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)e Australian wildfires in 2019–2020 have brought suffering to the Australian people. It is essential to use models to help the
Victorian government monitor and predict the occurrence and development of fires to the greatest extent possible under the
principles of safety and economy to facilitate rapid response. )rough the idea of K-means algorithm and greedy algorithm, we,
respectively, analyzed cities and rural areas at different altitudes and combined the altitude with the obtained clusters; the analysis
from the established model shows that, for cities, cluster areas with smaller clusters with an altitude of less than 1600 meters and
areas with smaller clusters with an altitude of greater than or equal to 1800 meters are covered by an EOC; for areas with larger
clusters less than or equal to 600meters above the sea level and areas with larger clusters greater than or equal to 1000meters above
the sea level, we use two EOCs for coverage; for rural areas, all areas with smaller clusters are covered by one EOC, while for areas
with larger clusters where the altitude is less than or equal to 1000 meters and the altitude is greater than or equal to 1600 meters,
we use two EOCs for coverage; also, obtained through greedy algorithm analysis, one EOC corresponds to 14 SSA UAVs and 8
repeater UAVs, and two EOCs correspond to 12 repeater UAVs and 26 SSA UAVs. We have a reason to believe that, through our
mathematical model and the leaps in drone technology, it will have a long-term and profound impact on Australia’s
wildfire control.

1. Introduction

Forest fire refers to forest fire behavior that is beyond human
control; spreads and expands freely in forest land; and brings
certain harm and loss to forests, forest ecosystems, and
humans. It is a natural disaster that is sudden, destructive,
and difficult to handle and salvage [1]. It is a kind of fire that
occurs during the seasonal alternation of severe dryness and
continuous high temperature and is the main contributor to
the active gas phase and particulate phase organic com-
pounds in the atmosphere [2]. As climate warming inten-
sifies, the frequency and intensity of global forest fire

disasters will also increase. )e potential dangers of forest
fires worldwide will exist for a long time, and the severity will
increase significantly [3], causing severe impacts on the
global ecological environment [4].

Australia is the country with the largest area in Oceania
and the country with the most severe wildfire problem. On
average, there are more than 50,000 wildfires every year, and
about 50 million hm2 of forest and grassland are destroyed
by wildfires [5]. )e disastrous forest fires in Australia from
October 2019 to February 2020 have made humankind more
clearly aware of the enormous impact of wildfires on the
environment and climate. In response to wildfires’ problem,
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Australian fire fighters currently use remote-controlled
aircraft surveillance and situational awareness [6] (SSA) that
carry high-definition cameras with red heat detection ca-
pabilities and remote sensing sensors to monitor and sense
the fire situation for emergency use. Quick response
monitoring of the Operation Center (EOC) [7]. )e
Emergency Operations Center is a place for responding to
public health emergencies in medicine [8]. Similarly, it is
also a place for responding to sudden natural disasters.
)rough the real-time monitoring capabilities of the SSA
UAV, the EOC and the SSA’s monitoring capabilities are
matched, and the best way to command the areas with
hidden dangers is to dispatch reasonable personnel to
eliminate forest fires in the cradle. [9].

)e communication of two-way wireless walkie-talkies
allows the “ground operations” frontline team to provide
status reports to EOC and enables EOC (Emergency Op-
erations Center) to frontline team’s work. Rural areas
mainly depend on distance and terrain, and in urban areas,
it mainly depends on the occlusion of buildings [10]; re-
peaters are used as a transceiver that automatically re-
broadcasts signals with the higher power to expand the
radio range and is generally used in the microwave front
end of the UAV [11], the repeater located between the front
line and the EOC can relay the radio signal from the front
line to the EOC, or from the EOC to the front line. At
present, most of the bee colony algorithms are used in UAV
fire-fighting mission planning [12]; similarly, in the process
of multi-UAVmission planning, Deng et al. [13] and others
introduced an improved quantum particle swarm algo-
rithm to carry out tasks. Planning; Kurdi et al. [14]
designed a locust bionic algorithm to simulate fire devel-
opment uncertainly, but these algorithms are limited to
traditional single-constraint problems and cannot solve
practical problems with multiple constraints. )e univer-
sality is very poor.

At present, more and more countries use UAV moni-
toring systems as an important method to prevent forest fires
[15]. However, how to ensure the UAV monitoring system’s
economy and the integrity of the monitoring range is an
important problem currently existing in the UAV moni-
toring system. Reddy et al. [16] collected daily MODIS data
on fire sites in Australia from 2005 to 2020, combined with
geospatial technology to study forest fires’ spatial and
temporal patterns. Cawson and Duff [17] and others
established a logistic regression model using combustion
data to predict the fire probability of combustible bed at the
time and space scale and determine the influence mecha-
nism of different properties and flammability of combustible
bed under extreme weather conditions. Almeida et al. [18]
studied the burning characteristics of eucalyptus bark based
on the azimuth angle θ of burning particles related to the
airflow and the flow velocity U around the particles. )ey
evaluated the burning characteristics of eucalyptus bark and
proposed a fire spread empirical model to simulate the
impact of wildfires on forests. )us, through the analysis of
these mechanisms, combined with drones’ existing char-
acteristics, real-time monitoring of the common wildfires in
Australia can be carried out.

2. Method

2.1. Clustering Algorithm. Clustering analysis is composed
of several patterns based on similarity. )ere are more
similarities between patterns in a cluster than patterns that
are not in the same cluster [19]. Usually, a pattern is a
metric vector or a point in a multidimensional space;
cluster analysis, as one of the commonly used methods in
traditional machine-learning algorithms, is widely fa-
vored due to its practical, efficient, and straightforward
characteristics [20]. Typical clustering algorithms are
divided into three stages: feature selection and feature
extraction, calculation of similarity between data objects,
and grouping of data objects according to similarity [21].
Data objects are divided into multiple classes or clusters.
Objects in the same cluster have a high degree of simi-
larity, but objects in different clusters are quite different
[22].

Clustering algorithms can be divided into hierarchical
clustering algorithms and partitioned clustering algorithms
[23]. )e hierarchical clustering algorithm attempts to build
a high-level nested clustering tree structure through data
objects’ similarity between different categories. )e clus-
tering trees’ construction includes agglomerated hierarchical
clustering (building a tree structure in a bottom-up manner)
and splitting-type hierarchical clustering (build tree struc-
ture from top to bottom). )e partition clustering algorithm
should first specify the number of clusters and cluster centers
and divide the data set into several disjoint clusters by
optimizing some loss functions, in order to simplify the
model by analyzing different clusters.

2.2. Greedy Algorithm. Greedy algorithm, also known as a
greedy method, is an improved hierarchical processing
method [24], and is a standard method to find the optimal
solution; it is always making the current optimal choice; in
other words, the greedy algorithm is not considered from the
whole, but is the optimal choice in a specific local sense [25].
)e basic idea of the greedy algorithm is to start from a sure
initial solution of the problem and gradually approach the
given goal in order to find a better solution as quickly as
possible [26] to find the optimal local solution in the whole,
and all these local optimal solutions combine to form an
optimal solution as a whole [27]. Compared with the general
scheduling algorithm, the greedy algorithm has simple al-
gorithms, low complexity, and high efficiency [28]. It is a
standard and excellent method to solve the problem of better
choice [29].

)e key feature of the greedy algorithm is to adopt a se-
lection strategy with no aftereffects. )e previous state only
depends on the existing state and will not affect the subsequent
process [30, 31]; it generally includes the following four steps:
first, select optimization greedy standard. Second, verify that
this problem can meet the conditions of greedy selectivity and
optimal substructure under the above criteria.)ird, implement
data sorting according to the greedy metric, determine the
greedy selection algorithm, and solve a subset of feasible so-
lutions. Fourth, calculate the optimal solution according to the
greedy sequence and the objective function.
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3. Implementation Methods

3.1. Data Processing and Assumptions. For the monitoring of
wildfires in the Victoria area, we considered the EOC location
and established the optimal location model through the clus-
tering algorithm. At the same time, in order to consider the
number of drones used under the most basic and ideal con-
ditions, we simulated the best combination of zero-height plane
direct drones and SSA drones, and on this basis, the zero-height
optimal coverage model is established. Based on the obtained
results, we further estimated the number of drones required on
Victoria’s ground. We combined these two models to get a
quick emergency response model. At the same time, in order to
make the model closer to the actual situation, we have con-
sidered some practical factors. )ey are: (1) the detection range
of the equipment worn by the detector; (2) the detection range
of the UAV; and (3) the influence of local climatic conditions
and terrain conditions. Similarly, in the process of UAV forest
fire detection, the following assumptions are made for analysis:
(1) communication equipment and monitoring equipment do
not consider the impact of day and night and extreme weather;
(2) the monitoring range of SSA UAV is not affected by terrain
factors; (3) the battery life is not considered to decrease with use;
and (4) the visual inspection range of the human body to the fire
is two kilometers.

When analyzing team performance, the data used in
this model mainly are from complete data provided by the
Federation of Mathematics and Its Applications
(COMAP). Besides, we have inquired about other fire-
related data from https://www.kaggle.com/carlosparadis/
fires-from-space-australia-and-new-zeland and https://
www.peakbagger .com/range.aspx?rid�724 to obtain
fire point data for the Australian fire season. After fil-
tering Victoria’s latitude and longitude, the fire location,
fire intensity, and fire frequency of the state are obtained.
At the same time, we obtained terrain data for Australia
in Figure 1.

Besides, we obtained the topographic map and elevation
data of the area clearly through the surveying and processing
of ArcGIS software. Furthermore, the data are shown in
Figure 2:

Based on the above data, we continue to carry out
further data processing. We learned that on the same
meridian, 1 degree of latitude is about 111 kilometers,
expressed as D2. In latitude, for every 1-degree difference
in longitude, the actual distance is 111∗ cos θ km,
expressed as D1. In addition, according to the drone’s
known parameters given in the title, we can find that the
farthest flying distance of the drone is 30 kilometers; that
is, the radius of the circle centered on the EOC is 30
kilometers. It can be seen from the above that the di-
ameter of each circle centered on EOC is 60 kilometers,
and two EOC circles can cover a line of latitude. From the
drawn map, we can see that there is no fire covering more
than two latitude lines, so the formula is as follows:

D1 � 111∗ cos θ,

D2 � 111.
(1)

3.2. Model Establishment and Analysis Based on K-Means
Algorithm. K-means algorithm, as the most popular algo-
rithm in clustering algorithms, is an iterative process [32]; it
was first used byMacQueen [33] in 1967. Compared to other
clustering algorithms, the K-means algorithm has been
widely used in clustering algorithms due to its better effect
and simple idea. Similarly, it is also unsupervised learning
and a clustering algorithm based on partition [34]. Euclidean
distance is generally used as an index to measure the sim-
ilarity between data objects. )e similarity is inversely
proportional to the distance between data objects. )e al-
gorithm needs to specify the number of initial clusters k and
k initial cluster centers in advance. According to the simi-
larity between the data objects and the cluster centers, the
positions of the cluster centers are constantly updated. )e
sum of squared errors of the clusters is continuously reduced
(Sum of Squared Error, SSE) when the SSE no longer
changes or the objective function converges, the clustering
ends, and the final result is obtained.

)e core idea of the K-means algorithm is: first ran-
domly select k initial cluster centers Ci (1≤ i≤ k) from the
data set, calculate the Euclidean distance between the
remaining data objects and the cluster center Ci, and find the
distance; the closest cluster center Ci of the target data object
and the data object are allocated to the cluster corresponding
to the cluster center Ci. )e average value of the data objects
in each cluster is calculated as the new cluster center, and the
next iteration is performed until the cluster center no longer
changes or the maximum number of iterations stops.

)e formula for calculating the Euclidean distance be-
tween the data object and the cluster center in space is

d x, Ci(  �

��������������


m

j�1 xj − CIJ 
2



. (2)

Among them, x is the data object, Ci is the ith cluster
center, m is the dimension of the data object, and xj and xj

are the j-th attribute values of x and Ci, respectively.
)e formula for calculating the sum of squared errors

SSE of the entire data set is

SSE � 
k

i�1


x∈C1

d x, Ci( 
2



. (3)

Among them, the size of SSE indicates the clustering
result’s quality, and k is the number of clusters.

In the traditional K-means algorithm, the number of
clusters k needs to be determined in advance, but in practice,
it is often difficult to determine the value of k due to a large
amount of data and lack of experience. If the value of k

selected is too small, it will result in the same cluster. )e
data objects are very different. If the k value selected is too
large, the difference between different clusters will be slight.
To avoid manually selecting the value of k, we use the hi-
erarchical k-means clustering algorithm [35]. At the be-
ginning of the algorithm, just like the traditional K-means
algorithm, k initial clustering centers are randomly selected
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Figure 2: Australia topographic map.

Figure 1: Topographic data of Australian fire spots.
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for one iteration, and then the clustering is calculated. )e
clustering measures are as follows:

J �

����������������


k
i�1 

ni

j�1 xij − ci 
2

n − 1



. (4)

Perform a finer level of clustering. Ci is the cluster center
of the ith class, xij is the jth data object in the ith class, ni is
the number of data objects in the ith class, k is the number of
clusters, and n is data set size. After each iteration, the cluster
center finds the cluster with the largest radius among all
clusters, selects the two most distant sample points in the
cluster as the new cluster center, and reiterates with other
cluster centers. Calculation of the ratio of clustering mea-
sures after each iteration:

ε �
J

(t)
− J

(t−1)

J
(t−1)

. (5)

Among them, t is the number of iterations. If ε is greater
than the artificially set empirical value Δ, clustering is
continued; otherwise, the algorithm stops, and the clustering
result and the optimal number of clusters k are output. )e
results show that compared with the clustering accuracy of
the K-means algorithm, the clustering accuracy is greatly
improved.)e algorithm can also obtain k values close to the
actual number of clusters. Based on the above steps, we can
get the following results through clustering in Figure 3:

As shown in Figure 3, the clusters are densely distributed
in eastern Victoria, indicating that eastern Victoria is an area
with frequent wildfires. For this area, more EOCs should be
established, and more drone equipment should be pur-
chased. In western and central Victoria, the clusters are
sparsely distributed, indicating that wildfires in these areas
are not very frequent, but only occasionally; therefore, the
EOC can be set appropriately, but the purchase of drone
equipment still needs to increase to avoid risks as much as
possible.

Due to Victoria’s complex terrain, the altitude repre-
sented by each cluster center is different, so a basic platform
is needed to conduct corresponding research on cluster
centers in various regions. On this basis, we simplified the
altitude of various locations in Victoria according to the
ideal state and regarded the entire Australian continent as
the zero-altitude point. When analyzing a specific location,
we multiplied the actual altitude by our assumption that
every increase of 100 meters will reduce the communication
distance by 500 meters, thereby simulating the actual
communication distance:

l′ � l − 5h,

h(0) � 0,

h − h(0) � hv.

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(6)

Among them, l is the communication distance at zero
altitude under normal conditions, l′ is the actual commu-
nication distance as the altitude rises, h is the altitude, h(0) is
the zero altitude, hv is the simplified Victorian area altitude,
the value is the same as h. So we can get the changing trend of

the range that the repeater drone can cover with altitude in
Figure 4.

4. Results and Discussion

)erefore, after we simplify the entire state of Victoria,
Australia, our goal is to establish facilities that can cover all
points and meet the most economical requirements for areas
with high fire hazards. In other words, we need a minimum
number of direct drones to cover all potential fire points in
order to achieve the purpose of regular communication
between wearable equipment personnel and EOC.

First of all, we analyze the maximum number of drones
placed in a cluster; too many drones will cause waste of
resources, which will increase costs needlessly; too few
drones will make it challenging to complete monitoring
potential fire points so that the fire point cannot be alerted
the first time. )erefore, the cluster analysis we get is shown
in Figure 5:

As shown in the figure, the red circle represents the
effective detection range of the SSA, the blue circle repre-
sents the communication signal range of the repeater drone,
each blue circle represents a repeater drone, and each red
circle represents an SSA; strive to solve the problem of the
number of UAV transponders. Our goal is to achieve the
largest monitoring area based on saving costs as much as
possible. )e number of drones is a direct manifestation of
the cost. Simultaneously, according to the performance of
drones, we can make them work in different areas to achieve
the maximum coverage effect.

As can be seen from the above figure, in the idealized
Victorian area, it is the most economical for us to use
three direct drones simultaneously, and the coverage is
also relatively comprehensive. At the same time, it can
also adapt well to the harmful effects of different terrain
changes. When the altitude increases, we can achieve
comprehensive condition coverage by increasing the
minimum number of repeater drones, which guarantees
safety and conforms to economic principles. No more
economic loss. Since the repeater drones need to work in
turns, and the charging time is often less than the flight
time, theoretically speaking, the drone still needs a
standby drone to perform monitoring tasks when the
power is exhausted and return home to achieve a 24-hour
uninterrupted cycle for detection; the total number of
patrol drones should be twice the number of drone pa-
trols required by the cluster. Similarly, for safety and
possible failure considerations and some areas with
higher fire potential hazards, we will once again increase
the number of drones with one-third of the total number
of patrol drones as backups. In this way, more com-
prehensive coverage can be carried out in places with
severe fire conditions. At the same time, it can also be
used as a normal working drone in high altitude areas.

To determine the number of SSA drones, under the
premise that we know that the flying distance of the drone
is 30 kilometers and the distance that ordinary human
eyes can detect is 2 kilometers, we set each detector to a
radius A, in which a 2 km circle is used instead. Based on
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the human body’s naked eye detection distance of 2 km,
within the effective working range of the EOC, at least 7
SSA orbits are required to achieve the purpose of

complete coverage monitoring. At the same time, we use
the idea of a greedy algorithm based on UAV perfor-
mance to maximize the use of UAV flight capabilities. We

l'=l-5h
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Figure 4: Trend chart of drone coverage changes with altitude.
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determine the best path of SSA UAVs through iterative
calculations [35] to determine the minimum number of
SSA UAVs. We simplify the UAV flight path into a circle
with the same center, as shown in Figure 6:

)rough repeated calculations, the following conclu-
sions are drawn:

(1) )e SSA UAV can only fly half a circle on an orbit
with a radius of 28 kilometers, and then the
remaining range can fly one circle on an orbit with a
radius of 4 kilometers. Currently, 4 drones are
needed.

(2) )e SSAUAV can only fly half a circle on an orbit with
a radius of 24 kilometers.)en, the remaining range can
fly two circles on an orbit with a radius of 4 kilometers
or one circle on an orbit with a radius of 8 kilometers. At
this time, 4 drones are needed.

(3) )e SSAUAV can fly a circle in orbit with a radius of 20
kilometers and then needs to return to EOC imme-
diately. At this time, 2 drones are required.

(4) )e SSA UAV can fly one circle in orbit with a radius
of 16 kilometers and then needs to return to EOC
immediately. At this time, 2 drones are required.
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(5) )e SSA UAV can fly one circle on an orbit with a
radius of 12 kilometers; then, it can fly three times on an
orbit with a radius of 4 kilometers and one flight on an
orbit with a radius of 8 kilometers.

In summary, we do not need to purchase additional
drones on orbits with a radius of 4 kilometers or a radius of 8
kilometers. At the same time, we also need to consider the
SSA drone’s rotation, so we choose twice the original
number. We will add two SSA drones as backup in areas
where severe fires have occurred for safety and compre-
hensive considerations.

In order to enable the government to respond to the
fire in the shortest possible time, we combine the con-
clusions mentioned above to establish a final rapid
emergency response model to help the government better
deal with the fire. Based on the most optimal location, we
can cover most of the fire spots. Simultaneously, due to
different factors such as altitude, in order to conduct
detailed analysis at different locations, we know the
number of drone combinations required under zero-al-
titude aircraft through the previous analysis. )erefore, we
analyze the fire points at different altitudes in Victoria
based on zero altitudes.

Since the monitoring range of SSA UAVs is not affected
by terrain factors, to determine the number of SSA UAVs,
only the number of repeater drones is determined. We take
the performance and economic conditions of drones as
constraints and enumerate the number of SSA drones and
the number of repeater drones required for each altitude
segment. )us, the relationship between the number of
drones that need to be purchased at different heights in the
city and the number of drones that need to be purchased in
flat areas is obtained.

Terrain factors include urban areas and flat areas with no
obstacles. Since the known communication signal ranges are
2 kilometers and 5 kilometers, respectively, we will discuss

the number of repeater drones required in urban areas and
flat areas based on the obtained altitude points. Using
ArcGIS to draw a topographic map of Victoria, we can see
that fire hazard area’s altitude is between −15.9037 meters
and 1981.95 meters. We set the height corresponding to the
reference detection range to 0 meters. From the picture, we
can see that there are mountains with higher elevations on
the southeast side of Victoria, which are also the places with
the highest frequency and intensity of fires. )e western and
central regions are relatively low, and fires’ frequency and
intensity are lower than those in the eastern region. In
addition, the blue circle is the signal range of the repeater
and should be cut with the red circle representing the ef-
fective working range of the EOC to achieve the effect of
real-time reporting.

)e direct drone’s main function is to provide signal
coverage, so we must consider that the farthest signal that
the communication device can transmit in a flat, unob-
structed area is 5 kilometers. We use interpolation to cal-
culate from 0 meters above sea level and set the highest
elevation to 2000 meters. We regard every 200 meters as a
segment, so we choose 1800 meters and 2000 meters above
sea level, which is the closest to 1981.95 for calculation.

Under the condition of 1800 meters above sea level, the
communication distance of communication equipment in
the barrier-free flat area is 5 kilometers, so we can place a set
of communication equipment at the origin of EOC so that
we can get a circle with EOC as the center and radius of 5
kilometers. We use this circle as our communication area.

From the most basic zero-height model, we can conclude
that only three repeater drones need maximum coverage.
Due to the increase in altitude, the number of direct drones
required will have two situations: increase or unchanged.We
consider the coverage of three repeater drones and four
repeater drones.

We use python software to make the signal range that the
three repeater drones can cover, as shown by the blue circle
in Figure 7. Due to the increase in altitude, the repeater
drone’s signal range at this time is less than zero. At the same
time, the signal receiving range and detection range of the
detector must be considered.

)e left panel of Figure 7 shows the range that the
detector can detect when a signal is received. )e red dot in
the middle represents EOC, the small blue circle in the
middle represents the signal coverage of EOC, and the red
circle represents the effective detection range of EOC. Also,
the large blue circle surrounding the small blue circle rep-
resents the detection range of the UAV, the green circle
represents the detection and the maximum noninfluencing
contact range of the carrier’s radio; at this time, we arrange
them into an equilateral triangle according to the principle
of stability and maximum coverage. It can be seen from the
figure that the situation is similar to the zero-altitude sit-
uation, which can save the economy from using it as much as
possible while ensuring safety. So, we think this situation is
acceptable.

)en, we consider the case of four drones in the right
panel of Figure 7. We also use python to achieve the signal
coverage of the four repeater drones and the range that the
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detector can detect when the signal is received. )e meaning
of each color is the same as the three repeater drones.We can
see that the four drones are best arranged in a rectangle so
that the maximum coverage can be guaranteed under the
principle of economy.

In order to judge whether the economy will damage the
detection range, we will start with the coverage of the UAV
detection range. )e red circle area represents the SSA ef-
fective detection range, while each blue circle represents a
drone, and each green circle represents the visual obser-
vation range; in order to avoid dead corners to the greatest
extent, we will actually select the number of UAVs in op-
eration as twice the number in the image for cross patrol.
)erefore, the detection range of drones is the product of
area and the number of drone patrols.

Combining the above two situations and analyzing the
data in Table 1, we can see that at 1800 meters, 3 repeater
drones and 4 repeater drones can achieve good coverage.
However for economic reasons, the coverage rate of four
UAVs has limited growth compared with three, so we
choose to use 3 repeater drones to work at this height. Since
drone batteries need to be charged, we need to take turns to
work. We chose to buy six drones which is twice as much as
the image. For safety reasons, we should purchase two more
repeater drones and two SSA drones.

As the altitude decreases, the direct drone coverage will
increase, so the situation with an altitude of fewer than 1800
meters is better than the situation with an altitude of 1800
meters. So we bought 8 repeater drones and 14 repeater
drones.

)en, we consider the situation of 2000 meters above sea
level. At this time, the communication distance of the
communication device is still 5 kilometers. Based on the
consideration at an altitude of 1800 meters, we still consider
three repeater drones and four repeater drones. When we
use three drones, we use python to simulate the coverage of
these three drones and the detectable range of the detector.

We can see that this situation is similar to 1800 meters, and
the coverage area has not decreased much. At this time, we
still need two spare drones.)e number of drones we need to
buy is 22. It contains 8 repeater drones and 14 SSA drones.

When we use four drones, we find it suitable for the
signal coverage of the repeater drone and the detection range
of the detector. Although the coverage is relatively com-
prehensive, the number of drones required is huge. Because
we cluster more clusters, the total cost will also be higher.
Moreover, in Figure 8, we can see that compared with three
UAVs and four UAVs, there is not much difference in the
detection range between the two; therefore, we still choose
three UAVs for economic reasons. Based on the 2000-meter
altitude situation discussion, we chose the coverage of 3
repeater drones, which means we need to purchase 8 re-
peater drones and 14 SSA drones.

Completed the combined analysis of the number of
drones in the plane barrier-free area and the best position of
the direct drone. Based on the analysis we have completed,
we will continue to analyze the urban area’s situation. )e
difference between an urban area and a flat barrier-free area
is that the communication distance of people’s communi-
cation equipment is different, and the urban area is reduced
to 2 kilometers. At this time, we changed the signal coverage
of EOC from 5 kilometers to 2 kilometers. At the same time,
the scope of the green circle will be reduced.

We are still analyzing based on the zero-height model,
starting with three drones. Based on the analysis results, we
are still analyzing the situation at an altitude of 1,800 meters.
In summary, whether it is 1800 meters above sea level or
2000 meters above sea level, we all need to buy 8 repeater
drones and 14 SSA drones. )e repeater drone position is
shown in Figure 9, so that it forms a triangle that can cover to
the greatest extent.

Since the altitude has risen to 1800 meters, according to
our assumption, our repeater drone coverage is reduced by 9
kilometers, so the current coverage is 11 kilometers, which
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Figure 7: )ree and four drones present a rectangular shape.
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means that what we can do is a radius of 11 kilometers. It is
engraved on the circle formed by the maximum flight
distance of the SSA UAV. Since the signal transmission
distance of the detector’s device is 2 kilometers, we can get
the widest communication coverage.

As can be seen from Figure 9, because the detection
range of the equipment worn by the detector has been re-
duced by 3 kilometers, its coverage is minimal. Although
economic principles can still be met, it is no longer possible
to meet safety requirements. We need to add a repeater

-30

-20

-10

0

10

20

30

40

Y 
(k

m
)

-20 -10 0 10 20 30-30
X (km)

SSA effective detection range
Repeater UAV coverage
Visual detection range
EOC signal coverage

SSA effective detection range
Repeater UAV coverage
Visual detection range
EOC signal coverage

-30

-20

-10

0

10

20

30

Y 
(m

)

-20 -10 0 10 20 30-30
X (m)

Figure 9: Comparison of the detection of three drones and four drones at 1800 meters.

Table 1: Comparison of coverage under different modes.

Patrol mode SSA range UAV range Ratio of coverage Visual range Ratio of visual coverage
)ree drones 2827.43 2280.78 0.8067 6107.256 2.16
Four drones 2827.43 2513.272 0.8889 7263.36 2.57
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Figure 8: Comparison of three drones and four drones.
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drone, that is, 4 repeater drones, to cover this area. We still
use the same method to make the corresponding situation.

After calculation in Table 2, the signal range covered by
the four direct drones is the same as the signal range covered
by the three direct drones in the zero-height model. We need
to consider safety first and then decide on economics.
)erefore, for urban areas, the solution of 4 straight drones is
better than 3 straight drones.

)en, we have to consider the case of full coverage. In
this case, we consider security and ignore economy. )e
purpose of this situation is to verify whether these 4
drones can meet the safety requirements. Since the
inscribed circle cannot fill the red circle, we simplified the
red circle to a regular hexagon. Its area is slightly reduced
within a reasonable range. Its purpose is to meet the
requirements of inscribed circles. )e circle can better
cover this number.

It can be seen from Figure 10 and Table 3 that only 7
circles can completely cover the red circle; the cost is
high, it cannot meet the financial requirements, and the
coverage area is wasteful. In this case, we can compare the
situation of four direct drones, and we can find that the
coverage of the four direct drones is not much smaller
than this situation. Within a reasonable range, the cov-
erage rate is high and economical.

In summary, at an altitude of 1800 meters, we selected 4
repeater drones for signal coverage. Currently, we still need
8 repeater drones and 14 SSA drones. When we choose four
drones to work, the position is a circular inscribed
rectangle.

)e situation of two EOCs is more complicated; since
there is already a basis for one EOC result, for larger clusters,
we will introduce another EOC for consideration. From the
approximate elevation, their average altitudes are 1600m,
1000m, and 600m, respectively. We consider the city and
the countryside separately and first analyze the countryside.
At 0 altitude, we combine the repeaters owned by the two
EOCs at fixed points, and the following graph can be ob-
tained in the left panel of Figure 11.

From this, we can find that the repeater drone has
covered the detection range well, and we save one repeater
compared to two independent EOCs.

For the case of 600m, we perform the same processing,
and we can get the following graph in the right panel of
Figure 11:

)e conclusion is the same as that at 0 meters. Repeater
drones also better cover the monitoring range.

It can be seen from Table 4 that the detection coverage of
the five UAVs at zero altitude is very high, and the detection
coverage decreases at 600m altitude, but it is still about 0.8,
which meets the standard of real-time detection. Similarly,
their ratio of visual coverage is greater than one, indicating
that the conclusion is feasible.

We raise the altitude to 1000m for research and adopt
the same processing method, and we can get the following
situation in the left panel of Figure 12:

It can be seen that the results are almost the same as the
above two cases, so at this time, we think that for the case of
two EOCs below 1000 meters above sea level, we only need 5
repeater drones for full coverage.

Table 2: Comparison of coverage under different modes at 1800m altitude.

Patrol mode SSA range UAV range Ratio of coverage Visual range Ratio of visual coverage
)ree drones 2827.43 2280.78 0.8067 6107.256 2.16
Four drones 2827.43 3619.1 1.28 6432 2.275
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Figure 10: )e drone presents the difference between a regular hexagon and a square.
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Table 3: Comparison of coverage under different modes between a regular hexagon and a square.

Patrol mode SSA range UAV range Ratio of coverage Visual range Ratio of visual coverage
Regular hexagon 2827.43 4398.226 1.55 8620.528 3.04
Square 2827.43 3619.1 1.28 6432 2.275
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Figure 11: Two EOCs in the village at zero altitude and 600 meters.

Table 4: Comparison of coverage under different modes between zero attitude and 600 meters.

Patrol mode SSA range UAV range Ratio of coverage Visual range Ratio of visual coverage
Zero attitude 5654.86 12566.37 2.22 19634.95 3.47
600 meters 5654.86 4523.89 0.80 9079.2 1.606
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Figure 12: Detection of two EOCs in the countryside at 1000 meters and 1600 meters.
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)en, we will discuss the case where the altitude is 1600
meters, as shown in the right panel of Figure 12.

)rough the data of Table 5 and Figure 12, it can be seen
that the five direct release UAVs cannot fully cover the area,
and the loopholes at the upper and lower edges of the area
are relatively large. However, when two UAVs work alter-
nately, their coverage has a good value, which can fully cover
the detection range. )erefore, we can use five repeater
drones to detect the heights of these two altitudes.

)en, we will consider the city’s situation; its influence
on the signal is similar to the situation of an EOC we are
discussing. We still consider from the 0 altitude, as shown in
the left panel of Figure 13.

From Figure 13 and Table 6, we can see that in the case of
zero altitude and 1000m, five repeated drones in each group
are divided into two groups, and the coverage of simulta-
neous detection is greater than one. In the case of 600m, the
value of ratio of coverage is 0.8. In rural areas, due to the lack
of buildings and open vision, the coverage is less than one, In
case of fire, the smoke and fire precursor can also be detected
by other UAVs, and the economic loss will not be great;
however, due to the dense population and many complex
buildings in the city, if the fire is not detected initially, it will
cause heavy casualties and property losses.)erefore, we will
increase the number of UAVs in each group at an altitude of
600m.

5. Conclusion

5.1. For the UrbanArea. For areas where the cluster is small,
and the altitude is less than or equal to 1600, we use one EOC
for coverage. At this time, it corresponds to 14 SSA drones
and 8 repeater drones. One SSA UAV and two repeater
UAVs are standby aircraft.

For areas where the cluster is small, and the altitude is
greater than or equal to 1800, we will still use one EOC for
coverage. At this time, 14 SSA drones and 8 repeater drones
should be used. Here, we only reserve 2 SSA drones and no
repeater drones, and all repeater drones will be put into
operation.

When the cluster is large, and the altitude is less than or
equal to 600 meters, we can use two EOCs for coverage. At
this time, 12 repeater drones and 26 SSA drones are re-
quired. Among them, there are 2 SSA drones in total. )e
man-machine and 2 repeater drones are used as backup
machines.

When the cluster is large, and the altitude is greater than
or equal to 1000 meters, we use two EOCs for coverage. At
this time, each EOC needs to be considered separately be-
cause if the two are used as a whole, full coverage will not be
possible. At this time, 10 repeater UAVs and 26 SSA UAVs
are required, of which 2 SSA UAVs will be used as backup
aircraft, and all repeater UAVs will be put into operation.

Table 5: Comparison of coverage under different modes between 1000 meters and 1600 meters.

Patrol mode (meters) SSA range UAV range Ratio of coverage Visual range Ratio of visual coverage
1000 5654.86 9079.2 1.61 15205.3 2.69
1600 5654.86 7068.5 1.25 12566.37 2.22
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Figure 13: Detection of two EOCs in the city at zero altitude, 600 meters, and 1000 meters.

Table 6: Comparison of coverage under different modes in the city.

Patrol mode SSA range UAV range Ratio of coverage Visual range Ratio of visual coverage
Zero attitude 5654.86 12566.37 2.22 15205.3 2.69
600 meters 5654.86 4523.89 0.80 6157.5 1.09
1000 meters 5654.86 7068.5 1.25 9079.2 1.61
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5.2. For the Countryside. For areas with small clusters, re-
gardless of altitude, we use one EOC for coverage. At this
time, 14 SSA UAVs and 8 repeater UAVs are working. For
the sake of consistency, 2 SSA UAVs and 2 Repeater UAVs
are standby aircraft.

For areas with large clusters, when the altitude is less
than or equal to 1000, we use two EOCs for coverage, and the
two EOCs can work in coordination. At this time, 10 re-
peater drones and 26 SSA drones are needed. Among them, a
total of 2 SSA drones and 2 repeater drones are used as
backup aircraft.

When the altitude is greater than or equal to 1600, we
will use two EOCs for independent work for areas with large
clusters. At this time, 10 repeater drones and 26 SSA drones
are required, of which 2 SSAs are unmanned. )e aircraft
will be used as backup aircraft, and all repeater drones will be
put into operation.

)e continuous development of technology will improve
the existing situation and solve problems better [36]. We
have reason to believe that the leap of UAV technology will
bring sustainable and long-term and profound impact on
Australian mountain fire control.

5.3. For the Potential Applications. Because our model
simplifies many variables, our model is conducive to the
application of similar situations in the future. Similarly,
there is an instrument with a general control center that
controls the surrounding area, )erefore, our model can be
used in the dynamic process of projects that use surrounding
instruments to work, including the robot temperature de-
tection in China during the epidemic, that is, a general
control center controls the movement of the temperature
measurement robot in the airport or open area, so that the
temperature measurement robot can detect the temperature
within the range allowed by the control center, Or, similar to
the dynamic change process of WiFi signals connected by
mobile phones and other tools within the influence range of
a router, these can be used in our model.

5.4. For theWeaknesses. )e shortcomings of this paper are
mainly divided into two cases.

)e first is a small probability event. For example, the
dust caused by mountain fire will short circuit the UAV and
affect the vision. )e EOC signal is not invariable within this
range, and the signal reception will change with the distance
between the UAV and the EOC, or there are a large number
of trees in the forest area with different heights; therefore, the
motion of UAV is not the circular uniform motion in the
perfect form we assume.

Secondly, our model cannot analyze the possible dead
corners of UAV detection. During the movement of UAV, if
there is a mountain fire just after the UAV leaves this
movement range, how should we solve it? )erefore, this is
the limitation of our model. )e solution is to increase the
number of UAVs, but it will lead to more economic con-
sumption and inefficient detection. Moreover, since the
model assumes a perfect situation, rashly increasing the
number of UAVs will also lead to more problems due to

UAV operation. )erefore, how to prevent or reduce the
frequency of detection blind areas is the biggest limitation of
the current model.
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40qhu.edu.cn. )e data link password is iwTC.
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