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Abstract: Wildfires are one of the most disruptive and prevalent natural 

phenomena that keep getting disproportionally worse as a result of 

climate change. Wildfires disturb life, pose serious health risks, burn 

vegetation, destroy property, and increase the risk of flooding and 

mudslides. The 2020 season was by many metrics a record-breaking one 

with, according to the National Interagency Fire Center (NIFC), over 

50,000 wildfires that burned close to 9 million acres in the US alone. 

Wildfire seasons have been getting longer and their reach and scale have 

been increasing, and this is only projected to get worse. Most of the efforts 

to combat wildfires focus either on the very early prevention or once 

wildfires have already escalated and are extremely hard to suppress, there 

are no effective solutions for the intermediate stage. This paper presents a 

Fire Autonomous Location Containment Network (FALCON) as a 

potential solution for the lack of an autonomous, effective way to detect 

and mitigate a wildfire in its early stages. Further, FALCON leverages 

natural and sustainable water sources to prevent the escalation of such 

wildfires. The results suggest that while the implementation of FALCON 

is not practical in every high-risk area, its deployment in a few strategic 

locations could potentially prevent some of the most devastating 

wildfires. 
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1. Introduction 

 

In recent years, fires have been more prominent 

and dangerous than ever, especially in 2020. The 

2020 season was by many metrics a record-breaking 

one. This problem is only exacerbated by 

anthropogenic climate change, rising to more 

concerns about wildfires. According to PNAS 

(Proceedings of the National Academy of Sciences), 

Anthropogenic climate change has caused over half 

of the documented increases in fuel aridity since the 

1970s and doubled the cumulative forest fire area 

since 1984, which works out to an additional 4.2 

million hectares burned during 1984-2015 

(Abatzoglou & Williams, 2016). Furthermore, fires 

have been affecting the drinking water supply. 

According to the American Chemical Society 

Publications (PUBS ACS), wildfires have slowly 

begun polluting water formations (Solomon et al., 

2021). 

 

Most wildfires initially go unnoticed given tier 

remote location. It is not until they cause visible 

destruction that wildfires are noticed and many 

times at that point, the escalation has passed a 

threshold of no return. With such an imminent 

threat, robust investment in innovation around 

wildfire detection and mitigation would be 

expected, but at least in the US, that has not been the 

case. The current approach is low-tech and requires 

significant manpower; mostly firefighters on the 

ground and disseminating powdered chemicals 

from the air.  Firefighters on the ground expose 

themselves to great danger, which results in many 

arguably preventable deaths. Further, the current 

response time is just not fast enough. According to 

NFPA 1710 Standard, first responders’ response 

time for fires is about 9 minutes and 20 seconds 

(FEMS, 2016). This response time is enough for a 

wildfire to spread beyond control. It follows that 

deploying people or any kind of technology takes 

too long. 

 

Most current fire mitigation technology uses 

drones, mobile robots, or other deployable 

techniques. FALCON, on the other hand, is 

designed to be stationary in high-risk areas to 

maximize efficiency and decrease the risk of wildfire 

escalation. Further, this invention uses natural water 

sources which minimize its environmental footprint 

as opposed to the traditional use of chemicals and 

other substances used to suppress fires. Finally, this 

invention is designed for both detection and 

immediate early mitigation, while other solutions 

exclusively focus on one of the two, creating friction 

between the two tasks. FALCON is wired such that 

it channels water from a nearby natural water source 

or reservoir. It surrounds an area of risk with pipes 

and industrial sprinklers that pressurize the water to 

spray it over the area, containing and mitigating the 

fire. This reduces the necessity for firefighters to risk 

their lives in close confrontation with the fire. Not 

only that, but it also reduces the response time. 

Because the invention can detect the fire and is 

automated to respond to it accordingly, water can 

reach the fire in a matter of seconds. Containing the 

fire earlier allows the firefighters to quickly take 

down the fire with less risk to their lives. 

 

2. Methodology 

 

The FALCON System utilizes equipment that 

includes water pumps, motors, valves, cameras, and 

sprinklers connected with the pipes in which the 

water flows through to the specific area. With the 

zones being set up with cameras, if a threat is 

detected through the cameras, a signal will be sent 

to the control tower. This results in the control tower 

verifying whether or not the threat is real. If it is not, 

it becomes bypassed. Otherwise, the system utilizes 

the cameras to determine which zone has been 

affected by the threat, and then sends an alert to a 

local fire station. For example, if Zone 1 has a threat, 

Water Source 1’s Pump Station would activate. Since 

Zone 1 shares a Water Source Pump Station with 

Zone 2, Zone 1’s valve would open, while Zone 2’s 

valve would stay closed. Then, the Zone 1 area 

utilizes its sprinklers to mitigate the threat, and once 

completed, it will cease the zone coverage. It will 

also complete when the emergency services reach 

their goal(s).
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2.1 General Design 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: FALCON Flowchart 
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2.2 Explanation of how components work together 

The system operates using thermal sensors, each of 

which has an antenna, an infrared sensor, a 

computer, and a router. The antenna is used to keep 

the camera up at a height from which the fire would 

be most visible. The camera utilizes infrared 

detection to locate the fire by identifying the light co- 

ming off of the fire. The computer takes the images 

from the infrared sensor to analyze and determine if 

there is a threat. If there is a real threat, the router 

will send a signal to the receiver tower indicating the 

presence of a fire. Using this input from the router, 

the receiver tower computer will process the input 

and send a corresponding command to the pressure 

building system. As the name indicates, the pressure 

building system builds pressure within the water so 

that it can spray over a large area effectively. It does 

so by utilizing a combination of valves, pipes, and 

sprinklers. The valves open and let water through 

the pipelines based on the corresponding 

commands from the receiver. The pipes take the 

water that the valves let through, carrying them over 

to the sprinklers using a pump & motor. The rate at 

which the pump & motor pushes water through the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pipe is dictated by the pressure transmitter. These 

sprinklers will then push water out at a high enough 

force to cover the area where there is a fire. 

 

2.3 Systems applied in FALCON 

System Function 

System A: Once detected and 

confirmed it is an actual 

threat, it will send a signal 

to the Wireless Emergency 

Alert (WEA) System. 

System B: After receiving 

information, it will start 

the mitigation process and 

let the sprinklers work, 

allowing the pipes to open. 

System C: This system sends an SOS 

to any neighboring people 

or towns. This will give 

them a heads up to get 

ready while the sprinklers 

help mitigate the fire. 

Figure 2: FALCON Schematic 



 
 
13 Ponnambalam, R. et al.| Young Inventors Journal, 2022: 9 - 18 
 

YIJ, 2022: 9 – 18 https://www.younginventorsjournal.com/ 
 

 

2.4 Structural Design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.5 Hardware Design Description 

Sensors are mounted on poles at a high elevation, 

throughout the designated area. They are placed 

strategically such that they are capable of covering 

the entire area, ensuring that it detects as many fires 

as possible. Sensors work with 2MP 1/2.8" 

Visible/NIR Sensors and uncooled microbolometers 

with 6-7 degrees of vision in order to identify fires. 

The detection from the uncooled microbolometers 

and visible sensors causes water to be let through the 

pipe. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The 2-2.5-inch diameter copper pipes, after the 

fire is detected, carry the water. The pipes carry the 

water to the area of risk from a natural reservoir in 

large amounts. The pipes utilize DC5V 1/4-inch 

pressure sensors, which work to keep the water flow 

at the pace necessary for each portion of the pipes. It 

does this by sensing pressure, then using a pump 

and motor to control the flow of the water. Through 

the pipes, the water reaches the sprinklers at the area 

of risk

Figure 3: Design Structure of the Control Tower 
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2.6 Components of FALCON and its Function 

 

Table 2: Components in Falcon and its function 

Components of Falcon Function 

Camera (Keyance, USA) 
Works in conjunction with the Infrared sensor in 

order to determine whether there is a fire. 

Infrared Sensor (InfraTec, USA) Detects light coming off of a fire. 

Receiver Tower Computer 

Processes signals received from the Router and 

sends the corresponding command to the 

Pressure Building System 

Router (Antaria, USA) 
Sends signals to the Receiver Tower Computer 

when it is able to verify there is a real fire 

Pressure Building System (AY McDonald, USA) 

Builds pressure in the water taken from the Water 

Sources and using signals from the Receiver 

Tower, opens certain valves that allow it to arrive 

at the correct location 

Sprinklers (Nelson Irrigation, USA) 
Propels water at a force necessary to extinguish 

the area where the fire originated 

Pump & Motor (Red Lion, USA) 
System that carries water through the pipes to the 

sprinklers 

Pressure Transmitter (Keller, USA) 

System that determines the rate which the Pump 

& Motor pushes the water out the sprinklers 

allowing to be used effectively. 

Sensor Tower (American Towers, USA)  
The structure needed to hold the Infrared Sensors 

and allow them to function 
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2.7 Software Design 

The two main objectives of the system are to locate 

the fire and mitigate it. While the hardware collects 

data and images, those are sent to the control room 

where they are processed through a computer that 

does the rest. If it notices the temperature is hotter 

than normal, it first determines if it is an actual 

threat. It will send an alert to WEA (Wireless 

Emergency Alert), which will notify the 

surrounding area. The AI-Engine detection helps 

with detecting wildfire danger. That is how it locates 

the fire. It uses videos and various sensors to do this. 

After getting the information on the wildfire, the 

pipe system will activate if needed, which will help 

mitigate the wildfire danger. 

 

However, before the pipes are activated, there is 

a step in between. That is the emergency SOS. This 

happens after the AI-Engine has verified there is a 

threat. It will send a signal to the emergency SOS 

which will send alerts to nearby fire stations. The 

main components for the software design are listed 

here: AI-Engine Detection, Emergency SOS, and 

Pipe Controls. The pipe controls are connected to the 

AI-Engine, resulting in an automatic activation if 

needed. This will calculate which pipes will be used 

and how fast it can be used. It also will mitigate the 

amount of water needed so as to not waste it. It will 

constantly be checking when the pipe system should 

be shut off. 

 

3.0 Results and Discussion 

 

The use of the FALCON system to detect and 

mitigate wildfires would automate and improve the 

current approach to firefighting by leveraging the 

use of natural water formations and infrastructure 

that does not need to be deployed every time an 

incident occurs. Moreover, FALCON also: 

 

a. Prevents Water Wastage: 

The FALCON system is able to successfully prevent 

water wastage while mitigating a wildfire because 

of the source of water utilized in this invention: 

natural and replenishable water formations. The use 

of computers and high-efficiency pipes guarantees 

that water will not be wasted and that it will be used 

in the most efficient possible way. 

 

b. Alerts Authorities Immediately: 

Wildfires can rage on for hours without being 

detected, especially if it is in a forest with not many 

people around. Even if the wildfire starts in an area 

with a few people, it can still take a long time for the 

proper authorities to be alerted and to actually make 

their way towards the fire. According to the 

National Center of Biotechnology, “ One and 

possibly the most important method for protecting 

forests from wildfires is their early detection. The 

earliest possible detection enables a rapid response 

to minimize the spread” (Sahin & Ince, 2009). 

FALCON has the potential to change this because of 

its imagery and heat sensors that can detect a fire the 

moment it starts. Because of this, at even the hint of 

a fire starting, the FALCON system will 

immediately send an alert to nearby firefighters and 

authorities alerting them to come to the scene 

immediately and providing them footage of how the 

fire is progressing. When a wildfire starts, every 

minute counts towards putting it out easily and 

efficiently in order to protect forests and 

communities from being affected. 

 

c. Stalls The Fire Until Authorities Can Help: 

When a fire is detected, it is quite difficult for the 

proper authorities to reach the fire immediately. 

Every moment counts when putting out a fire and 

every minute a wildfire rages on before firefighters 

can arrive and solve the problem is another minute 

that thousands of lives are at risk. The FALCON 

system can solve this problem because of its 

immediate detection and mitigation of wildfires. 

Instead of firefighters getting a signal and rushing 

out as fast as they can to stop the fire and put hours 

into it, they can still rush out but expect help from 

FALCON. Since the computer automatically detects 

threats, it can send out signals and start mitigating 

them immediately.  

 

d. Leverages natural water formations: 

Instead of drawing on water sources we have set up 

for use by others, we can use natural lakes and other
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water formations that would not be used otherwise 

to help stop wildfires. These lakes are close by, 

reducing the amount of pipage required. 

 

e. Focuses on early detection and mitigation: 

By constantly monitoring a large area of high risk, 

FALCON can detect a potential threat early and 

almost immediately deploy measures to begin 

fighting it. This is possible thanks to a stationary 

system that effectively combines detection and 

mitigation into one.  

 

f. Prevents escalation: 

To prevent the escalation of wildfires, FALCON uses 

cutting-edge technology such as sensors and 

thermal cameras to mitigate fires before they pose a 

threat to a community nearby. Once the sensors and 

thermal cameras confirm there is a fire, a system of 

pipes and pumps helps contain the fire before it 

becomes too massive to be suppressed by 

firefighters. 

 

g. Utilizes pipes for reliability (pipes are about the best 

way to transport liquids)  

By using pipes, we maintain reliability for a long 

time. Pipes are necessary for FALCON to transport 

water to areas of risk effectively and quickly. Water 

is pumped from a local natural reservoir instead of 

relying on water sources that could perhaps be 

hundreds of miles away from the fire location. 

 

h. Autonomous Operation: 

FALCON is fully autonomous as it uses sensors - 

thermal and visual - in order to detect fires. The 

sensors and cameras run 24/7, 365 days a year in 

order to detect threats immediately. Sensors and 

cameras will send signals to a control tower which 

will autonomously verify if there is a fire present. 

After verifying if there is a fire, the control tower 

sends a signal to open certain valves which allows 

the water in the pipes to target the correct location 

so that the fire can be contained. 

 

i. Allows for human bypass: 

While the FALCON system is fully autonomous, it 

can be manually bypassed in case any issues arise. 

Humans are also capable of verifying if there is a 

threat if the computer vision system makes an error 

in detection.  

 

j. Uses minimal energy to continuously operate: 

While the initial cost of building and deploying 

FALCON for the first time could be elevated. It 

would very much be a one-time investment as the 

cost of continuous operation once it has been built 

would be minimal. 

 

k. Reduces human exposure to fires  

As the system of pipes reaches places that would be 

too risky for firefighters, FALCON effectively 

reduces human exposure to threats. 

 

l. Multi-Purpose: 

This invention can be used in multiple ways once 

deployed in a given area. For example, it can be used 

to monitor the habitat of wildlife in the forest and to 

monitor forest conditions for subsequent wildfires. 

The sensors give a camera feed of wildlife in the 

zones and can be useful for park rangers and 

ecologists to monitor the area and monitor the 

ecosystem.  

 

m. Potential for Future Prediction: 

The computer vision system along with the other 

sensors is able to show the humidity of the zones, 

which could make it possible to predict the chance 

of a wildfire occurring in the near future, giving 

residents a warning. It records the data and utilizes 

past events that happened in the zones as a way to 

predict whether or not it is likely that a wildfire 

might happen in that area, and compares that with 

the humidity of the zones to get a reasonably 

accurate prediction. 

 

4.0 Conclusion 

 

FALCON automates quick detection of 

wildfires through a system of high-tech cameras and 

facilitates direct mitigation by leveraging natural 

water sources through a reliable system of pipes. By 

simplifying both detection and early mitigation, 

FALCON reduces the amount of labor and capital



 
 
18 Ponnambalam, R. et al.| Young Inventors Journal, 2022: 9 - 18 
 

YIJ, 2022: 9 – 18 https://www.younginventorsjournal.com/ 
 

needed to be deployed each time there is a wildfire 

in a high-risk area. FALCON can also help prevent 

fires from becoming megafires that cost billions of 

dollars. Further, this solution has a net positive 

environmental impact by utilizing natural resources 

as opposed to harmful chemicals traditionally used 

to suppress wildfires. The implementation of 

FALCON in high-risk areas would result in an 

autonomous, reliable and systematic approach to 

detecting and mitigating wildfires before they 

escalate, potentially saving lives and advancing 

innovation in wildfire fighting technology. 

 

5.0 Future Work 

 

Some possible amendments and improvements for 

this innovation are: 

 

1. Environmentally friendly ways to implement 

pipes. 

There are ways to make the pipes more 

environmentally friendly. We could make the 

pipe not interfere with creatures that live on the 

earth, and not disturb biotic or abiotic factors in 

the Earth. 

 

2. Maintenance of the cameras and sensors. 

Doing this, we will upgrade the cameras and 

sensors as new versions come out. We also want 

to keep tabs on them, as if they malfunction will 

know immediately. 

  

3. Reduced water wastage by implementing a 

more environmentally sustainable system. 

We will start locating water sources closer to our 

pipes in order to reduce the amount of water 

wasted while it is being used. We will also want 

to sparingly use larger amounts of water and 

only use it when needed. 
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