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Abstract: Research in sensing, battery technology, and image processing has driven advance-
ments in aerial robotics, enabling the utilization of these vehicles in various domains. This
work aims to employ gestures performed by a human operator to control unmanned aerial
vehicles (UAVs), during load transportation tasks. For a better elucidation of the practical
development, this research was divided into four stages. Initially, reflective markers were attached
to the operator’s hands and a predefined reference point was used, aiding in defining the hands’
operating area and their movement relative to the operator’s motions. These markers are tracked
by a motion tracking system, and the data is processed using OptiTrack’s Motive® software.
Subsequently, this data is exported to Matlab®, where it is processed and used for drone
control, specifically the Bebop 2 by Parrot Inc.® In the following stages, individual UAV
control is performed, followed by UAV control while carrying an electromagnet. Finally, to
enhance the UAV localization perception, the UAVs camera view is made available to provide
visual feedback to the operator, facilitating the control task. Experimental tests demonstrate the
system’s capability for human-robot interaction in load collection, transportation, and delivery.

Keywords: UAV, Gesture, Load Transportation, Human-Robot Interaction.

1. INTRODUCTION

In recent years, the use of drones has grown significantly
across various applications. This trend is driven by ad-
vancements in both field testing and the development
of intelligent technologies. Notably, the increased use of
unmanned aerial vehicles (UAVs), particularly quadrotors,
is evident in several domains. For instance, drones are
now extensively used for package delivery in urban areas
(Kotaru et al., 2018), tracking and applying agricultural
pesticides (Tang et al., 2018), distributing supplies in con-
flict zones (Guerrero et al., 2015), and for mapping and
exploration purposes (Ravankar et al., 2018; Xu et al.,
2021; Mahdoui et al., 2020; Vanegas et al., 2019).

Overcoming adversities and physical limitations, UAVs
are gaining ground due to their ease of movement and
high adaptability to their environment. This is evidenced
by their extensive cooperation with other aerial vehicles,
whether for joint task execution (Krizmancic et al., 2020;
Roldán et al., 2018, 2019; Salinas et al., 2018; Brandão
et al., 2015) or for aerial performance shows (Zhang et al.,
2021). Additionally, their interaction with ground vehicles
is also becoming prominent in both scientific research and
industrial applications, enabling autonomous interaction
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without the need for human presence (Barcelos et al.,
2023).

In parallel with these advances, there is a growing concern
for operator safety, prompting the development of safer
interaction protocols (Goodrich et al., 2008; De Santis
et al., 2008). Addressing the context of human-robot
interaction, the present research aims to facilitate the
guidance of a quadrotor-type UAV for cargo transport
tasks through gesture control. Specifically, the Bebop 2
aerial vehicle from Parrot Inc.® will be operated by a
human, enabling the UAV to perform its mission without
prior knowledge of the environment (Lim et al., 2021).

To achieve this objective, the structure of this work is
organized as follows: Section 2 describes the materials and
methods used for teleoperating the UAV through gestures,
including the devices employed for cargo transport. Section
3 outlines the control strategy for guiding the UAV and
managing the electromagnet used in the loading task.
Section 4 presents the validation scenario, the results
obtained, and a relevant discussion of these findings.
Finally, Section 5 highlights the main contributions of this
research and offers suggestions for future work.
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Figure 1. Molds with the respective left (a) and right (b)
hand impressions.

2. MATERIALS AND METHODS

The following section details the materials and methods
employed in this study to achieve teleoperation of a UAV
using gesture control for cargo transportation tasks. It cov-
ers the configuration and use of passive reflective markers
for accurate gesture detection, the implementation of an
electromagnet for payload attachment, and the design of
specific gestures for effective control of the UAV. These
elements are integrated in order to create a simple ap-
plication that facilitates interaction between the human
operator and the UAV.

2.1 Sensing

For the sensing stage, passive markers made of reflective
material (seen as spheres in Figure 1) were used. These
markers are captured by 15 infrared tracking cameras
located in a suitable testing room, providing a controlled
and enclosed environment. To track gestures, these mark-
ers were geometrically spaced on two 3D-printed molds
to represent the operator’s hands, ensuring no ambiguity
regarding the orientation of the object relative to the
readers. In Figure 1, the model with the markers forming
distinct geometric shapes can be observed. This allows for
pattern distinction by the OptiTrack’s Motive® software.

2.2 Electromagnet

As stated by Villa et al. (2018), two primary methods
exist for attaching loads to drones: via suspended cable
or direct attachment to the robot. Despite potential issues
associated with the pendular effect, this study opts for
cargo transportation via cables for object movement.

To enhance information exchange during operation, a so-
lution for establishing a connection between the Bebop 2
and the cargo is presented in Barcelos et al. (2023). Utiliz-
ing two Arduino Nano modules, the authors propose the
construction of a signal transmitter board and a receiver
board. This setup enables Matlab® to transmit signals
for activating and deactivating the electromagnet. Figure
2 illustrates these printed circuit boards (PCBs) used for
signal transmission. The transmitter PCB, situated on the
computer, is responsible for transmitting signals, while
the receiver PCB, mounted on the drone, is tasked with
receiving signals and activating the electromagnet.

(a) (b)

Figure 2. PCB (a) receiver and (b) transmitter.

2.3 Gestures

In this section, we exemplify the gestures utilized for the
cargo transportation experiment between platforms. The
gestures employed for task execution are depicted in Figure
3 and elucidated as follows:

Takeoff/Land: This gesture entails bringing both hands
close to the chest. It facilitates the switching of the
drone’s state: if already airborne, it initiates landing;
otherwise, it initiates takeoff.

Control On: By positioning the right hand near the ref-
erence point illustrated in Figure 3f and maintaining
this position for five seconds, manual control activa-
tion by the operator is enabled.

Joypad: Upon activating control, the Bebop’s position
can be manipulated solely by moving the right hand
within the virtual area depicted in Figure 3f.

Control Off: When the right hand deviates from the ref-
erence point for a duration of one second, control is
automatically deactivated, leaving the drone hovering
in mid-air.

Actuator On: Positive acceleration in the y direction trig-
gers the electromagnet activation by the left hand.

Actuator Off: Conversely, negative acceleration in the y
direction leads to the electromagnet deactivation.

3. CONTROL STRATEGY

To specify the control methodology employed, it is im-
perative to grasp the fundamental principles of quadrotor
control. As elucidated by Brandão et al. (2014) and sub-
sequently, restructured by Pinto et al. (2020), quadrotor
movement necessitates four control signals: vertical thrust
and corresponding rotations denoted as roll, pitch, and
yaw, which manifest along the coordinated axes X, Y , and
Z, respectively. Due to the absence of thrust exertion in the
lateral X and Y directions, the quadrotor is categorized as
underactuated, with four control signals addressing fewer
degrees of freedom than its six-degree configuration.

In this study, the operator does not dictate the yaw (ψ)
command for aerial maneuvering; rather, commands for
vertical thrust (Z), pitch (θ), and roll (ϕ) are utilized.

Given the discrete nature of computer systems, quadrotor
control is executed with a sampling time (∆t) set to 1/30
seconds, corresponding to a sampling frequency of 30Hz,
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(a) TakeOff/Land (b) Control on (c) Control off (d) Actuator on (e) Actuator off (f) Joypad.

Figure 3. Experiment execution gestures.

in line with the approach adopted by Villa et al. (2021).
Such a frequency suffices for sensor data acquisition and
aircraft actuation.

Throughout control execution, it became imperative to
compute velocities and accelerations for both the oper-
ator’s hand and the Bebop drone. Leveraging the Au-
RoRa platform proposed by Pizetta et al. (2016) and
adapted for the Bebop by Fagundes-Junior et al. (2023),
a comprehensive understanding of velocity computation
was attained, subsequently facilitating its adaptation into
a similar framework for hand calculations.

Figure 4 showcases the proposed control flowchart. The
loaded classes originate from the AuRoRa platform (Pizetta
et al., 2016), while the Right Hand class was specifically
devised to store operator command information. For bet-
ter comprehension of the AuRoRa classes, the following
descriptions are provided:

• JoyControl: Facilitates connection to the Joystick
remote control for safety;

• OptiTrack: Enables data retrieval with the motive
system;

• Bebop: Facilitates data loading and communication
channel establishment with the Bebop drone.

Figure 4. Proposed control flowchart.

Focusing solely on the control loop, delineated in red
within Figure 4, Algorithm 1 expounds on the proposed
strategy. This strategy entails updating the values of
B (Bebop), REF (Reference), RH (Right Hand), LH
(Left Hand), and L (Load) at each sampling instance.
Additionally, a comparison is made for each of these
variables:

• B delineates the boundaries of the arena, to be
delineated subsequently;

• RH is utilized within the loop for drone control tasks;
• LH facilitates state changes, encompassing actions

such as takeoff, landing, and electromagnet activa-
tion;

• L is employed to ascertain the proximity of the Be-
bop, thereby enabling a controller (Fagundes-Junior
et al., 2023) to facilitate drone allocation to the load.

It is pertinent to note that, for the calculation of control
signals along each ordered axis X, Y , and Z, the hyper-
bolic tangent function was employed, denoted by

C = K1 tanh (K2f), (1)

for saturation purposes. Here, K1 and K2 represent ad-
justable gains. The parameter f represents the ratio of the
current radius to the maximum action radius, expressed as

f =
∥XRH −XC∥

r
, (2)

where XC denotes the coordinates of the working area
center, XRH represents the positional coordinates relative
to the right hand, and r signifies the control hand’s action
radius. Table 1 delineates the gain values adopted for this
study, post-empirical gain adjustment tests.

Considering the computations based on (1) and prioritiz-
ing the z axis, the operational range of the right hand is
depicted in Figure 3f. The black area denotes a dead zone,
wherein the control signal transmitted to the drone is null.
Within this region, the UAV hovers, solely compensating
for the gravitational force acting upon it.

Table 1. Gains related to control saturation.

Axis X Y Z

K1 0.1 0.1 0.2
K2 6.62 6.62 10.6
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Algorithm 1 Control Loop.

1: if time > sampling time then
2: Reset the control timer
3: Update OptiTrack reading
4: for each OptiTrack object do
5: if object = B then
6: Observe Bebop’s position
7: if Bebop position > virtual wall then
8: Gain exponentially decreases in direction
9: end if

10: end if
11: if object = RH then
12: Calculate moving average of RH height
13: if average is close to Reference then
14: Point← center of the working area
15: Enable control
16: end if
17: if control enabled then
18: if Zhand − Zcenter > |distance| then
19: Calculate this difference
20: Update Z Control
21: end if
22: Calculate radius and angle relative to the center
23: Update X or Y Control
24: end if
25: if average is far to Reference then
26: Disable control
27: end if
28: end if
29: if object = LH then
30: if There’s positive velocity in Y then
31: Turn on electromagnet
32: end if
33: if There’s negative velocity in Y then
34: Turn off electromagnet
35: end if
36: end if
37: if object = L then
38: if Bebop is near to Load then
39: Controller switch
40: end if
41: if Attached load then
42: Hand control resumed
43: end if
44: end if
45: end for
46: end if
47: if drone isn’t flying and state switching signal received then
48: Take Off
49: end if
50: if drone is flying and state switching signal received then
51: Land
52: end if
53: Update and send control signal
54: Update data matrix

4. RESULTS AND DISCUSSION

4.1 Experimental Setup

To optimize the operator’s location, the Bebop’s camera
was utilized, enabling real-time transmission of the cap-
tured image directly to the user. This feature facilitates
operation without the necessity for the operator and the
drone to occupy the same physical space. Essentially, they
can function in distinct environments, provided that the
maximum distance permissible by the signal transmitters
is maintained.

Figure 5. Created virtual wall, with respective limits.

During the execution phase, it became apparent that
a mechanism to alert the operator when the controlled
environment’s boundaries were reached was necessary.
To address this requirement, a virtual wall was devised.
This virtual barrier essentially operates via a gain that
exponentially diminishes when the dot product of the
control signal and the robot’s position shares the same
sign. Consequently, the virtual wall is activated if{

C⋆ · ⋆ >= 0, G = e−a1g

C⋆ · ⋆ < 0, G = 1,
(3)

where ⋆ = x, y, z, and G is engaged only if |x| >
xmax or |y| > ymax or z > zmax.

Graphically depicted in Figure 5, this virtual wall is
represented by the blue highlight, while the operating
region of the drone is delineated in red. The boundary
demarcates the working area and the virtual wall.

4.2 Experimental Procedure

The validation of this study entailed conducting a compre-
hensive experiment, which can be viewed at the following
link: https://youtu.be/ CEh6mG k1w. This experiment
focused on gesture-based operation, with the primary ob-
jectives of showcasing the control employed for Bebop
locomotion and demonstrating the electromagnet’s utility
in cargo transportation.

In this experimental setup, the drone was directed towards
the load, executed magnetic coupling, and subsequently
transported the load to the designated destination plat-
form. Following completion of the task, the drone au-
tonomously returned to its landing base, effectively con-
cluding the mission. Notably, the operator solely relied on
the Bebop’s camera for drone guidance, underscoring the
primary objective of the task: the operator and the drone
can execute missions without necessitating shared physical
space.

4.3 Teleoperation Validation

It is noteworthy that the drone employed in this study does
not inherently possess the capability to carry heavy loads.
Thus, a load of 90 grams was selected for the experiment.
With the Bebop’s mass being 520 grams and the combined
mass of the PCB and electromagnet assembly amounting
to 90 grams, there is a 34.6% increase in overweight relative
to the drone’s mass during the experiment.
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Figure 6. Right and Left Hand performance.

To facilitate comprehension of the experimental proceed-
ings, colors were introduced in the graph depicting the
positions X (red), Y (green), and Z (blue) of the hands
throughout each specific experiment, as illustrated in Fig-
ure 6. These color representations were incorporated to
provide a clearer visual depiction.

Transition phases of flight (Takeoff/Land) are highlighted
at the boundaries of the yellow region, where there is
convergence of theX, Y , and Z values of the right (indexed
as R) and left (indexed as L) hands, in the initial interval
from 5 to 10 seconds and in the final moments, over 90
seconds. During the flight phase with the load attached,
highlighted in pink, and the phases without the load
present, depicted in yellow, instances of electromagnet
switching can be discerned at the upper and lower limits
of the loaded region, characterized by abrupt changes in
the YL values.

Control activity becomes evident in Figure 6 (left side,
depicted by the black color in each of the ordered axes),
with its onset observable approximately 20 seconds into
the experiment. The utilized control signal is highlighted,
where Udx, Udy, and Udz respectively represent signals
related to pitch angle, roll angle, and vertical propulsion.
It is noteworthy that control signals are issued individually
in each direction, indicating the absence of command
multiplicity. Additionally, as outlined in Table 1, the values
were saturated to optimize aircraft control. The presence
of a delay is evident, facilitating execution with solely the
operator’s presence.

Figure 7 illustrates the positions of the aircraft and the
load throughout the experiment. The differentiation in
colors, akin to Figure 6, delineates the various stages of
task execution. In red, the region denotes the phase where
the operator navigates the map in search of the load. Upon
locating and approaching, a controller switch is triggered
for coupling, deactivating the previous controller. During
transportation, represented in green, the drone maneuvers
towards the destination platform for the load. Notably, the
pendular effect exhibited by the load, depicted in black,
is observable at this stage. Upon decoupling, the drone

Figure 7. Bebop’s position during the experiment.

transitions to the return phase (blue) towards the takeoff
platform.

5. CONCLUDING REMARKS

The results of this study validate the theoretical foun-
dations established in our previous research efforts and
were widely anticipated given the growing importance of
human-robot interaction, especially in the context of the
use of UAVs in various everyday tasks. This trend reflects
the increasing similarity with gestural interactions com-
monly observed between individuals.

Another notable aspect we observed pertains to aligning
the drone’s reference frame with that of the operator.
This alignment was facilitated by the visual information
provided by the onboard camera, significantly enhancing
the efficiency of payload capture and delivery tasks.

Additionally, we encountered challenges related to cou-
pling the electromagnet to the load, underscoring the
complexities inherent in such operations. Looking ahead,
incorporating a servo-visual controller could offer valuable
assistance in aligning the electromagnet with the load,
thereby streamlining the handling process for operators.
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