic requires a
well designed classification method, and may ewsjuire the application of artificial intelligence
methods. This system works as follows. The accesggreceive the MBS locations periodically and
stores these in a database. The classifier chduksdatabase continuously to determine any
abnormalities in MBSs’ actions. Continuous panidMBS shows that a problem with the animal is
occurring and should be investigated.

Figure 8 shows a classification flow chart. The fowate Repository collects the time and location
data from MBSs periodically (every minute) and stothem into the database. The classifier checks
the database for MBSs’ last five locations (i.e. 8 actions in last five minutes; however, this
interval can vary according to where the systentocated). The classifier attempts to determine
whether or not there is an abnormality in MBS actttmmpared to learned usual behavior, using for
example, an Artificial Intelligence tool. Certaiewdations show abnormal behavior. Moreover, when
the last 5 locations of MBS show a continuous aredion in speed and if this acceleration occuis in
group of MBS living the same territory, this shoavpotential fire in the territory and the systensea
an alarm. The exact location of the fire may bewag using MBSs’ initial locations after which the
zone must be observed by rangers.

In order to classify behavior of MBSs, the speedymmals living in groups should be selected i.e.
deer, elks or voles. Although the minimum numbeM&S for a group may change relatively, at least
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as much as thirty MBSs are required (becauseaat thirty samples are required to make a stadistic
analysis).

Figure 8. MBS actions classifier flowchart.

Figure 9 shows a satellite forest image indicasimgulated locations of MBSs. In the figure, blue
crosses show the MBS initial locations and yelloasses show locations 5 minutes later. This figure
clearly shows various locations of MBS in the zoareq their similar behavior in escaping. This is an
indication of a panic, and whether the cause iseack a poacher, the territory must be monitotad.
this simulated scenario, a fire started approxiipdiee minutes earlier.

Figure 9. Monitoring animals locations via Satellite.
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3. Discussion

This paper presents two different methods of feedtion (TD and ABC), using animals as Mobile
Biological Sensors. In determining whether thes¢hows can be applied to particular forest, it may b
useful to look at some advantages and disadvantdglbem.

Problems and Disadvantages

1.
2.

It is neither easy to capture suitable animals ftbenenvironment nor equip them with sensors.
Animals can be specially trained for this purpcmed while it may seem that using specially
trained animals may infringe upon their freedomfant the lives of many animals may be
saved by forest fire prevention. This needs to bderclear to society.

There is a possibility of lack of appropriate anisrfar special forests.

The use of batteries poses several problems. yrirlibse used in sensors may cause
environmental pollution, introducing extra radiatiand cadmium to the forest and animals.
Moreover, each battery needs to be changed peaibdibut capturing the MBS to do this is
not easy. Furthermore, if the batteries operaterrectly, the wrong data would be sent.

In the thermal detection method, determining camsts such as usual climate conditions, daily
temp differences, seasonal normal temp valuesaetqroblematic.

Determining the constraints using the panic detactnethod is more difficult than in the
thermal detection method, since the selection afmals is very important. Data must be
collected on animals’ feeding, mating and otheritsalin addition, classification of behaviour
can only be made for the same type of animalsxslugive groups of the same animal have to
be used for panic detection.

Advantages

1.

Proposed methods are very convenient and can easilysefully be adapted to current forest
fire detection systems.

Using animals as Mobile Biological Sensors enablesore dynamic and wider detection as
compared to fixed sensors.

The fewer sensors needed means a significant ieduntcost when compared to fixed sensors.
Since animals can go where human can not, preyiauskachable areas can now be controlled
by MBSs.

Applying these systems will reveal more knowledgew different species of animals and their
behavior.

The methods proposed can be adapted animal trasksigms currently in use, thus, lowering
cost.

Classification of animals’ individual and group lbefor can be used for other purposes, in
particular, the system may be use to detect pogchimd monitor comprehensive animal deaths.
If the access points are constructed as watchtaowexgertures of forest, these can be combined
with rainwater collection pools, which can be madmilable as water supplier to helicopters
involved in fire extinguishing.
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If the proposed system is being considered foraltadton in a private forest, the advantages and
disadvantages must be carefully reviewed in a lidagi study, and the decision should be made
accordingly. While minimum number of animals whictay be used in the system depends on the
forest structure and the method, at least 30 mamfoalABC and 25 reptiles for TD methods should
be used for each hectare.

4. Conclusion and Future Works

In this paper, a method which uses animals as edidlogical sensors, has been presented. The
proposed method is based on existing animals tigcgystems used for zoological studies. Hence,
combining these fields may contribute to developimen both animal tracking and forest fire
detection simultaneously. Furthermore, combinatibtwo different braches of research into a single
system means low cost and more efficiency. Theesygiresented in this paper can be implemented for
all kinds of forest fires and can be executed iargwatural environment using many different animal
species. This system could detect potentially seritorest fires early, reducing their effect, thus
helping to reduce the speed of global warming. &itiee system presented in this paper has not
actually been implemented in any forest, some mmhdit unforeseen disadvantages may occur,
however the advantages suggest it could have ingsiead with considerable environmental benefits.
To improve the system, the following could be @drout based on the proposed methods;

1. A number of investigations can be made regardingnanbehavior in case of fire to improve
system reliability.

2. A reorganization of classification algorithms to dmeed for animals’ panic detection, could be
developed for classification of MBSs.

3.  New sensors can be produced or existing sensorsecamproved to increase robustness of the
proposed system.

4. New wireless technologies and new satellite tragldpstems can be adapted to increase the
efficiency of the system.

5. Some studies on fire extinguishing such as using B@nbs at the access points for fire
spread prevention, can be made.

In summary, forests on the Earth are vanishingdhgmlue to fire, and global warming and oxygen
levels are also becoming more critical for all igithings. This paper aims to present an alteraativ
way to detect fire in its early stages, which seboth effective and economic to use.
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