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Firefighter 
My project is a fully wireless automated firefighting aircraft. The aerial vehicle uses a custom trained 
machine learning model to completely autonomously operate using Artificial Intelligence. 
'Firefighter' utilises an onboard camera to stream the surroundings of the fire, detect fire and follow 
fire in real time as well as multiple sensors to alert the driver of what is going on around it and to 
track the conditions of the fire.  
 
My project is designed to make firefighting safer. Over the last decade 65 people have been killed in 
bushfires, 33 of which were in the 2019-2020 bushfire season. It was reported by the Parliament of 
Australia that 9 of those 33 deaths from the fires were firemen. This could’ve easily been prevented 
using my project. By controlling, monitoring and putting out the fire from a safe distance away it 
means that there is almost no risk of firemen getting injured – a robot can be replaced but a person 
can never be brought back alive.  
 
Not only are bushfires dangerous for the firefighters, but they are also extremely harmful to the 
environment. Approximately 400 million tons of carbon are released from fires in Australia every 
year, almost as much as Australia’s annual human-caused emissions, and soot from bushfires can 
spread to places like New Zealand’s glaciers, causing them to melt even quicker. Millions of animals 
need to travel over 20-30km to escape the heat and ferocity of the fires, and even if they do survive, 
they will need to find completely new homes and food sources. This could also lead to a major loss of 
biodiversity, especially in Australia as many species are endemic to Australia. The use of my project 
would increase the rate at which fires could be put out, ultimately decreasing the social, economic 
and environmental impact of the fires. 
 

Because my firefighting drone has a rechargeable and easily replaceable battery it means that 
refilling the battery is significantly more convenient. Furthermore, the batteries can be charged 
onsite with solar power and thermoelectricity, two forms of energy that will be substantially 
abundant next to a fire, reducing its ecological footprint. The drone operates autonomously so that 
no driver is required, giving it the potential to work 24/7 with no rest, and it can be reproduced 
substantially quicker than training a group of completely new firemen, maximizing work time and 
efficiency. My project uses Machine Learning and Computer Vision to classify, detect and follow 
fire/smoke nearby, and its operator can control the water deployment system from anywhere in the 
world. I created a 'haar cascade' to recognise sources of fire and I used it with my python program to 
move the drone in conjunction with the fire. Onboard the drone I also programmed a NodeMCU with 
Arduino to monitor the conditions of the fire, e.g. temperature, and display it on a webpage with 
buttons to control the water deployment. I am currently also in the process of developing a mapping 
function for the operator to keep track of where exactly the drone is. 
 
Although my project isn’t fully refined yet and won’t put a permanent stop to fires, it will to a large 
extent make firefighting safer and easier and it is a significant improvement from what is traditionally 
used to fight fires. Moving forwards, I hope to make this concept of autonomous, air-based 
firefighting more widespread and build a bigger, more realistic and more professional prototype. In 
the future I would also like to create a way to prevent fires from starting in the first place. This would 
be through automatically wetting high fire-risk zones, programming a robot to regularly mow the 
grass and rake the fields of leaves and tracking and reducing the amount of flammable fuels used in 
and around high-risk zones. 
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Components and Supplies 

Tello Drone Drone base used 

 
NodeMCU Used to display statistics webpage 

 
Jumper Wires (Assorted) Used to connect parts together 

 
Breadboard Used with sensors 

 
Temperature Sensor Used to track the temperature of the 

fire 

 
LED’s Used to signal water being deployed 

  
Resistor Used to reduce current flow 

 
 

 
 

Necessary Tools and Machines 

Laptop Used to program components 

 
Soldering Iron Used to solder parts together 
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Cables (Assorted) Used to connect/power boards and 
upload code 

 
Batteries Used to power parts 

 
 
 

Apps and Online Services 

Arduino IDE Used to create webpage 

 
Python Language used to control drone 

 
OpenCV Used to train haar cascade 

 
PyCharm IDE used to write and run code 

 
Fritzing Used to create Arduino schematics 
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Code and Explanation 
This portion of python code tells the drone which direction to move in order to detect and follow the bushfire 

 
 
 
 
 
  

Here I import and install the necessary libraries and packages that I use  

Now I utilise the 'djitellopy' library to set up a connection from my computer to the Tello 
Drone as well as get a reading of its current battery level, start the live camera stream and 
launch the drone  

This refers to the file path of the haar 
cascade so that that tells the AI whether it 
sees fire or not. Then I set parameters for 
the breadth of fires that I want the drone to 
detect before finding the most prominent 
fire for the drone to track 

Here I tell the AI to draw a red rectangle 
around the detected fires 

This finds the centre of the fire which will be the focus point 
of the drone and where the rectangle will be drawn around, 
and draws a green circle there 

Now I ensure that the drone does not do 
anything if no fire is detected 

Here I am saying that if the fire is smaller the area is 
also smaller, and if it is larger the area is also 
consequently larger. This is how the drone will 
decide whether to move forwards if backwards. 

The first value is the size of the stream, the second is the forward back range, which is 
how close or far away the fire can be and the third is how far left and right the fire can 
be from the drone 

This tells the drone where to move in order to follow 
the fire. If the area is between the two 'fbRange' values 
then it won't move at all, if it is too close (it is too big) it 
will move back, and if it is too far (fire is too small) it 
will move forwards  

'error = x - w // 2' finds how far left or right the drone is 
from the centre of the fire and adjusts itself 
accordingly.  
 
pid slows the drone down gradually so as not to 
overestimate the distance required to travel 
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Here I once again import and install the necessary libraries and packages 
that I use. 'KeyPressModule2' is a separate file that I created previously 
that allows the drone to be controlled by my laptop keyboard 

This allows me to set the speed at which the drone 
can move forwards/backwards and left/right. The 
formula below calculates the distance and angle of 
the drone every unit it travels 

Now I initialise the drone by setting its' starting 
location at the centre of the map as well as 
connecting to it 

Here I use the numpy library to create a matrix 
(the map). As points that the drone has travelled 
to are added they are also plotted on the map at 
their exact location.  

This draws the points that the drone has travelled 
to. The first circle is where the drone has been, the 
second circle is where it currently is, and the text 
is the current coordinates of the drone  

As the drone moves either left, 
right, forwards(up), or 
backwards(down), it tells the 
computer where it has been and 
that is plotted on the map.   

This function converts where the drone has 
travelled according to the keys pressed to a sine 
and cosine value, allowing the x and y coordinates 
to be calculated 

20
21

 O
lip

ha
nt

 Sc
ien

ce
 A

w
ard

s 

St
ud

en
t W

ork
 - 

DO N
OT C

OPY



This Arduino sketch creates the webpage for the firefighting drone to display its monitoring system 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Here I import and install the necessary libraries and packages that I use  

Now I enter the Wi-Fi details that I want the NodeMCU to connect to  

This tells the board that the LED that I want to control is on pin 13, and 
then I set up the IPAddress for the webpage so that I get the same 
IPAddress every time 

This is where the NodeMCU sets up the Wi-Fi connection and prints out 
the IPAddress for the webpage 

This is where the NodeMCU sets up the Wi-Fi connection and prints out 
the IPAddress for the webpage 
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Here I connect the NodeMCU to the webpage before starting the HTML 
section 

This is where I declare the font that I will use and the size that I want the 
text to be. I also use a function to automatically refresh the page every 10 
seconds so that the temperature updates in live time 

I will use these two 'float functions later to calculate the temperature 
from the voltage that the TMP32 thermistor receives as well as convert 
that temperature to degrees Fahrenheit 

Here I continue to develop the webpage. 'C_temperature' and 
'F_temperature' are variables that are calculated later 

This is where I make the buttons on the webpage that turn the LED that signifies water 
being deployed 'ON' and 'OFF'. I also add either 'LED=ON' or 'LED=OFF' to the end of the IP 
Address depending on whether the LED is on or off 

This is a formula that has been made to calculate the temperature from a TMP32 thermistor 
and also convert it from degrees Celsius to degrees Fahrenheit 
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This schematic is a rough idea of what the wiring of the monitoring system should look like. 
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