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Abstract 

In the second half of 2019, wildfires in Australia occurred frequently, causing serious 
damage to major states, especially Victoria, located in southeastern Australia. In this 
paper, the Okumura-Hata model is used to quantify the influence of terrain on signal 
power transmission, and the path loss method is used to determine the loss of the sensor 
of the fire point when transmitting information to the frontline troops. Through the erip 
value of different fire points, the weak link of monitoring can be determined. This has 
helped improve rapid response to wildfires. 
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1. Introduction 

Wildfires are a kind of natural disasters that are sudden, destructive, and difficult to rescue.[1] 
As the economy continues to develop, global warming has intensified as well as human 
interference and damage to forest ecosystems have increased, resulting in frequent global 
wildfire incidents.[2] Australia experienced a long and severe fire season in the second half of 
2019, which reached its peak in December. Australian Government Bureau of Meteorology 
shows that in December, the forest fire risk index in New South Wales and other regions was 
the highest on record. Devastating fires have had a serious impact on every state, with the 
greatest impact in New South Wales and southeastern Victoria. Wildfires occur during severe 
droughts and persistent heat waves, which are exacerbated by climate change. Therefore, rapid 
response to forest fires plays an important role in maintaining economic stability, reducing 
casualties, and maintaining ecological balance.[3] 

2. Fire Point Information Transmission Loss Model Based on Okumura-
Hata Model 

Under complex topography, the radio signal propagation of frontline troops will be greatly 
affected. We will quantify the influence of terrain on signal power propagation through the 
Okumura-Hata model [4]. 

We use the handheld two-way radios of the frontline troops as the monitoring station in the 
Okumura-Hata model.[5] In an ideal situation, the radio propagation range on a flat ground is a 
circle with a radius of 5 kilometers, but due to terrain, large city buildings and other factors, the 
radio propagation range is irregular. But the net loss of signal power can be determined by the 
following link budget model, and then the coverage of the radio monitoring station can be 
calculated by: 

erip(dBm) = Pr − Gr + Rloss +Xpol + Lprop (1) 

Among them, Pr = Vr − 107, Lprop  is the propagation path loss, which can be expressed as a 

function of the distance 𝑑 between the monitoring station and the transmitting station, and has 
different models in different environments. 
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In this paper, the Okumura-Hata model is used for analysis and research. According to the 
Okumura-Hata model, the urban path loss formula is 

What is more, fc ∈ (150,1500), hb ∈ (30,200), hm ∈ (1,10). 

Since frontline personnel are equipped with handheld two-way radios operating in the 
VHF/UHF band, it may be assumed that the radio frequency 𝑓𝑐 = 300MHz. Because the power 
of the handheld two-way radio working in the VHF/UHF band is only 5 W, and the radio is sent 
out from a fire area, we seth mm = 50 m and hb = 150 m to ensure that the communication is 
not affected by fire as much as possible. 

For small and medium cities, the mobile antenna correction factor is 

a(hm) = (1.1 log fc) − (1.56 log fc − 0.8) (2) 

For large cities (the average height of buildings is greater than 15m), the correction factor is 

a(hm) = 8.29(log1.54 hm)
2 − 1.1 fc ≤ 300MHz (3) 

a(hm) = 3.2(log11.75 hm)
2 − 4.97fc ≥ 300MHz (4) 

When calculating the mobile antenna correction factor, the latitude and longitude data of the 
target point can be combined with the Victoria town map to determine the location of the fire 
point, as Figure 1 shows. 

 
Figure 1 Distribution of Victoria towns (blue lines represent streets) 

As we know, the northeastern part of Victoria is a mountainous area with towering peaks. As it 
is shown in the picture, the altitude is mostly between 1,000 meters and 2,000 meters. The 
southeast part is covered with vast forests, numerous caves and lakes, and the west is vast hills 
and grasslands. As the main area of the fire is in the east of Victoria, that is, we selected 
Okumura-Hata's alpine slope terrain model. 

Sloping terrain refers to the terrain inclined 5~10 km. Taking the average slope angle Q as the 
independent variable, Q is defined as: 

Q = arctg
hp − hq

d
(5) 

In uphill terrain, hp > hq, so Q > 0, in downhill terrain, hp < hq, so Q < 0, which is shown in 

Figure 3. 
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Figure 2 Victoria topography 

 

 
Figure 3 the average slope angle Q 

If the terrain gradually rises in the direction of radio wave propagation, it is called a positive 
slope, and the slope angle is Q>0; otherwise, it is a negative slope, and the slope angle is Q<0. 

According to the Okumura-Hata model, when Q>0, we have 

Lprop (slop) =

{
  
 

  
 
Lprop (urban)+ 3.5 × 10−3Q2 − 0.235Q, d ≤ 10

 Lprop (urban) + (7.5 × 10−3 d + 2.75 × 10−3)Q2

−(0.01125 d + 0.1225)Q, 10 < d ≤ 30

 Lprop (urban) + 1.67× 10−4dQ2

−(0.1133 d + 0.12)Q, 30 < d ≤ 60

 Lprop (urban) + 0.01Q2 −0.8Q,   d > 60 

(6) 

when Q<0, we have 

Lprop (slop) =

{
 
 

 
 Lprop (urban)+ 5 × 10−3Q2 − 0.15Q, d ≤ 10

 Lprop (urban) + (4.405 d+ 5.95) × 10−4Q2

−(0.01125 d + 0.1225)Q, 10 < d ≤ 30

 Lprop (urban)+ 1.381 × 10−2Q2 − 0.64Q, d > 30

(7) 

In order to measure the magnitude of the fire at each ignition point, we searched for the flame 
radiation power FRP recorded by NASA satellites, and believed that the fire size was positively 
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correlated with the flame radiation power. We sorted the corresponding latitude and longitude 
according to the FRP size. We will first consider the point with a larger FRP value to ensure safe 
and timely drone service guarantees in more dangerous areas. 

3. Model Solving 

We define a state matrix: CDm×1, the matrix is an m×1 null matrix, m is the number of ignition 
points, when the ignition point Fi requirements are met, CD(i) = 1. Select the ignition point 𝐹1 

with the largest FRP value as the position of the first relay UAV and record it as A1. The state of 
the ignition point 1 becomes 1, that is, CD(1) = 1. All points F2 with the current state of 0 are 

calculated. The actual geographic distance between 𝐹3⋯𝐹𝑚  and 𝐴1, the relationship between 
distance and path loss can be calculated: 

 
Figure 4 The relationship between distance and path loss 

We believe that the VHF/UHF band radios emitted by the fire point are lost in the propagation 
process. When erip≤0, the signal power is not enough to propagate to the relay drone over this 
distance. 

 
Figure 5 erip value of different fire points 

As shown in the figure, among the top 100 fire points in FRP, most of the fire points have erip>0. 
It can be considered that the monitoring information of these fire points can be successfully 
transmitted to the frontline troops by radio. 
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We consider that the VHF/UHF radio of the frontline personnel can transmit a frequency of 30-
3000MHz. By changing the frequency, the trend of path loss is shown in the figure. 

 
Figure 6 The relationship between path loss and frequency change 

It can be concluded from the image that when the frequency 𝑓𝑐 is 300 MHz, the path loss will 
decrease rapidly, and then maintain an upward trend. At the same time, to ensure that the radio 
power cannot be too small, and sensitivity analysis shows that when the frequency 𝑓𝑐  is 
300MHz, the path loss calculation is most appropriate. 

4. Conclusion 

The frequent fires in Australia in the second half of 2019 affect the hearts of people all over the 
world. In recent years, due to the rapid economic development and the process of globalization, 
climate warming has become more and more serious, which has become the cause of frequent 
forest fires. Forest wildfires are destructive, sudden, and difficult to remedy. The northeast of 
Victoria is a mountainous area with towering peaks, the southeast is covered with vast forests, 
numerous caves and lakes, and the west is vast hills and grasslands. Realtime monitoring and 
timely prevention of forest wildfires are especially important for Victoria, which is 
mountainous and forested. In this paper, the Okumura-Hata model is used to study the loss of 
fire information in the transmission process. Studies have shown that most information on fires 
can be picked up by frontline troops via radio. Therefore, only the weak links need to be 
improved to further improve Australia's rapid response to wildfires. 
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