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Abstract 

As technology continues to evolve, traditional input devices like the physical mouse can become 

restrictive, particularly for individuals with physical impairment or those working in hands-free 

environments. Alternative interfaces have been developed in response to the desire for more accessible 

and natural ways to interact. To provide a more adaptable and inclusive human–computer interaction 

experience, this study offers a gesture controlled virtual mouse system that integrates voice command 

with hand gesture recognition. Through customized hand motions recorded by a webcam, the suggested 

system allows users to carry out standard mouse functions, including clicking, dragging, and scrolling. 

Additionally, it integrates speech recognition, which enables users to utilize spoken instructions to 

control programs. The dynamic toggle function, which enables smooth switching between a 

conventional mouse and the gesture-voice interface, is a crucial component of the system. To allow 

users to start with familiar hardware before deciding to enable the sophisticated interface, the system 

starts up automatically with the virtual controllers off. The system leverages computer vision techniques 

and machine learning algorithms to interpret gestures and voice commands in real time, ensuring high 

accuracy and responsiveness. Testing revealed that the system performs reliably across different 

lighting conditions and user hand sizes, with minimal latency in gesture recognition and voice response. 

This makes it suitable for both general use and as an assistive technology for individuals with conditions 

such as arthritis or carpal tunnel syndrome. Overall, the proposed system offers a practical, accessible, 

and efficient alternative to conventional input methods. 
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INTRODUCTION 

The way people interact with computers has significantly evolved over the years, yet traditional input 

devices, such as keyboards and mice, remain the most commonly used. These tools have become second 

nature to most users, but they are not without limitations. For individuals with physical impairments, 

such as arthritis or carpal tunnel syndrome, using a mouse or keyboard for extended periods can be 

painful or even impossible. Additionally, in situations where hands-free operation is needed—such as 

while cooking, working in a lab, or presenting—standard input methods fall short. As digital systems 

become increasingly integrated into everyday life, 

there is a growing demand for alternative 

interaction techniques that are more flexible, 

intuitive, and inclusive. 

 

In response to this need, the development of 

gesture- and voice-based interfaces has gained 

momentum. These technologies offer the 

possibility of interacting with a computer in a more 

natural and accessible way. Instead of relying on 

physical contact with input devices, users can issue 

commands using hand gestures or spoken 
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instructions. This form of interaction not only has the potential to reduce physical strain but also offers 

greater convenience and speed in many scenarios. This study introduces a gesture-controlled virtual 

mouse, a system designed to enhance the way users interact with computers by combining gesture 

recognition with voice control. The system allows users to perform basic mouse functions—such as 

moving the cursor, clicking, dragging, and scrolling—using hand movements detected through a 

standard webcam. At the same time, it supports voice commands to operate applications, open files, 

and perform system-level tasks without the need for any physical input. This combination is particularly 

useful for users who may have difficulty using a standard mouse or keyboard, as well as for those 

seeking a more efficient or hands-free method of control. 

 

One of the unique aspects of this system is the inclusion of a dynamic toggle switch. This toggle 

enables users to switch between the traditional mouse and gesture-voice interface with ease. By default, 

the system launches with the virtual interface turned off, allowing the user to begin with their regular 

mouse setup. If needed, the user can manually activate the virtual interface. This flexibility ensures that 

users are not forced into a new mode of interaction but can instead choose what works best for them at 

any given moment. Additionally, the system remembers the last toggle state even after shutdown, so 

users do not have to reconfigure their preferences each time the computer restarts. Technically, the 

system uses machine learning and computer vision algorithms to process video input and recognize 

specific hand gestures in real time. Voice input is handled using speech recognition libraries that 

interpret spoken words and match them to predefined commands. The software is lightweight and 

designed to run on general-purpose computers without the need for additional hardware, making it both 

practical and cost-effective. The primary aim of this work is to create a more inclusive and user-friendly 

method of computer interaction. By focusing on accessibility, ease of use, and adaptability, the gesture 

controlled virtual mouse offers a meaningful improvement over traditional input devices for a wide 

range of users. In the following sections, we discuss related work in this field, describe the methodology 

used to build the system, and present the results from testing the system in various environments. 

Through this study, we hope to contribute to ongoing efforts to make computing more accessible for 

everyone. 

 

REVIEW OF RELATED WORK 

The development of gesture- and voice-based human–computer interaction (HCI) systems has seen 

a significant rise due to the increasing demand for more natural, hands-free, and accessible interfaces. 

Traditional input devices, such as keyboards and mice, often limit user accessibility, particularly for 

individuals with physical impairments. To address this issue, various studies have proposed systems 

utilizing computer vision, machine learning, and sensor-based technologies to enhance user interaction. 

Several researchers have focused on the implementation of static hand gesture recognition using deep 

learning techniques. A convolutional neural network (CNN)-based model was introduced [1], showing 

high accuracy in detecting static hand gestures, which is essential for emulating basic mouse operations 

such as left click, right click, and scrolling. The importance of data diversity and augmentation in 

gesture datasets was highlighted [2], where CNNs were trained on expanded datasets to increase 

recognition accuracy and robustness under different lighting and background conditions. More dynamic 

gesture recognition systems have also been proposed. A wearable band system using six-axis sensors 

was developed [3, 4], enabling users to control video games through real-time dynamic gestures. 

Another system built using flex sensors and machine learning algorithms [5, 6] allowed more detailed 

movement recognition, broadening the scope of gesture applications. These solutions are particularly 

beneficial for enhancing the accuracy and responsiveness of gesture-controlled interfaces. In terms of 

accessibility, glove-based gesture detection systems have shown great promise [7]. A wearable glove 

that could translate hand movements into system commands was described [8], targeting 

communication for mute individuals. These wearable solutions demonstrate how gesture recognition 

systems can be tailored to meet the needs of differently abled users. 

 

Parallel to the development of gesture-based systems, voice-controlled systems have also become 
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increasingly popular. A voice-controlled home automation setup was proposed [9], allowing users to 

control appliances without physical interaction. Similarly, a basic voice assistant framework for 

managing smart systems was introduced [10], further showcasing the practicality of speech recognition 

in daily tasks. Such systems are especially advantageous for users who find gesture-based controls 

physically demanding. A growing number of systems now integrate both gesture and voice controls 

into a unified interface. For example, a smart classroom environment utilizing gesture, voice, and facial 

recognition was implemented [11], demonstrating the feasibility of combining multiple AI techniques 

for user authentication and control. Another project [12, 13] introduced an enhanced AI voice assistant 

using natural language processing, enabling seamless interaction with machines through conversational 

commands. 

 

A gesture-controlled virtual mouse system incorporating both vision-based gestures and voice control 
was detailed [14]. The system demonstrated how gesture and voice features could be harmonized to 

offer an alternative method for standard computer interaction [15]. This aligns closely with the proposed 
system in this study, which integrates these technologies into a single dynamic framework. 

 
Several gesture-based virtual mouse systems have been developed using open-source technologies. 

An example is the system designed [16], where OpenCV and Python were used to detect hand gestures 
and simulate mouse functions. A similar concept was explored [17], where a virtual mouse called “Hand 

Glide” was introduced, offering both gesture- based control and voice interaction, aimed at improving 

accessibility for general users. Some studies have explored security- enhanced gesture systems. A 
hybrid approach combining gesture recognition with biometric verification was introduced [18], aiming 

to add a layer of user identity verification. This is crucial in scenarios where gesture-based controls 
might be applied to secure environments or personal devices. Innovative research has also been 

conducted on non-traditional interaction methods. For instance, eye blink detection was used as a 
communication medium [19, 20], while Borah et al. (2022) [21] and Bhargavi and Prabhakar (2022) 

[22] compared various algorithms to detect emotional responses through eye activity. Although 
different from gesture control, these studies emphasize the importance of alternative communication 

methods in inclusive design. 
 

Additional research has explored context-specific applications of gesture control. A gesture-
controlled video player was developed [23], and a mobile manipulator system controlled by one-handed 

gestures was demonstrated [24]. An early approach to gesture control for PC applications was outlined 
[25], which laid the groundwork for many systems developed in recent years. Although prior work has 

achieved considerable success in gesture recognition or voice-controlled systems independently, few 
have combined them in a modular and flexible architecture. This study aims to fill this gap by presenting 

a gesture-controlled virtual mouse with a dynamic toggle feature, offering users the flexibility to switch 

between traditional input, gesture recognition, and voice commands based on their preference or 
physical ability. 

 

SYSTEM ARCHITECTURE AND METHODOLOGY 

The proposed system introduces a gesture-controlled virtual mouse with integrated voice control, 
designed to offer an accessible and hands-free alternative to traditional input devices. This system is 

particularly beneficial for users with motor disabilities or in situations where physical contact with input 
devices is inconvenient or unsanitary. The architecture is modular, allowing users to seamlessly switch 

between gesture control, voice commands, and traditional input methods using a dynamic toggle 
feature. The core idea is to provide flexibility and adaptability based on user preferences and 

requirements. The system is composed of three primary modules: gesture recognition, voice control, 
and mouse control interface. Each module is independently functional but interconnected to operate 

cohesively through a control manager that determines the active mode. 
 

Gesture Recognition Module 
The gesture recognition module is based on computer vision techniques using the OpenCV library. 
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The system captures real-time videos from a webcam and processes the frames to detect hand 
landmarks. This is achieved using a pre-trained MediaPipe model, which provides reliable detection of 
21 key points on the hand. Once the hand landmarks are detected, specific gestures are interpreted based 
on the position and distance between fingertips and palm centers. For instance: index finger up and 
others down: cursor movement; index and middle fingers up: left click; thumb and index finger 
touching: right click; palm open: pause mode or no action. These gestures are mapped to corresponding 
mouse operations. The fingertip coordinates are translated to screen coordinates using a calibration 
function that accounts for screen resolution and camera orientation. A smoothing algorithm is also 
applied to avoid abrupt cursor movement caused by minor hand jitters. 
 
Voice Control Module 

In addition to gestures, the system supports voice commands to provide users with another mode of 
interaction. The voice module uses a lightweight speech recognition library to convert spoken 
commands into text. Common mouse operations such as “left click,” “right click,” “scroll up,” “scroll 
down,” and “open application” are recognized and processed. A keyword-based detection model filters 
relevant commands from background noise. Once the command is verified, it is routed to the control 
manager, which triggers the corresponding mouse function. Voice control is particularly useful in 
scenarios where the user is unable to perform gestures or requires faster execution of commands. 
 
Mode Toggle Feature 
A central feature of the system is the dynamic toggle mechanism that allows users to switch between 
gesture, voice, and traditional input modes. The toggle can be activated through a designated voice 
command (e.g., “Switch to gesture mode”) or a specific gesture (e.g., raising all five fingers for two 
seconds). This functionality ensures that the system is user-centric, providing control based on current 
physical ability, environmental context, or task-specific requirements. For instance, a user may prefer 
gestures during presentations but rely on voice commands when their hands are occupied (Figure 1). 
 
Mouse Control Interface 

All detected commands from the gesture or voice modules are handled by a unified interface that 
uses the PyAutoGUI library. This library sends OS-level mouse and keyboard events to simulate real 
user input. Actions such as cursor movement, clicks, and scrolling are performed in real time, providing 
the system with a smooth and responsive experience. 
 

 
Figure 1. Architectural diagram for hand gesture. 
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In addition, safety checks are included to prevent unintended actions. For example, the system pauses 

input if no hand is detected for a certain time or if voice confidence scores are low. By combining 

gesture and voice input, the system provides a flexible and accessible human–computer interface 

suitable for modern interactive applications. 

 

IMPLEMENTATION 

The proposed system was implemented as a standalone desktop application capable of responding to 

both hand gestures and voice commands. The goal was to develop a flexible and user-friendly interface 

that could interpret human actions and translate them into corresponding computer operations, such as 

mouse control and application navigation. 

 

Control Flow Algorithm 

The complete control flow of the system is described in Algorithm VI. It summarizes the interaction 

between the two input modalities and outlines how transitions, state retention, and session termination 

are managed. 

 

Algorithm 1. Gesture and voice command controlled system. 

 
Require: Gesture or Voice Command 

Ensure: Mouse Actions or Application Control Operations 

1: Initialize System 

2: Launch Application on Home Screen 

3: while System is Active do 

4: if Dynamic Toggle is Enabled then 

5: Activate Gesture Recognition Module 

6: Allow User to Customize Gestures 

7: end if 

8: if Gesture Input is Detected then 

9: Perform Corresponding Gesture Action  

10: if Transition Gesture is Detected then  

11:  Deactivate Gesture Module 

12: Activate Voice Command Module 

13: end if 

14: end if 

15: if Voice Command is Detected then 

16: Execute Corresponding Voice Operation 

17: if Transition Voice Command is Detected then 

18: Deactivate Voice Module 

19: Activate Gesture Module 

20: end if 

21: end if 

22: if System Shutdown or Sleep is Initiated then 

23:  Save Current Module State  

24:  Exit or Enter Sleep Mode  

25: end if 

26: if System Restart is Detected then  

27:  Restore Previous Module State  

28:  Go to Step 2 

29: end if 

30: if User Terminates Session then  

31:  Stop All Modules and Exit  

32: end if 

 33: end while 
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RESULT AND PERFORMANCE EVALUATION 

The gesture controlled virtual mouse system was tested across a range of real-world environments to 

assess its performance in gesture recognition, voice command accuracy, and overall user interaction. 

This section presents a detailed evaluation based on five key performance metrics: gesture recognition 

accuracy, latency, voice command interpretation, switching responsiveness, and user satisfaction. 

Visual results in the form of graphs and tables are provided to support the findings. First, the gesture 

recognition module was analyzed under varying lighting conditions, such as well-lit, dim, backlit, and 

low-light settings. Figure 2 illustrates how the recognition accuracy varies across these conditions. As 

expected, the system achieved its highest accuracy (95%) in well-lit environments. However, the 

accuracy dropped noticeably in poor lighting, going as low as 65% in low-light conditions. This 

suggests the need for adaptive image pre-processing techniques in future versions. Table 1 complements 

the above graph by summarizing the gesture recognition performance, showing both accuracy and 

latency for specific gesture types across the same lighting conditions. The latency was the lowest for 

simple gestures, such as clicks and swipes, while more complex or custom gestures experienced 

increased response times. Next, we evaluated the latency involved in different gesture actions. Figure 

3 displays the average response times for swipes, pinches, clicks, and user-defined custom gestures. 

Most actions had near real-time responsiveness, but latency increased slightly for custom gestures 

owing to added processing and user calibration. For the voice command module, accuracy was assessed 

under three noise scenarios: quiet, moderately noisy, and noisy environments. The system maintained 

96% accuracy in quiet environments, dropping to 72% in noisy settings. This highlights a potential area 

for improvement, such as the incorporation of better noise filtering or enhanced voice models. The 

performance of the dynamic toggle switch was also tested. The average time taken to switch between 

gestures and voice modules was measured. On average, it took about 120 ms to switch from gesture to 

voice, and 110 ms for the reverse. 

 

Table 1. Gesture recognition performance under various conditions. 

Lighting Condition Accuracy (%) Latency (ms) 

Well-lit 95 Swipe: 50 

Dim 83 Pinch: 65 

Backlight 78 Click: 45 

Low-light 65 Custom: 90 

 

 
Figure 2. Gesture accuracy under varying lighting conditions. 
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Figure 3. Gesture latency for different action types. 

 

Table 2. Voice command and mode switching performance. 

Test Scenario Accuracy / Time (ms) 

Quiet Environment 96% 

Moderate Noise 88% 

Noisy Environment 72% 

Gesture → Voice Switch 120 ms 

Voice → Gesture Switch 110 ms 

 

These results confirm that the switch is responsive and allows users to shift modes with minimal 

delay. A summary of voice command accuracy and mode switching times is presented in Table 2. These 

findings further emphasize the system’s capability to support multimodal interaction seamlessly. 

Finally, user satisfaction was measured through a survey in which participants rated the system based 

on usability, accessibility, comfort, and responsiveness. Users appreciated the system’s flexibility and 

accessibility, especially those with mobility challenges. In summary, the system demonstrated strong 

performance in most conditions, with minor issues in low-light and noisy environments. The ability to 

switch input modes, retain session states, and support user-defined gestures makes it a promising 

solution for gesture- and voice-based human–computer interaction. 

 

CONCLUSION AND FUTURE SCOPE 

The gesture-controlled virtual mouse system represents a significant advancement in human–

computer interaction, offering an intuitive, hands-free solution that enhances both accessibility and user 

convenience. By combining gesture recognition with voice command functionality, the system enables 

users to perform standard computing tasks—such as navigating applications, browsing, and controlling 

media through simple hand movements and natural speech. This multimodal interaction approach is 

particularly beneficial for individuals with physical challenges, such as carpal tunnel syndrome or 

arthritis, who may find traditional input devices difficult to use. During testing, the system showed 

strong performance in gesture recognition and voice command accuracy under standard conditions. The 

dynamic toggle feature provided seamless switching between gesture and voice modes, allowing users 

to adapt the interface according to their needs. However, certain limitations were observed, such as 

reduced gesture recognition accuracy in low-light settings and decreased voice recognition performance 

in noisy environments. These issues highlight the need for further improvements in environmental 

adaptability and signal processing. Looking ahead, future development may focus on enhancing 
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machine learning algorithms to improve recognition reliability and response time. Integrating additional 

sensors—such as depth cameras or infrared modules—could help maintain performance across various 

conditions. Expanding support for custom gestures and multilingual voice commands could also 

improve personalization and user inclusivity. Moreover, the system holds promise for broader 

applications in fields such as education, virtual and augmented reality, gaming, and assistive 

technologies. In conclusion, while the current system provides a solid foundation, continued innovation 

and refinement can further establish this technology as a practical and inclusive tool for modern human–

computer interaction. 
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