
Wildfires are a significant threat 
to our ecosystems, our 
planet, and our civilisation. 

Fire propagates chaotically, without 
control, and it is difficult to predict how 
it will spread. Recent years have seen 
devastating wildfires in which many 
human and animal lives have been 
lost, expensive assets destroyed, and 
firefighters’ lives increasingly put at risk. 

Defined as unwanted fires that burn 
forests and wild lands, wildfires consume 
more than 340 million hectares every 
year across the planet and cost billions 
as governments attempt to prevent and 
curtail them. Wildfires happen regularly 
in nature and often spark naturally, 
but a warming climate, weather, and 
increasing incidences of fires caused by 
human activity – from deliberate acts or 
the inevitable consequences of urban 
spread – mean the risk of wildfires 
is only going to increase. We 
urgently need strategies 
to reduce wildfire risk, to 
improve decision-making 
for firefighting and land-use 
planning, and decrease their 
economic, environmental 
and social impacts. And for these 
we need data obtained during the 
propagation of a fire, across different fire 

fuels and conditions, 

A multimodal stereovision 
framework to model wildfires

Wildfires propagate in a 
chaotic way so finding patterns 
in their spread would help 
us understand how best to 
tackle them. Dr Lucile Rossi 
from the University of Corsica, 
France, is a lead scientist in 
the field of image processing. 
Dr Rossi proposes a system 
of multimodal vision, using 
cameras on unmanned aerial 
vehicles (UAVs) to measure 
the fire front. Infrared and 
visible information are fused to 
select fire areas in the visible 
images. 3D shapes of the fire 
are obtained using the fire 
areas selected in stereoscopic 
visible images. This new system 
has potential to track the 
characteristics and energy of 
a wildfire over long distances, 
providing a vital tool for 
firefighters.

ground. These have enabled researchers 
to measure fires spreading for about 
ten meters. The detection of fire pixels 
in an image has been an important 
step for measuring fire by vision, as it 
determines the accuracy with which the 
fire characteristics can be estimated. 

Work in this field so far has mostly 
concentrated on the visible light 
spectrum, however fire colour and 
texture, and smoke, can affect the 
detection of pixels. IR imaging 
overcomes some of these issues (short 
wavelength infrared can ‘see’ through 
smoke, when the fire emits little soot), 
but it cannot work on its own because fire 
emits light in several spectral bands at 
once in a non-uniform way, and fire areas 
that appear in visible images don’t have 
the same shape as the ones obtained 
with IR images.

The most effective approach so far 
combines visual data, GPS positions 
and inertial measurement units (IMU) to 
estimate the geometric characteristics of a 
fire across about 10m; however even this 
system has to anticipate the path of the 
fire to optimally position the cameras and 
loses precision when the fire moves away.

The two main challenges facing 
researchers in this field therefore are 
finding a way to keep the cameras close 
to the fire as it moves, and to compute 
the equation of the propagation plane 
of the fire and its main direction for 
the moment each image is acquired. 
This is particularly important because 
every forest has distinct and unique 
characteristics, and conditions within a 
single forest vary. Even a small change 
in weather, humidity and terrain, for 
example, can have a big impact on how 
the fire progresses.

UAV MULTIMODAL STEREOVISION
Dr Rossi’s new system overcomes 
these challenges because the UAV can 
change position and orientation of the 
onboard cameras as needed. The vision 
device is comprised of two cameras 
operating simultaneously in both 
visible and infrared ranges, producing 
stereoscopic, multimodal images that 
are georeferenced using an onboard 
GPS. To determine the direction of the 
fire and the local propagation plane, the 
researchers instantaneously compute the 

relevant mathematical equations for each 
image acquired.

Two visible infrared cameras (FLIR) are 
attached on a carbon fibre axis 0.85m 
apart. The cameras simultaneously take 
images in the visible and longwave 
infrared spectra, and these two images 
are superimposed, compared and 
analysed by special computer software. 
The cameras capture images at a 
speed of one frame every two seconds, 
controlled by a micro-computer which 
ensures they are synchronised. The 
FLIR cameras have an onboard GPS/
compass sensor, IMU board and altitude 
sensors. Together these enable the 
researchers to obtain the position and 
orientation of the vision system at each 
moment and generate georeferenced 
images. The combined weight of the 
vision system – cameras, batteries 
and raspberry computer, for the FLIR 
cameras – is just 2.278kg. Currently Dr 
Rossi is developing a lighter multimodal 
stereovision system with separate visible 
cameras and IR cameras and GPS/
Compass sensor and IMU board added 
independently of the camera.

In their experiments, the researchers 
combined information from the infrared 
image and the visible image to detect 
fire pixels in the visible range. They 
used the coordinates of matched points 
and the parameters of the stereovision 
device to triangulate different features 
of the fire to produce 3D points. They 
used these 3D data to model the 
geometric characteristics of the fire. 
They had to estimate variables such 
as the local propagation plane so they 
could model how the fire would spread. 
The main direction of the fire can vary 
according to wind and ground slope, 
so the team used ground fire points to 
estimate direction, which enabled them 
to then calculate further characteristics 
such as the inclination, width and 
length of the fire. 

The researchers account for the 
constantly moving position and 
orientation of the UAV-mounted vision 
system by projecting all the 3D point 
into a global reference frame, to show 
the evolution of the fire geometric 
characteristics over time, including the 
front line of the fire. 

Conditions within a forest vary,  
so the spread of a fire front changes  

as the fire progresses.

Modelling the fire.
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to better understand phenomena so we 
can model and predict their behaviour. 

COMPUTER VISION FOR 
FIRE PREDICTION
In a new study, Dr Lucile Rossi and 
colleagues from the University of Corsica, 
France, have developed a system that 
uses unmanned aerial vehicles (UAVs) and 
a multimodal stereovision framework, to 
create a georeferenced three-dimensional 
(3D) picture of the fire. It enables them to 
obtain geometrical measurements of fire 
– position, rate of spread, height, length, 
width, surface, and volume – that are very 
important to predict its behaviour. The 
team has developed a behaviour model 
that is able to predict the position and the 
heat flux of a fire during its propagation 
taking into account ignition of the fire, 
weather, fuel, and ground topology.

Recent research has looked at the 
use of computer vision and 

image processing to help 
understand and predict 
the movement of fires. 
Most of these efforts 
focus on merging the 

information from multiple 
single-camera systems or 

multiple stereo pairs 
of cameras 

on the 
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Dr Lucile Rossi

Framework for measuring the fire front.

Triangulating the data points 
enabled the team to produce a 3D 
reconstruction of the fire, from which 
they calculated the volume of the 
fire and its surface characteristics, 
allowing the estimation of the heat 
flux at the fire front and the amount 
of energy emitted by its surface, 
regardless of the position of the 
target. They calculated the front and 
back lines of the fire to work out its 
rate of spread and depth, also taking 
account of different fire fuels that 
would affect combustion and thus the 
spread of the fire. 

TESTING IN THE FIELD
It is not possible to reproduce 
an actual wildfire, making it very 
difficult to test – or ground truth – 
experimental results. So, Dr Rossi 
and the team first demonstrated the 
validity of their model using a UAV 
flying 10–15m around a parked car 
with known geometrical characteristics. 
They applied the same triangulation 
and modelling methods and found 
that their estimated dimensions and 
position of the car were accurate.

In a second experiment they set an 
outdoor fire using wood wool placed 
over an area of 3 x 5m. The estimated 
position of the fire over time were 
in line with the experiment. Finally, 
they conducted tests on a controlled 
fire set over 5 x 10m over flat and 
inclined ground, using a UAV flying 
10m high and 15m from the fire zone. 
By setting the fire at the short side of 
the rectangle they could watch the fire 
propagate over the full length of the 
fuel area. Once again, they found their 
estimated data matched expectations 
for this type of fire.

The next steps for Dr Rossi and her 
team will be to use landmarks as 
position and height references in their 
tests, for comparison with measured 
characteristics. However, even at this 
stage it is clear that this new multimodal 
stereovision framework has huge 
potential for accurately measuring the 
geometric characteristics of wildfires, 
enabling researchers – and ultimately 
firefighters – to understand and predict 
the propagation and behaviour of the 
fires that are increasingly taking such a 
toll on our lives and landscapes.
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