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Abstract: In the process of introducing gesture recognition, it is essential to explore its technical background and 

implementation methods. Gesture recognition algorithms based on deep learning perform exceptionally well when processing 

real-time video streams. These algorithms can extract gesture features and classify them to identify user intentions. For 

instance, analyzing gesture images using Convolutional Neural Networks (CNN) can effectively enhance recognition accuracy 

and real-time performance. Additionally, combining optical flow methods with object detection techniques allows for real-

time tracking of user hand movements, leading to more precise recognition results. Factors such as changes in ambient 

lighting, cluttered backgrounds, and the diversity of user gestures can all impact recognition accuracy. Therefore, researchers 

need to continuously optimize algorithms to improve the robustness and adaptability of the system. At the same time, when 

designing virtual conference assistants, the user interface's friendliness and usability should also be considered, enabling users 

of varying technical skill levels to use the system with ease.  
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1 INTRODUCTION 

In an era of rapid digital development, virtual meetings 

have become an important way for people to communicate 

and collaborate. However, traditional virtual meetings have 

many limitations in terms of interactivity and engagement. To 

address these issues, computer vision-based virtual 

conference assistants have emerged. These assistants not only 

enhance meeting efficiency but also improve user experience, 

which is especially important in the context of the growing 

prevalence of remote work and online learning. Computer 

vision, as a significant branch of artificial intelligence, aims 

to enable computers to "see" and understand and analyze 

image and video data. In virtual meetings, computer vision 

technology can be used for gesture recognition, allowing for 

natural interaction. This interaction method enables users to 

convey commands through gestures rather than solely relying 

on voice or text input, thereby enhancing the fluidity and 

interactivity of the meeting. For example, users can share 

screens, switch slides, or adjust volume with simple gestures, 

operations that often require complex mouse maneuvers or 

multiple clicks in traditional virtual meeting software. 

By effectively integrating these technologies, a more 

natural and efficient meeting experience can be achieved, 

promoting the ongoing development of remote work and 

learning. In the future, as computer vision technology 

continues to advance, we have reason to believe that virtual 

conference assistants will become an essential part of modern 

office and educational settings, further facilitating 

communication and collaboration among individuals. 

2 2. THEORETICAL FOUNDATIONS 

2.1 COMPUTER VISION 

Computer vision is a significant branch of artificial 

intelligence that aims to enable computers to simulate human 

visual systems, allowing them to understand and process 

image and video data. With the rapid development of deep 

learning technology, the application scenarios of computer 

vision are continually expanding, significantly driving 

innovation and development in related industries such as 

healthcare, autonomous driving, security monitoring, and 

virtual reality. Image classification is the process of 

recognizing the categories of objects within an image, 

typically utilizing Convolutional Neural Networks (CNN) for 

feature extraction and classification. Object detection not 

only identifies the category of objects but also determines 

their locations within the image, with commonly used 

techniques including YOLO (You Only Look Once) and SSD 

(Single Shot MultiBox Detector). Image segmentation aims 

to divide an image into different regions for a better 

understanding of its structure, while pose estimation focuses 
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on detecting key points of a person or object to help 

understand their posture and movements. 

In virtual conference assistants, computer vision 

technology is particularly crucial. It enables gesture 

recognition and facial expression analysis by analyzing users' 

image inputs in real time, enhancing user interaction 

experiences. The efficiency of virtual meetings relies not only 

on stable network connections and clear audio-video quality 

but also on the application of computer vision technology, 

which allows users to perform operations through natural 

gestures, such as turning pages, adjusting volume, and 

sharing screens, making meetings more fluid. Deep learning, 

especially Convolutional Neural Networks (CNN), performs 

exceptionally well in the field of image processing. CNNs can 

automatically learn features without manual extraction, 

reducing development complexity. By training on large-scale 

annotated datasets, CNN models can efficiently handle 

various image tasks. Moreover, the rise of transfer learning 

has made efficient learning on small datasets possible, further 

promoting the widespread use of computer vision technology. 

2.2 GESTURE RECOGNITION TECHNOLOGY 

Gesture recognition technology is an important 

application in the field of computer vision, aiming to 

understand user intentions by analyzing hand movements. 

This technology not only enhances the naturalness of human-

computer interaction but also provides innovative solutions 

for scenarios such as virtual meetings, augmented reality, and 

smart homes. The implementation process of gesture 

recognition typically includes several key steps: data 

acquisition, preprocessing, feature extraction, and 

classification recognition. Modern smart devices are 

generally equipped with high-definition cameras capable of 

capturing subtle changes in gestures. Additionally, depth 

cameras (such as Kinect) and infrared sensors are widely used, 

providing richer spatial information to improve gesture 

recognition accuracy. 

The acquired image data usually requires preprocessing 

to remove noise and enhance image quality. Preprocessing 

steps include graying, binarization, denoising, and image 

scaling. This process helps to highlight key features of the 

gestures, laying the groundwork for subsequent feature 

extraction. The purpose of feature extraction is to extract 

crucial visual features from gesture images for classification 

and recognition. Common feature extraction methods include 

shape features, color features, and texture features. In recent 

years, deep learning, particularly Convolutional Neural 

Networks (CNN), has become the mainstream method for 

feature extraction. CNNs can automatically learn high-level 

feature representations, significantly improving gesture 

recognition performance. Common classification algorithms 

include Support Vector Machines (SVM), Random Forests, 

and Neural Networks. In recent years, deep learning models, 

such as Long Short-Term Memory (LSTM) networks and 

Temporal Convolutional Networks (TCN), have also been 

widely applied in dynamic gesture recognition, effectively 

handling time series data. 

2.3 DEEP LEARNING 

Deep learning is a subfield of machine learning that 

employs multilayer neural networks to simulate the way the 

human brain processes information, enabling efficient 

analysis and learning of complex data. In recent years, the 

rapid development of deep learning has led to significant 

achievements in various fields, including computer vision, 

natural language processing, and speech recognition, 

particularly excelling in image and video processing tasks, 

thus driving innovation and application in technologies such 

as gesture recognition. 

Convolutional Neural Networks (CNN): Widely used in 

image processing tasks, CNNs effectively reduce the number 

of parameters and improve training efficiency and 

performance through local connections, weight sharing, and 

pooling operations. They perform exceptionally well in tasks 

such as image classification, object detection, and image 

segmentation. 

Recurrent Neural Networks (RNN): Suitable for 

processing sequential data, such as text and time series. RNNs 

allow information to be transmitted over time steps through 

recurrent connections, capturing temporal features of the data. 

However, traditional RNNs face the problem of gradient 

vanishing when dealing with long sequences. 

Long Short-Term Memory Networks (LSTM): An 

improvement over RNNs, LSTMs effectively address long-

distance dependency issues. By introducing gating 

mechanisms, LSTMs control the forgetting and retention of 

information, thus performing excellently in many natural 

language processing tasks. 

Generative Adversarial Networks (GAN): A deep 

learning framework used to generate new data, consisting of 

a generator and a discriminator. The generator attempts to 

create realistic data, while the discriminator assesses the 

similarity between the generated data and real data. GANs 

have widespread applications in image generation, style 

transfer, and more. 

2.4 HUMAN-COMPUTER INTERACTION 

Human-Computer Interaction (HCI) is the field that 

studies the interaction between humans and computer 

systems, aiming to improve user experience and system 

usability. With the rapid development of computer 

technology, the scope of HCI research has continually 

expanded, evolving from initial command-line interfaces to 

today's graphical user interfaces (GUIs), touch interfaces, 

voice interactions, and gesture-based interaction methods. 

The rise of gesture recognition technology has provided a 

new interaction mode for HCI, making interactions between 

humans and computers more natural, intuitive, and efficient. 

Gesture recognition technology has brought 

revolutionary changes to human-computer interaction, 
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offering a more natural mode of interaction. Users can control 

computers through gestures instead of relying on a mouse and 

keyboard. They can interact through gestures to turn pages, 

mute, or adjust volume, enhancing the fluidity and 

engagement of meetings. In augmented reality (AR) and 

virtual reality (VR) environments, gesture recognition 

technology allows users to interact directly with virtual 

objects, making immersive experiences feel more authentic. 

Users can control appliances through gestures, such as 

turning lights on and off or adjusting the temperature, thereby 

enhancing the convenience and intelligence of everyday life. 

Recent advancements in artificial intelligence (AI), 

particularly in Large Language Models (LLMs), have greatly 

contributed to advancements in various sectors. For 

applications in virtual meeting assistants, detecting AI-

generated content is critical to maintaining the integrity of 

interactions. Mo et al. (2024) introduced a transformer-based 

deep learning algorithm to detect AI-generated text, which 

could ensure more reliable communication in such virtual 

environments[1]. This detection mechanism is essential in 

maintaining the authenticity of interactions when virtual 

meeting assistants generate or summarize content based on 

user input. 

In governance, LLMs have proven to improve 

operational efficiency and enhance public trust. Qin and Li 

(2024) discussed how AI, particularly LLMs, streamline 

decision-making processes in government while reducing 

bureaucratic inefficiencies[2]. This highlights the potential of 

AI-enhanced virtual meeting systems to promote faster and 

more transparent interactions in administrative and corporate 

settings. 

In the healthcare domain, LLMs provide precision-

driven support. Qin and Li (2024) explored how domain-

specific language models assist medical professionals in 

processing clinical data during telemedicine, which could 

also extend to virtual healthcare meetings by facilitating 

accurate real-time data interpretation[3]. For gesture-based 

virtual meeting assistants, this technology would improve 

communication by enabling more natural, gesture-driven 

interactions between doctors and patients. 

Additionally, high-precision measurement technologies 

using AI, as described by Qu (2024), are vital for enhancing 

motion tracking accuracy, particularly in gesture recognition 

systems[4]. For virtual meeting assistants relying on real-time 

hand gesture tracking, these advancements are crucial for 

improving user experience and system performance. 

Wang (2016) emphasized the role of AI in the 

development of information science and electronic 

engineering, stressing how machine learning innovations 

contribute to the growth of systems like virtual assistants[5]. 

This underlines the importance of AI-driven solutions in 

enabling seamless human-computer interaction in virtual 

meetings. Wang et al. (2024) proposed an improved UNet 

model for brain tumor segmentation using ASPP-coordinate 

attention mechanisms, which could be adapted to improve 

gesture recognition by accurately detecting and responding to 

complex hand movements in real-time[6]. Furthermore, Wu 

(2024) introduced the MPGAAN model, which excels in 

heterogeneous network classification, offering insights into 

how AI can classify gesture-based inputs in virtual meeting 

environments with complex user commands[7]. In the realm 

of real-time interaction, temporal awareness is key. Chen et 

al. (2024) introduced the TemporalMed model, designed to 

handle time-aware responses in large language models, which 

is highly applicable to virtual meeting systems that must 

process continuous inputs such as hand gestures over time[8]. 

Moreover, in ensuring reliability during interactions, 

hallucination detection—as described by Chen et al. (2023)—

can be integrated into virtual assistants to prevent errors in 

gesture recognition and interpretation, ensuring smoother 

meeting experiences[9]. Given the complexity of real-time 

gesture recognition, incorporating such a detection system 

would be crucial to avoiding misinterpretations. 

Humor response systems also offer new dimensions to 

virtual meeting assistants. Chen et al. (2024) developed a 

large-scale humor response dataset, which enables virtual 

assistants to interpret human emotions and reactions in 

meetings more effectively[10]. Similarly, named entity 

recognition (NER) models, as explored by Guo and Roth 

(2021), could enhance virtual assistant capabilities by 

improving understanding of specific gesture commands in 

low-resource environments[11]. 

Finally, meta-tuning LLMs for better lexical 

understanding, as discussed by Guo, Xu, and Ritter (2024), 

could extend gesture recognition systems to handle more 

diverse language and communication styles, further 

enhancing the functionality of virtual assistants in 

multicultural and multilingual environments[12]. 

3 3. LITERATURE REVIEW 

3.1 COMPUTER VISION (CV) 

As a significant branch of artificial intelligence, 

computer vision has made remarkable progress in recent 

years and is widely applied across various fields, including 

healthcare, agriculture, and environmental monitoring. Zhao 

et al. (2024) systematically explored the applications of 

Convolutional Neural Networks (CNNs) in computer vision 

in their review, emphasizing the critical role of deep learning 

methods in tasks such as image classification, object 

detection, and image generation[13]. This provides essential 

background for understanding current computer vision 

technologies. 

In the agricultural sector, Ghazal et al. (2024) 

investigated the application of computer vision in smart 

agriculture and precision farming, discussing technologies 

and applications in crop monitoring, pest and disease 

recognition, and resource optimization. Their research 

indicates that CV technologies can significantly enhance 
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agricultural productivity and promote sustainable 

development[14]. 

The applications in the healthcare domain are also 

continually expanding. Khang et al. (2024) examined the 

potential of computer vision within the medical ecosystem, 

particularly in disease detection, imaging analysis, and 

surgical assistance[15]. Schmidt et al. (2024) further 

reviewed tracking and mapping technologies in medical 

computer vision, highlighting the importance and challenges 

in medical image analysis[16]. 

Simultaneously, ethical considerations surrounding 

computer vision technologies are gaining increasing attention. 

Waelen (2024) explored ethical issues related to computer 

vision, particularly in terms of power distribution and social 

impact, urging researchers to consider their social 

responsibilities when advancing technological 

applications[17]. 

Goldblum et al. (2024) conducted a large-scale 

comparative study evaluating the performance of various pre-

trained models across different computer vision tasks. This 

study provides empirical evidence for model selection, 

facilitating deeper understanding and optimization of deep 

learning models[18]. Additionally, the research by Shedrawi 

et al. (2024) demonstrated the practical utility of deep 

learning and computer vision technologies in managing 

coastal fisheries in the Pacific region, showcasing the 

application of CV in environmental protection and resource 

management[19]. 

3.2 VIRTUAL MEETING ASSISTANT 

Virtual assistants have gradually become an important 

support tool for users in education, work, and daily life. 

Recent studies indicate that virtual assistants not only 

enhance user satisfaction and efficiency but also promote in-

depth discussions on human-computer collaboration. Öncü 

and Süral (2024) investigated the use of virtual assistants in 

open educational environments, exploring user satisfaction 

levels. The results showed that virtual assistants play a 

significant role in providing personalized support and 

optimizing learning experiences, particularly in the context of 

remote education, where user satisfaction was significantly 

improved. This research provides valuable insights into 

understanding the application of virtual assistants in the 

education sector[20]. 

In daily life, Pradhan et al. (2024) proposed the concept 

of the "Nova Virtual Assistant," emphasizing the importance 

of user needs, preferences, and expectations. Through the 

analysis of user feedback, the researchers found that the 

design of virtual assistants should focus more on personalized 

user needs to enhance their practical effectiveness. This study 

offers a practical framework for developing virtual assistants 

that align with user expectations[21]. 

Katic et al. (2024) conducted a performance analysis of 

virtual assistants in the Croatian language environment, 

demonstrating the impact of language on virtual assistant 

interaction effectiveness. The study indicated that linguistic 

accuracy and cultural adaptability are key factors in 

enhancing user experience, providing a reference for the 

development of virtual assistants in other linguistic 

contexts[22]. In meeting and collaboration scenarios, 

Kreamer et al. (2024) explored how individual differences 

affect user participation in chats and verbal interactions 

during virtual meetings. This research reveals the potential of 

virtual assistants in promoting engagement and 

communication efficiency, emphasizing that design should 

consider the diverse needs of users to achieve better 

interaction outcomes[23]. Cabrero-Daniel et al. (2024) 

focused on the application of human-AI collaboration in agile 

development, proposing a customized LLM (large language 

model) meeting assistant. The study demonstrated that a 

tailored AI assistant could effectively improve meeting 

efficiency and engagement, providing better support for team 

collaboration[24]. 

3.3 GESTURE RECOGNITION 

The application of gesture recognition technology is 

increasingly widespread in the field of computer vision, 

involving multiple data modalities and deep learning methods. 

Recent studies indicate that gesture recognition plays an 

important role not only in multimedia applications but also 

shows great potential in fields such as healthcare, education, 

and human-computer interaction. Shin et al. (2024) 

conducted a systematic and structural evaluation of gesture 

recognition methods, exploring gesture recognition 

technologies across different data modalities. This study 

provides significant insights into the current state and future 

development directions of the gesture recognition field[25]. 

Kapitanov et al. (2024) introduced a gesture recognition 

image dataset named HaGRID, aimed at providing 

researchers with high-quality training data to improve the 

performance of gesture recognition models. The release of 

this dataset contributes to advancing research in the field, 

particularly in dynamic gesture recognition[26]. 

Rastgoo et al. (2024) explored multimodal zero-shot 

dynamic gesture recognition, demonstrating how to combine 

various data sources (such as video, depth images, etc.) to 

enhance recognition accuracy. This research highlights the 

advantages of multimodal learning in tackling complex 

gesture recognition tasks[27]. Rahim et al. (2024) proposed a 

deep learning-based three-stream hybrid model for dynamic 

gesture recognition, further promoting technological 

advancements in gesture recognition. This model effectively 

enhances the recognition capabilities of dynamic gestures by 

combining multiple input streams[28]. 

Mohammadi et al. (2024) developed a diverse gesture 

recognition dataset focusing on different types of gestures, 

providing researchers with a rich data resource for model 

training and evaluation[29]. Eddy et al. (2024) examined the 

application of big data in electromyographic (EMG) control, 
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proposing a zero-shot EMG discrete gesture recognition 

method based on a multi-user model. This research illustrates 

the potential of integrating biosignal processing with gesture 

recognition, especially in control and human-computer 

interaction[30]. 

Karsh et al. (2024) introduced a modified Inception V3 

network (mIV3Net) for gesture recognition, demonstrating 

the optimized application of convolutional neural networks 

for specific tasks[31]. Miah et al. (2024) explored gesture 

recognition in multicultural sign languages, employing a 

combination of graphical and deep learning networks. This 

research emphasizes the value of gesture recognition in 

promoting cultural diversity and inclusivity[32]. 

3.4 LITERATURE REVIEW 

Research on gesture recognition technology in the field 

of computer vision is continually deepening, with the 

literature showcasing the effectiveness of diverse data 

modalities and deep learning methods in various application 

scenarios. Shin et al. (2024) provided a systematic evaluation 

of gesture recognition, offering researchers an important 

framework and highlighting the critical role of multimodal 

data in improving recognition accuracy. This methodological 

review lays the groundwork for subsequent research, 

enabling researchers to make more effective comparisons 

between different data sources. 

In terms of dataset construction, the HaGRID dataset 

proposed by Kapitanov et al. (2024) provides researchers 

with rich training resources, particularly in the field of 

dynamic gesture recognition. The release of such datasets not 

only promotes the development of gesture recognition models 

but also advances empirical research on gesture recognition 

performance. Additionally, the diverse gesture recognition 

dataset designed by Mohammadi et al. (2024) underscores the 

importance of introducing diversity in model training, 

assisting researchers in enhancing model generalization 

capabilities in practical applications. 

At the same time, the multimodal zero-shot dynamic 

gesture recognition study by Rastgoo et al. (2024) 

demonstrates how to combine various data sources to 

improve model robustness, thereby expanding the application 

scenarios of traditional gesture recognition. Furthermore, the 

three-stream hybrid model proposed by Rahim et al. (2024) 

showcases the advancements and application potential of 

deep learning in dynamic gesture recognition. These studies 

not only improve recognition accuracy but also provide new 

perspectives for understanding complex gestures. 

In terms of technical optimization, Karsh et al. (2024) 

introduced the mIV3Net model, which further advances the 

application of convolutional neural networks in gesture 

recognition. This innovative approach reflects the flexibility 

and adaptability of deep learning models, allowing for 

optimization tailored to specific tasks to meet diverse user 

needs. 

Moreover, Miah et al. (2024) emphasized the potential 

of gesture recognition technology in promoting cultural 

exchange and inclusivity through their research on 

multicultural sign languages, demonstrating the social value 

of gesture recognition. The literature provides a 

comprehensive view of the gesture recognition field, 

covering aspects from dataset construction to technical 

optimization, and from multimodal learning to cultural 

adaptation, all highlighting the diversity and complexity of 

this area. Future research can further explore the integration 

of these technologies in practical applications, focusing on 

their performance in different cultural and linguistic contexts 

to promote the broader application and development of 

gesture recognition technology. 

4 CONCLUSION 

The rapid development of gesture recognition 

technology in the field of computer vision highlights its 

importance across various application scenarios. Through the 

analysis of existing literature, it is evident that researchers 

have made significant advancements in dataset construction, 

deep learning model optimization, and multimodal learning. 

These studies not only enhance the accuracy and robustness 

of gesture recognition but also broaden its application 

potential in fields such as education, healthcare, and human-

computer interaction. 

Particularly, research focused on dynamic gestures and 

multicultural sign languages demonstrates the social value of 

gesture recognition technology in facilitating cultural 

exchange and enhancing human-computer interaction. Future 

research should continue to emphasize the integration of 

technology and application, exploring ways to optimize 

gesture recognition systems within different cultural contexts 

to achieve broader social benefits. Additionally, as 

technology continues to advance, the integration of new 

sensors and data collection methods will further enhance the 

accuracy and practicality of gesture recognition. Ongoing 

research in this field will provide stronger support for 

intelligent interaction and human-computer collaboration, 

driving continuous innovation and development of related 

technologies. 

 

As a significant application of computer vision, gesture 

recognition showcases immense potential and value. In 

education, healthcare, and daily life, gestures serve as a 

natural and intuitive means of interaction, significantly 

improving user experience and work efficiency. By 

combining deep learning with multimodal data, recognition 

accuracy can be notably enhanced, especially when 

processing dynamic gestures. This technology not only meets 

personalized user needs but also fosters communication 

between different cultures. Research on multicultural sign 

languages highlights the importance of cultural adaptability 

in gesture recognition, helping to break down language 

barriers and enhance social inclusivity. Therefore, future 
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research should continue to explore how gesture recognition 

technology can be integrated with various application 

scenarios to achieve wider societal benefits. 

Despite the significant advancements made thus far, the 

accuracy and robustness of gesture recognition in complex 

environments still require improvement. Future studies 

should focus on the diversity of datasets and the optimization 

of deep learning models to address gesture variations in 

different contexts. The integration of novel sensor 

technologies, such as combining gesture recognition with 

electromyographic (EMG) control, may open up new 

application areas. In smart homes and assistive devices, 

gesture recognition technology can provide more convenient 

and intuitive control methods, further enhancing user 

experience. 

In summary, gesture recognition is not only a 

technological innovation but also a vital force driving social 

progress. We should actively monitor developments in this 

field and look forward to the possibilities and value it can 

bring us in the future. 
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