T

1# IJSREM . . . g . . .
%‘gmﬁlnternatlonal Journal of Scientific Research in Engineering and Management (IJSREM)
w Volume: 09 Issue: 02 | Feb - 2025 SJIF Rating: 8.448 ISSN: 2582-3930

Gesture Control Drone:Using Gloves

Aariz Faki!, Raiyyan shaikh?, Mansoori Hanzala®, Khan Sarah* Rahul Wargadhe® Zuber Shaikh®
12345Gtudent AIML,°Guide
Anjuman-I-Islam's A. R. Kalsekar Polytechnic, New Panvel

shaikhraiyyan.8899@gmail.com

Abstract--- Gesture-controlled drones represent a significant
advancement in human-computer interaction, allowing users
to operate drones using simple hand movements without the
need for traditional controllers. This technology utilizes
computer vision, machine learning, and sensor-based systems
to interpret gestures and translate them into drone commands
such as takeoff, landing, movement, and hovering.

A typical gesture-controlled drone employs a combination of
cameras, accelerometers, gyroscopes, and deep learning
models to recognize predefined gestures in real-time. Image
processing techniques, such as OpenCV and deep neural
networks, enhance the accuracy of gesture recognition,
ensuring seamless communication between the user and the

drone.

Keywords--- Gesture Recognition, Drone Control, Computer

Vision.
l. Introduction

Drones, also known as Unmanned Aerial Vehicles (UAVS), have
revolutionized various industries, including defense, surveillance,
agriculture, and entertainment. Traditional drone operation relies
on remote controllers or mobile applications, which may require
specialized training and can be challenging in certain
environments. Gesture-controlled drones offer a more intuitive
and user-friendly alternative by enabling users to control drone

movements through hand gestures.

Gesture control technology integrates computer vision, machine
learning, and sensor-based systems to recognize and interpret
human gestures in real time. This approach eliminates the need for
physical controllers, making drone operation more accessible and
efficient. By utilizing cameras, accelerometers, and gyroscopes,
gesture-controlled drones can detect hand movements and convert
them into flight commands such as takeoff, landing, and

directional control.

The development of gesture-controlled drones has significant

applications in areas such as search and rescue, military
reconnaissance, and interactive gaming. Advancements in artificial
intelligence (Al) and deep learning continue to enhance the accuracy
and responsiveness of gesture recognition systems, paving the way for

more seamless and adaptive drone interactions.

This paper explores the principles behind gesture control technology,
its implementation in drones, and potential future developments to
improve efficiency and real-world applications.

I1. Background and Related Work

Drones, or Unmanned Aerial Vehicles (UAVs), have evolved from
military reconnaissance tools to versatile systems utilized across
multiple domains, including agriculture, logistics, surveillance, and
entertainment. Traditional drone operation primarily relies on remote
controllers or mobile applications, requiring users to develop
proficiency in handling control sticks and navigation commands.
However, these methods can be cumbersome and less intuitive,
especially in high-risk environments or for individuals unfamiliar with

complex control mechanisms.

To address these challenges, researchers have explored alternative
control mechanisms, leading to the development of gesture-controlled
drones. Gesture recognition technology has seen substantial
advancements due to improvements in computer vision, sensor fusion,
and artificial intelligence. Early gesture recognition systems relied on
basic accelerometers and gyroscopes to detect predefined hand
movements, but their accuracy was limited by sensor drift and
environmental factors. More recent systems leverage deep learning
algorithms and computer vision frameworks to process real-time video
input, enhancing the precision and adaptability of gesture-based

control.

Notable contributions in this field include the integration of
convolutional neural networks (CNNs) for hand gesture recognition,

which enables drones to interpret complex commands with higher

© 2025,IJSREM | www.ijsrem.com

| Page 1


http://www.ijsrem.com/

2r

3y

Volume: 09 Issue: 02 | Feb - 2025

SJIF Rating: 8.448

ISSN: 2582-3930

accuracy. Additionally, depth sensors such as the Microsoft Kinect
and LiDAR-based systems have been employed to enhance three-
dimensional gesture recognition, allowing drones to operate
effectively in dynamic environments. Some studies have also
proposed hybrid control methods that combine voice recognition
with gesture inputs, offering a multimodal approach to intuitive

drone navigation.

Despite these advancements, challenges remain in ensuring robust
gesture recognition under varying lighting conditions, reducing
response latency, and improving real-time processing efficiency.
Current research aims to optimize computational models for
onboard processing, reducing dependency on external computing

resources while maintaining high recognition accuracy.

Building on these developments, this project proposes a gesture-
controlled drone system that integrates real-time hand gesture
recognition using a combination of computer vision and sensor-
based inputs. By leveraging machine learning algorithms and
embedded processing units, this system aims to provide a more
natural and accessible interface for drone operation, paving the
way for broader applications in fields such as disaster response,

surveillance, and interactive entertainment.
I11. System Design and Methodology

The gesture-controlled drone system is designed to enhance
user interaction by enabling intuitive drone navigation
through hand gestures. The system integrates multiple
hardware and software components to ensure real-time
gesture recognition and accurate drone control. The
is structured

methodology into the following key

components:
A. Gesture Recognition Module

The system employs a camera module to capture live video
input of the user’s hand gestures. This video feed is
processed using a computer vision framework, such as
OpenCV, to identify hand landmarks and track movement
patterns. Convolutional Neural Networks (CNNs) and deep
learning algorithms are used to classify gestures and map

them to predefined control commands.

B. Sensor Integration and Motion Tracking

%ﬂfgﬁlnternational Journal of Scientific Research in Engineering and Management (IJSREM)
Rmomdt

To enhance gesture recognition accuracy, the system
incorporates inertial measurement units (IMUs), including
accelerometers and gyroscopes. These sensors track the
orientation and movement of the user’s hand, complementing
visual recognition with additional motion data. By fusing inputs
from both the camera and IMUs, the system improves reliability

and minimizes errors caused by environmental variations.
C. Command Processing and Drone Control

Once a gesture is detected and classified, the system translates
it into a corresponding flight command, such as takeoff,
landing, forward motion, or directional turns. The control logic
processes these commands and transmits them to the drone via
a wireless communication protocol such as Wi-Fi or Bluetooth.
onboard microcontroller these

The drone’s interprets

commands and adjusts its movement accordingly.
D. Hardware Setup

The system architecture consists of a processing unit, such as a
Raspberry Pi or an embedded Al board, which handles gesture
recognition and command transmission. A camera module
provides real-time visual input, while the IMUs contribute
additional motion data. The drone is equipped with a
microcontroller that receives processed commands and adjusts

its flight path based on the recognized gestures.
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Fig. 1. Gesture-Controlled Drone System Architecture

E. Wireless Communication
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A key aspect of the system is low-latency wireless
communication between the processing unit and the drone.
The system utilizes Wi-Fi or Bluetooth Low Energy (BLE)
to ensure efficient command transmission. For extended
range applications, radio frequency (RF) modules can be

integrated to enhance communication reliability.
F. Safety and Fail-Safe Mechanisms

To prevent unintended movements and enhance safety, the
system implements an emergency stop function, allowing
the drone to hover or land immediately if an ambiguous or
unrecognized gesture is detected. Additionally, predefined
thresholds for gesture detection accuracy ensure that only

confirmed inputs are executed.

The proposed gesture-controlled drone system aims to
provide an intuitive and accessible control interface,
reducing the need for traditional controllers. By leveraging
computer vision, sensor fusion, and machine learning, this
approach enhances drone operability across various
applications, including surveillance, disaster response, and

interactive entertainment.
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Fig. 2. Gesture Recognition Process Flowchart

The gesture recognition process follows a structured
workflow to ensure accurate motion detection and

classification. The sequence of operations is as follows:

1. Initialization:

The system initializes critical parameters, including gyroscope

(a, 8) and accelerometer data.

This step ensures the system is calibrated to detect motion

accurately.
2. Data Acquisition:

The gyroscope and accelerometer collect motion data in real

time.

These sensor readings provide key insights into hand

orientation and movement.
3. Complementary Filtering:

A complementary filter is applied to fuse sensor data,

eliminating noise and improving accuracy.

This step helps maintain stable gesture tracking in dynamic

environments.
4. Gesture Movement Detection:

The system analyzes processed data to determine if a

predefined gesture has been performed.

If a valid gesture is detected, it is classified and mapped to a

drone control command.
5. Decision Check:

The system continuously checks whether the device remains
active.If the device is turned off, the process terminates;

otherwise, it loops back to collect new sensor data.

By implementing this structured workflow, the gesture
recognition system ensures reliable and responsive interaction
with the drone, enabling seamless control without the need for

physical controllers.
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Fig. 3. Gesture Recognition and Safety Assurance

System Architecture

The system architecture consists of two primary
subsystems: Hand Gesture Recognition and Safety
Assurance. These subsystems work together to ensure
precise drone control while maintaining safety in

dynamic environments.
1. Image Segregation and Video Processing:

The system begins with the Camera Video Streamer,

which continuously captures real-time footage.

The Image Segregator module processes the incoming
video stream to extract frames that contain potential

hand gestures.
2. Hand Gesture Recognition:

The Hand Targeting module isolates the hand region

from the background, enhancing recognition accuracy.

HAAR Features, a machine learning-based approach,
are utilized to detect specific hand patterns and

distinguish between different gestures.

The Gesture Shape Classifier then interprets the
identified hand features and classifies them into

predefined gesture categories.

Once classified, the recognized gesture is sent to the
Command Mapper, which translates it into an

appropriate drone control command.

3. Safety Assurance Mechanism:

The Obstacle Estimator continuously analyzes the drone’s

surroundings to detect potential obstructions.

Based on detected obstacles, the system determines Safe

Locations where the drone can maneuver without collision.

The Action Planner module integrates safety parameters
with gesture-based commands to ensure controlled and safe

drone navigation.

This integrated architecture enhances the accuracy and
reliability of gesture-controlled drone systems by
combining real-time vision-based control with a proactive

safety mechanism.
IV. Results and Discussion

he flight stability tests revealed that the system performed well in
controlled indoor environments, accurately following gestures with
smooth transitions. However, in outdoor conditions, the recognition
accuracy dropped to 80-85%, mainly due to challenges like
inconsistent lighting, shadows, and background interference. This
highlights the system's strong performance in ideal conditions but also
points to the need for improvement in handling diverse, real-world
environments where external factors impact gesture recognition

accuracy.
A. Gesture Recognition Accuracy::

Achieved 90-95% accuracy in optimal indoor conditions but dropped

to 80-85% in outdoor environments due to lighting variations.
B. Response Time

he system processed gestures within 0.5 to 1 second, making real-time

control feasible.
C. Communication Latency

Wireless signal delay ranged from 100-200ms, affecting

responsiveness at longer distances.
D. Flight Stability:

The drone followed gesture commands smoothly in controlled
environments but required additional stabilization in windy or outdoor

conditions.
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E. Discussion

The gesture-controlled drone system exhibited a high level of
performance in ideal conditions, demonstrating the potential for
intuitive, hands-free drone control. The 90-95% accuracy in
indoor environments suggests that deep learning-based gesture
recognition models, particularly Convolutional Neural Networks
(CNNs), can effectively classify basic drone movements such as
takeoff, landing, and directional control. The average response
time of 0.5 to 1 second further supports the system's ability to
provide near-instant feedback, which is crucial for real-time drone
operations.

Overall, while the gesture-controlled drone showed significant
promise, further improvements in environmental adaptability,
latency optimization, and gesture robustness are needed for
broader real-world deployment. Future work should focus on
enhancing sensor fusion (combining cameras with inertial
measurement units, GPS, etc.) and incorporating advanced Al
techniques to create a more reliable and versatile system.

V. Advantages
A. Intuitive and User-Friendly Control :-

Gesture control offers a more natural and intuitive way to
operate drones, eliminating the need for traditional controllers or
mobile apps. It allows users to interact with drones in a manner
that feels instinctive, making it accessible even to those with no

prior experience in drone operation.
B. Hands-Free Operation :-

With gesture control, users can operate drones without physically
holding or manipulating a remote controller. This hands-free
operation is ideal for multitasking scenarios, such as in search-and-
rescue missions, surveillance, or while capturing aerial footage

during activities like hiking or skiing.
C. Increased Mobility and Flexibility :-

Gesture-controlled drones allow for greater freedom of movement.
Since there are no physical controllers involved, users can control
the drone with full range of motion, offering better flexibility,
especially in tight or difficult-to-reach spaces.
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D. Improved Safety :-

The absence of physical controllers minimizes the risk of accidents
caused by controller malfunctions or incorrect handling. Gesture
control can enhance safety, particularly in high-risk operations or
environments, as users can maintain full focus on the task at hand

without worrying about a physical device.
VI. Limitations

Gesture-controlled drones, while offering an innovative approach to
drone operation, come with several limitations that can affect their

performance and usability:-
A. Environmental Sensitivity:

Gesture-controlled drones heavily rely on visual inputs, making them
vulnerable to environmental factors like lighting and background
noise. Poor lighting conditions (such as low light or direct sunlight)
and cluttered backgrounds can interfere with the accuracy of gesture
detection, leading to a decrease in performance.

B. Gesture Recognition Range:

Gesture recognition demands significant computational power, and
latency (delay between gesture input and drone response) can be an
issue. In real-time applications, delays can cause issues in
responsiveness, particularly when performing fast or multiple gestures
in quick succession. This can lead to frustration or errors during

operation.
C. Limited Gesture Vocabulary:

The system is usually limited to a small set of predefined gestures,
meaning it may not accommodate complex commands or dynamic
inputs. Users can only control the drone within the boundaries of the
recognized gestures, limiting the flexibility of operation compared to

traditional controllers.
D. Battery Consumption:

Continuous use of cameras and sensors for gesture detection can
lead to increased power consumption. This drains the drone’s battery
more quickly compared to traditional remote control methods,

potentially reducing flight time during extended operations.
VII. Conclusion

In conclusion, gesture-controlled drones present an exciting and

innovative approach to unmanned aerial vehicle (UAV) operation,
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offering a more intuitive and hands-free control method compared 3. Zhang, Y., & Li, Z. (2021). Real-Time Gesture Control of
to traditional remote controllers. The system demonstrated strong Drones Using OpenCV and TensorFlow. Proceedings of the
performance, achieving high accuracy in gesture recognition (90- International Conference on Artificial Intelligence and
95%) in ideal conditions, with real-time responsiveness and Robotics, 128-135.
seamless integration with drone flight systems. The advantages of 4. Shin, S., & Kim, D. (2018). Development of a Gesture-
gesture control—such as enhanced mobility, accessibility, and Based Drone Control System. Journal of Mechanical
ease of use—make it a promising technology for a variety of Engineering, 45(2), 121-128.
applications, including search and rescue, surveillance, and 5. Sivapalan, S., & Ramasamy, R. (2022). Challenges and
entertainment. Solutions for Gesture Control in UAVS: A Review.

However, the system also faces several limitations, including
environmental sensitivity, limited gesture recognition range,
processing power requirements, and susceptibility to background
interference. These challenges, such as reduced accuracy in
varying lighting conditions or the potential for latency, highlight
the areas where further development is needed to improve the
robustness, efficiency, and scalability of gesture-controlled

drones.
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