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Abstract

In current digital work environments, frequent interaction with keyboards and mouse devices can
interrupt workflow, especially during presentations, collaborative sessions, and multitasking activities.
This study introduces a touchless human—computer interaction system that allows users to operate
computer functions through hand gestures and voice instructions, minimizing the need for traditional
input devices such as keyboards and mice. The proposed system integrates gesture recognition, speech
processing, and optical character recognition (OCR) technologies to support a variety of interactive
tasks such as slide navigation, virtual drawing, handwriting capture, and text extraction from visual
input. A voice-based assistant is incorporated to execute system-level operations and respond to user
commands efficiently, while a vision-based module performs real-time hand tracking and gesture
detection for seamless interaction. The system is designed to improve usability, accessibility, and
interaction efficiency in environments where touch-free operation is beneficial, including smart
classrooms, meetings, and presentation settings. By combining computer vision and voice interaction
techniques, the proposed model offers a more intuitive and flexible method of human—computer
communication. Experimental results indicate that the system operates efficiently in controlled
environments and can carry out various functions with high accuracy while requiring very little
physical effort from the user. The project also provides scope for future enhancement in dynamic
environments through improved gesture robustness, adaptive learning, and advanced Al-based
interaction capabilities.
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INTRODUCTION

Human—computer interaction has evolved significantly with the integration of natural input methods,
such as voice and gestures [1, 2]. Traditional interactions using keyboards and mouse devices can be
restrictive, particularly in dynamic environments such as presentations and meetings [3, 4]. Recent
studies have explored gesture-based systems and virtual assistants to improve interaction efficiency [5—
7]. The proposed system focuses on enabling
hands-free interaction by combining gesture
recognition and voice commands. It allows users to
perform tasks such as controlling presentations,
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SIGNIFICANCE
Problem Statement

In traditional work environments, users depend
heavily on physical input devices such as
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keyboards, mouse devices, and remotes to operate digital systems [1]. These tools can become limiting,
disruptive, or inaccessible during real-time presentations, collaborative sessions, or hands-busy
situations [3, 7], leading to reduced efficiency and friction in productivity when quick and intuitive
interactions are required. In addition, the continuous dependence on manual input methods reduces
interaction flexibility and limits the development of seamless, touchless communication systems
suitable for modern smart workspace environments [5, 6, 10]. Existing interaction methods also provide
limited support for multimodal communication, where gesture recognition and voice-based control can
work together to improve accessibility, user convenience, and real-time task management in intelligent
workspace applications [5, 7, 8].

Significance

e It improves accessibility, especially for people with mobility issues or in situations where using
hands is difficult [2, 10].

e Boosts productivity by enabling faster, more intuitive interaction and reducing dependency on
continuous switching between input devices and workspaces [5, 3, 8].

e This aligns with current trends in smart workspaces and intelligent meeting environments that
emphasize automated and seamless interactions [6, 2].

o [t enhances hygiene and safety by reducing physical contact with shared surfaces in public or
health-sensitive environments [9, 10].

RELATED WORK
Gesture Recognition System [1]

This study focused on the development of a gesture and posture recognition framework intended to
improve nonverbal human—computer interaction. The authors implemented an SVD—PCA-based feature
extraction approach combined with a feed-forward neural network for classifying six gesture and six
posture categories. The system demonstrated satisfactory recognition accuracy under controlled
conditions and highlighted the feasibility of real-time gesture interpretation using computer-vision
techniques. However, this work was limited by a small gesture dataset and lacked integration with
application-level controls or multimodal interaction mechanisms. The paper is relevant to the proposed
research as it establishes a foundational approach for gesture-based interaction systems used in hand-
free workspace environments.

Desktop's Virtual Assistant Using Python [5]

A Python-based desktop virtual assistant was designed to automate routine computer operations using
speech-driven interactions. The authors employed speech recognition, text-to-speech conversion, and
natural language processing modules to execute commands such as opening applications, retrieving
information, and performing system-level tasks. The implementation emphasized low-cost software
integration using Python libraries, including pyttsx3, speech recognition, and web automation modules.
Experimental observations indicated improved task automation and user convenience for desktop
environments. Nevertheless, the assistant primarily relies on voice input and lacks contextual gesture
interaction or adaptive learning capability. The work directly supports the proposed research by
demonstrating how voice-controlled assistance can be integrated into a broader hands-free human—
computer interaction framework.

A Gesture-Controlled Whiteboard System with OpenCV, MediaPipe and NumPy [6]

This study aimed to design a virtual whiteboard system capable of enabling touchless drawing and
writing through hand gesture recognition. The proposed framework utilized OpenCV for image
processing, MediaPipe for real-time hand landmark detection, and NumPy for coordinate computation
and drawing operations. The system successfully allows users to perform writing, drawing, and gesture-
based interactions using a webcam interface without requiring specialized hardware. This study
demonstrated the effectiveness of computer vision techniques in educational and collaborative
applications. However, performance limitations were observed under varying lighting conditions and
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complex backgrounds. This paper is highly relevant to the proposed research because it validates the
implementation of virtual drawing and gesture-controlled interaction within a hands-free workspace
environment.

A Review of the Hand Gesture Recognition System: Current Progress and Future Directions [2]

This review examines the evolution of hand gesture recognition systems and analyzes existing
methodologies, sensing technologies, and application domains. The authors discussed vision-based and
sensor-based gesture recognition approaches, including machine learning and deep learning techniques
for feature extraction and classification. This study highlights the increasing adoption of gesture
recognition in healthcare, robotics, education, and assistive technologies. Additionally, this study
identified major challenges, such as environmental sensitivity, computational complexity, and limited
robustness under dynamic conditions. Although the work was theoretical and lacked implementation-
level validation, it provided a comprehensive understanding of the current research directions. The
survey is relevant to the proposed work because it establishes technical background and identifies
research gaps associated with real-time gesture-based interaction systems.

Virtual Assistant in Native Language [7]

This study proposed a virtual assistant capable of processing commands in a native language
environment to improve accessibility and user interaction. The system incorporates speech recognition,
language processing, and voice response mechanisms to support localized communication between
users and computing systems. The authors focused on improving usability for non-English-speaking
users through multilingual interaction and speech-based automation. Experimental analysis
demonstrated effective command recognition and response generation in the selected language domain.
However, its implementation is limited in terms of scalability and lacks integration with gesture-based
interfaces or multimodal interaction techniques. The study is relevant to the proposed research because
it highlights the significance of voice-driven interaction and accessibility enhancement in developing
intelligent hands-free human—computer interaction systems.

METHODOLOGY
System Architecture

The Nova Al Assistant processes user input through preprocessing and intent recognition using
natural language processing (NLP) techniques [5, 7]. Based on the identified intent, appropriate
responses are generated and displayed, enabling voice-based system interaction, as shown in Figure 1.
The assistant also supports task automation, application control, and interactive command execution,
thereby improving user convenience and reducing dependency on traditional manual input methods in
workspace environments [5, 7].

The gesture-controlled whiteboard processes hand movements using real-time tracking to detect
shapes and user inputs through computer vision and hand landmark detection techniques [6, 2].
Recognized gestures are rendered on the canvas, enabling intuitive drawing and interaction, as shown
in Figure 2. The system also supports touchless writing and dynamic user interaction, improving
collaboration efficiency and reducing dependence on conventional input devices in smart workspace
environments [6, 10].

.U ser > Preprocessing lnter}th Resp Of?se Loop back for
input recognition generation further queries
User types a The input is cleaned ~ NLP model classifies Response is displayed ~ Process repeats if the
message or speaks by removing stop words the intent of the to the user via text or user has follow-up
a command and formatting input voice output questions

Figure 1. Nova Al assistant workflow.
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Figure 2. Gesture-controlled whiteboard workflow.
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Figure 3. PowerPoint presentation workflow.

@ Nowa Al Assistant

Figure 4. Voice-based file control using Nova Al assistant.

RESULT AND DISCUSSION

* Release camera
¢ Close windows
* Clean up resources

The presentation module processes camera input to detect hand movements for slide navigation and
control using computer vision and gesture recognition techniques [3, 4, 8]. The identified actions were
mapped to system commands to enable hands-free presentation interaction, as shown in Figure 3.

The Nova Al Assistant processes voice commands to retrieve and interact with the system files. It
first generates an indexed list of files and directories, enabling navigation using spoken input. Based on
the selected command, the system maps the input to the corresponding file and executes system-level
operations to open it, allowing for efficient hands-free file control, as shown in Figure 4.
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The assistant interprets voice input as a search or location-based query and dynamically generates
the corresponding results [11]. It constructs appropriate URLs to perform web searches or retrieve map-
based information, enabling real-time, hands-free access to information and geolocation services, as
shown in Figure 5.

The system utilizes camera-based hand tracking to detect finger movements and interprets them as
alphanumeric inputs. Hand landmarks are analyzed in real time to convert gestures into corresponding
characters, enabling intuitive and hands-free text input, as shown in Figure 6.

The virtual painter captures hand movements to identify predefined geometric shapes using contour
detection and gesture-tracking techniques. The recognized shapes are rendered digitally on the canvas,
providing immediate visual feedback for user interaction, as shown in Figure 7.

@ Nova Al Assistant = (6]
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Phone: 022 27
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Figﬁre 5. Voice-based search and location using Nova Al assistant.

Figure 6. Alphanumeric recognition using virtual painters.

© STM Journals 2026. All Rights Reserved 54



Hands-Free Human-Computer Interaction Balip et al.

The system enables a virtual pointer using finger tracking, where fingertip coordinates are mapped
to the screen positions. This allows real-time cursor control to highlight content during presentations
without requiring physical input devices, as shown in Figure 8.

The system detects predefined hand gestures using finger landmark analysis to control the slide
transitions. Recognized gestures are mapped to keyboard events, enabling hands-free navigation of
presentation slides and improving interaction flow, as illustrated in Figure 9.

Figure 7. Shape recognition using virtual painter.

Alphabetical classification drugs
Drugs are arranged in an alphabetical
order based in their Latin, English, or
local names.

Figure 8. Pointer gesture.

Demerits:
*  Does not consider composition
*  Not useful for pharmaceutical or
medicinal study

Figure 9. Gesture to go to the next slide.
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CONCLUSION

The Hands-Free human-computer interaction framework that combines gesture recognition, voice
commands, and handwriting recognition delivers more natural and accessible control of digital tools,
including slide presentations, virtual whiteboarding, and text capture. Experimental results demonstrate
promising accuracy and responsiveness in controlled settings, with challenges remaining in handling
varied lighting, background clutter, and simultaneous multimodal inputs. Further improvements can
focus on expanding gesture and voice vocabularies, optimizing algorithms for lower latency, and
enhancing robustness for diverse user environments. This study contributes to smarter and more
inclusive workspaces where interaction adapts to human behavior rather than requiring users to adapt.
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