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Abstract— In this paper, a system for autonomous extin-
guishing of ground fires using the placement of fire blankets
by Multi-rotor Unmanned Aerial Vehicles (UAVs) is proposed.
The proposed system, relying on the fusion of multiple on-
board sensors using only onboard computers, is infrastructure
independent with a focus on high reliability in safety-critical
missions that require power-on-and-go full autonomy. This task
was part of the third challenge of MBZIRC 2020 aimed at the
development of autonomous robotic systems for extinguishing
fires inside and outside of buildings. The MBZIRC competition
promotes the development of such robotics applications that
are highly demanded by society and, due to their complexity
and required robot abilities, go beyond the current robotic
state of the art. As far as we are aware, our team was one
of only two teams to achieve successful system for placement
of fire blankets fully autonomously with vision-based target
localization without using Real-time kinematic (RTK)-global
navigation satellite system (GNSS), as was required in the
competition and also for the real missions of first responders.

I. INTRODUCTION

The task of protecting life and property is at the forefront
of robotics research. However, realistic deployment of au-
tonomous aerial robotics systems for physical interaction in
such a task still seems to be a matter for the distant future.
Systems that demonstrate the required cognitive capabilities
are almost exclusively confined to laboratory settings. This is
due to the numerous difficult challenges for robotic systems
interacting with real-world hazardous conditions, especially
when health or lives are at stake.

In first responder missions, deployed units must have high
speed and mobility in order to reach remote or inaccessible
areas quickly. This is the primary strength of Multi-rotor
Unmanned Aerial Vehicle (UAV)s which are finding an
increasing number of applications in recent years. However,
their limited payload makes using them for firefighting with
standard liquid fire extinguisher a challenging endeavor. One
of the most practical options for how these systems can be
deployed is to use them to smother ground fires with fire
blankets. Such fire blankets are a very effective and non-
destructive fire extinguishing method (see Fig. 21) that is
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under research project No. 20-29531S, Research Center for In-
formatics project CZ.02.1.01/0.0/0.0/16_019/0000765, CTU grant No.
SGS20/174/OHK3/3T/13, EU H2020 project AERIAL CORE No. 871479,
and by Khalifa University via sponsorship in support of 15 selected teams
for the Mohamed Bin Zayed International Robotics Challenge (MBZIRC)
competition.

1
pozarni-zbozi.cz/eshop-car-fire-blanket-haseni-horicich-automobilu

-bez-pouziti-vody.html

×
× ×× ×××××× × ××

××
××
× ××
×

×
××
××

× ×× ×× ×× ××× ×××
×

Fig. 1: The proposed system is based on target detection and pose
estimation using thermal computer vision and a blanket unrolling
maneuver informed by the retrieved pose of the target.

Fig. 2: Fire blanket used to extinguish a burning automobile.The
footage was used as motivation for designing the firefighting ma-
neuver presented in this paper. This task can now be accomplished
autonomously by an upscaled version of the proposed system.

well suited for execution by Multi-rotor UAVs, as blankets
are much lighter than the amount of liquid agent sufficient
for extinguishment and they additionally prevent further re-
ignition of flames where they are deployed. Challenge 3 of
the Mohamed Bin Zayed International Robotics Challenge
(MBZIRC) 2020 competition was inspired by the need to
extinguish fires in locations that are difficult to access by
people. A subtask of the challenge was directly motivated
by deploying fire blankets on outdoor ground fires by a fully
autonomous UAV system. This paper describes our approach
to successfully fulfill this task in the competition, as well
as in the real missions discussed. The proposed approach
is based on using a combination of new thermal vision,
perception and estimation subsystem, and a blanket unrolling
procedure coupled with a proposed spreading maneuver
inspired by real firefighting missions - see Fig. 1 and 2
for illustration. To our best knowledge, in this subtask our
CTU-UPENN-NYU team was one of only two successful
teams to use full autonomy in flight and to rely solely on
onboard sensors for localization of the targets, while also not
using RTK-GNSS or pre-measured target positions. Reliance



on the latter especially would render our system completely
impractical for our main focus of future application in real
fire-fighting, since if an operator had the option to physically
access the fire for measurement of its coordinates, then using
Multi-rotor UAVs would not be necessary.

II. STATE OF THE ART

The idea of using UAVs to support firefighting has already
been extensively discussed in previous research. The simplest
situation where UAVs can be applied is outdoor fire detection
and monitoring. A system of multiple UAVs was used in [1]
for automatic forest fire monitoring using visual and infrared
cameras. Real experiments with forest fire monitoring in a
national park have already been conducted by the Hungarian
fire department [2]. The authors of [3] describe a task
allocation strategy for distributed cooperation of ground
and aerial robot teams in fire detection and extinguishing.
In [4], a UAV system is designed for the delivery of fire-
extinguishing bombs to a target area on remote control, using
various internal and external data sources. Similarly, in [5]
the authors employ a UAV system for delivering liquid fire-
extinguishing agent by an extreme dynamic dropping ma-
neuver maximizing the release velocity to reduce dispersion.
However, this method of firefighting is only suitable for use
in open space settings such as desert fires, without any tall or
vulnerable structures. The development of firefighting UAVs
has already been a topic of robotic competitions as well.
[6] describes the design and implementation of a firefighting
UAV for outdoor applications designed specifically for the
IMAV 2015 competition. This system is based on collecting
water into a carried receptacle and pouring it on a ground
target - a solution that is of interest for research, but in
practice only effective for vehicles with high payload, such
as full-scale airplanes and helicopters. The employment of
UAVs could prove particularly beneficial and life-saving in
urban environments. Experiments have already been done on
urban fire detection using a thermal camera which could be
carried by a UAV [7]. UAVs capable of entering buildings
through doors and windows would then be especially helpful
with their ability to reach the target location much earlier
than human firefighters. [8] contains the design of a semi-
autonomous indoor firefighting UAV. The authors have de-
signed a fireproof, thermoelectrically cooled UAV equipped
with visual and thermal cameras, collision avoidance, and
first person view system. However, the UAV was controlled
remotely and no autonomy was demonstrated here, making
it dependent on high-bandwidth radio transmissions and a
fully engaged remote pilot. The solution discussed in this
paper - placing fire blankets on top of a detected target -
requires the ability of Multi-rotor UAVs to autonomously
carry and deploy objects while precisely navigating towards
a detected target. Carrying and dropping objects has been
extensively researched in recent literature [9]–[11]. Object
transportation by Multi-rotor UAVs [12], [13], as well as
precise navigation of Multi-rotor UAV towards a visually
localized target [14], has even been a task in MBZIRC 2017
where teams - including ours - competed in gathering of

scattered objects and landing on a moving vehicle using
vision-based tracking.

However, in comparison to the previous work, the ap-
proach proposed in this paper requires additional new ca-
pabilities. The UAV is required to precisely localize a target
by fusing thermal imaging-based computer vision instead of
simplistic color detection. Additionally, instead of merely
carrying and detaching over a designated area, the trans-
ported blanket has to be deployed in multiple steps on an
object of comparable size. In doing so, the system has to not
only address, but actually exploit physical interaction with
the ground and the target - a challenge rarely addressed in
practical deployment of Multi-rotor UAVs.

III. TASK SPECIFICATION

Challenge 3 of the MBZIRC comprised four distinct parts:
extinguishing real fires on the exterior of a building by Multi-
rotor UAVs using water, extinguishing fire analogues using
water in the interior of a building by Multi-rotor UAVs and
by Unmanned Ground Vehicle (UGV), and extinguishing
free-standing fire analogues by Multi-rotor UAV with fire
blankets. This paper presents a solution for firefighting by
fire blanket placement.

The fire analogues for the competition (see Fig. 5) were
designed as square platforms with 1 m sides and 0.35 m in
height. All edges of the top surface were framed with reflec-
tive metal sheets 0.1 m wide. Each side of the empty square
formed by these sheets was studded with three electrical
heating elements made of anodized aluminium - twelve in
total - with one in the center of the edge and two spread
0.25 m to each side. When active, each of the elements
was set to maintain a temperature of 120 ◦C. The center of
the square surface additionally contained a silkflame with a
series of LED light sources in its center. Three of these fire
analogues were spread out in an area of 19.5×17.5 m and
two of them were randomly switched on for each trial. The
goal was to locate these objects with a Multi-rotor UAV and
to cover the whole top surface of the fire analogue objects
with a standard fire blanket 1.2 × 1.2 m in size. For each
placement, a specific number of points are awarded for each
covered corner and side as follows:

• Covering the entire top surface of the fire analogue by
the blanket awards a team 10 points.

• Covering any part of the top surface of a fire analogue
is worth 20 % of the total = 2 points.

• Covering any of the four corners or overlaying any of
the four sides is worth 10 % = 1 point.

All teams scoring in autonomous mode are ranked above
all teams solving manually, reflecting the significantly higher
difficulty and relevance of autonomous solutions. Addition-
ally, teams were allowed to use RTK-GNSS in any of the
competition arenas, but a penalty of 25 % was applied to
teams if they did since the solution would be less relevant to
real firefighting in inaccessible areas without the option of
establishing a calibrated local base station. In such a case, the
teams would have the option of pre-measuring the positions
of the targets, lowering the need for sensing-based navigation



Fig. 3: Front view of the blanket dropping gripper below the body
of the UAV (left) and the layout of the thermal cameras (right).

and target localization - the main focus of this paper and key
component of a real system.

IV. PLATFORM DESCRIPTION

Our UAV for the blanket dropping challenge was based
on the Tarot T650 platform, equipped with Intel NUC on-
board computer and the Pixhawk flight controller. On the
onboard computer, the UAV runs a multi-layered system
stack developed by our group [15], that allows optimal
following of pre-defined and dynamically generated trajec-
tories using Model predictive control (MPC). For odometry,
the UAV was also equipped with a GNSS module with
Ublox Neo-M8N receiver. The sensory equipment of the
UAV comprised RPLIDAR rotary rangefinder, Garmin laser
rangefinder used as altimeter, BlueFOX-MLC200wC camera
used for calculation of optical flow from the ground, and two
Teraranger EVO thermal 33 thermal cameras with a field of
view (FoV) of 33°×33°. One of the thermal cameras was
pointed downwards and the other was tilted 30° upwards
from the first, facing towards the front of the UAV (see
Fig. 3 on the right). The two cameras could then be used in
place of a single camera with increased resolution and FoV.
The downward-facing thermal camera was useful for getting
precise estimates, while the front-facing one improved the
capability of searching for undiscovered fire analogues by
extending visibility further outwards.

This modular approach of using multiple simpler cameras
was also beneficial in our work on two different types
of Multi-rotor UAVs for Challenge 3. For example, we
attached three thermal cameras of the same type onto a
Multi-rotor UAVs meant for extinguishing fires on vertical
surfaces with a water stream. Thus, we could address the
diverging needs of observation coverage between the two
tasks without the need for different sensors or working with
different input data. Such modularity is also beneficial for
real deployment as a single platform can be used for various
firefighting tasks. For dropping the blanket, we developed
a specialized mechanized claw that carries a rolled up fire
blanket, one side of which is studded with a wooden rod.
This mechanism releases the blanket in two phases. First,
one servo releases the rolled up blanket such that it unfolds
and remains attached to the UAV only by one side by the
attached wooden rod. In the second phase, the wooden rod
itself is released by the second part of the servomechanism,
concluding the deployment. The system used two Dynamixel
AX-12A servomotors.
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Fig. 4: An example of the view of a real fire with the thermal
camera used in the competition at two different thermal ranges.
Note the high contrast of the fire compared to the background, in
addition to the large size of the fires in the image. In the range of
temperatures used in the competition, the fire itself is completely
saturated in the image. Detection and targeting of such objects is
significantly easier to achieve than the fire analogues.

V. VISION

The output from the thermal cameras comprises a matrix
of 32 × 32 pixels each, where the value of a pixel is
supposed to represent the temperature of the corresponding
region in degrees Celsius. This is, however, an oversim-
plification. The thermal cameras capture the intensity of
infrared (IR) radiation. This intensity is converted using the
Stefan-Boltzman law into a temperature reading, presuming
a surface emissivity of 0.95 [16]. Such value is similar to
the emissivity of a wide range of materials, such as iron or
plastic, but differs significantly with other materials such as
aluminium which has significantly lower emissivity, leading
to lower temperature readings. Additionally, if the material in
question is highly reflective in the given IR range, the thermal
camera output in that region will represent properties of the
reflected surfaces instead of the reflective material itself, akin
to a mirror. In our experiments, as a real fire (see Fig. 4) is
evaluated by a thermal camera as being over 250 ◦C, the
thermal cameras would be sufficient to detect real fires from
a significant distance and with good reliability, because such
hot objects will likely be detected and will not be outliers.

Unfortunately, the heating elements used in MBZIRC
were made of anodized aluminium, with emissivity index
of approximately 0.55 [17]. Therefore, detection of the
heating elements set to maintain a temperature of 120 ◦C
was significantly more complicated, since the cameras parse
them as having approximately only 78 ◦C when viewed from
up close. Each element was a rectangle 60 × 35 mm. This
small size combined with the small resolution compared
to the FoV of the applied thermal cameras, as well as
the typical searching distance of approx. 3 m above ground
level, made it often project as less than a full pixel in the
image. This effect further decreased the temperature read
out of the pixels containing the heating elements, as the
camera effectively averages the temperatures of the entire
surface captured within a single pixel. In relatively cold and
shaded surroundings, these elements may be distinguishable
as concentrated patches of elevated temperature. However, in
the real-world conditions of the competition (desert climate
and sun-heated ground) these were barely noticeable, which
would not be the case for real fires (compare Fig. 4 with



∼0.5 m, morning 3.0 m, morning 3.0 m, noon 0°C

45°C

90°C

Fig. 5: Views of a fire analogue from a color camera and a thermal
camera. In the later stages, the wooden sides were lined with
rock facsimiles. Note that while up-close, the heating elements
are recognizable as being measured with greater temperate than
the surroundings (measured as approx. 78 ◦C in the left image),
from 3m above the object where the whole square is captured,
their contrast w.r.t. the surroundings decreases significantly. This
decrease is so severe that in the right image, captured at noon
when the sun was directly above the area, the heating elements
are indistinguishable based on temperature measurement alone
as the temperature of the ground itself was 55 ◦C. Even in the
middle thermal image captured in the morning, the brightest pixels
correspond to a measurement of 40 ◦C - only 10 ◦C more than
the surroundings. In contrast, the pixels corresponding to the metal
plates have a value of 0 ◦C when captured up close and 10 ◦C from
farther above for both cases shown here.

Fig. 5). In our preliminary tests and as was subsequently
confirmed in the rehearsals with the fire analogues, we
discovered that the reflective metal sheets underlying the
heating elements themselves appeared as extremely cold
(approx. 0 ◦C). This was due to their high IR reflectivity,
making them reflect the sky instead of emitting their own
detectable radiation.

For brevity, we will be calling pixels with such temper-
atures as "dark". It is significantly more efficient to detect
these reflective metal sheets due to their high contrast with
the surrounding surfaces and relatively large surface area.
While it is assumed that these plates were meant to spread
the heat of the elements over a larger area for detection, in
terms of the thermal image they did the very opposite. We
have exploited this fact to achieve sensitivity in detection
comparable to that of real fires.

The metal sheets were segmented into smaller sections
by placement of the heating elements that were without
such reflectivity. This allowed us to detect the position
and precise orientation of the fire analogues by the distinct
square arrangement of dark patches on the edges of the fire
analogues. Refer to Fig. 5 for the appearance of the fire
analogues in the thermal camera images.

A. Shape fitting

The fire blanket required to be used in the competition
had the dimensions 1.2 × 1.2 m. This blanket needed to
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Fig. 6: The detection and localization pipeline for the blanket
deployment subtask.

cover a fire analogue platform with the dimensions of 1.0×
1.0 m. Therefore, it became necessary to estimate not only
the precise position of the center of the platform, but also its
orientation in order to align our UAV with its sides and cover
as large a portion of the platform as possible. As mentioned
above, the thermal camera captured the metal frame of the
top surface of the platform as a set of dark patches arranged
in a square. We took the image centroid of each of these
patches (Fig. 6a) and estimated a 3D point it corresponds to.
This 3D point is the centroid of the segment of the metal
sheet defined by intersecting its corresponding optical ray
with the estimated top surface plane of the platform (Fig.
6b).

The optical ray - the line defined by the coordinates of
the camera center and a direction vector vt - is obtained
using odometry and the image coordinates of the centroid at
x, y, combined with the assumed camera matrix for the used
thermal cameras with pixel resolution w per side and FoV ε
per side:

vt =

1/f 0 −((w − 1)/2)/f
0 1/f −((w − 1)/2)/f
0 0 1

 ·
xy

1

 , (1)

where

f =
(w/2)

tan(ε/2)
≈ 54.015. (2)

In 3D, the detections from both cameras that are oriented
differently w.r.t. each other were translated using their known
poses within the UAV frame into a unified set of points in a
single coordinate frame. These 3D points were accumulated
from all detections from both thermal cameras from the last
3 s (Fig. 6c) and were then used for the target pose estimation
step.

It should be noted that the primary source of the height
estimate of our UAV w.r.t. the ground was a laser altimeter.
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Fig. 7: Boustrophedon coverage of the competition arena.

Therefore, if the UAV is presumed not to be above the
platform, we shift the intersecting plane by 0.35 m upwards
to account for the height of the platform. While this was
only possible to know after the pose of the target had been
estimated, in practice this method quickly led to convergence
to the correct pose. This is because, even with offset of the
height of the platform, the estimated points form roughly the
same shape, only scaled up and distorted when accumulating
them from a time segment when the UAV transitioned above
the target.

The next step involved applying a 2D Iterative Closest
Point (ICP) algorithm to fit a square (Fig. 6d) of known size
(0.9 × 0.9 m, accounting for the width of the metal frame)
onto the accumulated points. The specific implementation of
the ICP used was based on minimizing the sum of squares
of distances of estimated points from the line segments
representing the sides of the square.

The best precision of this estimation technique can be
achieved when the UAV observes the platform from directly
above. This is due to the ability to view the whole square
shape in a single image frame, increasing the likelihood
of seeing the dark reflections mentioned in section V and
the negation of effects in this specific viewpoint, such as
foreshortening and height estimate error.

This estimate is then sent to a linear Kalman filter to refine
precision using multiple detections.

The state qk of the Kalman filter comprises the 3D
position of the platform surface (world frame in meters),
as well as its 2D orientation qkη (azimuth in radians):

qk =
[
qkx , qky , qkz , qkη

]T
. (3)

In the case that new measurement α is close to 90° from
the qkη , we rotate α by 90° towards qkη , once again taking
into account the symmetry of the platform. In this way, the
filter state is seamlessly updated even in cases when the target
platform is rotated diagonally w.r.t. the world axes, where α
would tend to oscillate between two expressions of the same
pose and thus would otherwise corrupt qkη .

VI. SEARCH FOR FIRE ANALOGUES

A diagram of the state machine is shown in Fig. 8. The
path planning for localization of the fire analogues in a
predefined area can be described as Coverage Path Planning
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Fig. 8: Diagram of the mission state machine.

(CPP) [18]. The plan is found using Boustrophedon cover-
age [19], which creates a zigzag path as shown in Fig. 7, such
that the reduced FoV of onboard thermal cameras entirely
covers the area from the height of 3 m. The reduced FoV
is calculated based on the required overlap in the coverage
(set to 5% during the competition) and on the camera FoV
projected from flight height to the ground plane. The UAV
then follows this path with heading in the direction of its
movement while trying to detect and estimate the position
of the fire analogues.

After successful detection, the UAV stops following the
path and moves to a position 3.5 m above the estimated
position of the fire analogue to better observe its pose. As
the horizontal distance decreases, the visibility of the target
increases and thus the estimate is improved. The UAV steers
above the center of the target, where it hovers until the
estimate reaches a desired precision. This requirement is
evaluated based on the state covariance matrix Σ of the
Kalman filter. The sufficiency of the precision of the position
estimation is determined by the norm of eigenvalues of Σ33

- the 3 × 3 upper left submatrix of Σ representing the 3D
position coordinates - and the last element of Σ representing
the heading. The estimation is thus concluded once

λX = ‖λ(Σ33)‖ <0.1 m (4)
λη = Σ44 <(π/180) · 5°. (5)

If λX and λη is smaller than such values, it is an indicator
that multiple consistent measurements have contributed to
the filter state qk and thus qk represents a reliable-enough
estimate for blanket placement.

Once the desired precision is achieved, the blanket place-
ment maneuver is initiated. In the case of no detection, the
UAV flies back to the takeoff position to land, as would have
been the case if the blanket placement was successful. If the
target was detected but subsequently lost, the UAV continues
the path following from the last visited point.

VII. PLACEMENT MANEUVER

Upon reaching the desired estimation precision, the UAV
activates its blanket placement maneuver. This begins with
selecting a direction from which to place the blanket. Since
the maneuver entails flight parallel to the sides of the square
platform for optimal coverage, there are four options for the
starting position. These positions are all 4 m from the center
of the estimated target and positioned along the estimated



Fig. 9: Our UAV approaching the fire analogue in the placement
maneuver. The fire blanket is unrolled when the UAV is 3m from
the target. The second end of the blanket held straight by a wooden
rod is released after the target has been covered. The third figure
shows the resulting placement - the offset is due to a combination of
GNSS drift during the placement maneuver and the blanket sliding
off after being placed, due to the air flow from the fire analogue.

axes of its square platform and 1 m above the ground.
Initially, all four of these positions are checked against a
predefined safety area in order to prevent collisions with
walls or the safety net. Of the starting positions that pass this
check, the closest one to the current position of the UAV is
selected.

The UAV flies to the position, orienting itself s.t. the
UAV faces the estimated target. Since no measurement of
the target is possible at this point due to the low altitude,
the maneuver is executed without feedback based on the
previous target pose estimate. The UAV then flies towards
the target at the constant speed of 1 m s−1. When it reaches
the distance of 3 m from the target, the blanket is unrolled
as shown in Fig. 9. This is done by releasing the first of
the two servo-controlled claws in the blanket holder on its
underside and letting the blanket fall free. As it flies on,
the blanket is fully unrolled by friction with the ground. The
UAV then seamlessly spreads the blanket over the target as it
passes over its estimated center. Once it reaches a point 0.6 m
beyond the center - half the length of the blanket - the second
claw is released, dropping the rod attaching the blanket to
the UAV and thus concluding the placement. Afterwards,
the UAV ascends to the safer height of 2 m, and is set to
return to the takeoff point for checkup, replacement of the
blanket, and potentially also for replacement of the battery.
In real firefighting, e.g., for extinguishing a burning vehicle,
the maneuver would be the same, with the only difference
being that the UAV would have to be upscaled to be able to
carry a sufficiently large blanket - e.g., the fire blanket used
in Fig. 2 with the size 6×8 m - in order to sufficiently cover
the entire target and block access to oxygen to the fire.

VIII. RESULTS

Before the competition, our team was performing nu-
merous tests alternating between simulation and real world
deployment. Simulation is faster and cheaper to prepare, but
contains unaccounted-for differences due to simplifications
when compared to the real world. Real world testing allowed
us to address these, as well as to incrementally adjust
the simulation to better correspond to observed reality. For
simulations, we used the Gazebo simulator - a part of the
Robot Operating System (ROS) package. In this simulator,
we built the fire analogues used in the competition based on
the provided specifications.

All the software developed for the competition, including
the Gazebo plugins, is open-source and is available on-line2.

In simulation, we could obtain a rough evaluation of the
precision of the fire analogue localization precision thanks
to the availability of the exact ground truth positions . Out
of 10 deployments, the average position error was 0.139 m
and the average orientation error was 0.125 rad (7.2°). The
worst position error was only 0.175 m and the worst orien-
tation error was 0.275 rad (15.8°), showing that the target
localization method is sufficient for deployment.

Real world tests of this system were done in a desert
location in the United Arab Emirates where we were based
for six weeks prior to the competition. Our stay there was
motivated by practical considerations - in our long-term
experience, lighting and other local environmental conditions
significantly affect real-world robotic deployment, partic-
ularly the sensor outputs. Therefore, preparing a robotic
system for reliable operation in a certain location and climate
requires testing in equivalent conditions. For instance, the
stronger sunlight and higher temperatures in UAE affected
thermal imaging in ways that were not apparent in our central
European country.

In the UAE, we tested the blanket deployment against the
local wind conditions as well as thermal detection.

The most significant testing results were shown in the
competition challenge itself. Each of the three challenges
progressed as follows: First, each participating team was
given three rehearsal runs at 15 min each. Afterwards, two
graded attempts were taken as part of the competition proper,
15 min each, and the final team result was selected as the
better result of the two attempts.

In the competition, we were the one of only two teams to
place a fire blanket on the fire analogue fully autonomously
without RTK penalization (see Fig. 9 and videos3). In ad-
dition to the points achieved for this subtask of MBZIRC
2020, we demonstrated a fully functional system of the
same complexity as would be required for real firefighting
missions.

The most successful opposing team, University of Seville,
IST Lisbon and CATEC, used a solution based on dropping
the blankets from above with an attached rigging that spread
the blankets upon impact with the target akin to a parasol.
This solution was more efficient in achieving maximum
possible overlap with the surface of the fire analogues
compared to our dynamic spreading that induces drift w.r.t.
the initial estimated target position. This approach benefited
from releasing the blanket immediately after reaching a
position above the target in combination with rapid dropping
of the blanket in its folded form. However, it also shows
less potential for subsequent real world firefighting, since
the deployed rigging keeps the blankets taut in a horizontal
plane as opposed to letting them fall over the target ob-
ject to block oxygenation of the fire. The weight of the
rigging further challenges the carrying capacity of Multi-

2https://github.com/ctu-mrs
3
http://mrs.felk.cvut.cz/mbzirc-2020-blanket-placement



rotor UAVs, making it necessary to use larger units than
would otherwise be the case. Lastly, the deployment method
necessitates hovering for an extended period of time above a
fire in its convection column, endangering the UAV itself. It
should also be noted that this solution used RTK-GNSS for
localization, with the positions of the fire analogues being
pre-measured as opposed to located with onboard sensing
- an approach that is not applicable for real firefighting and
was therefore penalized in the competition as a solution with
lower technology readiness level.

Another team that managed to place a blanket on the
target, Polytechnic University of Madrid, University Pablo
Olvide, Poznan University of Technology, CNRS, did so
without using RTK-GNSS. Their target localization tech-
nique was based on thermal imaging similar to ours, using
significantly heavier UAV platform. However, their method
of blanket placement constituted dropping it directly from
above the target, without any visible method designed to
unroll and spread it out it first [20]. This is sub-optimal, as
part of the limited size of the blanket is very likely to remain
folded without extinguishing the fire.

Without an RTK base station, the precision of GNSS
localization depends on the quality of the signal from satel-
lites. GNSS satellites broadcast their signals from space, but
what is received depends on additional factors including, for
instance, signal blockage and its reflection and atmospheric
conditions. For this reason, we have delegated the sensing
necessary for obstacle avoidance on 2D LIDAR data to
employ a virtual bumper that did not allow flight closer to
obstacles than 5 m.

Out of the 5 attempted blanket placements by our team
in the entire competition, the average offset of the placed
blankets from the center of the selected fire analogue was
∼1.0 m. Given how the video documentation shows that the
UAV hovered correctly above the selected fire analogue in
the estimation phase, we can presume that the precision of
the estimation was comparable to simulation. Considering
these observed effects, it is desirable to have constant visual
feedback during the placement maneuver for correction. Our
system relying solely on thermal cameras was not suited
for this with the fire analogues used in the competition, but
in case of a real firefighting, a front-facing thermal camera
would be sufficient to correct the drifting course of the UAV
towards an object on fire.

IX. CONCLUSION

In this paper, an approach to extinguishing ground fires
with fire blankets deployed by autonomous Multi-rotor
UAVs was proposed. The system comprised an advanced
autonomous UAV control, localization based on sensory
fusion from multiple sources, thermovision and its spe-
cialized processing, target estimation, and a purpose-built
blanket deployment hardware subsystem. This approach was
shown as effective in the MBZIRC competition, but it also
appears to be practical for real firefighting scenarios, in many
cases over-performing classical concepts of spraying liquid
fire extinguishing agents limited by the payload capacity

of Multi-rotor UAVs. For the MBZIRC competition, this
approach and system contributed to winning the overall first
place in the Grand Challenge.

REFERENCES

[1] L. Merino, F. Caballero et al., “An Unmanned Aircraft System for
Automatic Forest Fire Monitoring and Measurement,” Journal of
Intelligent and Robotic Systems, vol. 65, pp. 533–548, Jan. 2012.

[2] A. Restas, “Forest Fire Management Supporting by UAV Based Air
Reconnaissance Results of Szendro Fire Department, Hungary,” in
First International Symposium on Environment Identities and Mediter-
ranean Area, 2006, pp. 73–77.

[3] A. Viguria, I. Maza, and A. Ollero, “Distributed Service-Based Co-
operation in Aerial/Ground Robot Teams Applied to Fire Detection
and Extinguishing Missions,” Advanced Robotics, vol. 24, no. 1-2,
pp. 1–23, Jan. 2010.

[4] R. Chen, H. Cao, H. Cheng, and J. Xie, “Study on Urban Emergency
Firefighting Flying Robots Based on UAV,” in IAEAC, 2019.

[5] D. A. Saikin, T. Baca, M. Gurtner, and M. Saska, “Wildfire fighting
by unmanned aerial system exploiting its time-varying mass,” IEEE
Robotics and Automation Letters, vol. 5, no. 2, pp. 2674–2681, 2020.

[6] H. Qin, J. Q. Cui et al., “Design and implementation of an unmanned
aerial vehicle for autonomous firefighting missions,” in ICCA, 2016.

[7] P. Pecho, P. Magdolenová, and M. Bugaj, “Unmanned aerial vehicle
technology in the process of early fire localization of buildings,”
Transportation Research Procedia, vol. 40, pp. 461–468, Jan. 2019.

[8] A. Imdoukh, A. Shaker et al., “Semi-autonomous indoor firefighting
UAV,” in ICAR, 2017.

[9] H. Lee, H. Kim, W. Kim, and H. J. Kim, “An integrated framework
for cooperative aerial manipulators in unknown environments,” IEEE
Robotics and Automation Letters, vol. 3, no. 3, pp. 2307–2314, 2018.

[10] A. Caballero, A. Suarez et al., “First experimental results on motion
planning for transportation in aerial long-reach manipulators with
two arms,” in 2018 IEEE/RSJ International Conference on Intelligent
Robots and Systems (IROS), 2018, pp. 8471–8477.

[11] C. C. Kessens, J. Thomas, J. P. Desai, and V. Kumar, “Versatile aerial
grasping using self-sealing suction,” in ICRA, 2016, pp. 3249–3254.

[12] G. Loianno, V. Spurny et al., “Localization, grasping, and transporta-
tion of magnetic objects by a team of mavs in challenging desert like
environments,” IEEE Robotics and Automation Letters, 2018.
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