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Abstract—The rapid advancement of computer vision technologies
and the growing demand for contactless human—computer interaction
have opened new possibilities for gesture-based control systems.
Traditional input devices such as the mouse and keyboard impose
physical constraints on users and are unsuitable for hygienic,
futuristic, or accessibility-oriented environments.

This paper presents a Touchless Augmented Reality (AR) Virtual
Workspace that enables users to interact with a computer system
using only hand gestures captured through a standard webcam. The
proposed system integrates MediaPipe for real- time hand landmark
detection, OpenCV for frame processing, and PyAutoGUI for
executing system-level actions. Gesture logic is applied to interpret
specific hand positions and movements, enabling operations such as
cursor movement, left and right click, scrolling, application
launching, and system controls.

Additionally, the system provides a floating AR workspace where
virtual application icons are rendered on-screen with physics-based
behavior including collision detection and body avoidance.
Experimental results demonstrate that the system achieves real-time
performance with low latency, natural inter- action, and efficient
gesture recognition using only a standard webcam. The proposed
system proves that gesture-based control combined with augmented
reality can significantly enhance user experience and eliminate the
need for physical input devices.

Index Terms— Augmented Reality, Hand Gesture Recognition,
MediaPipe, OpenCV, PyAutoGUI, Human-Computer Interaction,
Touchless Interface, Real-Time Processing, Cursor Control, Virtual
Workspace

|. INTRODUCTION

The widespread adoption of digital workspaces and the increasing
focus on hygiene-conscious, accessible computing environments
have driven significant interest in touchless inter- action systems.
Conventional input methods such as keyboards and mice require
direct physical contact with hardware, which introduces limitations
in sterile environments, shared public terminals, and physically
constrained settings.

Augmented Reality (AR) has emerged as a transformative
technology that overlays digital information onto the real world using
camera-enabled devices. When combined with computer vision and
hand gesture recognition, AR enables a new class of human—
computer interaction that is natural, intuitive, and entirely contactless.
These systems allow users to control computing environments
through deliberate hand and finger movements, effectively replacing
physical peripherals with virtual ones.
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Hand gesture recognition has been extensively studied in
the field of computer vision. Recent developments in efficient
landmark detection frameworks such as MediaPipe [1] have
made real-time hand tracking feasible on commodity hardware
without the need for specialized sensors or depth cameras.
This advancement brings gesture-based computing to a broader
audience at minimal cost.

Despite these developments, many existing systems face
challenges including inaccurate gesture interpretation, high
computational latency, limited functionality, and lack of a uni-
fied AR workspace. Most prior works focus on isolated gesture
recognition tasks without integrating a full virtual interaction
environment. Furthermore, physics-based AR workspaces with
interactive floating elements remain largely unexplored in low-
cost webcam-based systems.

To address these -gaps, this paper proposes a Touchless
AR Virtual Workspace using hand gesture recognition. The
proposed system captures live video from a standard webcam,
processes frames using OpenCV [2], detects hand landmarks
using MediaPipe, and applies gesture logic to perform system-
level operations via PyAutoGUI. Additionally, the system
renders a floating AR interface with interactive virtual icons
governed by physics-based collision and movement logic.

The main contributions of this work are:

- A complete real-time touchless control system using only a

standard webcam.

- A unified gesture engine supporting cursor movement, click,

scroll, and system control operations.

- A floating AR workspace with physics-based icon inter- action

and gesture-triggered application launching.

- A modular, low-cost architecture that is scalable for future AR

and VR integration.

Il. LITERATURE REVIEW

In recent years, gesture-based and touchless interaction systems
have attracted considerable research attention, par- ticularly in the
domains of human-computer interaction, as- sistive technologies,
and augmented reality. Several studies have explored the use of
computer vision frameworks and machine learning models to
develop robust and real-time gesture recognition systems.
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Early gesture recognition systems relied on color-based
hand segmentation and contour analysis to identify hand re-
gions and extract gesture features [3]. While these approaches
demonstrated basic functionality, they were highly sensitive
to lighting variations and skin tone differences, leading to
unreliable performance in real-world environments.

With the advancement of deep learning, convolutional neu-
ral networks (CNNs) have been employed to improve gesture
classification accuracy [4]. These models achieve high recog-
nition rates; however, they require large annotated datasets and
significant computational resources, making them less suitable
for real-time applications on standard hardware.

The introduction of the MediaPipe framework by Google
[1] marked a significant milestone in efficient hand landmark
detection. MediaPipe provides a lightweight, cross-platform
solution for detecting 21 hand landmarks in real time, enabling
precise finger tracking without the need for depth sensors.
This framework has been widely adopted in recent gesture
recognition research due to its speed and accuracy.

Several works have explored MediaPipe-based gesture sys-
tems for specific applications. Gesture-controlled presentation
systems [5] and virtual drawing interfaces [6] have demon-
strated the viability of hand-based control for isolated tasks.
However, these systems typically support a limited set of
gestures and do not provide a comprehensive workspace
experience.

Cursor control systems using finger tracking have been
proposed as alternatives to traditional mice [7]. These systems
map finger tip positions to screen coordinates and detect click
gestures using proximity or angle conditions. While effective
for basic navigation, they lack scroll functionality, system
control actions, and AR overlay capabilities.

Augmented reality-based interfaces have been studied as a
means to enhance the virtual workspace experience [8]. These
systems overlay interactive elements onto the camera feed and
enable gesture-based interaction with virtual objects. However,
most implementations require specialized hardware such as
depth cameras or AR headsets, limiting accessibility.

Physics-based AR object interaction, including collision de-
tection and dynamic movement in gesture interfaces, remains
relatively unexplored in webcam-based systems. Most existing
AR workspaces use static icon placements without realistic
physical behavior [9].

From the analysis of existing literature, it is evident that
while individual components of gesture-based interaction have
been studied extensively, a unified system that combines real-
time hand tracking, comprehensive gesture operations, and a
physics-based AR workspace using only a standard webcam
has not been adequately addressed. The proposed system aims
to fill this gap by integrating all these capabilities within a
single, cost-effective framework.

Il1l. PROBLEM STATEMENT

The growing demand for touchless, hygienic, and natural
human-computer interaction systems highlights several unre-
solved challenges in the existing landscape of gesture-based

computing. Traditional input devices such as the mouse and
keyboard require physical contact, which is undesirable in
environments where hygiene, accessibility, or futuristic design
is prioritized, including healthcare settings, smart workspaces,
public interactive kiosks, and AR-based applications.

Existing gesture recognition systems often suffer from lim-
ited functionality, restricting interaction to a narrow set of
predefined actions without supporting a complete range of
computer control operations. Many systems fail to provide
simultaneous support for cursor movement, click detection,
scrolling, system-level operations, and application launching
within a unified framework.

Real-time performance remains a critical challenge, as many
gesture-based systems introduce noticeable latency due to
computationally intensive processing pipelines, making them
unsuitable for interactive applications. Furthermore, most sys-
tems require specialized hardware such as depth sensors,
gloves, or AR headsets, significantly increasing cost and
reducing accessibility.

The absence of an integrated AR workspace with physics-
based behavior further limits the potential of gesture-based
interaction. Existing virtual interfaces typically display static
overlays without dynamic icon movement, collision detection,
or body avoidance, reducing the immersiveness and usability
of the workspace.

Environmental factors such as varying lighting conditions
and background complexity also affect the accuracy of hand
detection, while sensitivity to rapid hand movements intro-
duces instability in cursor control and gesture interpretation.

Therefore, there is a clear need for an integrated, low-
cost, real-time touchless workspace that combines accurate
hand gesture recognition with a fully functional AR overlay,
supporting comprehensive computer control operations using
only a standard webcam.

IV. PROPOSED SYSTEM

The proposed system presents a Touchless AR Virtual
Workspace ‘that enables complete computer control through
hand gestures captured via a standard webcam. The system
is designed to deliver real-time performance, natural interac-
tion, and an immersive AR experience without requiring any
specialized hardware.

A. System Overview

The system follows a modular pipeline architecture in which
live video frames are captured, processed, and interpreted to
perform system-level actions. A floating AR workspace is
rendered simultaneously, displaying virtual application icons
that interact dynamically with the user’s detected body and
hand positions. The key design principles are low latency,
robustness to lighting variation, and intuitive gesture mapping.

B. Working Principle

The working pipeline of the proposed system is as follows:

1) The webcam captures real-time video frames continu-
ously.
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TABLE |

LITERATURE REVIEW COMPARISON OF GESTURE-BASED AR SYSTEMS

S.No | Research Paper Title and Year

Existing Work and Drawbacks

How Our Project Overcomes the Issue

1 A. Reddy (2025) — Vision-based
Hand Gesture Recognition for AR
Systems

Demonstrates effective hand tracking and
gesture-based control, but lacks support for
complete virtual workspace and real-time
multitasking.

Provides a full AR virtual workspace with
multiple system controls like cursor move-
ment, click, and app launching in real time.

2 T. S. Nguyen et al. (2025) — Real-
Time Gesture Recognition using
MediaPipe

Achieves low-latency and accurate ges-
ture detection, but does not focus on AR
workspace-level interaction.

Integrates gesture recognition with a float-
ing AR workspace for interactive virtual
environment control.

3 Y. Wang et al. (2025) — Gesture-
Driven AR Interaction Framework

Improves natural interaction using gestures
but has high computational complexity af-
fecting scalability.

Uses lightweight MediaPipe and optimized
processing for smooth real-time perfor-
mance on standard devices.

4 S. Kumar and R. Meenakshi (2025)
— Al-Based Gesture Interaction for
AR

Provides smooth real-time interaction but
requires optimized/high-end hardware for
stable performance.

Designed to work efficiently on normal lap-
tops using webcam without requiring expen-
sive hardware.

5 M. Hassan et al. (2024) — RGB
Camera-Based Gesture Recogni-
tion

Cost-effective solution using webcam but
sensitive to lighting conditions and back-
ground noise.

Improves robustness using optimized land-
mark tracking and gesture filtering tech-
niques.

6 L. Chen et al. (2024) — Machine
Learning-Based Hand Landmark
Analysis

Provides high precision in gesture detection
but lacks full virtual workspace implemen-
tation.

Extends gesture detection into a complete
AR workspace with interactive virtual ele-
ments.

7 A. Patel and K. Shah (2024) —
Touchless AR Interaction Model

Enables intuitive control but supports only
basic gestures.

Supports advanced gestures including
scrolling, clicking, system control, and
application launching.

8 J. Park et al. (2024) — Real-Time
Gesture Recognition System for

Demonstrates stable real-time interaction
but does not integrate a full AR workspace.

Combines gesture recognition with physics-
based AR workspace including floating

AR

icons and interaction.

2) Each frame is processed using OpenCV for preprocess-
ing tasks such as frame flipping and color conversion.

3) MediaPipe Hand Landmarker detects 21 hand landmarks
representing finger joints and positions.

4) The Gesture Engine interprets the spatial relationships
between landmarks to identify specific gestures.

5) Based on the detected gesture, the corresponding system
action is executed via PyAutoGUI.

6) The AR Workspace Module renders floating virtual
icons on the frame with physics-based behavior.

7) Virtual icons respond to the user’s body position and
hand interaction, enabling gesture-triggered application
launching.

C. Gesture Definitions

The system defines a set of gestures mapped to specific

computer control operations:

- Index Finger Point: Cursor movement — the index
fingertip position is mapped to screen coordinates.

- Pinch (Index + Thumb): Left click — triggered when
the distance between index fingertip and thumb tip falls
below a defined threshold.

- Middle + Thumb Pinch: Right click — similar proxim-
ity detection applied to the middle finger and thumb.

- Two-Finger Raise (Index + Middle): Scroll — vertical
displacement of the two raised fingers controls scroll
direction and speed.

- Fist Gesture: System control — triggers operations such
as window minimize and Alt+Tab app switching.

D. AR Workspace

The AR workspace module overlays floating virtual appli-
cation icons on the live camera feed. Icons are initialized
at random screen positions and assigned-velocity vectors. A
physics engine governs icon movement, including:

- Collision Detection: Icons bounce off screen boundaries
and each other.

- Body Avoidance: Icons detect the user’s body region and
adjust trajectory to avoid overlap.

- Gesture Launch: When a specific gesture is performed
over an icon, the associated application is launched.

V. SYSTEM ARCHITECTURE

The system architecture is organized as a layered and
modular framework that separates concerns across distinct
processing stages. Each layer performs a specific function and
communicates with adjacent layers through defined interfaces.
Fig. 1 illustrates the overall system architecture.

A. Camera Engine

The Camera Engine serves as the input layer of the system.
It interfaces with the standard webcam using OpenCV’s video
capture API to acquire real-time video frames at a consistent
frame rate. Each frame is horizontally flipped to provide
a mirror-like interaction experience, improving usability for
users. The frames are then converted to the appropriate color
space required for downstream processing modules. Addition-
ally, frame resolution and frame rate can be adjusted to balance
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System Architecture: Touchless AR Virtual Workspace
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Fig. 1. System Architecture of the Proposed Touchless AR Virtual Workspace

performance and accuracy. This module ensures a continuous
and stable video stream for further processing.

B. Segmentation Engine

The Segmentation Engine processes the captured frames to
identify regions of interest, including the hand region and the
user’s body silhouette. It separates the foreground (user) from
the background to improve interaction accuracy. Body seg-
mentation is performed to support the AR workspace’s body
avoidance feature, enabling icons to dynamically reposition
away from the detected user area. This prevents visual overlap
and enhances user experience. The segmentation process also
helps reduce noise and improves the reliability of gesture
detection in complex backgrounds.

C. Gesture Engine

The Gesture Engine constitutes the core logic of the system.
It receives hand landmark coordinates from MediaPipe and
applies spatial and geometric rules to classify the current
hand pose into one of the predefined gestures. Conditions
such as finger extension, fingertip proximity, and relative
landmark positioning are evaluated for accurate classification.
The system uses threshold-based logic to differentiate between
gestures and reduce ambiguity. Hysteresis and debouncing
mechanisms are applied to prevent unintended repeated trig-
gering of actions. This ensures stable and reliable gesture
recognition during continuous user interaction.

D. Cursor Control Module

The Cursor Control Module maps the detected index fin-
gertip position within the camera frame to the corresponding
screen coordinates. A scaling transformation is applied to
convert normalized landmark coordinates into pixel values
based on screen resolution. To.improve usability, smoothing
techniques such as exponential moving average are used to
reduce jitter and sudden cursor jumps. The module also limits
cursor movement within screen boundaries to avoid erratic
behavior. This results in smooth, precise, and responsive cursor
control that closely mimics traditional mouse movement.

E. Click Module

The Click Module monitors the geometric distance be-
tween the thumb tip and the respective trigger finger tip
to detect click gestures. A left click is triggered when the
index finger and thumb come within a predefined threshold
distance. Similarly, a right click is detected using the middle
finger and thumb. A minimum hold duration is enforced to
distinguish intentional clicks from accidental finger proximity.
This reduces false positives and improves system reliability.
The module ensures that click actions are executed accurately
and consistently during interaction.

F. Scroll Module

The Scroll Module detects a two-finger raise gesture, where
the index and middle fingers are extended. It calculates the
vertical displacement of the midpoint between these fingertips
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across consecutive frames. The direction and magnitude of
displacement determine the scroll direction and speed. This
allows smooth and continuous scrolling similar to touch-
based interfaces. The module also includes threshold checks
to prevent unintended scrolling. This enhances usability and
provides a natural scrolling experience for the user.

G. System Control Module

The System Control Module handles higher-level system
interactions using predefined gesture commands. Recognized
gestures trigger PyAutoGUI hotkey sequences to perform
operations such as minimizing windows (Win+D), switching
applications (Alt+Tab), and other system controls. Cooldown
periods are implemented to prevent repeated triggering of
commands due to continuous gesture detection. This ensures
controlled and intentional execution of system-level actions.
The module enhances the functionality of the system beyond
basic cursor operations.

H. AR Workspace Module

The AR Workspace Module is responsible for rendering the
floating virtual interface on the live camera feed. It maintains
a collection of virtual icons, each associated with position,
velocity, and application functions. A simple physics engine
updates icon movement, handling boundary collisions and
interactions between icons. The system also incorporates body
avoidance logic, ensuring icons move away from detected user
regions. Icons are rendered using OpenCV drawing functions,
providing real-time visualization. Gesture proximity detection
is used to trigger application launch events, enabling interac-
tive control of virtual elements within the workspace.

VI. METHODOLOGY

The methodology of the proposed system follows a se-
quential real-time processing pipeline that integrates computer
vision, gesture recognition, and AR rendering. The workflow,
illustrated in Fig. 2, is as follows.

The webcam captures frames continuously at the target
frame rate. Each frame is preprocessed by the Camera Engine,
including flipping and color space conversion. The prepro-
cessed frame is passed to MediaPipe’s Hand Landmarker,
which returns the 21 normalized landmark coordinates for each
detected hand.

The Gesture Engine receives these landmark coordinates
and evaluates the defined gesture conditions. The identified
gesture is passed to the appropriate functional module: Cursor
Control, Click, Scroll, or System Control. PyAutoGUI exe-
cutes the corresponding system action based on the gesture
classification.

Simultaneously, the AR Workspace Module updates icon
positions using the physics engine and renders the floating
icons onto the current frame. The composite frame, containing
the live video feed with overlaid AR icons, is displayed to the
user via an OpenCV window.

The system loops continuously through this pipeline until
the user exits, maintaining real-time responsiveness throughout
the session.

VII. IMPLEMENTATION

The implementation of the proposed system is carried
out using a modular Python-based architecture. Each module
is implemented as an independent component with clearly
defined inputs and outputs, enabling ease of maintenance and
future extension.

A. Camera Engine Implementation

The  Camera  Engine is  implemented  using
cv2.VideoCapture (0) to access the default webcam.
Frames are captured continuously in real time to ensure
smooth interaction and responsiveness. Each frame is flipped
horizontally using cv2.flip() to provide a mirror-like
user experience, making interaction more intuitive. The
captured frames are then converted from BGR to RGB
color space, which is required for MediaPipe processing.
Additional preprocessing steps such as frame resizing and
normalization can be applied to improve performance and
detection accuracy. This module ensures a steady and efficient
video input stream for the entire system pipeline.

B. Hand Landmark Detection

Hand landmark detection is implemented using
mediapipe.solutions.hands, which provides accurate
and real-time tracking of hand features. The Hands object
is configured with a maximum of two detected hands, a
minimum detection confidence of 0.7, and a minimum tracking
confidence of 0.5 to balance accuracy and performance. The
model detects 21 landmarks per hand, representing key
finger joints and positions in three-dimensional space. These
landmarks are returned as normalized (X,'y, z) coordinates
relative to the frame dimensions. The extracted landmark data
is then used for gesture recognition and-interaction logic. This
approach enables precise hand tracking even under moderate
variations in lighting and background conditions.

C. Gesture Logic Implementation

Gesture classification is implemented through conditional
logic applied to the normalized landmark coordinates. Fin-
ger extension is determined by comparing the tip landmark
position to the corresponding proximal interphalangeal joint.
Pinch detection computes the Euclidean distance between
thumb tip (landmark 4) and index fingertip (landmark 8),
triggering a click when the distance falls below a calibrated
threshold. Scroll detection evaluates the vertical displacement
of the average y-coordinate of landmarks 8 and 12 between
consecutive frames.

D. Cursor Mapping

The index fingertip position is mapped to screen coordinates
using a linear scaling function. The camera frame width and
height are used to normalize the landmark position, which is
then multiplied by the screen resolution obtained via PyAuto-
GUI. Exponential moving average smoothing is applied with
a configurable alpha parameter to reduce cursor jitter. This
smoothing helps in minimizing sudden jumps and ensures
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Fig. 2. Implementation Architecture of the Proposed Touchless AR Virtual Workspace System

stable cursor movement. Additionally, boundary constraints
are applied to keep the cursor within the visible screen area,
improving overall control accuracy.

E. AR Workspace Implementation

Virtual icons are implemented as Python objects storing po-
sition, velocity, icon image, and application path attributes. On
each frame iteration, position is updated by adding velocity.
Boundary collision is resolved by inverting the corresponding
velocity component upon contact with screen edges. Body
region avoidance is implemented by computing the overlap
between icon bounding boxes and the detected body mask,
applying a repulsion force when overlap is detected. Icons
are rendered onto frames using cv2.rectangle () and
cv2.putText () for labels, with optional icon image over-
lays using alpha blending.

F. Application Launching

When a launch gesture is detected over an icon (based
on fingertip proximity to the icon bounding box), Python’s
subprocess.Popen () is called with the associated appli-
cation path, opening the target application directly from within
the gesture workspace. The system continuously monitors the
position of the fingertip relative to virtual icons to ensure
accurate detection. A threshold distance and minimum hold
duration are used to confirm intentional interaction and prevent
accidental triggers. Each virtual icon is mapped to a specific
application path, allowing flexible customization of launched
programs. The launching process is executed asynchronously

to avoid interrupting the real-time gesture tracking pipeline.
This module enables seamless interaction between the user and
system applications through intuitive gesture-based control.

VIIl. RESULTS AND DISCUSSION

The proposed Touchless AR Virtual ‘Workspace system
was evaluated under real-time conditions to assess gesture
recognition accuracy, cursor control stability, system respon-
siveness, and AR workspace behavior. Testing was conducted
using a standard laptop webcam-under normal indoor lighting
conditions.

A. Gesture Recognition Performance

The gesture engine demonstrated reliable classification
across the defined gesture set. Cursor movement using index
finger pointing achieved smooth and stable tracking, with the
exponential moving average smoothing effectively reducing
jitter introduced by minor hand tremors. Left click detection
via pinch gesture achieved consistent activation with minimal
false positives, supported by the hold duration threshold.
Right click detection using the middle finger-thumb pinch
similarly performed reliably, with the distinct gesture condition
preventing confusion with left click events.

Scroll gesture detection responded accurately to vertical
finger displacement, with scroll speed proportional to move-
ment magnitude. System control gestures (fist) triggered the
intended PyAutoGUI hotkey sequences correctly, with the
cooldown mechanism successfully preventing repeated unin-
tended activations.

IJCRT2604822 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org |

h12


http://www.ijcrt.org/

www.ijcrt.org

© 2026 IJCRT | Volume 14, Issue 4 April 2026 | ISSN: 2320-2882

B. AR Workspace Behavior

The floating AR workspace displayed stable icon animation
with smooth physics-based movement. Boundary collision
detection caused icons to correctly reverse direction upon
contact with screen edges, ensuring controlled motion within
the workspace. Body avoidance logic successfully redirected
icons away from detected user body regions, maintaining a
clear and unobstructed interaction space. Additionally, the
system ensured that icons did not overlap excessively, im-
proving visual clarity and usability. Application launching via
gesture proximity detection operated reliably, with the correct
application opening upon gesture activation over the target
icon. Overall, the AR workspace provided an intuitive and
immersive interaction experience for users.

C. System Performance

The system maintained near real-time frame processing
rates, with gesture interpretation and cursor updates complet-
ing within acceptable latency bounds for interactive use. The
use of MediaPipe’s lightweight hand landmark model ensured
efficient processing without requiring GPU acceleration or
high-performance hardware. The system demonstrated stable
performance across different sessions, with no noticeable
memory leaks or degradation over time. Efficient use of
OpenCV and optimized gesture logic contributed to reduced
computational overhead. Furthermore, the system handled
moderate variations in lighting and background conditions
effectively, ensuring consistent performance. This makes the
system suitable for deployment on standard consumer devices.

D. Comparison with Existing Systems

Table Il presents a comparison of the proposed system
against representative existing gesture-based interaction ap-
proaches. Most existing systems focus either on gesture
recognition or augmented reality visualization independently,
lacking a unified approach. In contrast, the proposed sys-
tem integrates both gesture recognition and AR workspace
interaction within a single framework. Unlike many exist-
ing methods that require specialized hardware, this system
operates using a standard webcam, making it more cost-
effective and accessible. Additionally, the proposed system
supports a wider range of functionalities including cursor
control, system operations, and application launching. These
advantages demonstrate the effectiveness and practicality of
the proposed approach compared to existing solutions.

IX. CONCLUSION

This paper presented the design and implementation of a
Touchless AR Virtual Workspace using hand gesture recog-
nition. The proposed system enables users to interact with a
computer environment entirely through hand gestures captured
by a standard webcam, eliminating the need for traditional
input devices such as a mouse or keyboard. This approach
provides a more natural and intuitive way of interaction in
modern computing environments.

TABLE Il
COMPARISON OF THE PROPOSED SYSTEM WITH EXISTING APPROACHES
Feature Existing Proposed
Systems System
Hardware Required Depth sen- | Standard
sor / gloves | webcam
only
Cursor Control Limited Full real-
time
Click Detection Basic Left &
right click
Scroll Support Rare Yes
System Controls None Yes
(Alt+Tab,
Min)
AR Workspace No Yes
Physics Simulation No Yes
App Launch No Yes
Real-Time Partial Yes
Cost High Low

The system integrates MediaPipe for real-time hand land-
mark detection, OpenCV for image processing and AR render-
ing, and PyAutoGUI for executing system-level actions. These
technologies work together to provide efficient performance
on standard hardware without requiring expensive sensors or
specialized devices. The gesture recognition system allows
users to perform essential operations such as cursor movement,
clicking, scrolling, and application control.

A significant contribution of this work is the development of
a floating AR workspace that enhances user interaction. Virtual
icons and elements are displayed over.the live camera feed,
creating an immersive environment. The system incorporates
basic physics-based behavior such as collision detection and
controlled movement, improving the realism and usability of
the interface.

The experimental -results demonstrate that the system
achieves real-time performance with low latency and stable
tracking. The gesture detection is accurate under normal
conditions, and smoothing techniques ensure consistent cur-
sor movement. The AR overlay responds effectively to user
gestures, providing a seamless interaction experience.

Overall, the proposed system demonstrates that combining
gesture recognition with augmented reality can significantly
enhance human—computer interaction. It offers a cost-effective,
intuitive, and futuristic solution that reduces dependency on
physical input devices and opens new possibilities for touch-
less computing applications.

X. FUTURE WORK

The current system provides a strong foundation for touch-
less AR interaction; however, several improvements can be
made to enhance its performance and capabilities. One of the
key areas for future work is the implementation of multi-
hand gesture recognition, which will allow more advanced
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interactions such as zooming, scaling, and complex gesture
combinations.

Another important enhancement is the integration of ad-
vanced machine learning models to improve gesture recogni-
tion accuracy. Techniques such as deep learning can help the
system perform better under challenging conditions like poor
lighting, background noise, and fast hand movements. This
will make the system more robust for real-world usage.

The system can also be extended to support three-
dimensional AR environments using depth estimation tech-
niques. This will enable more realistic placement of virtual
objects and improve interaction by considering spatial depth.
Such improvements will significantly enhance the immersive
experience of the virtual workspace.

Future development can focus on optimizing system
performance for mobile devices and low-power hardware.
By reducing computational complexity and improving
efficiency, the system can be deployed on smartphones
and portable devices, making it more accessible to a wider
range of users. Finally, the system can be enhanced by
integrating addi- tional interaction methods such as voice
commands and eye tracking. Combining multiple input
modalities will create a more natural and flexible human—
computer interaction system, further expanding the potential
applications of touchless AR
technology.
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