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Abstract

This thesis explored the Crazy
ie system, the Flow Deck, the MultiRanger deck and some of
its limitations as well as the development of a multimodal drone control system that enables
interaction with the Crazy
ie 2.1 nano quadrotor using hand gestures and voice commands.
Traditional drone control relies on joystick based input, which can be unintuitive and requires
signi�cant practice. This system explores more natural human communication methods to
lower the learning curve and improve user experience by the means of an interactive pet.

The project uses gesture recognition using MediaPipe Hands with a K-Nearest Neighbors
classi�er and voice recognition using the VOSK speech engine coupled with natural language
processing techniques such as sentence embeddings and cosine similarity. This thesis used a
design-based research approach.

Results showed that under ideal conditions, both input modes performed reliably, with
added features like idle animations and obstacle avoidance improving the pet like experience.
The drone responded in real time and could be operated hands free. This work serves as an
early step in drone research, with the Crazy
ie 2.1, at Leiden University.

The full implementation, including earlier prototypes, is available on GitHub:
https://github.com/exu0201/crazy
ie-interactive-pet
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1 Introduction

The use of drones has seen a signi�cant increase in popularity in various �elds, such as research,
education, logistics and recreation. These unmanned aeruial vehicles (UAVs) can be used for a wide
range of tasks, including surveying, delivery, �lming and autonomous navigation. Most drones are
controlled manually by a human with the use of a remote controller. These controllers typically
consists of two joysticks, one for managing the altitude (thrust) and rotation (yaw) and the other
one for forward/backward (pitch) and lateral (roll) movement.

While the usage of these joystick based control remains the standard, it does present several
limitations. This method of controlling can be unintuitive and often requires the usage of both
hands, which increases the di�culty to master the controls of a drone for users. But humans have
evolved a more natural and intuitive way of communicating, namely gestures and voice. These
two are natural communication methods and would lower or even remove the learning curve of
controlling a drone. By implementing a gesture and voice based interface, we can make drone
operations more user friendly and e�cient.

We will be exploring the implementation of such multi modal interface that will allow users
to control a drone through its voice and gestures.

The Crazy
ie 2.1+, categorized as a quadrotor, is an open-source experimental platform that
is used widely for research and education in robotics and control engineering [Gie17]. The Crazy
ie
is an easy-to-use and modi�able UAV, making it perfect for educational purposes. Using tools such
as MediaPipe, Vosk and a K-Nearest neighbors classi�er, voice commands and hand gestures will
be used to control the drone.

Since Leiden University has not really done research involving drones, this project represents
a great �rst step toward integrating UAVs into its research and educational activities. As one of
the �rst students to work with drones in this context, this thesis aims to explore and establish a
foundation for future drone related research at the university.

Thus the primary aim of this thesis is to explore the Crazy
ie system, some of its limitations and
controlling of the Crazy
ie drone without relying on traditional joystick based input. In addition to
the drone having a pet like behaviour.

Can a Crazy
ie 2.1+ nano-drone be transformed into an interactive pet that
is controlled by hand gestures and/or voice commands?

This question will be addressed through the development and testing of a multimodal control
system. The e�ectiveness of this system will be evaluated based on responsiveness, accuracy and
the interactive behaviour of the drone.

1.1 Thesis overview

This bachelor thesis, carried out at the Leiden Institute of Advanced Computer Science (LIACS),
under the supervision of Mike Preuss, explores the implementation of a multimodal drone interface
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using gesture and voice control. This chapter contains the introduction; Section 2 discusses related
work; Section 3 provides technical background on the Crazy
ie 2.1 platform, its supporting hardware
decks, and the software libraries used; Section 4 describes the design-based approach used and the
integration of each pipeline; Section 5 discusses the results and limitations. Finally, Section 6 talks
about the conclusion and suggests directions for further research and system improvements.

2 Related Work

2.1 Gesture Based Drone Control

Prior work has explored gesture recognition as an intuitive control interface for drones. Dadi
[Dad18] developed a multi tier system enabling gesture based navigation of Crazy
ie drones using
a smartwatch (Moto 360) equipped with a gyroscope. The sensor data was transmitted from the
wearable to a smartphone via Bluetooth, then forwarded to a PC using socket programming, and
�nally delivered to Crazy
ie drones via a Crazyradio dongle. This architecture enabled real time,
wireless gesture based control of single or multiple drones.

The system demonstrated that inertial sensor data from consumer wearables could be e�ectively
repurposed for drone navigation tasks. Simple arm movements such as lifting or tilting the wrist
could be mapped to basic drone maneuvers like takeo�, directional movement, and landing. While
the approach allowed for hands free control, it relied on a layered communication pipeline that
introduced latency and increased system complexity. Additionally, the need to wear a speci�c device
constrained the naturalness of interaction and limited accessibility for general users.

2.2 Gesture Recognition Using Wearables

Choi et al. [CHO17] proposed an intuitive drone control system using hand gestures captured by
a smartwatch's IMU. The system uses a recurrent neural network with LSTM cells to classify
nine distinct gestures in real time. These gestures are mapped to drone commands like takeo�,
hover, and land. The Crazy
ie nano quadrotor responds to recognised gestures via a low latency
ROS based interface. The system also aligns the drone's heading with that of the user for intuitive
maneuvering, demonstrating high classi�cation accuracy and minimal latency in real world tests.
Their method leverages the temporal features of IMU signals using a hybrid deep learning archi-
tecture composed of convolutional and LSTM layers. The gesture classi�er is trained o�ine but
operates in real time, achieving 98.9% accuracy on a test set of 3,000+ samples. The inclusion of a
heading alignment feature based on magnetometer data addresses the common problem of spatial
disorientation, enabling the drone to move in a direction relative to the user rather than its own
frame of reference.

2.3 Simulink Based Control of Nano quadrotors

Meghana Gopabhat Madhusudhan [Mad16] developed a nonlinear mathematical model of the
Crazy
ie 1.0 nano quadrotor using Simulink. The study involved designing and tuning attitude
and altitude controllers based on the quadrotor's dynamic equations of motion. The full model
incorporated six degrees of freedom and considered rotor thrust, body frame transformations, and
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aerodynamic drag. These controllers were then implemented in a real time Simulink environment,
enabling stable autonomous 
ight using model-in-the-loop simulation.
The project validated that Simulink could serve not only as a modeling tool but also as a control
interface for small UAVs. Real time controller output was routed through an interface board to the
drone, demonstrating closed-loop operation without the need for onboard computation. Although
the system did not include gesture or voice interfaces, it represents a signi�cant contribution in
terms of control stability and precise system modeling. Compared to the current work, which
prioritizes real time human interaction through voice and vision, Madhusudhan's study emphasizes
system-level dynamics and controller �delity.

2.4 Skeleton-Pose-Based Gesture Recognition with Monocular Vision

Marinov et al. [MVW + 21] introduced Pose2Drone, a modular Human Drone Interaction framework
built entirely on RGB based skeleton pose estimation using OpenPose. The system classi�ed user
orientation (front, side, back) and recognized arm gestures through geometric analysis of 2D joint
positions, enabling both gesture based control and a face following mode. A neural network based
monocular distance estimation, trained on body and face features, allowed the drone to maintain a
safe distance without depth sensors.

The gesture vocabulary included eleven commands covering translational and rotational movement
as well as special actions like \circle around" and \take a photo," achieving an average recognition
accuracy of 93.5% in varied lighting and orientation conditions. By relying only on the drone's
onboard camera, the framework o�ers greater portability than depth based solutions and is well
suited for outdoor use. However, performance is sensitive to pose estimation quality, and certain
gestures, particularly \down," were harder to detect due to physical execution challenges.

2.5 Body Gesture Control Using Depth Cameras

Gio et al. [GBV21] developed a Natural User Interface (NUI) for drone control using a Microsoft
Kinect depth camera to capture full body skeletal data. The system calculated joint angles in
real time and mapped them to drone movement and rotation commands, while incorporating
continuous 
ight speed control by linking gesture amplitude to velocity. To extend beyond basic
piloting, an interactive gesture controlled menu enabled tasks such as photo and video capture,

ips, and takeo�/landing, all with visual feedback from the drone's camera and a live skeleton
overlay. Battery status monitoring and audio alerts supported operational safety.

User studies with both experienced and new pilots found the interface intuitive, particularly
for beginners who required minimal instruction. While experienced pilots completed tasks slightly
faster with traditional controllers, the gesture system o�ered a more natural interaction style.
However, its dependence on Kinect hardware restricted use to indoor or �xed-sensor environments,
and latency from the Tello SDK introduced noticeable delays between gesture execution and drone
response.
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3 Background

This chapter will provide information get familiar with the Crazy
ie and to understand the
implementation of the multimodal drone control system based on gestures and voice.

3.1 Drone Control Basics

quadrotor drones like the used Crazy
ie 2.1 are controlled by adjusting four main parameters:
thrust, yaw, roll and pitch.

ˆ Thrust - controls the altitude of the Crazy
ie 2.1

ˆ Yaw - controls the Crazy
ie's rotation around its vertical axis. This rotates the quadrotor
left or right and thus changes the direction the front of the quadrotor is facing

ˆ Roll - controls the Crazy
ie's rotation around its horizontal axis from front and back, which
causes it to move left or right.

ˆ Pitch - controls the Crazy
ie's rotation around its horizontal axis from left to right, making
the Crazy
ie able to 
y forward or backward.

These drones can be controlled with either low level commands, which is the direct control of the
motor, or high level commands, in which a target position is speci�ed. This project will focus on
the high level commander of the Crazy
ie. This allows the Crazy
ie to be able to move to a speci�c
coordinate in 3D space using a goto(x, y, z, yaw, duration) command.

Figure 1: The Crazy
ie 2.1 with Flow and MultiRanger Decks attached
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3.2 Crazy
ie Overview

The Crazy
ie 2.1+ is an open-source experimental platform, easy-to-use and modi�able UAV,
which makes it perfect for this project. Researchers have used the Crazy
ie in various studies in
autonomous navigation, swarm coordination, and human-drone interaction. It weighs 27 grams and
is even smaller than some modern smartphones. The Crazy
ie 2.1+ is also equipped with Bluetooth
LE and a long-range and low latency radio [AB25]. This equipment gives the user the added ability
to control the quadrotor with their mobile as their controller. In combination with a Crazyradio
2.0, it is able to display data on the computer and use a generic game controller as its controller.

3.2.1 Crazyradio 2.0

The Crazyradio 2.0 is an open source, long range USB radio dongle built around the Nordic
Semiconductor nRF52840 chipset. It features a 20 dBm power ampli�er and low noise ampli�er
(LNA) to enhance signal performance. Although it is designed for the Crazy
ie, its open �rmware and
Python based API make it also an useful tool for applications requiring lower latency communication
than Wi-Fi, with less emphasis on bandwidth. The Crazyradio 2.0 is also equipped with an USB
bootloader, which allows for �rmware updates without additional hardware. It also has a 64 MHz
Cortex-M4F processor, 1 MB of 
ash memory and 256 KB of RAM. The Crazyradio 2.0 operates
in the 2.4 GHz ISM band and supports multiple radio modes, including Bluetooth Low Energy
(BLE) and IEEE 802.15.4 [Bit25a]. This radio dongle allows the wireless communication between
a PC and one or more Crazy
ies. It is used as the primary way of controlling the Crazy
ies via
c
ib, which will be discussed in more detail later in this thesis.

Figure 2: The Crazyradio 2.0 used in this project
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3.2.2 Flow Deck

The Flow Deck is an expansion board that adds optical 
ow and time of 
ight capabilities to the
Crazy
ie. The Flow Deck is mounted under the Crazy
ie and includes a PMW3901 optical 
ow
sensor and a VL53L1x ranging sensor. The PMW3901 optical 
ow sensor is used to measure the
movements of its horizontal plane and the VL53L1x is used to measure the drone's altitude [Bit25b].

The optical 
ow sensor works by capturing motion relative to the ground by comparing im-
age frames at high speed, which allows the Crazy
ie to estimate horizontal position changes. The
ranging sensor provides accurate vertical distance measurements from the 
oor, enabling altitude
control. These two sensors combined allow the drone to be able to 
y pre-programmed scripts.

Figure 3: The Flow Deck used in this project

3.2.3 MultiRanger Deck

The Multi-ranger Deck is also an expansion deck that is mounted on top of the Crazy
ie. It has the
ability to detect nearby objects by measuring distances in �ve directions: front, back, left, right, and
up. It uses multiple VL53L1x time-of-
ight sensors to provide millimeter level precision for ranges
up to 4 meters. This allows for implementing basic collision avoidance, range based behaviours and
interactive responses to the environment [Bit25d].
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