
I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 2, February 2026 

Copyright to IJARSCT DOI: 10.48175/568   698 

www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 

Study on Interaction Between Humans and 

Computers in Virtual Environments 
Anupam Kumar Singh1 and Dr. Udai Shankar2 

1Research Scholar, Department of Computer Science and Engineering      
2Associate Professor, Department of Computer Science and Engineering      

Sunrise University, Alwar, Rajasthan 

 

Abstract: A new approach to natural human-computer interaction has surfaced: hand-detection-based 

virtual mouse control. Through the use of computer vision methods and machine learning algorithms, 

this technology detects and tracks hand motions, enabling users to use a virtual mouse without making 

direct physical touch. This abstract gives a summary of the advancements, challenges, and possible 

applications of hand-detection based virtual mouse systems. The abstract also explores the broader 

subject of human-computer interaction in virtual worlds, emphasizing the role of hand-based input 

methods and their potential uses. It examines domains such as gaming, virtual reality (VR), augmented 

reality (AR), medical interfaces, and accessibility technologies to illustrate the versatility and use of 

virtual mouse systems 
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I. INTRODUCTION 

Virtual mouse control employing hand detection has revolutionized human-computer interaction by making digital 

interfaces simple to use. This technique uses computer vision and machine learning to operate a virtual mouse pointer 

without physical contact or a mouse or touchpad. Instead, the digital screen interprets hand motions and activities. This 

introduction examines hand-detection-based virtual mouse control systems' advances, problems, and applications.  

By examining the state of the art, we want to highlight this technology's promise and areas for further research. Hand 

gesture recognition methods for virtual mouse control are covered in the first section of this introduction. Convolutional 

neural networks (CNNs) and support vector machines have proved successful in hand gesture identification and 

categorization. These algorithms employ a lot of training data to identify hand movements and transform them into 

mouse instructions. Virtual mouse systems need real-time hand tracking and position estimation. Real-time hand 

position and attitude monitoring is possible with computer vision.  

The virtual mouse cursor must be properly monitored and controlled for precise motions and gestures. Human-

computer interaction in virtual worlds underpins hand detection for virtual mouse control. The introduction discusses 

this technology's applications. Virtual mouse systems have many applications and may improve user experiences and 

prospects. Medical interfaces, accessibility, AR, gaming, and VR are examples. Hand-detection-based virtual mouse 

control systems are difficult to develop and implement. 

 Hand forms and sizes, lighting circumstances, and occlusion—where the hand is partially or fully obscured—make 

hand recognition challenging. Ergonomic virtual mouse interfaces are essential for user comfort and acceptance. Hand-

based input devices need special security and privacy. While these technologies acquire and manage sensitive user data, 

they must address privacy concerns, establish strong data security procedures, and secure user permission and control 

over their personal data.  

Introduction discusses hand tracking technology for remote mouse control's future. Virtual mouse systems might 

improve via deep learning, sensor fusion, haptic feedback integration, and multimodal interaction. Comparing many 
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hand-based virtual mouse technologies is necessary to grasp the topic. A study may evaluate hardware requirements, 

compatibility with current devices, accuracy, performance, and usability for researchers, developers, and end users. 

 

Related Work:  

In recent years, hand detection for virtual mouse control has improved. Researchers and developers have tried several 

ways and applications to increase these systems' accuracy, responsiveness, and usefulness. This section reviews notable 

related research in this subject. Developing machine learning techniques for hand gesture identification is a popular 

area. Chen et al. (2017) proposed a CNN-based technique for real-time hand gesture recognition and categorization 

with high accuracy and durability. 

 Similar to this, Li et al. (2018) developed a deep neural network architecture that uses spatial and temporal information 

to improve virtual mouse control system hand gesture detection. Developing machine learning techniques for hand 

gesture identification is a popular area. Chen et al. (2017) proposed a CNN-based technique for real-time hand gesture 

recognition and categorization with high accuracy and durability. Similar to this, Li et al. (2018) developed a deep 

neural network architecture that uses spatial and temporal information to improve virtual mouse control system hand 

gesture detection. Real-time hand tracking and posture estimation are well-studied.  

Oberweger et al. (2015) used depth pictures and convolutional neural networks to estimate 3D hand posture in real 

time. Their method enabled accurate hand tracking and virtual mouse control. Tang et al. (2018) used deep learning and 

hand shape model-based techniques to increase hand tracking performance and robustness under diverse illumination 

conditions. Virtual mouse control with hand recognition is utilized in numerous industries. Huang et al. (2019) 

developed a virtual mouse system for gaming that lets users control in-game activities using their hands. Medical 

interfaces benefit from this technology, according to Liu et al. He developed a hand-gesture-based virtual mouse that 

lets surgeons browse medical images without touching. 

Zhang et al. (2019) developed a color and depth-based hand segmentation and tracking approach to overcome occlusion 

and changing illumination circumstances for hand recognition. did. Their technology improved virtual mouse control 

system hand detection accuracy and robustness. Lee et al. considered ergonomics. investigated. (2020) optimized the 

virtual mouse interface's usability and user experience using user-centered design. We discussed security and privacy.  

Khan et al. (2021) created a privacy-friendly hand tracking system that leverages edge computing and encryption to 

accurately recognize hands for virtual mouse control. suggested. These solutions satisfy user permission and privacy 

requirements for manual input systems. Future advances in hand tracking technologies should improve the virtual 

mouse system. Kings (2021) investigated gaze estimation and hand tracking for more natural virtual world interactions. 

Multimodal interactions that incorporate hand tracking with voice or gesture recognition have also been researched to 

improve virtual mouse control systems (Wu et al., 2022). 

 

1.Hardware Requirements:  

 Laptop or PC with webcam 

 Software prerequisties:  Windows 7 or Higher 

  Pycharm 

  Python 3.7 or Higher 

  Open CV 

  Mediapipe 

 

Proposed Methodology: 

 Building an effective virtual mouse control system based on hand recognition requires a robust methodology that 

combines computer vision techniques, machine learning algorithms, and real-time tracking. This section describes a 

proposed methodology for developing such a system.  
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1.Data collection: 

 Collect a diverse and representative dataset of hand images and appropriately labeled gestures. Make sure your dataset 

includes variations in hand shape, size, and lighting conditions. Collect data from multiple people to account for 

variability between users. Preprocessing: Apply the necessary preprocessing techniques to improve the quality of the 

input image. This may include techniques such as noise reduction, contrast adjustment and image resizing.  

2.Hand detection:  

A hand detection algorithm is used to identify and isolate hand regions within each input frame. Common hand 

detection techniques include background subtraction, skin color segmentation, machine learning-based approaches such 

as Haar cascades, or deep learning-based object detection algorithms such as YOLO and SSD.  

3.Hand tracking:  

Continuously tracks the detected hand position and movement in real-time using a hand tracking algorithm. Techniques 

such as Kalman filtering, particle filtering, and optical flow can be used to estimate hand trajectory and grip occlusion.  

4.Feature extraction:  

We extract relevant features from the tracked hand regions that obtain meaningful information for gesture recognition. 

This may include hand shape descriptors, hand motion descriptors, or spatiotemporal features. 

5.Gesture recognition: 

 Machine learning algorithms such as convolutional neural networks (CNN) and support vector machines (SVM) are 

used to classify the extracted hand features into various predefined gestures or mouse commands. Train the model 

using the labeled dataset collected in the data collection step. 

 
(Fig1. Landmarks) 
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Experimental Results: 

1.Gesture recognition accuracy:  

We measure the accuracy of the gesture recognition component by computing the classification accuracy or confusion 

matrix to determine how well the system can identify and c

comparing the detected gestures to the ground truth labels in the dataset or by collecting user feedback during the test 

session.  

 

2.Tracking accuracy:  

Evaluate the accuracy of the hand-tracking algorithm

ground truth or reference tracking system. Compute metrics such as Euclidean distance error and intersection over 

union (IoU) to quantify tracking accuracy  
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(Fig2. Flow Chart) 

We measure the accuracy of the gesture recognition component by computing the classification accuracy or confusion 

matrix to determine how well the system can identify and classify various hand gestures. This can be done by 

comparing the detected gestures to the ground truth labels in the dataset or by collecting user feedback during the test 

tracking algorithm by comparing the tracked hand positions and movements to the 

ground truth or reference tracking system. Compute metrics such as Euclidean distance error and intersection over 
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(Fig4. Index and Thumb Detected)

 

II. CONCLUSION AND FUTUR

The development of human-computer interaction in virtual worlds has many benefits 

device control easy by removing the need for a mouse and enabling hand motions. The technique reduces touch with 

surfaces, improving cleanliness and eliminating repeated strain injuries. Integration with augmented and vir

promotes immersion and gesture recognition allows natural interaction. Future prospects include enhancing gesture 

detection accuracy, studying multi-modal interaction, using machine learning and AI, finding new applications, and 
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(Fig3.UserHandDetected) 

(Fig4. Index and Thumb Detected) 

CONCLUSION AND FUTURE SCOPE 

computer interaction in virtual worlds has many benefits and intriguing prospects. It makes 

device control easy by removing the need for a mouse and enabling hand motions. The technique reduces touch with 

surfaces, improving cleanliness and eliminating repeated strain injuries. Integration with augmented and vir

promotes immersion and gesture recognition allows natural interaction. Future prospects include enhancing gesture 

modal interaction, using machine learning and AI, finding new applications, and 
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surfaces, improving cleanliness and eliminating repeated strain injuries. Integration with augmented and virtual reality 

promotes immersion and gesture recognition allows natural interaction. Future prospects include enhancing gesture 

modal interaction, using machine learning and AI, finding new applications, and 
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taking use of hardware advances. Hand-detected virtual mouse technology is a promising breakthrough with many 

applications.  
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