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ABSTRACT- Real-time AI-driven virtual hand gesture control has emerged as a powerful interaction technique for next-

generation human–computer interfaces. With advancements in computer vision, deep learning, and sensor technologies, 

gesture-based systems now offer touchless, intuitive, and immersive control for virtual environments. This paper presents an 

in-depth review of AI-based hand gesture recognition methods used for real-time applications such as virtual reality (VR), 

augmented reality (AR), gaming, robotics, smart homes, and assistive technologies. 

 

The study highlights state-of-the-art approaches including convolutional neural networks (CNNs), Media Pipe-based landmark 
detection, transformer models, and hybrid deep learning frameworks that enable accurate hand tracking and gesture 
classification. Real-time performance challenges—such as varying lighting conditions, occlusion, background noise, depth 
estimation, and computational efficiency—are discussed along with existing solutions. 
 
Furthermore, this review explores the role of optimization techniques, lightweight neural networks, and edge-AI deployment 
for improving speed and performance on low-power devices. The paper concludes by identifying research gaps and presenting 
future directions such as multimodal gesture sensing, 3D skeleton modelling, adaptive learning, and integration with wearable 
devices for enhanced virtual interaction. 
 
Overall, this work aims to provide a comprehensive understanding of real-time AI-driven virtual hand gesture control systems, 
their technological components, challenges, and potential applications in modern interactive systems. 
 
Keywords: Real-time gesture recognition, Hand tracking, Deep learning, Computer vision, AI-driven control, Gesture 
classification, Virtual interaction, Human–computer interaction, 3D hand pose estimation. 
 

INTRODUCTION 
 
Hand gesture recognition has become one of the most intuitive and natural ways to interact with digital systems. As modern 
technology moves toward touchless and seamless communication, gesture-based interfaces offer users the ability to control 
devices through simple hand movements, eliminating the need for physical controllers. This transformation is mainly driven 
by advancements in artificial intelligence (AI), machine learning, and computer vision, which together enable computers to 
understand human gestures with high precision. 
 
Traditional gesture recognition methods relied heavily on specialized hardware such as sensor gloves, infrared cameras, or 
depth-sensing devices. Although these systems provided accurate results, they were expensive, complex, and not suitable for 
everyday applications. However, with the rise of deep learning and lightweight AI models, gesture recognition has become 
more accessible. Modern systems can recognize gestures using standard RGB cameras found in laptops and smartphones. 
Technologies such as Convolutional Neural Networks (CNNs), recurrent networks, transformer-based models, and real-time 
landmark detection frameworks like Media Pipe have made gesture tracking faster, more accurate, and easy to deploy. 
 
Real-time virtual hand gesture control is especially important for applications in virtual reality (VR), augmented reality (AR), 
robotics, smart homes, automotive interfaces, assistive devices, and gaming. In VR/AR systems, gesture recognition improves 
immersion by allowing users to interact naturally with virtual objects. In robotics, gesture-based commands allow safe and 
remote human–robot collaboration. Similarly, touchless interfaces have become increasingly important in healthcare and 
public environments where physical contact must be minimized. 
 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

          Volume: 12 Issue: 12 | Dec 2025              www.irjet.net                                                                         p-ISSN: 2395-0072 

  

Despite rapid progress, several challenges still limit the full potential of gesture control. Real-time gesture recognition requires 
low latency and robust performance under different lighting conditions, complex backgrounds, occlusion of fingers, and 
variations in hand size, shape, and skin tone. Fast and dynamic gestures also introduce difficulties because the system must 
track rapid motion while maintaining accuracy. 
 
To address these issues, researchers have introduced several innovations such as 3D hand pose estimation, hybrid deep-
learning models, multimodal sensing (RGB + depth), and edge-AI optimization. These advancements aim to make gesture 
recognition systems more reliable, efficient, and adaptive to real-world environments. As AI continues to evolve, gesture-
based interaction is expected to become a core component of future human–computer interaction systems. 
 
This review paper focuses on the current developments, methodologies, challenges, and real-time performance considerations 
involved in AI-driven virtual hand gesture control. It provides a detailed understanding of the techniques used for gesture 
detection, their applications, limitations, and future research directions that can enhance the usability of gesture-based 
systems across various domains. 
 
 

LITERATURE REVIEW 
 

Author / 
Year 

Technique Used Dataset / Input Key Contribution Limitations 

Zhang et al. 
(2018)    

CNN-based static 
gesture recognition 

RGB images Improved accuracy in static 
hand gesture classification 
using deep CNN features 

Works only for static 
gestures 

Google 
Research 
(2019) 

Media Pipe Hand 
Landmark Model 

Real-time 
camera feed 

Lightweight 21-point hand 
landmark tracking suitable for 
real-time interaction 

Performance decreases in 
low-light and occlusion 

Molchanov et 
al. (2020) 

3D CNN for 
dynamic gestures 

Video sequences Captures temporal motion 
patterns for dynamic gesture 
recognition 

High computational 
requirement 

Li & Lee 
(2021) 

Transformer-based 
recognition 

RGB + depth 
data 

High accuracy through 
attention-based gesture 
variation modelling 

Higher latency for real-time 
deployment 

Kim et al. 
(2021) 

CNN-LSTM hybrid 
model 

Continuous 
gesture 
sequences 

Better recognition of dynamic 
gestures using spatial + 
temporal features 

Complex training and 
tuning 

Gupta et al. 
(2022) 

YOLO-based hand 
detection 

Live video feed Fast detection and gesture 
segmentation for real-time 
systems 

Accuracy drops with 
cluttered/complex 
background 

Huang et al. 
(2022) 

3D Hand Pose 
Estimation 

3D skeleton 
data 

Accurate fingertip and joint 
tracking for real-time 
applications 

Requires strong GPU for 
smooth execution 

Singh & 
Sharma 
(2023) 

Edge-AI optimized 
model 

Mobile camera 
stream 

Reduced latency and improved 
performance on mobile/edge 
devices 

Struggles with fast dynamic 
gestures 

Wang et al. 
(2023) 

RGB-D Fusion 
Model 

RGB + depth 
sensor 

Reduces ambiguity through 
dual-sensor fusion 

Not suitable for single RGB 
camera systems 
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METHODOLOGY 
 
The methodology of this review paper focuses on systematically analysing existing research on real-time AI-driven virtual 
hand gesture control. A structured approach was followed to identify relevant studies, compare their techniques, and extract 
key findings. The methodology consists of four major steps: literature selection, analysis of AI techniques, comparative 
evaluation, and identification of research gaps. 
 
4.1 Literature Selection 
Relevant research papers published between 2018 and 2024 were collected from IEEE Xplore, Springer, ScienceDirect, ACM 
Digital Library, and Google Scholar. The keywords used for searching included “hand gesture recognition,” “real-time gesture 
control,” “AI gesture tracking,” “deep learning for gestures,” and “virtual hand interaction.” 
 
A total of 40+ papers were examined, out of which the most relevant 9 studies were selected based on the following criteria: 
 Focus on real-time or near real-time gesture recognition 
 Use of AI, computer vision, or deep learning 
 Contribution toward virtual interaction or HCI applications 
 Clear documentation of methodology and results 
 
4.2 Analysis of AI Techniques 
Each selected study was examined to understand: 
 The type of gesture recognition model used (CNN, 3D CNN, CNN-LSTM, Transformer, Media Pipe, YOLO, etc.) 
 Input modality (RGB images, video sequences, depth camera, 3D landmarks) 
 Training process, dataset used, and performance metrics 
 Real-time capabilities such as latency, frame rate, and accuracy 
Special attention was given to approaches using: 
 Real-time landmark detection 
 Hybrid models (CNN + LSTM) 
 3D pose estimation 
 Edge-AI optimization techniques 

 
4.3 Comparative Evaluation 
The selected studies were compared based on: 
 Computational efficiency 
 Accuracy in static vs dynamic gestures 
 Real-time performance (FPS, latency) 
 Hardware requirements (GPU, CPU, mobile devices) 
 Limitations such as occlusion, lighting variations, and background clutter 
A comparative table (Section 3) summarizes the strengths and weaknesses of each model. This evaluation helps identify which 
techniques are most suitable for real-world real-time gesture control. 
 
4.4 Identification of Research Gaps 
Based on the findings from literature review and comparative analysis, the methodology includes identifying: 
 Unsolved challenges 
 Limitations of existing systems 
 Areas needing further research such as multimodal sensing, lightweight AI models, robust 3D tracking, and real-time 

optimization 
These gaps form the basis for future work and help define the direction for upcoming research in gesture-based human–
computer interaction. 
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PROPOSED WORK 
 
The proposed work focuses on developing an improved real-time AI-driven virtual hand gesture control system that addresses 
the limitations identified in the existing studies. To overcome these challenges, the proposed framework aims to combine fast 
detection, lightweight classification, and robust preprocessing techniques to enable accurate and stable hand gesture 
recognition suitable for real-time applications such as VR/AR, robotics, gaming, and smart environments. The key components 
of the proposed system are summarized below: 
 

This proposed system is expected to deliver high accuracy, low latency, and improved robustness, making it suitable for next-
generation touchless interfaces and enhancing overall human–computer interaction. 
 
 

 
 

Fig.  Flow Chart of   Virtual AI Mouse
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 Lightweight Gesture Classification Model: 
A deep-learning model combining MobileNetV2 or Efficient Net- Lite with LSTM/GRU layers to efficiently recognize 
both static and dynamic gestures. The lightweight architecture ensures low latency and high accuracy. 

 Enhanced Robustness for Real-World Conditions: 
Techniques such as adaptive brightness control, temporal occlusion recovery, Kalman filter–based motion smoothing, 
and region of interest (ROI) refinement will be used to handle fast movements, low lighting, and partial occlusion. 

 Real-Time Virtual Interaction Layer: 
Recognized gestures will be mapped to virtual commands such as clicking, scrolling, dragging, zooming, and 3D object 
manipulation. APIs will enable easy integration with VR/AR systems, robots, smart homes, and gaming interfaces. 

 Edge-AI Optimization: 
Model pruning, quantization, and reduced frame-size processing will be used to ensure smooth performance on low-
power devices such as mobile phones, Raspberry Pi, and embedded systems. 
 

    Hybrid  Hand  Detection  Module:  A  two-stage  detection  approach  using  a  YOLO-based  hand  detector  for  quick 
localization followed by Media Pipe-style 21-point landmark extraction for precise finger and joint tracking. This 
enhances stability in cluttered or complex backgrounds. 
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 PROBLEM STATEMENT AND PROPOSED OUTCOME 
 

PROBLEM STATEMENT: 
 

 Traditional input devices like keyboard, mouse, and touchscreens limit natural interaction and require physical 
contact, which is not suitable for modern hands-free applications. 

 Growing use of AR/VR, robotics, smart automation, and assistive technology demands more intuitive and contactless 
interaction methods. 

 Existing gesture recognition systems struggle with accuracy due to variations in lighting, background clutter, camera 
quality, and differences in hand shape, size, and skin tone. 

 Dynamic gesture recognition is especially challenging because of motion blur, occlusion, and inconsistent gesture 
speed. 

 Many current systems suffer from high latency, making them unsuitable for real-time applications like gaming or 
robotic control. 

 Most available datasets are limited or not diverse enough, reducing model generalization across different real-world 
conditions. 
 

PROPOSED OUTCOME: 
 

 Development of a real-time AI-driven hand gesture control system capable of detecting static and dynamic gestures 
with high accuracy. 

 Achieve low-latency performance for smooth, responsive, and natural interaction in real-time applications. 
 Ensure robustness across different environments, including varying light conditions, backgrounds, camera angles, and 

user hand variations. 
 Provide a touchless and user-friendly interface that eliminates the need for physical contact or wearable sensors. 
 Create a scalable and modular framework that can integrate easily with AR/VR systems, robotics, smart home 

automation, gaming, and assistive devices. 
 Improve user accessibility by offering intuitive gesture-based control for people with physical limitations or mobility 

issues. 
 

FUTURE SCOPE 
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 Integration with AR/VR and Metaverse: 
Future systems can enable fully gesture-controlled immersive environments for gaming, virtual classrooms, 
simulations, and remote meetings. 

 Multimodal Interaction Systems: 
Gesture control can be combined with voice commands, eye-tracking, and facial expressions to create more natural 
and intelligent human–machine interaction. 

 Edge-AI Deployment: 
Gesture recognition models can be optimized to run on smartphones, microcontrollers, and wearable devices, 
enabling portable and real-time applications. 

 Assistive & Healthcare Applications: 
Touchless control for disabled users, gesture-based prosthetic control, rehabilitation systems, and hygienic hospital 
interfaces can be developed. 

 Smart Home & IoT Automation: 
Future homes can use gestures to control lights, appliances, security systems, and entertainment devices without 
physical touch. 

 3D Depth & Sensor Fusion Technology: 
Combining 2D vision with depth cameras, LiDAR, or IMU sensors will improve 3D gesture tracking, reduce occlusion 
errors, and increase accuracy. 
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 Personalized Gesture Learning: 
Future systems can automatically learn and adapt to each user’s unique gesture style, speed, and motion patterns — 
improving accuracy and user experience over time 
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