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Abstract  The project happening at the Institute of 
Technology, University of Washington, Tacoma (SENSE 
Group) in particular has significance to the scenario when 
the path of a forest fire needs to be predicted. Forest fire 
prediction and control has immense environmental, 
economic and public safety relevance. This project has 
attracted attention and participation from researchers from 
different universities in the United States, Brazil and Spain. 
This paper describes the current work being conducted by 
the SENSE group including the project challenges, the 
proposed solutions and its potential applications. In 
particular, it describes the assembling of a flying drone to 
collect data on wind speed and direction so that data 
relevant to microclimates can be gathered and the behavior 
of forest fires can be better predicted and controlled. 
Current results and the expected future work are also 
presented. 
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INTRODUCTION 

The SENSE Research Group from the University of 
Washington Tacoma has been working on projects that 
utilize wireless sensors to collect real time data. The group 
has been working with UC Chico doing research on sensors 
on farms and working with universities in Spain and Brazil 
to deploy a wide area network of sensors in a forest to detect 
if and when a fire starts within the area of the network. 

The relationship that the group has cultivated with Spain 
also introduced us to a Professor Joaquin Ramirez from the 
University of Leon. Prof. Ramirez has developed a 
mathematical model to predict the path of a forest fire and 
made it available at wildfireanalyst.com. The model is used 
by the USFS to get an idea on where to deploy units with the 
help of almost real time imaging from predator drones. Ten 
to fifteen minute old photos are only so good at telling 
commanders where the fire is at present or even where it is 
going to be [1].  

The predictive model however works only so well. 
There are still too many variables that cannot be 
compensated for such as the microclimate information 
towards the front of the fire. The randomness created by the 
changes in pressure systems at the front of the fire makes it 

very difficult to tell where the winds will blow the fire. It is 
systems like this that caused the Arizona wildfire in 2013 
which was the largest loss of life for an American fire 
department since Sept. 11, 2001 [2]. 

The engineers at Lockheed Martin are also giving 
Drones a swing at forest fires. Their take is to use a small 
drone with an infra-red thermal imager to find the hottest 
portions of a fire to help guide in their K-Max Unmanned 
Helicoptors carrying loads of water to the hottest part of the 
fire [3]. This shows that the industry is trying to utilize the 
small form factor to start in the assistance of fighting forest 
fires.  

CURRENT WORK 

The problem that the SENSE Group are currently working 
on solving is how to get wind information from the front of 
the fire in real time to update the mathematical model by 
Prof. Ramirez. To do this, the group needs to solve many 
other problems while the group works toward this final goal. 
The group will need to know if it is possible to collect wind 
speed and direction from a platform that can move before 
they go forward on any other aspect of this problem.  
 

 
FIGURE 1. 

WIND VANE TO HOLD SENSORS. 
 

The team of researchers only found one paper that 
demonstrates the ability to estimate wind speed and direction 
from an aircraft. They were able to use the airspeed of the 
UAV and a single antennae GPS to estimate wind speed and 
direction by using drift from where the UAV should have 
been verses where it actually was[4]. While this work 
creates accurate estimations, forest fires and more 
specifically microclimates cannot be accurately tracked at 
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the speeds of a moving UAV as was described in the 
research. This problem needs a slower solution that could 
accurately collect the wind gusts being produced by the fire. 
This lead the group to Drones and their ability to both hover 
and move as needed to follow the climates of a fire. The 
group decided to test the idea of collecting wind speed and 
direction from a drone. The group got a team of engineers to 
build a mockup of an existing method of collecting wind 
speed and direction like in figure 1. 

Those engineers are using a wind tunnel at the 
University of Washington to do a Proof of Concept that 
should collect wind speed and direction from a hovering 
drone. 
 

 
FIGURE 2. 

MOBILE PLATFORM BEING USED FOR TESTS. 
 
 Wind Speed: A Pitot tube is being used to measure 

pressure being pushed into the wind vane. 
 Wind Direction: Wind vane with a compass in it so 

that it returns the magnetic polarity of the vane as it is 
pushed by the wind.  
For the sake of the testing, the engineer team will be 

using a prototyping board to process the raw data and pass 
that back to a base station where we can send it and 
manipulate the data in any way we see fit. This will allow us 
to update the model in real time so that we can at least have 
an image of where the fire will be going on site with better 
predictions.  

MOVING FORWARD 

If the engineering team can prove that we can collect wind 
speed accurately then the group can move on to other 
problems. As the group sees it, the following would be the 
next logical steps in preparing to move towards our project 
goals. 

 Find the most accurate method for collecting wind 
speed 

 Create platform to withstand harsh environment 
 Determine the necessary proximity to fire that 

microclimate occurs  
 Create method for protecting hardware on platform 

Even if the engineering team succeeds in their proof of 
concept, the SENSE group won’t know if that method is the 
most accurate way to collect wind speed and direction from 
a mobile platform. To prove it, the group would need to test 
other methods to ensure that we move forward with the most 
accurate method to collect this information. 

The aeronautical engineering problem is probably the 
most difficult by far. The platform would need to withstand 
heat in temperatures of 500 to 1000 degrees Fahrenheit, 
depending on how close it will need to fly, as well as wind 
gusts from 80 to 120 miles per hour. The max wind speed 
that the current platform can handle right now is about 30 to 
40 miles per hour and about 100 degrees Fahrenheit.  

The electronics or other onboard parts that are not 
protected will need to have to be protected from the heat and 
the wind. This will be a feat in material science seeing as 
how the platform will need to stay as light as possible and 
still protect everything that is exposed.  

As yet, no one has tried to do research on the 
microclimates at the front of forest fires. The search for how 
close to the fire that the platform would need to get would 
have to be one of the last problems to solve but would also 
require reworking solutions for previous problems. The 
group felt that until better information was available  the 
assumption of getting as close as about 100 feet above the 
canopy of the trees so as to ascertain the gusts of winds 
moving between the trees caused by the fire would be used.  

In the end this project has many aspects that still need to 
be addressed but the Group feels that this is a worthy project 
to undertake that could have many more applications that 
could spawn from this research such as using a drone, both 
air based and land based, as platforms for sensors so that 
anyone can get data from areas that are difficult for humans 
to collect on a regular basis.    
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