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Abstract

The mouse and keyboard have been replaced by new input mechanisms brought about by the quick
development of Human-Computer Interaction (HCI). Using computer vision and deep learning
techniques, this study explores the possibility of replacing actual mouse inputs in a computer system
with hand gestures. We created a virtual mouse system that uses a normal webcam to record hand
motions. Computer vision algorithms then process these gestures to handle mouse operations including
clicking, scrolling, zooming, and moving the cursor. A range of situations, such as changes in hand
size, gesture speed, and ambient lighting, were used to test the system. The system achieves 99%
accuracy under ideal conditions, but it dips to 92% under dim or overexposed lighting and at distances
longer than 30 cm, according to key findings. Moreover, it is still difficult to recognize intricate actions
like scrolling and right-clicking. Future versions will include more training data for gesture refinement,
adaptive illumination correction algorithms, and different recognition techniques to address these
problems. The technology provides a creative and affordable solution for those with physical limitations
in spite of these obstacles, and it holds out hope for future immersive hands-free digital system
interaction.

Keywords: Computer vision, deep learning, hand gesture recognition, virtual mouse, human-computer
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INTRODUCTION
Conventional input devices, such the keyboard and mouse, have long been the main way to
communicate with computers. Despite their efficiency, these gadgets have significant drawbacks, chief
among them being their reliance on physical surfaces and limited mobility. For example, a mouse can
only be used on a level surface, which restricts the user's range of motion. Additionally, both the mouse
and keyboard can be uncomfortable or taxing to use for extended periods of time, especially for people
with physical limitations [1]. These gadgets also depend on mechanical parts that need to be replaced
and maintained on a regular basis because they are prone to wear and tear over time. Alternative
approaches to engaging with digital systems that can get beyond these limitations and offer more
adaptable, ergonomic, and accessible solutions are becoming more and more necessary as technology
develops [2]. The usage of computer vision-based
systems, which can completely do away with the
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especially for people with mobility disabilities.
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The main goal of this research is to overcome typical issues such inaccurate gesture detection and
the need on physical markers, which are frequently necessary by other gesture-based systems, in order
to address the shortcomings of current systems. This system provides a more accurate and user-friendly
way to operate the cursor and carry out other mouse tasks by detecting and interpreting hand gestures
using machine learning techniques. Figure 1 displays the block diagram. In order to develop more
inclusive and user-friendly interaction techniques for a broad spectrum of users, this study investigates
how computer vision and hand gesture recognition can produce a more seamless, hands-free user
experience.

LITERATURE REVIEW

Concerns about accessibility and user experience are addressed by research on combining voice
commands with hand gestures for computer interface. Research looks into voice command productivity
and gesture-based virtual world manipulation presents a method for controlling mouse movement that
combines voice commands and hand motions. This strategy has the potential to improve computer
inclusivity and user interaction. To solve technological issues and usability concerns for practical
applications, more research is essential [1, 5].

By introducing a novel technology, the article by Shibly et a/. on the "Design and Development of
Hand Gesture Based Virtual Mouse" advances the rapidly developing field of human-computer
interaction. The article, which was presented at ICASERT 2019, describes the development of a hand
gesture-controlled virtual mouse that demonstrates improvements in user-friendly interface design. The
need for alternate input modalities is addressed by the work of Shibly et al., which is especially pertinent
in situations where conventional devices might not be feasible or accessible. This study creates new
possibilities for improving accessibility and user experiences in computing settings by proving that hand
gesture-based interaction is feasible [2].

The promise to transform human-computer interaction has led to a surge in research on hand gesture
recognition for virtual mouse events. Diverse approaches and algorithms are investigated in studies to
accurately understand hand gestures in real-time. Ranawat et al. make a contribution to this area by
introducing a system that uses hand gesture recognition to operate virtual mouse events. These
developments open the door to paradigms of interaction that are more natural and intuitive, improving
accessibility and user experience in computing settings [3].

In recent years, there has been a lot of interest in the idea of a virtual mouse that is controlled by hand
movements. Using computer vision and machine learning techniques, researchers have investigated a
number of methods for putting such systems into practice. By introducing a hand gesture-based virtual
mouse system, adds to this corpus of work.
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Figure 1. Block diagram of proposed systems.
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This work demonstrates how gesture-based interaction can be incorporated into computing
environments to give people a different and possibly more natural way to engage with digital
interfaces [4]. A thorough analysis of hand gesture recognition techniques is given by the evaluated
literature, which includes surveys, real-world applications, improved recognition techniques,
application-specific research, and comparative analyses. Together, these works advance the state-of-
the-art in hand gesture recognition and open the door to creative HCI solutions in augmented reality,
virtual worlds, and other fields.

TECHNIQUES IMPLEMENTED FOR THE DEVELOPMENT OF MODEL

In order to carry out mouse operations based on hand movements, the generic virtual mouse system
combines hardware, software, and machine learning approaches. The main elements and techniques
utilized in the system's creation are listed below:

e Hardware: The system makes use of a typical webcam that is built into a desktop or laptop
computer. The webcam records live footage of the user's hand movements, which are then
processed to operate the mouse [6].

o Software: The Python programming language is the main foundation for the software
implementation because of its adaptability and the abundance of strong libraries for machine
learning and image processing. Among the important libraries utilized in the development are:

e OpenCV: OpenCV (Open Source Computer Vision Library) is employed for image
processing tasks, such as background subtraction, image filtering, and feature extraction [7].

o MediaPipe: MediaPipe, a library developed by Google, is used for real-time hand tracking
and recognition. It facilitates the identification of key hand landmarks and enables the
accurate detection of hand gestures shown in Figure 2(a and b).

Hand Detection and Gesture Recognition

The system uses MediaPipe's hand-tracking features to identify 21 important hand landmarks, such
as the palm and finger tips [8]. By examining the relative locations of these landmarks, the hand gestures
are identified. Based on the hand placements and movements shown in Figure 3, the gestures are
classified using machine learning techniques known as Convolutional Neural Networks (CNN). The
real-time video feed is processed by the system to extract features, which are subsequently translated
into particular mouse operations.
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Figure 2. (a, b) Identification of key landmarks.
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Figure 3. Architecture of CNN.

Motions and Corresponding Functions
The mouse can be controlled by the following hand motions on the system:
o Movement of the Cursor: The index finger can be moved in any direction. To move the pointer,
the screen coordinates are transferred to the finger's position in relation to the webcam.
o Left Click: The system recognizes a motion in which the thumb and index finger are brought
together. This function is treated as a left-click.
o Right Click: When the index and middle fingers are lifted and brought close together, the
system detects it. The right-click action is assigned to this gesture.
o Scrolling: The system detects finger movements that are vertical and interprets them as scroll
actions, which shift the screen's content up or down.

Data Collection and Training

A wide range of hand gesture data, recorded in various lighting scenarios and hand sizes, are used
to train the system in order to increase accuracy and recognition. To assist the model generalized
among users, the training data include a range of motions made by various people [9]. Real-time
processing is used to identify and categorize the hand motions. In order to identify the user's hand
movements and translate them into the appropriate mouse commands, the system continuously
analyses the video feed. The gestures are converted into click commands or cursor movements, which
are then displayed on the screen.

Performance Evaluation

A range of situations, such as varying hand sizes, speeds, and ambient lighting, are used to test the

system. Performance is assessed using the following criteria:

e Accuracy: The proportion of correctly recognized gestures.

e Responsiveness: How long it takes to react to gestures and take action.

o Usability: The system's ease of use and user pleasure. To create a user-friendly and precise virtual
mouse system, the methodology integrates machine learning, hand gesture detection, and real-time
picture processing. Because of its adaptability and simplicity of use, the system has the potential to
improve accessibility and offer a hands-free substitute for conventional input devices [10].

THE VIRTUAL MOUSE SYSTEM'S WORKFLOW
The system's workflow includes a number of crucial processes that guarantee precise hand gesture
recognition and the appropriate mouse action execution:
e Recording Webcam Video Input: Real-time video frames are continuously streamed by the
webcam and processed by the system. OpenCV is used to process the frames and manage video
input effectively.
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o Identifying Hand Motions with MediaPipe: The hand tracking model from MediaPipe
recognizes 21 hand landmarks. These landmarks are employed to monitor hand motions and
identify particular gestures [7].

o The system can identify a variety of hand movements, like a pinch between the thumb and
index finger or an elevated index finger, and classifies them according to the relative
locations of the landmarks.

Connect Mouse Actions to Gestures
The system associates mouse actions with observed movements using PyAutoGUI. For instance:
o The movement of the cursor is controlled by an elevated index finger.
o A left click is triggered by a pinch gesture, which combines the thumb and index finger.
e Scrolling actions are matched to finger movements.
e The transformation of gesture data into commands that replicate mouse actions on the screen is
managed by the Python libraries.

Carry Out Corresponding Measures
o PyAutoGUI performs the appropriate action, such as moving the cursor, clicking, or scrolling,
after recognizing the gesture and mapping it to a mouse function.
e To guarantee responsive and seamless interaction, the system keeps an eye on the hand motions
and updates the actions in real-time [3].

The System Assessment and Performance accuracy of gesture detection, responsiveness, and
usability were among the factors used to assess the system's performance. To guarantee robustness in a
range of illumination and hand sizes, testing was done in a variety of environmental settings.

FINDINGS AND DISCUSSION

The outcomes of the Al virtual mouse system's testing and assessment are shown in this section. The
device replaces conventional mouse inputs with hand motions recorded by a typical webcam and
processed using computer vision algorithms (Figure 4).

Conditions of Testing
The system was tested at different distances from the webcam and under different lighting conditions:
o Lighting Conditions: Hand landmark detection was impacted by low or overexposed lighting,
where accuracy fell to 92%, however it was high under normal lighting.
e Distance Sensitivity: When the hand was within 15 cm of the webcam, performance was at its
peak. Tracking irregularities were seen beyond 30 cm, which resulted in decreased precision for
intricate motions like the scrolling and right-clicking depicted in Figure 4.

Future developments will concentrate on hardware advancements including infrared-based hand
tracking and adaptive brightness adjustment using Al-based filtering approaches to lessen these
problems.
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Figure 4. Various functionalities of generic virtual mouse.

Complex Gesture Challenges and Gesture Recognition

Complex motions like right-clicking and scrolling presented difficulties, whereas simple gestures like
left-clicking and mouse movement worked well. Sometimes there were misunderstandings because the
system had trouble identifying the difference between small finger movements.

Anticipated Improvements
o Additional Training Data: Adding more complicated gesture variations to the dataset.
o Advanced Machine Learning Models: To enhance sequential gesture detection, sophisticated
neural networks, like CNN-LSTM hybrids, are being implemented.
e Gesture Calibration Feature: This feature lets users adjust the sensitivity of their gestures for
better accuracy.

Evaluation via Comparison

Although the research offers a comparative analysis, direct comparisons with current systems were
hampered by dataset restrictions. Future versions will benchmark performance against open-source
datasets for hand gesture detection in order to improve evaluation [6]. Create standardized test cases so
that the system may be compared to other implementations of virtual mice.

Important Results

The system's performance demonstrates how hand gesture recognition can be used in HCI. To
increase usefulness, however, the issues of distance sensitivity, low-light performance, and right-click
detection must be resolved. Future versions will include:

e Deep learning-based image improvement for adaptive lighting adjustment.

e Infrared-assisted gesture recognition for better low-light performance.

e (CNN model optimization with more training data for more complicated gesture identification.

e Integration with more durable hand-tracking systems, like cameras that detect depth.

The system can offer a more dependable and convenient substitute for conventional input devices by
resolving these issues.

CONCLUSION

As a hands-free substitute for conventional input devices, the Al virtual mouse technology shows
great promise. Under ideal circumstances, great accuracy can be achieved, although handling
environmental variables and complex gesture recognition still present difficulties. Future versions will
further develop the system, making it more accurate, efficient, and adaptive for real-world applications
by including improved datasets, hardware improvements, and sophisticated deep learning models.
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