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Identifying the Problem

- One of the most prevalent causes of property damage across the United States and the 

world, wildfires are both destructive and extremely difficult to contain. 

- In 2020 there were 58,950 wildfires compared with 50,477 in 2019, according to the 

National Interagency Fire Center. About 10.1 million acres were burned in 2020, 

compared with 4.7 million acres in 2019. 

https://www.nifc.gov/fireInfo/nfn.htm


Identifying the Problem (Pt. 2)

- Lack of ability to detect wildfires when they’re smaller in size allows the problem to 

exacerbate itself, and eventually harm people and cause millions in property damage each 

year. 

- Having something that can cover vast regions to perform preliminary fire detection 

in search of smaller fires could help firefighters neutralize fires in their early stages, 

and thus minimize the potential harm to property, wildlife and people in the area.



Our Approach

- We wanted to create a vehicle that would facilitate the existence of the conditions put forth in the 

previous slide, conditions that would allow for firefighters to neutralize fires early. 

- Something that could cover vast regions, as well as efficiently perform fire detection. 

- Thus, we decided on a drone (a small vehicle that can cover long distances in the air), equipped with 

sensors and neural networks. This would allow for fire detection to be efficiently performed from the 

air. Furthermore, the ability of the drones to cover large regions would increase the chance of a drone 

being able to identify a small fire. 

 



Flowchart for Drone’s Plan 
of Action





Softwares Used
● Gazebo 11 and 9

● Ubuntu 20.04.2 LTS

● PX4

● Python 3.8

● Atom

● Pycharm

● Github Desktop/Web

● Discord

● Unity

● VSCode

● C #

● MavSdk
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Gazebo
Our Simulator of Choice



Discussing Gazebo

- Gazebo was our simulator, visualizer, and modeler of choice.

- Gazebo used in class, ROS, functionality

- On Gazebo we modeled the trees, and the general terrain to reflect that we wanted a forest-type 

environment for our final simulation.

- Furthermore, to represent our fire, we used small oblong objects wrapped with a fire .png texture. 

We then placed those small oblong objects on the trees to represent our burning trees. 

- The drone runs on PX4, and has been imported into Gazebo

- Specifically it is PX4 Typhoon H480



World Setup/Fires

- Download/install Gazebo with documentation provided in Github: 

https://github.com/Team-FireSense/FireSense/commit/4c6fdfe59602b35916232c5bda9a887a23b817cf 

- Gazebo, PX4, and MAVSDK were used

- Difficulties producing Mesh fire texture

- Used static instead of dynamic

https://github.com/Team-FireSense/FireSense/commit/4c6fdfe59602b35916232c5bda9a887a23b817cf


Progress In World Development 
(Implementation of Burning Tree Models)



Image Of Progress



Issues regarding Gazebo (and how they 
were Overcome)

● File Save Errors - ex. Multiplying drone overlaying

● Stopped us from running PX4 Typhoon H480

○ Neural net integration not compatible

● Gazebo World save issue - root cause

○ Resolved through manual save overwrite

● Some computers would not render models properly.



Neural Net
The “Sense” in FireSense



How a Neural Network Works? 
(Generally)

- A neural network is a system inspired by the function of the human brain, 

specifically its capacity to learn, and make neural pathways

- The general structure of a neural network consists of an input layer, a hidden 

layer, and the output layer. 

- “A complex definition would be that a neural network is a computational model 

that has a network architecture. This architecture is made up of artificial neurons. 

This structure has specific parameters through which one can modify it for 

performing certain tasks.” 



Step-by-Step for a Neural Network 

1. Information is provided to the input layer, conveyed to the hidden layer. 

2. Connections between the two layers assign weights to each point of info.

3. Bias is added to every input after the weights are multiplied with them 

individually. 

4. The sum of weights is sent to the activation function. 

5. Activation function makes decision on which nodes to be fired for extraction of 

a feature. 

6. Application function applied to output layer to deliver output. 

7. Weights adjusted, and output is reported and compared to original result to 

‘learn’ and minimize errors in subsequent executions. 



How our Neural Network Functions in 
Context of Fire Detection

- In order to determine whether a given image represented a wildfire or not, we 

constructed and trained a neural network model on a dataset of 755 fire images 

and 244 non fire images.

- We constructed our neural network using the TensorFlow library, where we 

added 3 layers of convolution and pooling before a dropout layer and then 

flattened these into the input layer.

- This was then passed onto 2 hidden layers which then linked to the output 

layer, which had two nodes, one for the 'fire' classification and one for the 'non 

fire' classification



Issues Regarding Neural Network 
Integration (and How They Were Overcome)

- We had an issue regarding accuracy (65% to be exact) in the output of our neural network, and thus, 

some tweaks were needed to boost the accuracy. 

- An extra hidden layer was added to the neural network structure, which boost the accuracy. 

(93% accuracy)

- Adding a dropout layer increased the accuracy to 96%.

- Increasing the input dataset also gave more opportunities for the neural network to “learn”. 



Drone
PX4 Typhoon H480



Discussion of our Drone

- The model of the drone: PX4-Typhoon H480 

- Some sensors that the drone is equipped with: 

- Gyroscope

- Camera 

- Barometer

-  Originally, we had the PX4-Iris in mind, 

however the Typhoon had better compatibility 

with our camera sensors



The Drone Script

- MavSdk was used as the architecture. 

- Understanding the async features of MavSdk was a 

bottleneck.

- Ultimately we used do_orbit to allow the drone to move 

in a circle. 

- Await Keyword



Camera View (POV of Drone)



https://docs.google.com/file/d/1qK3o0UV2MLHTn_cqhXqpsH_jAtoPwpoe/preview


https://docs.google.com/file/d/1HqHJ9GnEU8__ma1Cpz-msDWh1flKPv3y/preview


Issues Regarding our Drone (and how 
they were Overcome)

- There was no ability to work the camera with the original drone (PX4 - Iris). 

- We worked around this issue by changing the model of drone we used. We switched to 

PX4 - Typhoon H480. This switch allowed us to work with the camera with more 

freedom. 

- Accessing camera information: 

- A video class from Github using OpenCv was able to obtain each frame from the camera. 

The camera information was ported using a server.

- Implementing neural network alongside async processes.



SWARM
PSO



What is PSO and Why 
Swarms?

● Swarms increase efficiency and robustness regarding searching. 

● Decentralized algorithms are more resilient as if one node 

(drone) goes down, the rest still remain.

● PSO uses behavior of a single drone and the whole swarm to 

determine movement to ultimately reach global minimum.





PSO Swarm

https://docs.google.com/file/d/1HSTGoR9aE0fctk5hKGi4G9LXqRsipXjO/preview


Areas of Improvement

● Improve visual quality/graphics by using another simulator (Ex: 

AirSim)

● Minimize the amount of delays in simulation

●  Expand existing technology to more drones, to get the drones to 

act and think in a pack. 

● Improve pattern drone takes and drone script.

● Use better texturing + models for fire, to boost accuracy of 

neural network detection of fire.

● Add improved annotations of the frames.



Future Research

● Neural Networks

○ Implementation of Neural Net with Drone (work in progress)

○ Simulation end

■ Improve realism - dynamic fire, large forest, randomized 

fire location



Future Research

● Cohort Intelligence

○ Computationally light

○ Drone swarm control

■ Powerful

■ Fast

■ Sensitive initial parameters

○ Highly scalable for large forest applications

● Atmosphere/temp
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Thank you, any 
Questions?


