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Abstract—Unmanned Aerial Vehicles (UAVs) are normally
piloted by a traditional ground controller (GRC). This paper
proposes a modeling approach for gesture-based control of UAVs.
While the GRC approach can be useful, there are several issues
that can be improved by using only gestures. By using gesture
control, users with no previous experience can instantly control an
UAV at an elevated level. Because users only need gestures, UAVs
can be used for more applications. Utilizing python code, gesture
control was implemented on a DJI Tello drone using computer
vision. The UAV camera recognizes user gestures and interprets
them as written in the code. Using intuitive controls, users can use
the unmanned systems in many ways and complete a wide variety
of tasks. GRC signals are vulnerable to eavesdropping posing
security risks. In contrast, gesture control, which relies on physical
movements or hand gestures, eliminates the need for signal
transmission susceptible to interception. By integrating gesture
control into the authentication process, an additional layer of
security can be established.

Keywords—Unmanned Aerial Vehicles (UAV), gesture-based
control, facial recognition

I. INTRODUCTION

Unmanned Aerial Vehicles (UAVs), commonly known as
drones, are unmanned aircraft that do not transport people. For
this reason, drones can be employed in various specific
applications. They can access remote areas, monitor, and obtain
high-definition imagery [1]. UAVs can efficiently and cheaply
carry out tasks that would otherwise prove difficult with crewed
aircraft [2]. They are also becoming more versatile and cheaper
as technology improves [3]. One of the issues they pose is the
complexity of piloting them. There is a significant challenge for
training the massive influx of people interested in UAVs. On the
bright side, more people can become pilots of drones with the
use of gesture-control [4-5]. A gesture is simply moving a part of
the body to express a certain meaning. There are many
systems that can be controlled with only the use of gestures. The
first gesture interface system was PINCH by Fakespace, using a
glove and sensors to detect the hand. Other devices to assist in
detecting gestures are the Xbox Kinect, Leap Motion, Nintendo
Wii, and the 6th Sense Glove [6]. Artificial intelligence and
computer vision make it possible to control UAVs using only
gestures. Individuals with no previous experience can control a
drone at an expert level by using gestures. Piloting UAVs
utilizing only gestures means anyone can pilot the aircraft at a
high level due to the intuitive nature of gesture control [7].
Professionals in other fields that do not have the time to control

an UAV via a remote control can pilot a UAV immediately. A
user can make commands such as takeoff, landing, directional
inputs, follow me, and hovering with a change in hand gestures
[8]. UAVs can have further applications with the addition of
gesture control such as education and package delivery because
of the intuitive nature of gestures. Someone can quickly learn
how to pilot a drone with just using gestures and give useful
commands such as “follow me” and “land” easily. This paper
proposes a method of implementing gesture control for UAVs
and adds more gestures to the existing library of gesture-
controlled UAVs. The paper also proposes applications for
UAVs that can be implemented immediately, or soon in the
future as Artificial Intelligence (AI) and Machine Learning
(ML) improve.

II. RELATED WORK

The meteoric rise in the use of UAVs makes them a popular
area for research. With the higher accessibility of drones and
range of applications, the users do not need to be trained
professionals to utilize them. This results in a need for simplified
control methods so that a drone can be piloted without extensive
training, which is where the alternative method of gesture
control is useful [9]. The topic of controlling a drone using only
gestures has been researched extensively. The control of drones
using gestures is usually split into two categories, using
specialized gloves, and using computer vision with the on-board
camera. Instead of using buttons, the sensors in the glove
recognize the gestures made and move accordingly. Computer
vision employs real-time analysis, which is more convenient but
can be less reliable than the use of specialized gloves. Some
methods of control use external devices to detect gestures such
as Leap Motion Controller and Xbox Kinect [10]. The Leap
Motion Controller identifies gestures using two stereo cameras
and several infrared LEDS and is used more for short distances. It
can also recognize fingers at a much higher accuracy. The
Xbox Kinect Sensor is more sufficient for longer distance
recognition, hence detecting the body, pose of the pilot, and
identifies their gestures as specific commands.

Other research has been done with gloves and other gesture
methods such as voice [11]. Several works utilize deep learning
for the drone to recognize gestures [12-14]. Recognizing hand
gestures in real time is challenging because everyone performs
hand gestures differently. The literature review identified many
papers proposing applications for UAVs, but only a few of them
discuss the applications of gesture-based control of drones. This
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work fills that gap and discusses the control of a DJI Tello drone
utilizing gestures without the aid of an external device or a
glove.

III. APPLICATIONS

UAVs have the capability to hold the payload of a high-
definition camera. The ability for UAVs to go far distances at a
low cost while taking high quality photos and videos makes
them in high demand in many fields [15]. Using an unmanned
aircraft often saves time and money than utilizing manned
aircraft. A manned aircraft requires a crew, a highly expensive
aircraft such as a helicopter which takes a lot of time and has a
high cost. UAVs, on the other hand, take very little time to set
up, are cheap, pose lower risk, and perform a similar job.
However, there is a difference in applications of a gesture-based
controlled drone compared to a ground remote controlled-based
drone. Remote controllers are more consistent in piloting a
drone but are limited by their Wi-Fi signal [16]. Gesture-based
control is more intuitive and does not require additional devices.
However, gesture-based control can be less consistent. The
applications shown in this section outline the main benefits of
gesture-based control of drones over traditional remote
controller-based drone piloting.

A. Photography
UAVs are equipped with high-definition cameras, ranging in

effectiveness depending on the capabilities of the drone utilized.
Drones are small, easily maneuverable, flexible, and carry these
high-quality cameras. For these reasons, they replace much
larger aircraft such as helicopters for cinematography [17].
UAVs are utilized in services related to photography such as
film, real estate, weddings, advertising, and news [18-19]. The
ability to control these devices using gestures creates more
precise control. A photographer or videographer can, with no
previous experience, control a drone to take whatever photos
and videos they want with high precision. The process outcome
may possibly be better than controlling the drone with a remote
controller because gesture control can be easier and more
precise. Drones create a diverse palette for photographers, from
epic wide shots to precise close-ups [20]. Utilizing settings such
as “follow me” that can be initialized with gestures, lets users
pilot the drone without the use of constant gestures, creating
many options for cinematography. The pilot can command the
drone to track a certain object that can capture smooth and
dynamic tracking shots, which is easily made with gestures. A
powerful camera can detect someone from far away, enabling
users to command gestures with commands with great precision
from a long distance. Gesture control lets filmmakers create
unique angles with gestures like swooping arcs, orbiting shots
around an object, flips, etc. Capturing action sequences like
chase scenes are much easier with gesture control due to the
precise maneuverability of the commands, as well as commands
such as “follow me.” This in turn creates an immersive
experience for the viewer as the flow of gesture control can be
more smooth than remote based control [21]. These commands
provide a unique experience for photographers that would
otherwise be difficult to replicate with a controller.

B. Emergency Services
UAVs have numerous applications in technical and

scientific fields [22]. A particularly applicable area is wilderness

rescue [23]. Current research is being done to implement gesture
recognition onto a drone that is meant to search for missing
persons. When the person is identified as a human being, a
gesture recognition phase will commence where the drone can
communicate with the person [24]. The drone can potentially
drop supplies or signal directions to the person to assist in their
rescue. With natural disasters occurring more frequently, search
and rescue missions are becoming increasingly important.
UAVs can analyze large areas of interest with a wide range of
cameras. They can provide live video feed to find people of
interest or disaster survivors. Drones can also assess damage,
help provide medical aid, and go into hazardous places [25].
Being able to control them hands-free can be useful in situations
when holding a clunky controller would be difficult, such as
fires or challenging terrain. With gesture control presets, a
worker in emergency services can control a UAV while
performing other activities [26]. UAVs using gesture control can
also carry medical supplies to remote and hazardous locations.
Emergency responders who deal with extremely stressful
situations can quickly understand how to control a UAV.
Gesture control takes less cognitive load and attention from the
user, allowing them to focus on their tasks.

C. Monitoring
UAVs have the very useful capability to monitor areas. The

ability to hover lets drones monitor areas effectively, such as the
borders of countries. Border patrol operations are currently
using UAVs to provide air support and to monitor areas of
interest. Instead of launching heavier and more expensive
aircraft such as helicopters, these small drones can fit in a patrol
vehicle and be put in the sky in minutes [27]. Putting on a
nighttime infrared camera with high-resolution zoom on these
drones can detect drug smugglers or illegal border crossings
[28]. Situations in which the pilot needs to control the drone
hands-free, gesture control would provide valuable benefits. For
example, a drone can be controlled with simple gestures if the
operator is prefixed on capturing a person of interest. The
training of using these drones can also be much faster and can
provide a more intuitive experience for piloting. Utilizing drones
for the inspection of infrastructure improves safety. Due to the
precision of drones, UAVs can inspect outdoor infrastructure
like bridges, buildings, power lines, pipelines, and antenna
towers [29].

High-definition cameras take images and videos to provide
information on the structural integrity of objects. The precise
maneuverability of gesture control could make the experience
smoother and safer. Likewise, drones could go into hazardous
areas that controlling aircraft with a remote controller would not
allow. With infrared cameras, UAVs can also monitor wildlife.
They can track animals and their habitats at a more successful
rate than people [30]. With gestures, a researcher can signal to
follow a certain group of animals with high precision. Likewise
with gestures, drones can monitor and map coastal areas and
marine ecosystems [31]. Instead of constantly switching
between the drone and a remote controller, someone utilizing
gesture control can concentrate on the drone itself more than
someone switching between looking at the drone and a
controller. A safer environment is created because the user has
more situational awareness [32]. Users will also have the option
to move freely and control the drone at the same time. This
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creates a more intuitive experience for anyone piloting a drone
to monitor an area.

D. Agriculture
UAV usage is growing fast in every sector of the economy

[33]. Agriculture is no exception, with the agriculture drone
market worth $17.9 by 2028 [34]. From monitoring to security,
the information drones help farmers. The system of precision
farming utilizing drones can increase yields of crops by as much
as 5% [35]. UAVs with specialized sensors can monitor the
quality of air, water, and soil, and predict plant health. Drones
can also provide information on pollution, wildlife, and
deforestation with specialized cameras by monitoring different
areas of interest [36]. Using gestures, any farmer can easily
command a drone or several ones to monitor their fields. They
can quickly learn how to pilot a UAV without the need for a
controller and provide extra options for a user to pilot a drone.
The gesture control of these drones can help in easier
maneuvering of the drone [37]. UAVs can also be fitted with
other payloads like insecticide to spray onto crops [38].
Attaching a thermal camera to a drone allows it to detect plant
health, help with irrigation and see crop yields at an accurate
level.

E. Package Delivery
Another major application of UAVs is package delivery.

Amazon, a very large organization in the package delivery
business, filed a patent for a delivery drone that can be controlled
through speech or gestures [39]. The person receiving the
package can communicate with the UAV to help guide the path
to the delivery location. Gestures such as a “shooing” motion
would signal the drone to move closer, while a wave of the arms
suggests an instruction to deliver the package. Gesture-based
control of drones simplifies the process by making it more user-
friendly [40]. A user can easily gesture to a drone to deliver a
package without a controller. The process does not involve
physical controllers or smartphones, letting users have a hands-
free experience during package delivery. People unable to
physically handle a controller or smartphone can safely give and
receive packages. People less comfortable with remote controls
or smartphones can now be included in the package delivery
process [41]. In the case of medical deliveries, when the drone
arrives the emergency personnel can intuitively direct the drone
to go wherever they need with great precision at minimal risk.
Gesture control UAVs can also be deployed to deliver essential
supplies, ammunition, and other equipment to troops on the
battlefield [42].

F. Recreational Peformances
UAVs bring a unique perspective to recreational activities.

With recent advancements in drone technology, UAVs can
make complex shapes in the sky from a preset configuration
[43]. By using hand gestures, performers can interact with
digital and physical elements in an act to create lighting effects
and visual projections. Gesture control of drones can create
precise movements. Controlling a swarm of drones with just
gestures can be an exciting experience for people [44]. With
voice or body gestures, an entire swarm of drones can change
shape. For example, a configuration can be made so that when a
pilot makes a square shaped gesture, the swarm of drones would

come into the shape of a square. Drones can have different
colored lights, which can be coordinated to make light shows.

G. Education
Controlling drones without equipment creates an engaging,

hands-on learning experience. Students can immediately control
drones, providing engagement and an active learning
environment [45]. These activities improve social skills and
teamwork. Instead of instructors talking about how to pilot
drones on a complicated remote controller, a student will
immediately be able to pilot them by just using their hands.
People that are experts in other fields do not have much time to
learn how to control a drone with a remote controller. Any
amateur can efficiently and safely learn how to pilot a UAV with
only gestures because of their intuitive nature. The intuitive
nature of gesture control of drones lets anyone with no previous
experience control a drone with extreme precision [46]. Most
UAVs have built obstacle avoidance systems that will detect
incoming objects, assisting in errors pilots may make.

H. Military
UAVs also improve military power. One of the more popular

methods of using drones in the military is for the utilization of
drone strikes [47]. Soldiers can quickly learn how to control a
drone with a gesture control method. Drones are used for real-
time reconnaissance and surveillance of dangerous areas [48].
Facial recognition can also identify people of interest [49].
Gesture control of a swarm of UAVs can attack areas of interest
and complete designated missions that would otherwise be
impossible [50]. Drones can be used to counter potential
improvised explosive devices with improved cameras [51].
Weapons can be attached to drones with large payload capacities
[52]. A gesture controlled based drone with weapons attached
can be used for various missions, such as clearing areas of
interest. Situations that require soldiers to control a drone, while
carrying other equipment, will benefit from the hands-free
experience gesture control provides.

I. Cybersecurity of Gesture-based Controlled UAVs
Improvements in gesture-based control of UAVs add an

extra layer of authentication. Remote controls and smartphones
can be vulnerable to spoofing or interception attacks [53].
Gesture-based control does not use other hardware equipment
besides the drone. Controlling a drone through only gestures
mitigates potential cybersecurity threats because there is less
equipment involved. Because the drone must be controlled in
close physical proximity with only precise gestures, it would be
extremely difficult for unauthorized people to gain access to the
device from a remote location.

J. Artificial Intelligence and Machine Learning
As ML algorithms improve, the identification of the gestures

will become much quicker, and drones will become much easier
to control [54]. This will increase the potential pallet for
operators to use. Improvements in gesture control using AI will
allow smoother control of UAV swarms as well. A swarm of
UAVs has the potential to attack and defend more systems than a
single drone [55]. Improvements in AI approaches allow for a
quicker and more accurate learning experience. The main issue
for AI/ML is that massive amounts of data will be needed, which
will take time to implement [56].
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Fig. 1. Facial recognition system: controller and models.

A. Facial Recognition Implementation
For the facial recognition code, the student team decided to

use a web browser deep learning model known as Teachable
machine [58]. The platform was used to train pictures of both
students’ faces before implementing them into the code. For
each of the faces, 800 pictures were uploaded, which resulted in
1,600 pictures. The optimal amount of epochs was then set and
training the model was started. The Keras file was downloaded
with the model and implemented into the computer vision code.
The goal of the code was to identify both student faces. Once
this process is completed, the drone was ready to takeoff. The
facial recognition demonstration is illustrated in Fig. 3, while a
snapshot of the deep learning algorithm is shown in Fig. 4.

B. Hand Directions Regognition for Gesture Control
For gesture control, the student team decided to make the

controls as intuitive as possible. The drone contains directions
of Up, Down, Left, Right, Forward, Backward, and Rotate.
These directions cover every angle of movement. For the Up,
Down, Left, and Right movements, the thumb was used for
control. If the thumb is above the Index and Middle finger, it
will go the direction pointed. For Forward and Backward, the
Index finger must be above the Thumb and Middle fingers.

Fig. 3. Facial recognition demonstration.

Fig. 2. Gesture-based control system: controller, UAV, and models.

IV. IMPLEMENTATION

The approach followed by the student team in this work
consists of two components, facial recognition, and hand gesture
recognition control. The two approaches are illustrated in Fig. 1
and 2, respectively. The goal of this research is to control/pilot
the DJI Tello drone using gestures. The student team’s research
plan considered multiple gestures to enhance the experience of
the user and create many options for piloting. With intuitive
directional commands such as Up, Down, Left, and Right, users
can easily pilot a drone. Facial recognition was trained using a
deep learning module. This deep learning algorithm took
hundreds of pictures to identify a person’s face. Facial
recognition is implemented to begin gesture control of the DJI
Tello system. This provides extra security to ensure only
authorized users can pilot the drone. First, we studied the
existing libraries on gesture control, then we made sure it
worked on our HP Computer. The Media Pipe software
identifies the points on a hand and recognizes the gestures [57]. A
deep learning algorithm was used for facial recognition. The
algorithm has learned from hundreds of pictures of a person’s
face, and we implemented this algorithm onto the DJI Tello. Fig. 4. The deep learning model for facial recognition.
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occasionally take several seconds for the software to catch up,
and accurately recognize the gesture being made.

Fig. 5.     Gesture-based commands for UAV system control.

When the Index finger is pointed up, the drone moves
forward, and when pointed down the drone moves backwards.
All these commands are illustrated in Fig. 5. Instead of standing
in front of the drone to control it, the drone can be controlled
from the computer with both the PC and drone cameras on. This
approach allows to see not only where the drone is going but
also to know if the commands are being read by the drone. There
is also an option available to control the drone through its
camera. A snapshot of the algorithm for gesture-based
commands is shown in Fig. 6.

V. EXPERIMENTAL RESULTS AND IDENTIFIED CHALLENGES

The algorithmic implementation was executed on the
experimental setup with the goal of recognizing faces by testing it
on two people from the front angle. The algorithm was tested by
evaluating the accuracy given over a period. At each marking
(10s, 20s, 30s, and 40s), the accuracy was recorded. It can be
seen from the results that the average recognition rate is over
85%. Table I presents the results of facial recognition algorithm
over the period of study. To evaluate the performance of the
algorithm for hand gesture recognition, four volunteers were
identified. The volunteers had no advance training in algorithm
testing. They made gestures at random, which were recorded
together with their success rate. The results showed an average
recognition rate of over 85%. Table II presents the accuracy of
gesture control algorithm when using the experimental setup
described in a previous section. The latency of the software also
had an effect on the recognition of the gestures. It would

Fig. 6. The gesture-based control commands implementation.

TABLE I. FACIAL RECOGNITION OVER TIME

Time Interval (Marking) Face 1 Face 2

10s 89% 80%

20s 83% 93%

30s 92% 79%

40s 93% 90%

TABLE II. ACCURACY OF GESTURE COMMAND FOR UAV CONTROL

Commands Person 1 Person 2 Person 3 Person 4

Up 100% 100% 95% 100%

Down 100% 100% 100% 100%

Left 100% 100% 90% 95%

Right 90% 100% 85% 95%

Forward 100% 85% 100% 80%

Backward 80% 75% 100% 80%

Rotate 100% 100% 100% 100%

Hover 100% 100% 100% 100%

The conclusion of these experiments is that both the facial
recognition algorithm and the hand-based gesture control
algorithm work to a satisfactory degree.
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The main issue with the UAV gesture control is to have the
camera recognize the gestures in an efficient and accurate
manner. It can be difficult for the camera to correctly interpret
the gestures made. One significant issue of computer vision
gesture control is its reliance on the gestures to stay within the
frame of the drone camera. If the drone cannot see the person
making the gestures and correctly interpret them, then the drone
will not be correctly flown. Another concern is related to
recognizing faces when there is a certain degree between the
camera and the face. Additional experiments are needed to
evaluate the performance in the case of UAV camera exhibiting a
certain degree of tilt in relation to the pilot face. In windy or
cloudy conditions, it can be difficult for the camera to correctly
recognize the gestures commands because the camera does not
have a clear view. This may mean the range of gesture control
can be limited depending on the camera attached to the UAV.
Factors such as lighting, background, shadows, reflections, and
range can also affect the reliability of gesture control.
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