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Abstract: The mouse, as an invention by Human-Computer Interaction (HCI) technology, is truly impressive. Still, wireless
mouse or Bluetooth mouse uses things such as a battery and a mini dongle which means it isn’t truly device-free. In the system
being suggested, this limitation can be addressed using computer vision and a camera to sense hand movements and their tips.
The system uses a machine learning algorithm within its algorithm. With the hand gestures in place, the computer can be
managed virtually and lets you left click, right click, scroll and move the cursor without a physical mouse. The technique uses
deep learning to discover the hands in the video. So, the system is intended to decrease the risk of pandemics spread by lessening
interaction and not requiring any additional devices to manage computer

Keywords: Human-Computer Interaction, Computer vision, Machine Learning, Pandemics, Deep Learning.

L. INTRODUCTION

Technology is shaping more of our everyday lives these days. Many different types of computer. Many new technologies are
gaining traction all over the globe. Al helps to automate many different roles that many humans struggle with or are unable to do
themselves. They are they are getting stronger and better and may transform a lot of fields. aspects of things we do. We connect
with computers with help of devices like mice. The mouse is a tool for connecting with a GUI through pointing, scrolling and
moving around on the screen etc. When dealing with complicated computer or laptop tasks, it’s helpful to use a mouse or touchpad.
Take up a lot of time, especially if we are moving a hardware mouse everywhere we go damaged sometimes. With a gesture
controlled virtual mouse, you can control your computer and interact with it. Easy to use with your hands and through voice
directions. Information technology tools can be combined with There is hardly any direct contact. Static can be used to oversee
every input and output operation in most cases. and moving your hands together with a voice assistant.

1. LITERATURE REVIEW

Existing virtual input systems demonstrate promising accuracy in controlled settings, but they suffer from lighting/background
sensitivity, require markers or specialized sensors, and are typically limited to a single modality (mouse or keyboard or a specific
application). There is a lack of integrated, low-latency multimodal systems which combine marker-less hand gestures, eye gaze for
coarse cursor positioning, and voice commands for high-level actions while maintaining usability and minimal calibration. This
project aims to design and implement a real-time Gesture-Controlled Virtual Mouse and Keyboard integrated with Eye-Controlled
Cursor and Voice Bot, addressing robustness to illumination and background clutter, minimizing user instrumentation and
calibration, and evaluating the system across diverse user conditions. The outcome will be an accessible, multi-modal desktop
control framework with quantified performance.

1. PROBLEM STATEMENT

Traditional human—computer interaction still depends heavily on physical devices such as mice, keyboards, and touchscreens, which
limit accessibility for individuals with motor impairments, create hygiene risks in shared environments, and fail to support natural
multi-modal communication. Existing virtual input solutions provide only single-modality control and often require specialized
hardware, markers, wearables, or perform poorly under varied lighting and backgrounds, making them impractical for real-world
usage. To address these challenges, this project proposes an integrated, real-time multimodal HCI system that combines gesture
recognition for virtual mouse and keyboard control, eye-tracking for cursor movement, and voice commands for high-level actions,
using only a standard webcam without additional sensors. By enabling touch-less, intuitive, low-latency interaction, the solution
aims to overcome accessibility barriers, reduce physical contact, support diverse user conditions, and provide a more natural,
hygienic, and inclusive method for interacting with computers in healthcare, education, public spaces, and assistive technology
environments
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V. PROPOSED METHODOLOGY
This study is concentrated on constructing an intuitive and efficient gesture control system for the improvement of user and
computer interaction. Based on the context, the approach used in the system encompasses several stages, each designed to ensure
effective gesture recognition and system control.

A. Initialization of Libraries and Webcam

The implementation begins by importing essential libraries such as OpenCV for video processing and MediaPipe for detecting hand
landmarks. The webcam is initialized using OpenCV's Video Capture to enable real-time video capture. For detecting and tracking
hand landmarks efficiently MediaPipe Hands is set up.

Initialize Webcam

Hand Detection 8. 6 .16
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Frame processing 6. 10 ® .20
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o 19

- 4. 59

Gesture recognition

Gesture mapping and 2.
system control

Program termination 80

Fig. 1 System Architecture Fig. 2 Hand landmarks detected by MediaPipe

B. Frame Processing and Detection of Hand Landmark

Captured frames from the webcam are preprocessed by converting them into an RGB format suitable for MediaPipe. The MediaPipe
Hands module analyzes each frame and detect if there is a presence of hand and identify key landmarks such as fingertips, knuckles,
and the wrist. These landmarks are extracted and serve as the foundation for gesture recognition.

Here’s an overview of what such an image would depict:

21 Key Points (Landmarks): Each hand has 21 landmarks detected by Mediapipe, which include points on the tips, joints, and base
of the fingers and the palm.

Landmark Positions (from base to tip):
Thumb: 4 landmarks

Index Finger: 4 landmarks

Middle Finger: 4 landmarks

Ring Finger: 4 landmarks

Pinky Finger: 4 landmarks

Palm: 1 landmark (center)
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C. Gesture Recognition Based on Hand

Landmarks Using the detected landmarks, distances between specific points on the hand are calculated to determine finger positions.
Gestures like pinching, pointing are identified based on these positions. Detected gestures are pinch, index and pinky, v gesture
(victory), mid gesture (middle finger), index finger gesture, two finger closed gesture.

0. WRIST 11. MIDDLE_FINGER_DIP I I I il

FIST ALL FINGERS

1. THUMB_CMC 12. MIDDLE_FINGER_TIP ctosen
2. THUMB_MCP 13. RING_FINGER_MCP 01000 s
3. THUMB_IP 14. RING_FINGER_PIP — - EEEE—
4, THUMB_TIP 15. RING_FINGER_DIP
5. INDEX_FINGER_MCP  16. RING_FINGER_TIP e o > R
6. INDEX_FINGER_PIP 17. PINKY_MCP L = LR
7. INDEX_FINGER_DIP 18. PINKY_PIP PINCH MAIOR  cUSTOM 5 THME - INDEX
8- |NDEX—F|NGER-TIP 19 PINKY—DIP PINCH_MINOR CUSTOM 36 THUMB-INDEX
9. MIDDLE_FINGER_MCP  20. PINKY_TIP PINCH (LEFT)
_]0 MlDDLE_FINGER_Plp TWOigISr\EIIgERicL CusTOM 34 INDE)é:OI\gI;DDLE
Fig. 3 Hand Landmark points Fig. 4 Mapping of hand gestures to Binary and Decimal codes

D. Gesture mapping and system control

Predefined gestures are mapped to system actions such as clicks, navigating, or adjusting system settings. Identified gestures are

mapped to specific system actions:

1) Pinch Gesture (Right hand): This gesture controls system brightness and volume. When the index finger and thumb come close
together (pinching), the system interprets it as a command to adjust brightness or volume. If the movement is horizontal then it
is brightness control, if the movement is vertical then it is volume control.

2) Pinch Gesture (Left hand): This gesture controls the scrolling functionality. When the left finger’s index finger and thumb come
close together (pinching), the system interprets it as a command to perform scroll up or scroll down. If the movement is in
upward direction then it triggers scroll up, if the movement is in downward direction then it triggers scroll down.

3) V-Gesture (Victory): Moves the cursor when the middle finger and index finger are straightened in a V-shape, the system
moves the cursor to the specified position. Department of CS&E, INNCE | 27 HCI with gesture, eye tracking and voice

4) Mid Gesture (Middle Finger): Single click action. This gesture is mapped for performing left click at the cursor's position.

5) Index Finger Gesture: Performs right-click action. When the index finger is extended, it triggers a right-click action.

6) Two Finger Closed Gesture: Performs double-click action. When the middle and index fingers are positioned close together, the
system interprets it as a double-click command.

The table outlines the gesture-to-action mapping implemented in the gesture-controlled virtual mouse system. Each hand gesture is
detected using computer vision techniques and mapped to specific mouse operations through the PyAutoGUI library. The V_GEST
(victory/peace sign) enables cursor movement by tracking finger coordinates in real-time, while individual finger gestures trigger
distinct mouse events: FIST for click-and-drag operations, MID (middle finger) for left-click, and INDEX for right-click
functionality. Advanced gestures such as TWO_FINGER_CLOSED initiate double-click actions, and pinch gestures provide
additional controls: PINCH_MINOR for scrolling and PINCH_MAJOR for system-level adjustments like volume and brightness
through API calls. This intuitive gesture vocabulary allows users to perform comprehensive mouse operations hands-free, enhancing
accessibility and providing a touch less interaction paradigm.

V. RESULTS AND ANALYSIS
This section presents the comprehensive evaluation and analysis of the integrated multimodal system, encompassing the gesture-
controlled virtual mouse, virtual keyboard, eye-controlled mouse, and voice-bot. The performance of each module has been tested
and assessed based on accuracy, response time, reliability, and user experience. The results validate the effectiveness of combining
multiple interaction modalities to create an intuitive and accessible human-computer interface.
The figure 5 presents four functionalities: Gesture-Controlled Virtual Mouse, Virtual keyboard, Eye-Controlled Virtual Mouse and a
Chat-Bot (Proton) in a unified interface.
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The figure 6 represents the V-shape hand gesture (Index finger, middle finger) which is responsible to trigger the mouse movement
function.
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Fig. 5 Final Outlook of GUI Fig. 6 Mouse movement gesture (V-Shape)

34
D s B

8 Piperecoson o H B € n @O YO M B o Qe rsmUa 0 B B Pripereconn Sl BH B @ n @O OO FE B . Aomc A

Fig. 7 Right click gesture (Middle finger) Fig. 8 Double click gesture (Index figure, middle finger)

The figure 7 represents the right click gesture (Middle finger) which triggers the right click function and figure 8 represents the
Double-Click gesture (no space between index and middle finger) which triggers double click action.
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Fig. 9 System Brightness control Fig. 10 Virtual Keyboard layout interface
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Fig. 13 Ggoale search through Chat-Bot

The figure 9 displays the system brightness control through the same gesture but in this hand movement should be moved in
horizontal direction.

The figure 10 represents the virtual keyboard layout interface, displaying an alphabetical (QWERTY) arrangement of keys that
users interact with through mid-air finger movements. The interface features a grid-based design enabling touch less text input by
hovering and selecting characters through hand gestures captured via webcam, eliminating physical contact requirements.

The figure 11 caps letters are being entered by manoeuvring hand on particular letter boxes.

The figurel2 represents the graphical user interface of the Chat-Bot, where in the users can also provide commands in interface
beside voice input.

The figure 13 depicts the facilitation of Google search by voice input command through Chat-Bot allowing users to interact
intuitively.

This chapter presents the comprehensive results of the integrated system combining gesture-controlled virtual mouse, virtual
keyboard, eye-controlled mouse, and chat-bot functionalities. The results demonstrate the successful implementation of various
hand gestures for executing mouse operations and keyboard actions, showcasing the system's ability to recognize and respond to
distinct gesture patterns. Additionally, the eye gaze tracking mechanism is illustrated, highlighting its accuracy in cursor control
through eye movements. The chat-bot interface results reveal the system's capacity to process and execute voice or text commands
effectively. Together, these results validate the feasibility and functionality of a multi-modal human-computer interaction system
that offers users flexible and accessible control methods.

VI.  CONCLUSION AND FUTURE SCOPE
This project presents a more intuitive and touch-free way of interacting with computers using simple hand gestures. By combining
computer vision with hand-tracking technology, it eliminates the need for physical peripherals, making digital interaction more
accessible and hygienic. The system works in real time and offers decent accuracy, showcasing the potential of gesture-based
interfaces in daily computing. It lays the groundwork for more natural and immersive human-computer interaction in the future.
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This system has broad real-world impact across multiple domains, including healthcare and medical rehabilitation, where Al-
powered multimodal interfaces can help patients with neurological disorders, motor disabilities, and age-related limitations regain
independence through touchless computer interaction; extended reality (XR) and spatial computing, enabling natural, hands-free
control in VR/AR environments for gaming, training, virtual collaboration, and design; smart home and loT ecosystems, where
gesture, voice, and eye-based commands can serve as a universal controller for seamless, hygienic, and intuitive device management;
accessibility-as-a-service platforms, offering cloud-based, customizable interfaces that promote inclusive technology access in
education, workplaces, and public spaces; automotive and in-vehicle systems, enhancing safety and usability by allowing drivers
and passengers to control infotainment, navigation, and vehicle functions without distraction; industrial automation and
manufacturing, where touchless gesture control improves efficiency and safety in hazardous, sterile, or glove-restricted
environments; and advanced biometric authentication and security, leveraging eye tracking and gesture recognition for secure,
contactless user verification across financial, industrial, and high-security applications.
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