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Abstract: With the rapid development of immersive media technology, users' demand for video 

content interactivity, immersion, and intelligent presentation is constantly increasing. The 

advantages of AI technology in content perception, creation, integration, and transmission are 

gradually becoming prominent, and it is an important support for promoting the iterative 

upgrading of immersive media. This article starts with the basic theory of immersive media and AI 

driven video content optimization, and constructs an integrated system framework covering 

perception analysis, multimodal generation, rendering and transmission. It discusses the 

adaptability of existing technology algorithms, the complexity of polymorphic processing, and the 

bottleneck of terminal adaptation, and provides solutions such as semantic parsing enhancement, 

polymorphic fusion optimization, cloud edge collaborative rendering, etc., in order to provide 

theoretical reference and practical path for promoting the content experience improvement of 

immersive media and creating intelligent applications. 
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1. Introduction 

Immersive media, as a new generation of information dissemination form, integrates 

various interactive technologies such as virtual reality (VR), augmented reality (AR), 
panoramic video, etc., and is widely used in teaching, leisure and entertainment, cultural 

tourism and other fields. Compared with traditional video content, immersive media puts 
forward higher requirements for real-time perception, multimodal fusion and high-
quality rendering of content. Meanwhile, with the rapid development of artificial 

intelligence (AI), AI has provided a new technological path for the intelligent generation, 
semantic understanding, and transmission optimization of immersive video content, 

which is a major factor affecting user experience [1]. At present, although AI has achieved 
certain results in immersive content applications, it still faces a series of problems such as 

algorithm adaptation, multimodal collaboration, and rendering efficiency. Therefore, this 
article focuses on the theme of "how AI drives the optimization of immersive video 
content", establishes a multidimensional system architecture, explores problems, and 

proposes solutions, aiming to provide theoretical and methodological guidance for the 
systematic and intelligent construction and practical application of immersive media 

content. 
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2. Overview of Immersive Media and AI Driven Video Content Theory 

Immersive media is a new form of media based on multidimensional sensory 
interaction technology, which enables users to have a high sense of presence and deep 

participation in virtual environments. Its core features mainly include spatial perception, 
situational interaction, and deep immersion, which are widely used in various industries 

such as education and training, tourism and cultural exhibitions, and digital creativity. 
Compared to traditional linear videos, the content design of immersive media requires 
the integration and expression of modal information such as graphics, audio, motion 

capture, and context, making content analysis, design, operation, and dissemination more 
difficult [2]. 

Artificial intelligence technology provides strong support for optimizing immersive 
media content. The recognition and parsing of video content through deep learning, as 
well as the generation of new content through generative adversarial networks (GANs), 

and the optimization of low latency rendering and edge push through intelligent 
scheduling algorithms, are all manifestations of the intelligent development of immersive 

content systems driven by AI technology. In recent years, the latest technological 
developments in AI, such as computer vision, natural language processing, and graphic 
neural networks, have gradually combined with immersive content platforms, shifting 

from "manual design" to "automatic understanding and generation". This article focuses 
on AI driven video content optimization, delving into the characteristics of immersive 

media content and the principles of intelligent technology, in order to provide support for 
later architecture design and optimization strategies [3]. 

3. Construction of AI Driven Video Content System Framework for Immersive Media 

3.1. Framework for Intelligent Perception and Semantic Analysis of Video Content 

In an immersive media environment, video content presents information not only in 

a one-way manner, but also in a comprehensive system that includes multiple modalities 
such as visual, auditory, and spatial dynamics. In order to efficiently understand content, 
the intelligent perception system and intelligent semantic parsing architecture of artificial 

intelligence are positioned as important supports. This architecture is based on deep 
neural networks and integrates various perceptual abilities including image recognition, 

object detection, action recognition, language processing, etc., to achieve structured 
extraction of people, places, and objects in videos. 

In the perception layer, convolutional neural networks (CNN) and Transformer 

structures extract features from frame level images and construct temporal models to 
capture motion changes and spatial layout. At the semantic parsing layer, a semantic 

graph is constructed based on GNN, combined with natural language processing (NLP) 
technology, to achieve semantic analysis and automatic annotation of user behavior and 
content tags. This system not only enhances the understanding ability of content machines 

towards audiovisual data, but also provides the most basic underlying support for post 
production, transition, and intelligent push [4]. In summary, the intelligent perception 

and semantic interpretation framework of video content is a necessary prerequisite for AI 
to empower immersive videos, ensuring the adaptability, matching, and personalized 
experience of the entire system (Figure 1). 
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Figure 1. Framework diagram for intelligent perception and semantic parsing of video content. 

3.2. Multimodal Content Generation and Style Transfer Mechanism 

In immersive media systems, the ability to generate multimodal content is the core 

driver for building immersive experiences. The content generation mechanism 
empowered by AI not only needs to achieve collaborative construction of multi-source 

data such as images, audio, and actions, but also has the ability to transfer styles and adapt 
to contexts, which can meet the demands of different scenarios and users. The multimodal 
generation system mainly includes three modules: visual content generation, audio 

environment construction, and semantic consistency control. 
In terms of visual generation, high-quality images, dynamic synthesis of scenes and 

virtual characters can be generated through adversarial networks (GANs) and diffusion 
models, supporting content style conversion, scene replacement, and special effects 

generation. By combining acoustic modeling with semantic correlation algorithms, 
spatialized sound effects and immersive background music are automatically generated 
to enhance on-site immersion and immersion [5]. In addition, based on cross modal 

alignment mechanism, CLIP, ALIGN and other models are used to construct a unified 
semantic space mapping of images, text and speech, improving the semantic consistency 

and logical coordination of automatically generated content. Meanwhile, the style transfer 
mechanism is based on pre trained style recognition networks and content decoupling 
algorithms, which can transfer specified visual styles or cultural element styles to the 

target material, further achieving customized presence effects. This mechanism is widely 
used in fields such as virtual reconstruction, teaching simulation, and cultural 

dissemination, significantly expanding the creative boundaries and user interaction depth 
of immersive media content. 

3.3. Immersive Content Rendering and Intelligent Transmission Structure 

In immersive media systems, content rendering and transmission efficiency are 

important factors that affect the smoothness and authenticity of user experience. 
Traditional image rendering is no longer able to meet the real-time operation needs of 
large capacity high-definition and multi action forms, and there is an urgent need to use 

AI technology to optimize image rendering and achieve intelligent image transmission 
structure design. The core of its architecture mainly includes three components: edge 
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rendering scheduling, low latency encoding compression, and intelligent transmission 
path optimization. 

First, a distributed rendering model based on deep learning is introduced in the 
rendering layer, which mainly relies on the partial pre-processing and parallel rendering 

of 3D scenes and high-definition video frames by edge computing nodes (MEC), thus 
greatly reducing the load and delay of the central server. Secondly, adopting artificial 
intelligence based video encoding algorithms, such as using convolutional neural 

networks (CNN) to drive compression strategies to compress frame rates and bit rates 
according to time-domain requirements, to meet high frame rates and low bit rates, 

compressed images and occupied bandwidth [6]. Thirdly, a reinforcement learning driven 
content scheduling mechanism is constructed at the transport layer, mainly combining 
network situation prediction and user behavior modeling to obtain optimal path 

optimization, thereby optimizing data transmission speed and stability. The above 
architecture fully demonstrates that artificial intelligence truly implements rendering 

layer and transport layer technologies into image rendering and transmission, effectively 
addressing issues such as device compatibility, network scene changes, and 
computational pressure, providing effective empowerment support for high-quality and 

low latency. 

4. Issues Faced by AI Driven Video Content for Immersive Media 

4.1. Insufficient Adaptability of Content Perception Algorithm 

In an immersive media environment, video content is complex, diverse, and unstable, 

involving a large number of high dynamic images, unstructured objects, and diverse 
information interactions. Traditional content perception algorithms find it difficult to cope 
with adaptability. Firstly, the current mainstream image recognition technology and 

motion detection algorithms usually establish models based on two-dimensional plane 
data, which makes it difficult to accurately understand the depth relationships and spatial 

positioning in three-dimensional dimensions; Secondly, due to the inability to implement 
a comprehensive management mechanism for multimodal information, it can result in 
scattered and delayed responses to video content. In addition, most of the current 

algorithm training data comes from standard datasets, which lack training that adapts to 
the complex and edge scenes of immersive media, as well as the behavioral characteristics 

of real users, resulting in limited generalization effects. Especially when the interaction 
scene is high and there are many changes, there are certain limitations on the accuracy 
and speed of identifying key content. A comparative analysis of the adaptation 

performance of representative content perception algorithms in immersive media 
environments is presented in Table 1. 

Table 1. Comparison of Adaptation Performance of Common Content Perception Algorithms in 
Immersive Media Environments. 

Algorithm type Application ability There are problems 

CNN image recognition 

algorithm 

Analysis of Static 

Image Structure 

Difficult to handle dynamic 

perspectives and spatial depth 

Temporal action recognition 

models (such as RNN) 

Action behavior 

modeling 

Low recognition rate for complex 

interactive behaviors 

Multimodal Fusion Perception 

Algorithm 

Joint recognition of 

image and audio 

Unstable fusion strategy and poor 

semantic consistency 

4.2. High Complexity of Multimodal Data Processing 

In immersive media, content is presented as a combination of different types of 

patterns such as graphics, sound, text, and motion trajectories, which increases the 
demand for computing resources for collaborative computing and real-time fusion in 
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content processing systems. The heterogeneity of multimodal data in terms of dimension, 
temporal structure, and semantic expression makes it difficult to construct a unified 

modeling and fusion process. Currently, most existing multimodal processing techniques 
rely on deep neural networks to independently encode individual modalities and perform 

modal matching processing, which can easily lead to errors in semantic abstraction levels, 
resulting in illogical or semantically deviated generated content. Furthermore, the 
synchronous collection and processing of multimodal data in real interactive scenarios 

imposes a huge load on the system, especially when the computing power and bandwidth 
of the edge system are limited, which often leads to response delays or display effect 

delays, greatly affecting the user experience. A comparative evaluation of the complexity 
of multimodal data processing tasks is summarized in Table 2. 

Table 2. Comparison of Complexity of Multimodal Data Processing Tasks. 

Processing 

tasks 
technical requirement Main challenges 

Image audio 

alignment 

Cross modal time 

synchronization and 

matching 

Different time scales and high difficulty in 

semantic coupling 

Text Image 

Generation 

Integration of natural 

language and visual coding 

Significant differences in representation 

and poor consistency in generated content 

Action Speech 

Matching 

Dynamic Trajectory and 

Audio Event Recognition 

The timing sequence varies in length and 

lacks a common mode characteristic 

benchmark 

4.3. Rendering and Transmission Adaptation Performance Is Limited 

Immersive media requires extremely high real-time performance and visual 
experience, while existing rendering and transmission systems have significant 

performance bottlenecks in terminal adaptation, multi-resolution output, and network 
dynamic response. During the process of rendering high frame rate and high-definition 

videos, users may encounter issues such as rendering delay, image tearing, or 
unsynchronized audio and video, which greatly affect their immersive experience. In 
terms of rendering, traditional GPU rendering cannot effectively achieve high-quality 

output on lightweight terminal devices such as VR headsets and mobile devices, and the 
complexity of algorithms cannot meet their resource requirements. In terms of 

transmission, slow or even paused content downloads due to network instability or 
bandwidth changes are not addressed by any intelligent allocation and storage 
mechanisms. A comparative analysis of adaptation issues in immersive content rendering 

and transmission solutions is presented in Table 3. 

Table 3. Comparison of Adaptation Issues for Immersive Content Rendering and Transmission 
Solutions. 

Module 

category 
Technical Proposal Adaptation problem performance 

Rendering end Local GPU rendering 
Insufficient computing power and unstable 

frame rate of the device 

Rendering end 
Cloud based unified 

rendering output 

Strong network dependency, easily affected 

by latency and bandwidth 

Transmission 

end 

Real time streaming 

protocol (such as RTSP) 

Network fluctuations are sensitive and can 

easily lead to data loss and lag 

Transmission 

end 

Segmented content caching 

mechanism 

Inconsistent loading, affecting the 

immersive coherence experience 
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5. AI Video Content Optimization Strategy for Immersive Media 

5.1. Building a Multi level Semantic Analysis and Generation Framework 

In order to further enhance the intelligent generation quality of immersive media 
content, it is necessary to build an immersive media multi-dimensional semantic analysis 

and creation system based on the three levels of "perception understanding generation" 
to address semantic ambiguity and logical omission issues. The core idea of this system is 
to combine graph neural networks (GNNs), pre trained language models (such as BERT, 

GPT), and visual language matching strategies to achieve full process control from raw 
multimodal data to semantic driven creation processes. 

In the semantic parsing stage, the system maps video content to a structured 
knowledge graph through entity recognition, event extraction, and semantic association 
mapping, extracting key semantic nodes and their logical relationships. In the generation 

stage, using generative AI to guide semantic consistency, style coherence, and user 
interest matching in the content production process ensures that the generated results 

have interactivity and adaptability. In addition, by introducing a hierarchical attention 
mechanism, multiple modalities and granularity information semantics can be 
dynamically fused and selectively expressed, further enhancing the level of intelligence. 

This framework not only enhances the system's perception and construction ability of 
immersive scenes, but also lays the foundation for subsequent multimodal and 

personalized service push. 

5.2. Optimizing Multimodal Fusion and Enhancement Processing Models 

In immersive media, multimodal fusion plays a core role in content understanding 
and output coordination in the immersive media system, and its processing effect directly 

affects the authenticity and consistency of video content. To address the limitations of 
current models in semantic alignment and perceptual unity, a multimodal fusion 

processing model based on attention mechanism and residual enhancement is proposed. 
This model uses a Cross modal Attention Fusion Network to jointly model multiple modal 
information. 

Taking the immersive teaching system as an example, the system needs to recognize 
the teacher's gesture (image), explanation voice (audio) and teaching text (text) at the same 

time. The model encodes the three modal features separately, and then represents them 
uniformly through the fusion module. The fusion method adopts residual weighting 
strategy: 

𝐻𝑓𝑢𝑠𝑒𝑑 = 𝛼 ⋅ 𝐻𝑖𝑚𝑎𝑔𝑒 + 𝛽 ⋅ 𝐻𝑎𝑢𝑑𝑖𝑜 + 𝛾 ⋅ 𝐻𝑡𝑒𝑥𝑡 + 𝜀       (1) 

Among them, α, β, and γ are trainable weights and 𝜀 is the residual term used 
to preserve low-level modal information and enhance the fidelity of the system to details 

and context. This optimization model enables the fused content to have higher semantic 
consistency, interactive response speed, and visual performance, making it well suited for 

immersive scenes with abundant interaction and information content. 

5.3. Building Cloud Edge Collaborative Rendering and Push Architecture 

To alleviate the system bottleneck of immersive content in real-time rendering and 
high load transmission, a cloud edge collaborative architecture is constructed to 

effectively optimize content delivery speed and device applicability expansion. 
Combining cloud computing capabilities with real-time response capabilities of edge 

nodes to achieve centralized processing of content rendering, intelligent scheduling, and 
personalized push functions. 

In terms of system design, the cloud mainly undertakes preprocessing and overall 

model construction tasks, such as complex 3D scene rendering, deep semantic information 
generation, etc; Edge nodes dynamically receive, decode, and optimize content 

performance based on user location and device performance, supporting low latency 
feedback and personalized rendering strategies. At the same time, based on content 
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popularity prediction and user behavior modeling, cache preloading of edge nodes for 
high-frequency access to content is implemented to reduce network traffic usage and 

loading time. The performance benefits of this cloud-edge collaborative architecture 
compared to a fully centralized rendering system are summarized in Table 4. 

Table 4. Performance Comparison between Centralized Rendering and Cloud Edge Collaborative 
Architecture. 

performance index 
Centralized rendering 

architecture 

Cloud edge collaborative 

architecture 

network delay 
High, affected by remote 

transmission 
Low, timely edge response 

Terminal 

adaptability 

Poor, requiring high-

performance equipment 

Well, adapt to multiple terminal 

types 

Content push 

efficiency 
Low, slow unified scheduling 

High, supporting intelligent 

scheduling and pre caching 

User experience 

consistency 

Vulnerable to network 

fluctuations 
Stable, flexible scene response 

6. Conclusion 

With the popularity of immersive media applications, the quality of video content 

presentation and the level of system big data intelligence have become rigid indicators for 
improving user experience. This article focuses on video content optimization methods 
driven by artificial intelligence, and establishes a complete technical system for intelligent 

perception, multimodal generation, rendering and transmission. It analyzes and discusses 
key issues such as poor algorithm adaptability, complex data processing, and prominent 

transmission bottlenecks that often exist in existing methods. At the same time, relevant 
optimization strategies are proposed, such as multi-level semantic parsing, cross modal 
enhanced fusion, cloud edge collaborative push, etc. This study provides a theoretical 

basis and practical reference for the intelligent construction of immersive media systems. 
In the future, further exploration of real-time content generation and personalized 

interaction modes driven by large models will drive the development of immersive 
experiences to a higher level. 
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