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Abstract

Human—Computer Interaction (HCI) has significantly evolved with the development of computer vision
and machine learning technologies. Traditional input devices such as keyboards and mice require physical
contact, which may limit accessibility and create hygiene concerns in shared environments. Gesture
recognition technology provides a touchless interaction method by allowing users to control computers
using hand movements captured through cameras. This paper proposes a Gesture Recognition Based Virtual
Keyboard and Mouse system that enables users to perform computer operations using hand and facial
gestures without relying on physical hardware devices. The system utilizes computer vision techniques to
detect hand movements, eye gestures, and facial landmarks from real-time video captured through a
webcam. These gestures are interpreted using image processing algorithms and mapped to corresponding
mouse and keyboard actions such as cursor movement, clicking, scrolling, and typing. The system is
implemented using Python with libraries such as OpenCV, Dlib, and PyAutoGUI. Experimental results
demonstrate that the proposed system provides an efficient and user-friendly method of controlling
computers with improved accessibility and reduced dependency on physical input devices. This approach
has potential applications in assistive technologies, smart classrooms, virtual reality environments, and

interactive display systems.
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I. INTRODUCTION vision, artificial intelligence, and machine

learning technologies. Traditional computer input
Human—Computer Interaction (HCI) has evolved ) ) )

devices such as keyboards and mice require
significantly with the advancement of computer o . )

physical interaction, which may not always be
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convenient or accessible in many environments.
In shared spaces such as public terminals,
hospitals, and educational institutions, physical
contact with input devices can raise hygiene
concerns and may also create accessibility
barriers for users with physical disabilities. To
overcome these limitations, gesture recognition
has emerged as a promising technology that
enables touchless interaction between humans

and computers.

Gesture recognition systems allow users to
control computing devices using natural hand
movements, facial expressions, or body gestures
captured through cameras or sensors. These
systems interpret visual inputs using computer
vision algorithms and translate them into
commands that can control cursor movement,
typing actions, clicking operations, and other
system functions. By eliminating the need for
traditional hardware devices, gesture-based
systems offer a more natural, intuitive, and

hygienic method of interaction.

Recent advancements in deep learning and real-
time 1image processing have significantly
improved the accuracy and efficiency of gesture
recognition systems. Technologies such as
Convolutional Neural Networks (CNNs),
OpenCV, and MediaPipe enable reliable
detection of hand landmarks and finger
movements from video streams. These
technologies have enabled the development of

virtual input devices such as gesture-based

keyboards and mice that operate in real time

using only a standard webcam.

The Gesture Recognition Based Virtual Keyboard
and Mouse system aims to provide a touchless
human-computer interaction framework that
allows users to control cursor movement and
perform keyboard operations using hand
gestures. The system captures real-time video
through a camera and processes the frames using
computer vision techniques to detect hand and
finger positions. The detected gestures are then
mapped to corresponding mouse actions such as
cursor movement, clicking, scrolling, and

keyboard input operations.

This approach provides several advantages
including improved accessibility, reduced
dependency on physical hardware devices,
enhanced hygiene in shared environments, and
support for emerging applications such as virtual
reality, smart classrooms, and interactive
displays. By integrating gesture recognition with
virtual input devices, the system demonstrates
how modern artificial intelligence techniques can
transform traditional computing interfaces into
more natural and user-friendly interaction

systems.

II. LITERATURE SURVEY

Gesture recognition has become an active
research area in the domain of Human—Computer
Interaction (HCI) due to its potential to replace

conventional input devices with natural
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interaction mechanisms. Several studies have
explored different techniques for detecting and
interpreting hand gestures using computer vision,

machine learning, and deep learning models.

Early research in gesture recognition focused on
eye-tracking and gaze-based interaction systems.
Poole and Ball (2006) studied the role of eye-
tracking technology in HCI and usability
research, highlighting its effectiveness in
understanding user interaction patterns and
enabling alternative input methods for
individuals with disabilities [1]. Similarly, Yoo et
al. (2002) proposed a non-contact eye gaze
tracking system that uses corneal reflection
mapping to estimate the user’s gaze direction,
enabling computer control through eye

movement detection [2].

Research has also explored electrooculography-
based interaction systems for assisting users with
limited mobility. Barea et al. (2002) developed
an eye movement—based assisted mobility system
that enables users to control devices through eye
signals, demonstrating the feasibility of non-
contact interaction technologies for assistive
computing applications [3]. In addition, Singh
and Singh (2012) reviewed electrooculography
techniques and discussed their applications in
human-computer interfaces, medical diagnostics,

and rehabilitation technologies [4].

With the advancement of computer vision

techniques, researchers began focusing on hand

gesture recognition using cameras. Irie et al.
(2002) introduced a laser-based eye tracking
system that improved the accuracy of eye
movement detection, contributing to the
development of more advanced gesture-based
interaction technologies [5]. Later studies
expanded this work by incorporating machine
learning models to detect hand gestures in real

time using video streams.

Recent research has shifted toward camera-based
hand gesture recognition systems that use deep
learning algorithms for accurate gesture
classification. Convolutional Neural Networks
(CNNs) and deep neural networks have been
widely used to detect hand landmarks, finger
positions, and gesture patterns. These models
enable real-time gesture recognition systems that
can control cursor movement, clicking, scrolling,

and virtual keyboard operations.

Furthermore, modern gesture recognition
frameworks such as MediaPipe and OpenCV
allow developers to build real-time applications
capable of detecting hand movements with high
accuracy and low latency. These technologies
have enabled the development of touchless
interfaces used in smart environments, gaming
systems, virtual reality platforms, and assistive

technologies for people with disabilities.

Despite  significant progress in  gesture
recognition research, several challenges still

exist, including variations in lighting conditions,
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gesture complexity, and real-time processing
limitations. Therefore, developing efficient and
accurate gesture-based virtual input systems
remains an important research area. The proposed
gesture recognition—based virtual keyboard and
mouse system aims to address these challenges
by utilizing computer vision techniques to
provide a practical and efficient touchless

interaction solution.
III. EXISTING SYSTEM

In the existing system, interaction with computers
mainly depends on traditional hardware input
devices such as keyboards and mice. These
devices allow users to perform operations like
typing, cursor movement, clicking, and

navigation.

Although these devices are effective, they have
several limitations. They require physical contact
and may not be suitable in environments where
hygiene is important. Additionally, users with
physical disabilities may find it difficult to

operate these devices efficiently.

Some existing systems attempt to replace
traditional input devices with touch-based or
voice-based interfaces. However, these systems
still have limitations such as reduced accuracy,
slower response time, and dependency on

specialized hardware.

IV. PROBLEM STATEMENT

Traditional computer input devices such as
keyboards and mice require physical interaction,
which may not always be convenient or
accessible for all users. In shared environments
such as public computers, hospitals, and
educational institutions, physical devices can
pose hygiene risks due to repeated contact by

multiple users.

Additionally, individuals with disabilities or
limited mobility may face challenges in operating
conventional input devices. Therefore, there is a
need for an alternative interaction system that
allows users to control computers without relying

on physical hardware devices.

The problem addressed in this research is the
development of a touchless human-computer
interaction system that enables users to perform
computer operations using gestures captured

through a camera.

V. PROPOSED SYSTEM

The proposed system introduces a Gesture
Recognition Based Virtual Keyboard and Mouse
that enables users to interact with computers
using hand gestures, finger movements, and
facial expressions instead of conventional input
devices. The primary goal of this system is to
provide a touchless and natural human—computer
interaction mechanism by utilizing computer
vision and image processing techniques. This
approach minimizes the dependency on physical

keyboards and mice while improving
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accessibility and  wusability in  various
environments such as hospitals, public systems,

and smart classrooms.

The system uses a webcam as the input device to
capture real-time video frames of the user’s hand
and facial movements. These captured frames are
continuously processed using computer vision
algorithms to detect and track important features
such as hand positions, finger movements, and
facial landmarks. Once the gestures are detected,
the system interprets them and converts them into
corresponding computer commands such as
cursor movement, mouse clicking, scrolling, and

keyboard input.

The architecture of the proposed system consists
of multiple stages including image acquisition,
preprocessing,  gesture  detection, feature
extraction, gesture recognition, and command
execution. In the image acquisition stage, the
webcam captures the video frames of the user.
These frames are then sent to the preprocessing
module where they are resized, flipped
horizontally, and converted into grayscale format.
This  preprocessing step  helps reduce
computational complexity and improves the

efficiency of gesture detection.

In the gesture detection stage, the system
identifies key facial landmarks and hand
movements from the processed images.
Algorithms are used to detect features such as the

eyes, nose, mouth, and finger positions. These

features are essential for recognizing different
gestures. For example, facial landmark detection
techniques help identify eye blinking, head
movement, and mouth opening gestures, while
hand tracking algorithms detect finger

movements used for keyboard interaction.

The feature extraction module calculates
important parameters such as the Eye Aspect
Ratio (EAR) and Mouth Aspect Ratio (MAR) to
identify  specific facial gestures. These
parameters help determine actions such as eye
blinking for mouse clicks and mouth opening for
activating input mode. By continuously
monitoring these ratios, the system can accurately
detect changes in facial expressions and translate

them into commands.

After feature extraction, the gesture recognition
module analyzes the extracted features and
compares them with predefined gesture patterns.
Based on this analysis, the system determines the
user’s intended action. For instance, moving the
head to the left or right controls the cursor
direction, eye blinking performs mouse clicks,
and finger gestures can trigger keyboard
operations. These gestures are mapped to system

actions using automation libraries.

Finally, the command execution module converts
the recognized gestures into actual keyboard and
mouse commands at the operating system level.
This is implemented using automation libraries

that simulate user input actions. As a result, users
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can move the cursor, click buttons, scroll pages,
and type characters without touching any

physical device.

The proposed system offers several advantages
such as touchless interaction, improved
accessibility for users with disabilities, reduced
hardware dependency, and enhanced hygiene in
shared environments. Since the system requires
only a webcam and software libraries, it is cost-
effective and easy to implement. Furthermore, the
system can be extended to support advanced
applications such as virtual reality, gaming
systems, smart homes, and assistive technologies,
making it a promising solution for future human—

computer interaction systems.

VI. METHODOLOGY

methodology to recognize user gestures and
convert them into system commands for
controlling a virtual keyboard and mouse. The
methodology consists of several processing
stages including image capture, preprocessing,
gesture detection, feature extraction, gesture
recognition, and command execution. These
stages work together to ensure accurate detection

and efficient system performance.

In the first stage, the system captures real-time
video frames using a webcam. The webcam
continuously records the user’s hand and facial
movements while interacting with the computer.

These captured frames act as the input for the

gesture recognition system and allow the system

to monitor user actions dynamically.

In the second stage, the captured images undergo
preprocessing to improve detection accuracy and
reduce computational complexity. During this
step, the frames are resized to a fixed resolution
and converted into grayscale format. Noise
reduction techniques and frame adjustments are
also applied to enhance image clarity and ensure

that important features are easily detectable.

The third stage focuses on face and gesture
detection. Computer vision libraries such as
OpenCV and DIlib are used to detect facial
landmarks and hand gestures from the processed
frames. These libraries identify important facial
points including the eyes, mouth, and nose, while
also tracking hand positions and finger
movements. This stage helps the system

determine the presence of specific gestures.

After detecting the gestures, the system performs
feature extraction. In this stage, important
parameters such as the Eye Aspect Ratio (EAR),
Mouth Aspect Ratio (MAR), and fingertip
coordinates are calculated. These features help
the system understand different facial expressions
and hand gestures. For example, a change in the
eye aspect ratio indicates eye blinking, while
fingertip detection helps identify typing gestures

on the virtual keyboard.

In the gesture recognition stage, the extracted

features are analyzed using predefined thresholds
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and gesture recognition rules. Machine learning
models or pattern recognition techniques are used
to classify the gestures and determine the
intended user action. Based on this analysis, the
system identifies whether the gesture corresponds
to cursor movement, clicking, scrolling, or

keyboard input.

Finally, in the command execution stage, the
recognized gestures are mapped to system
commands. Automation libraries such as
PyAutoGUI are used to simulate mouse and
keyboard operations. These commands allow
users to move the cursor, perform clicks, scroll
pages, and type characters on the virtual keyboard

without physically touching any hardware device.

VII. IMPLEMENTATION

The proposed system was implemented using the
Python programming language due to its
flexibility and extensive support for computer
vision libraries. Several software libraries were
used to develop the gesture recognition system

and enable real-time processing of user gestures.

The OpenCV library was used for image
processing and real-time video -capture. It
provides functions for frame processing, object
detection, and image transformation. Dlib was
used for facial landmark detection, allowing the
system to accurately detect key facial points such
as eyes, nose, and mouth. These landmarks are
essential for identifying facial gestures such as

blinking and mouth movements.

The PyAutoGUI library was used to simulate
keyboard and mouse operations on the computer
system. It enables the system to control cursor
movement, perform mouse clicks, and interact
with the virtual keyboard. NumPy was used for
numerical operations and array processing, which
are required for efficient image manipulation and

feature extraction.

The system captures real-time video frames
through a webcam and processes them
continuously to detect gestures. The detected
gestures are interpreted by the system and
mapped to appropriate computer commands.
Through this implementation, the system
successfully performs several mouse operations
including cursor movement, left click, right click,

and scrolling using facial gestures.

Additionally, the system supports a virtual
keyboard that allows users to interact with on-
screen keys wusing hand gestures. The
experimental results show that the system
performs efficiently under moderate lighting
conditions and provides smooth interaction

between the user and the computer system.

VIII. RESULTS AND ANALYSIS
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The performance of the proposed Gesture
Recognition Based Virtual Keyboard and Mouse
system was evaluated through several
experiments. The evaluation focused on
measuring gesture recognition accuracy, system
response time, and overall usability. The
experiments were conducted on a computer
system equipped with an Intel Core i3 processor,

4 GB RAM, and a standard webcam.

Different gestures such as eye blinking, head
movement, mouth opening, and finger gestures
were tested to perform various computer
operations including cursor movement, mouse
clicking, scrolling, and virtual keyboard

interaction. Each gesture was tested multiple

times to calculate the average accuracy and
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Succes Respo landmark detection algorithms effectively track
Action [[Num Accur : : . .
Gesture sful hse head orientation. Finger gestures used for typing
Type Perfor lber of Detecti acy Time on the virtual keyboard achieved slightly lower
med  |[Trials (%) - . o
ons (ms) accuracy due to variations in finger positioning

and lighting conditions.

Eye Mouse

50 |46 92% ||120 '
Blink lIClick ° The system response time ranged between 120

ms and 150 ms, which is suitable for real-time

Head ||Cursor human—computer interaction. The results confirm
Movem|Movem||50 45 90% 11130 that the proposed gesture recognition system can
ent ent provide an efficient and reliable alternative to

traditional input devices.

Input
Mouth || - o IX. CONCLUSION
Openin _ o [|50 |44 88% ||140
o Activat This research presents a Gesture Recognition
ion Based Virtual Keyboard and Mouse system that
enables touchless interaction with computers
Virtual ) o )
Finger using computer vision techniques. The system
Keyboa||50 |43 86% ||150
Gesture uses a webcam to capture user gestures and
rd Input ) ) )
processes the captured images using image
Eye processing and machine learning algorithms.
Scrolli .
Movem ng 50 |44 88% 135 The proposed system successfully demonstrates
ent

that hand gestures and facial movements can be

used to perform common computer operations

The results indicate that the proposed system

] ) o such as cursor movement, clicking, scrolling, and
performs effectively in recognizing gestures and
. . . typing. By eliminating the need for physical input
converting them into corresponding computer

. devices, the system improves accessibility,
commands. Among the tested gestures, eye blink

enhances hygiene, and provides a more natural
detection achieved the highest accuracy of 92%, ve P

) ) user interaction experience.
demonstrating reliable performance for mouse

clicking operations. The proposed system has potential applications in
several domains including assistive technologies,

Head movement gestures used for cursor control

) o ) smart environments, virtual reality systems,
also showed high accuracy, indicating that facial
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healthcare systems, and public interactive
displays. Future research can focus on integrating
deep learning models to improve gesture
recognition accuracy and extending the system to
support more complex gestures and multi-user

interactions.
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