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Abstract—In this paper a real-time approach for human bodies
detection at outdoors environments by using thermal images
taken from an Unmanned Aerial System (UAS) is presented.
The first step of the proposed algorithm consist on the extraction
of the thermal signature of human bodies. After that, we used
the Moments Representation technique as a shape descriptor to
identify human presence in a scene. Finally, a robust controller
is developed to enable the multi-rotor vehicle to track a desired
reference in order to scan a region of interest. To show the
effectiveness of the developed algorithm when it is implemented
on an octorotor vehicle, a set of real-time experimental test were
conducted and we present the obtained results.
Index Terms—Search & rescue, UAS, robust controller, people
detection, thermal images.

I. I NTRODUCTION
In general, conducting search and rescue missions by using
Unmanned vehicles are complicated and dangerous tasks,
since it requires high flight precision and long operating times,
which generates a physical and emotional strain for human
pilots. With the technological advance in the field of UAS’s
and thermal images, the rescue teams deal in a more efficient
way with problems involving missing people in mountains and
in scenarios after disasters like hurricanes or tsunamis. In these
scenarios, the UAS sends information about the terrain and the
victims both to a ground control station as well as to the rescue
services, allowing a better result at every mission [1].
Due the increasing availability of thermal cameras and the
distinctive thermal signature of humans, the research effort
has focused on the development of advanced strategies for
people detection and tracking. The Histogram of Oriented
Gradients (HOG) [2] is another detection algorithm that allows
the comparison of an object shape with a pre-trained model.
This type of algorithm loses efficiency in the sense that it needs
to be trained in the scenario where it will be applied and in the
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sense of the inconvenience of the angle changes of the same
scene which limits the detection. Cascaded Haar classifiers [3]
have been also used for human detection in static images taken
from an UAV at an angle of 45 degrees with respect to the
ground plane by using the distinctive human shape.
In order to overcome this drawback, there are other methods
such as the representation of moments where it does not matter
the object’s position or if the scenario is different, it allows
us to extract its characteristics and thus, to locate the target
[4]. Simultaneously, the interest in UASs used for search
and rescue applications has grown significantly due to the
capabilities of this kind of vehicles [5]. Despite the advantages
offered by the quadrotor vehicle due to its versatility, there
are other configurations that offer advantages in terms of
redundancy and load capacities as well as increasing the field
of vision (FOV) when using a camera such as the octocopter
in configuration H or V [6].
In order to stabilize the dynamics of this kind of multirotor
vehicles, an extensive set of control strategies have been
proposed in the literature, ranging from linear to nonlinear
control strategies, including robust controllers and intelligent
techniques as the developed by [7] and [8], to name a
few. In particular, authors in [9] developed robust controllers
that demonstrated a superior performance when stabilizing
a quadrotor’s attitude and position. These controllers are
composed by i) a classical Proportional Derivative Controller
and ii) a robust compensation term, by using a simple tuning
methodology to obtain the controller’s gains. In this work we
derived a robust controller for controlling both the rotational
and translational dynamics of a multirotor aerial vehicle in
H-configuration.

Main contribution
The main contribution of this work is the development
and real-time implementation of an Unmanned Aerial System
for autonomous people detection composed by a multi-rotor
vehicle equipped with a thermal camera and an embedded
computer running an algorithm for people detection based on
the moment representation technique.
The remaining of this paper is organized as follows. In
Section II the dynamic model as well as a robust control
strategy developed for stabilizing the multi-rotor aerial vehicle
are presented. In Section III the algorithm used to detect
human presence in aerial images acquired by a thermal camera
is explained. The set of experimental results are depicted in
Section IV. Finally, conclusions and future directions of this
work are presented in Section V.
II. M ATHEMATICAL M ODEL AND C ONTROL S TRATEGY
A. Mathematical model of the multi-rotor aerial vehicle
The dynamic model of the multi-rotor vehicle was obtained
by using the Euler-Lagrange formalism and is given as
U1
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m
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where x, y, and z represent the multi-rotor’s translational
positions in the X, Y and Z axes, respectively. The translational velocities and accelerations are denoted as (ẋ, ẏ, ż)
and (ẍ, ÿ, z̈), respectively. The Euler’s angles roll, pitch and
yaw are represented by φ, θ and ψ, respectively. The rotational velocities and accelerations are given by (φ̇, θ̇, ψ̇) and
(φ̈, θ̈, ψ̈), respectively. The mass of the vehicle is denoted by
m, and the term g represents acceleration due to the gravity.
The inertia moments of the vehicle are represented by Ix , Iy
and Iz . A more detailed derivation of the dynamic model can
be found in [10].

the effect of external disturbances. Below, a robust controller
was developed for a general second order system and then the
robust controller will be applied to each of the dynamics of
the multi-rotor vehicle.
Consider a second-order system defined as
χ̈ = aN U + ζ

where ζ is an unknown bounded function including external
disturbances and unknown dynamics, aN is a known parameter
representing the physical parameters corresponding to each
subsystem dynamics such as the mass or the inertial parameters, and U is the control signal. The control signal U can be
defined as
U = UN + URC ,
(3)
where UN denotes the control signal generated by the nominal
proportional derivative controller an the robust compensator
input is given by URC . Let us to define the vector of tracking
T
errors eχ = [eχ1 eχ2 ] , where eχ1 = χ − χd and χd is the
desired reference signal. The dynamics of the tracking errors
of system (2) can be represented in state space form as
ėχ = Aeχ + B(aN U + ζ)

ẍ =

B. Robust control strategy
In order to implement the proposed algorithm for people
detection in a predefined area by using a multi-rotor vehicle,
we developed a robust controller for position and attitude
tracking. As a first step, a classic derivative proportional
controller is introduced to stabilize the nominal closed-loop
system (i.e. without considering uncertainties) and achieve the
desired tracking performance, second, a robust compensator
based on a robust filter was implemented to compensate for
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Consider the nominal proportional derivative controller in
the following form
UN = −

(k1 eχ1 + k2 eχ2 )
,
aN

(5)

where k1 and k2 are positive constants to be determined. A
robust compensation input URC is introduced to reject the
undesired effects of the unmodeled dynamics and the external
disturbances ζ as follows. The robust compensator used in
this work is based on the second-order robust filter previously
presented in [11], and has the following structure
ṙ1 = −γr1 − c2 eχ1 + aN U
ṙ2 = −γr2 + r1 + 2γeχ1
γ 2 (r2 − eχ1 )
URC =
,
aN

(6)

where r1 and r2 are auxiliary state variables. With the control
signal defined by (3), the tracking error ex and all the signals
involved in the closed-loop system given by equation (2) are
bounded. The next theorem states this assertion.
Theorem 2.1: Assume that the signals i) χd and their
derivatives χkd (k = 0, 1, 2) and ii) the external disturbances ζ,
are bounded and smooth enough. For a given positive constant
 and given initial bounded errors eχ (0), there exist a positive
constant T ∗ and positive parameters γ with sufficiently large
values, then all states involved are bounded, and |eχ (t)| ≤ ,
∀ t ≥ T ∗ [12].

Based on the robust controller given in equation (3), the
control signals for the all dynamics of the multi-rotor vehicle
are given as
U2 = −Ix [kφ1 (φ1 − dφ ) + kφ2 (φ2 − d˙φ ) − d¨φ )
Iy − Iz
+ γφ2 (rφ2 − (φ1 − dφ ))] − θ̇ψ̇
Ix

(7)
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µx = − kx1 (x1 − dx ) + kx2 x2 − d˙x − d¨x
(11)
+ γx2 (rx2 − (x1 − dx ))

U1 = −

and




µy = − ky1 (y1 − dy ) + ky2 y2 − d˙y − d¨y
+ γy2 (ry2 − (y1 − dy )) ,

(12)

where dφ , dθ and dψ denote the desired attitude for the roll,
pitch, and yaw angles, respectively. finally µx and µy will be
employed as virtual controllers with dx and dy denoting the
desired references for positions x and y, respectively.
III. P ROPOSED S TRATEGY FOR H UMAN B ODY D ETECTION
The continuous improvements in image resolution and
reduction in size, weight, cost and energy consumption of
thermal cameras have allowed that its use on aerial platforms
for search and rescue missions be more popular every day. In
order to increase the effectiveness of these kind of missions,
we propose a strategy consisting on the employ of a multirotor vehicle equipped with a thermal camera to obtain an
overview of a desired zone in order to obtain information about
possible missing people. Despite the recent advances in this
field, detection of people from an oblique point of view and in
the form of a downward panning is still a complex challenge.
There are few works in the literature that address this problem
[13] - [14], especially, when using thermal images.
If we want to track different and multiple objects we need
to separate the strategy in two stages; former, we have to
classify the kind of object of interest by defining its main
characteristics and then we have to group all similar objects.
In this sense, it is well known that the C++ programming
language be used in combination with OpenCV and ROS
allows us to use an object-oriented programming approach
where we can create objects and define them with their own

unique properties and then we are looking for objects with
the same characteristics in the field of vision or the scenario
of the image and finally, group them. Another useful feature
is that we can package similar objects in vectors and then
in the code show the objects in real time and unpack the
vector and show their respective coordinates inside the image.
Furthermore, in this stage we have to filter the object with
a color threshold that the thermal camera offers where we
have many pale options for colors of interest. This kind of
filters are commonly known as Data Fusion and are used
where the threshold ranges from dark blue to light yellow
as the temperature increases. Finally, this stage involves the
selection of the range for human temperature ranging from 33
degrees Celsius up to 39 degrees Celsius due mainly to the
resolution of the camera itself and that the temperature sensed
by the sensor depends on the humidity, the distance to the
lens and in general the environmental conditions that change
with respect to the time of day. After performing several tests,
the temperature values found in the RGB format for the range
mentioned above are depicted in Table I.
TABLE I
H UMAN TEMPERATURE RANGE IN RGB FOR EXPERIMENTS
Temperature
33◦ C
39◦ C

RGB
255 198 179
155 255 0

Hex code
FFC6B3
9DFF00

In the next stage of the proposed algorithm we convert
the image in RGB format (Red, Green, Blue) to the HSV
format (Hue, Saturation, Value). As stated by many authors,
see for example [15], the HSV format is more efficient for
images treatment. The next step corresponds to the filtering
of the object with respect to the background where we will
use morphological operations which OpenCV implements as
functions of Dilate and Erode which allow us to redefine the
object of interest and to be free of noise at the moment of
tracking it. Once we have a filtered and clean image of our
object of interest, we execute the final part of this first stage,
where we use the find contours function in order to obtain
a filtered and binarized image, and then we obtain a vector
with each blank space that forms our object of interest to
finally continue to the stage where we introduce this vector of
contours for processing with the moments method.
The final step of the human detection algorithms consists
on the employ of the moment representation which is useful
for representing the shape of the objects, or more precisely
speaking, the features of an object [16]. If we have an object
in a region that is given by the points where f (x, y) > 0, we
define the moment of order p, q as:
mpq =

M
−1 N
−1
X
X

xp · y q · Io (x, y)

x=0 y=0

p, q = 0, 1 · · · ∞,
where f (x, y) > 0 is the function to refer to the coordinates
or pixels within an image or frame, M and N correspond to

the length and width of the image, respectively. A moment of
great interest is said to be zero order (the order of a moment
is given by the sum of the indexes p and q):
m00 =

M
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X
X

Io (x, y)
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this term defines the area of the object in pixels. The moments
of first order, m01 and m10 , together with m00 determine the
so-called centroid f (x̄, ȳ) of the image to be identified in the
frame:
PP
x · I(x, y)
m10
= PP
x̄ =
m00
I(x, y)
PP
m01
y · I(x, y)
ȳ =
= PP
I(x, y)
m00
In Figure 1 we can see an object detected by using the
representation of moments technique of a binary image.

Algorithm 1: Human Body Detection
Initialization;
Function to Draw the object(Human) of interest;
Function to Filter the object;
Function to Track the Filtered Object;
Function to connect the Serial Port from Odroid to Autopilot;
Open capture object for thermal camera;
while ros::ok() do
Store a frame from the video and this image save in a matrix ;
Convert this matrix from BGR to HSV color space;
Create temporary objects (human) so we can use its member
functions/information;
Find Human with the Temperature/Color range;
if human is detected then
Use moment representation;
Filter the Human with respect to the background;
Track the Filtered Human in the image;
flag-detection = 1;
Send to the autopilot ;
The autopilot save/transmit in real-time the detection;
Continue the trajectory;
else
flag-detection = 0;
Continue the trajectory;
end
end

Figure 1. Example of the moment representation of an object.

Once we obtain the coordinates of our object from the
contours that we have built and we already have applied
the representation of moments, we implement a final filter to
define the size of the object that we have located, which in
our case are people.
In the last step of the proposed strategy, it is notified to the
autopilot when it has been detected a human body based on the
values of the human centroid in a region of the actual frame
while the vehicle performs the predefined trajectory and at the
same time it is send the GPS location to a ground station as
well as it is recorded in the embedded computer. Algorithm 1
summarizes the required steps to the human detection with
thermal images by using an UAS.
IV. E XPERIMENTAL RESULTS
In this section, in order to illustrate the effectiveness and
efficiency of the developed system for real-time people detection, we present a set of experiments conducted by using an
aerial vehicle in H-configuration.
A. Experimental platform
The experimental platform developed in this research work
is shown in Figure 2. The multirotor aerial vehicle has a
structure in H-configuration with four motors at each side. It

Figure 2. Experimental platform developed for human body detection.

can be appreciated that the thermal camera has been mounted
at the front of the aerial vehicle.
Figure 3 depicts the main components employed for the
implementation of the proposed algorithms at outdoors environments. A Pixhawk autopilot executes the developed control
strategies and send the reference signals to the camera gimbal.
The thermal camera outputs analog video signals which are
digitized by an analog to digital video converter and processed by an Odroid X4U embedded computer. Similarly, the
algorithm for people detection is executed in the embedded
computer. When a human body is detected in a frame, the
Odroid XU4 sends this information to the autopilot and to a
ground control station.
We used a FLIR VUE™PRO R 640 13 mm camera with
dimensions of 4.4 × 4.4 × 6.26 cm and a weight of 135 gr.
to acquire thermal images in JPEG format with dimensions of
640x512 pixels at a rate of 7 frames per second. We used both
OpenCV as well as ROS libraries to establish a communication
link between the thermal camera, the embedded computer and

Figure 5. Experimental trajectory tracking results in the Y -axis.

Figure 3. Avionics connection diagram.

the aerial vehicle.
B. Trajectory tracking for scanning of a region of interest
Figure 4 and Figure 5 show the results of the trajectory
tracking of a square reference in the X and Y axes, respectively, for the scanning of a region of interest. It can be noted
that the proposed control strategy enables to the aerial vehicle
to track successfully the desired reference signal since the
tracking error is maintained in a range of ±1 meters despite
we used a GPS without centimeter-level precision.

Figure 6. Behavior of the vehicle translational dynamics when tracking a
predefined trajectory in the 3 dimensional space.

by using thermal images in a region of interest. Figure 7 depicts an image obtained inside a building where the developed
algorithm detected the presence of two human body parts.
Figure 8 shows an image acquired by the thermal camera
in a flight realized by the multi-rotor vehicle. In this image
the moment representation algorithm detects the presence of
a human that is lying face down in a field.

Figure 4. Experimental trajectory tracking results in the X-axis.

The above experiment was conducted at a fixed altitude
of 3 meters. Figure 6 depicts the vehicle dynamics in the
3 dimensional space, where it can be appreciated that the
behavior was acceptable since the tracking error is bounded
in ±0.5 meters.

Figure 7. Experimental results at indoors environments by using the proposed
detection algorithm. Two body parts were detected.

C. Human body shape detection results
A set of experimental tests were conducted both at indoors
as well as at outdoors environments in order to demonstrate the
performance of the developed algorithm for people detection

Finally, the proposed strategy for people detection and
localization was tested during the scanning a predefined area.
In these experiments the flight was conducted autonomously

experimental results showed that the developed system has
the ability to detect human bodies in real-time while the
vehicle performs autonomous flight over a region of interest
at outdoors environments. Future research directions include
using the developed system for search and rescue missions in
real scenarios as well as increasing the flight capabilities of
the aerial vehicle by implementing sense and avoid strategies.
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