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➢ Previous research tends to fall into one of three categories:
○ Dynamic Environment Modeling:

■ Creating fire maps from satellite imagery, helicopters, and 
ground personnel.

■ How to identify fire using a range of imaging, sound, and 
chemical based sensors.

○ Evacuation Route Optimization:
■ Comparing different types of evacuation route algorithms, 

such as bacteria chemotaxis, particle swarm optimization, 
Artificial Bee Colony, etc. where pros and cons are weighed.

■ Use of historical wildfire evacuation data from smart cars to 
inform new traffic distribution models.

■ Use of mobile app for relaying evacuation route information.
○ Search and Rescue Operations:

■ Usage of satellite GPS, infrared, and radio waves to 
establish communication between aerial and ground 
systems.

■ Technologies for detecting humans and animals in heavy 
smoke using radar and IR cameras.
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➢ California faced devastating wildfires in 2017 and 2018, with the 
Thomas and Tubbs fires destroying thousands of structures and 
consuming over 318,000 acres across Ventura, Santa Barbara, 
Napa, Sonoma, and Lake Counties.

➢ The historic 2020 wildfire season included the August Complex 
Fire, the largest recorded wildfire in California’s history.

➢ These wildfires caused significant loss of property, life, and 
habitat damage, underscoring the need for innovative approaches 
to wildfire prevention, early detection, and efficient response 
strategies.

➢ Although research has been conducted in areas such as wildfire 
detection, evacuation, and search and rescue operations, a 
comprehensive unified framework addressing these issues 
simultaneously is lacking.

➢ This project proposes a unified framework for wildfire emergency 
response and evacuation. Key components include dynamic 
environment modeling using drones equipped with machine 
learning algorithms and various sensors to predict fires before 
they occur, evacuation route optimization through efficient path 
planning, and search and rescue operations to locate trapped 
firefighters.

➢ Implementing this framework can significantly benefit wildfire 
control authorities, improving safety and response efficiency.

Support and funding for this effort were partly provided by the  U.S. 
Department of Education, Title V Promoting Postbaccalaureate 
Opportunities for Hispanic Americans (Finish in Five), Project Grant 
P031M210039 and by the Fresno State Transportation Institute (FSTI).

Future Research
Future research should examine the possibility of predicting forest 
fires based on environmental data, such as temperature sensors, 
wind speed, etc. Additionally, it should be explored how drones could 
map out the topography of an area, possibly using sound sensors, 
even during an active fire in addition to communication protocols that 
UAVs may use to communicate with base stations. Finally, we 
suggest using EscapeWildfire as a jumping off point for developing 
an app capable of providing escape route information through 
forests. Conclusions
➢ The goal of the ongoing project is to establish a unified framework 

that seamlessly integrates with existing emergency response 
protocols, working in collaboration with local authorities.

➢ By advancing wildfire management strategies, the project aims to 
improve emergency response efficiency and ultimately save lives.

➢ As the project continues, the team will focus on expanded 
research and refining this framework for practical deployment, 
ensuring it effectively meets the challenges of future wildfires.

Abstract
In this project, we propose to develop a unified framework for wildfire 
emergency response and evacuation that includes:
● Dynamic Environment Modeling: Utilizing machine learning 

algorithms coupled with infrared, visible light, and weather 
sensors including temperature, wind direction and speed detection 
mounted on a drone to predict forest fires before they occur.

● Evacuation Route Optimization: Leveraging a drone equipped 
with machine learning algorithms to optimize path planning during 
wildfire emergencies, enabling efficient and safe evacuation 
routes while aiding first responders in containment efforts.

● Search and Rescue Operations: Employing the framework to 
identify and locate firefighters trapped in wildfire, especially when 
communication links with the base station are lost.

Map of Wildfires in California and USA

The pattern of wildfires in the United States. Left: US 
states with significant wildfire in 2022, Right-Top: Total 
number of acres burned in the US between 1985 and 2022, 
Right-Bottom: Total number of wildfire occurrences in the 
US throughout the years 1985 to 2022

Findings
➢ Deploying autonomous UAVs are cheaper and more efficient than 

satellite for confirming reports of and determine fire severity [1, 3].
➢ Minimizing interference and aerial collisions by shutting down the 

airspace near and above the fire is critical.
○ An underexplored area, though anti-drone and drone 

redirection technologies do seem promising [3].
➢ Utilize leader-follower framework for real-time, extensive aerial 

surveillance [4].
○ H/MALE (High/Medium Altitude Long Endurance) and 

quadcopter UAVs are likely to provide the best balance of 
uptime, instrumentation, and computational power [3, 8].

➢ An app called EscapeWildfire was shown to be effective in 
providing escape routes when participants were near roads [2].

➢ Use of SARSA and discretized maps of the surrounding 
topography is promising based on indoor performance [6].

➢ Analyze previous wildfire evacuation data [9], build conceptual 
and engineering models [7] to benefit escape route optimization 
greatly, especially on roads.

➢ Use ABC (Artificial Bee Colony) algorithm in follower UAVs is 
suggested due to efficacy of findings stranded individuals and 
efficiency in doing so.
○ How ground personnel interact with nearby UAVs for victim 

locations is unclear, however it would stand to reason a mobile 
app could be used [2].

○ This app may also be of use if SaR personnel couple it with 
RSARSA for real-time fire evasion, should the flames spiral 
beyond initial predictions [6].

https://www.frontlinewildfire.com/california-wildfire-map/
Live map was captured on July 18, 2024.
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framework. Each 
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