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Abstract: With the explosive growth of video content consumption, the role of video 
infrastructure in ensuring the quality of large-scale content services is becoming 
increasingly prominent. This article starts from the composition of video infrastructure 
and content quality evaluation system, analyzes the main problems in broadband 
transmission, algorithm processing, and terminal adaptation, proposes optimization 
strategies such as multi-level scheduling network, adaptive rate control, and fusion 
coordination mechanism, and explores how measures can accelerate information 
transmission, stable video playback, and customer satisfaction. Research has shown that 
improving video infrastructure contributes to the overall level of information services, as 
well as guiding technological upgrades of related platforms and increasing customer 
satisfaction. 

1. Introduction 

With the development of new media becoming increasingly prosperous, online video has become 
one of the main means of information dissemination and entertainment leisure. Given the increasing 
number of viewers and traffic, the role of video infrastructure in ensuring the quality of content 
services has become increasingly prominent. However, there are still many challenges in existing 
large-scale video platforms, such as insufficient network bandwidth, limited algorithm computing 
power, and user experience caused by differentiated terminal devices, which seriously limit the 
improvement of platform service level and service effectiveness. 

Building an efficient, intelligent, and collaborative video service optimization system is currently 
a key focus in the industry to address the aforementioned issues. This article provides an overview 
of the improvement of content quality through video infrastructure. It first introduces the relevant 
theoretical basis and structural characteristics, identifies the core technical bottlenecks currently 
encountered, and proposes targeted optimization strategies. By comparing the actual effects of 
optimization measures on transmission efficiency, video experience, and user experience, we hope 
to provide theoretical basis and reference solutions for improving the service quality of video 
service platforms. 
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2. Overview of Video Infrastructure and Content Quality Improvement Theory 

Video infrastructure refers to a comprehensive technical system that supports the full lifecycle 
processing and transmission of video content, involving key links such as shooting and recording, 
encoding and compression, network transmission, edge distribution, and terminal presentation. The 
most critical parts include CDN, edge computing node, video codec algorithm, transmission 
protocol (HTTP/2, QUIC), real-time detection and terminal adaptation mechanism. Due to the 
increasingly high quality requirements for high-definition video images and the growing number of 
users, traditional centralized architectures can no longer meet a large number of high-quality and 
efficient business needs. Therefore, infrastructure upgrades and intelligent transformations have 
become effective ways to enhance video capabilities. 

In addition to technical parameters such as resolution, bitrate, frame rate, latency, etc., content 
quality also includes users' subjective experience (QoE, Quality of Experience), including image 
clarity, playback smoothness, loading response speed, and visual comfort. Optimizing infrastructure 
layout can greatly improve the display effect of content through various means such as improving 
network stability, shortening transmission paths, and enhancing processing capabilities. From a 
theoretical perspective, optimizing video infrastructure is an important driving force for the "service 
performance experience feedback" loop system. It is not only about upgrading the structure of the 
service technology system, but also relies on the collaborative linkage with the platform content 
operation system to create an intelligent content operation model based on user perception, in order 
to truly achieve high-quality video services. 

3. Problems with video infrastructure in large-scale content quality 

3.1 Network bandwidth limitations and real-time transmission barriers 

When large-scale video data is disseminated, network bandwidth limitation is one of the core 
factors affecting transmission efficiency and service quality. In scenarios such as heavy and 
intensive access by network users, high concurrency of high-definition videos, and peak 
transmission periods, network nodes will be blocked, resulting in prolonged waiting times, high 
frequency of lag, and decreased picture quality. Traditional single point servers or centralized 
transmission methods cannot meet the high bandwidth requirements for large-scale real-time 
distribution, and the network structure across regions and operators is complex, resulting in more 
severe information flow disruptions and fluctuations. Some content services lack comprehensive 
bandwidth resource management and control, as well as load balancing mechanisms for nodes, 
making it impossible to make intelligent bandwidth allocation. As a result, hotspot congestion areas 
may occur, affecting the real-time performance and stability of the entire transmission chain. This 
issue not only reduces the user's service experience, but also limits the content provider's ability to 
expand their services. 

Table 1 Performance of the Impact of Bandwidth Limitations on Transmission Quality in Different 
Scenarios 

Scenario Type Performance of bandwidth 
pressure main influences User experience feedback 

Concentrated access during 
peak hours 

Node congestion and speed 
decrease 

Video loading is slow and 
lagging Frequent interruptions in viewing 

Ultra high definition video 
playback 

The bitrate requirement is 
too high 

The clarity automatically 
decreases 

The image quality is blurry and the 
distortion is obvious 

Cross regional content 
distribution Unstable transit link High latency and large 

jitter The interactive experience deteriorates 
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3.2 Insufficient algorithm processing capability and defects in image quality presentation 

For large-scale video services, the efficiency of algorithm execution directly affects the 
performance of video quality, especially in a series of processes such as encoding and decoding, 
image optimization, and dynamic compensation. Some service providers still use traditional 
encoding methods such as H.264 on their platforms. When facing 4K/8K high-definition streams, 
frequent dynamic scene changes, or high-speed moving images, there may be problems such as 
inaccurate rate control, accumulation of frame to frame prediction errors, which can lead to mosaic, 
defocus, and ghosting in the image. In addition, real-time processing algorithms have failed to fully 
utilize the parallel computing power of GPUs and the advantages of edge node computing power, 
resulting in insufficient image processing efficiency, high latency, and inability to achieve 
high-quality, high frame rate, and low lag playback effects. Insufficient data and poor model 
generalization in intelligent coding algorithms are also important reasons for unstable image 
quality. 

Table 2: Performance of Image Quality Defects Caused by Insufficient Processing of Common 
Algorithms 

Algorithm 
processing stage Performance issues manifested Types of image quality 

defects User subjective feelings 

Encoding and 
decoding module 

Slow encoding speed and high 
compression distortion 

Blurriness, mosaic, color 
blocks Poor clarity and loss of details 

Image 
enhancement 

module 

Inaccurate filtering and insufficient 
dynamic fuzzy calculation 

Dragging and edge 
shaking 

The motion picture is not 
clear 

Real time 
adjustment 

module 

Model inference delay and untimely 
adjustment 

Brightness fluctuations 
and contrast imbalance 

Sudden changes in the screen 
and obvious visual fatigue 

3.3 Differences in Compatibility and Service Consistency of Terminal Devices 

Table 3 Performance of the Impact of Compatibility Differences among Different Terminal Devices 
on Service Consistency 

Terminal Type Technical differences in performance Content quality impact User experience feedback 

smart tv The decoding chip is outdated and the 
protocol compatibility is poor 

Video playback stuttering and 
delay 

Display unclear and control 
insensitive 

Mobile devices Small screen size and frequent network 
fluctuations 

Decreased clarity and frame 
skipping 

Easy to operate but with 
fluctuating image quality 

OTT box Limited system support and lagging updates Unable to play high bitrate 
videos Unable to access some content 

High end 
PC/tablet 

Strong processing ability and high 
adaptability 

Stable playback and excellent 
picture quality High user satisfaction 

 
In the process of large-scale distribution of video content, users use a wide variety of terminal 

devices, including smart TVs, smartphones, tablets, PCs, and various OTT boxes. However, 
different terminal devices have significant differences in operating systems, screen resolutions, 
image processing chips, and supported video encoding/decoding formats, which will affect the 
display of video content. If the platform does not perform adaptive optimization for different 
terminal devices, it may lead to phenomena such as video playback failure, unclear images, and 
insensitive interface interaction response. Some low-end devices, even if connected to high-quality 
video sources, cannot achieve good clarity and smoothness. Meanwhile, the differences in protocol 
support between manufacturers can also affect the stability of playback performance, leading to 
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poor cross terminal playback experience. 

4. Optimization strategies for large-scale content quality in video infrastructure 

4.1 Building a multi-level dynamic scheduling network and intelligent load balancing 
mechanism 

To solve the problems of network congestion and response delay in large-scale video content 
transmission, building a multi-level dynamic scheduling network has become an important direction 
for infrastructure optimization. Such facilities are usually composed of backbone center nodes, 
regional edge nodes, and local cache nodes, which achieve rapid content sinking and dynamic path 
adjustment through a layered architecture. Intelligent load balancing algorithms can automatically 
determine the optimal business path based on various factors such as terminal location, access 
request density, and node load capacity, which can improve broadband utilization and access 
consistency. 

Taking the distributed content scheduling system of a certain top video platform as an example, 
the platform introduces a dynamic scheduling model based on node weights Wi, which 
comprehensively considers bandwidth load Bi, response delay Di, and service capability Ci. Its 
scheduling priority score is: 

ii

i
i DB

CS
⋅

=                                    (1) 

The system calculates the Si value in real-time and automatically routes user requests to the node 
with the highest score, achieving the optimal allocation of resources across the entire network. After 
the implementation of this mechanism, the total latency has been reduced by 17%, and the average 
video loading failure rate under high concurrency has decreased by about 22%, greatly improving 
the user experience and system scalability. 

4.2 Introduction of Adaptive Rate Control and Real time Quality Monitoring System 

ABR, also known as adaptive rate control technology, is an important technical means to ensure 
high-quality video streams and continuous stable images. ABR dynamically adjusts the video 
bitrate by considering the current network conditions, device capabilities, and storage conditions of 
users, in order to provide the best picture quality within the loadable range. At present, the 
mainstream ABR methods include multi-layer selection models based on buffer estimation, 
download speed, or mixed methods, which can avoid stuttering and image drops during playback. 
To improve the quality assurance level of content, the platform also needs to combine real-time 
quality monitoring systems to continuously track key indicators such as average bitrate, lag time, 
resolution switching frequency, etc., forming a visual quality feedback loop and timely solving 
unexpected problems. 

Taking a certain short video platform as an example, after deploying ABR and QoE real-time 
monitoring, it was found that the interruption rate of user playback decreased by 35%, the average 
picture quality increased by about 0.6 quantization points, and the user exit rate also decreased to 
some extent. This can better achieve the improvement of video adaptability and stability, and also 
help to build a quality management system, thereby enhancing the ability of "on-demand allocation 
and intelligent control". 
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Figure 1 Structural framework diagram of optimizing video infrastructure for improving 
large-scale content quality 

4.3 Implement the integration and collaboration mechanism between infrastructure and 
content platforms 

The integration and collaboration of video infrastructure and content platforms is a key link in 
improving service consistency and resource scheduling efficiency. At present, most platforms still 
suffer from the problem of "infrastructure and content logic being disconnected", resulting in 
content distribution strategies lagging behind the feedback mechanism of user behavior, and unable 
to further achieve the support capabilities of accurate content push and load balancing. The core of 
the fusion mechanism lies in connecting the communication interface between the platform content 
management system (CMS) and the transmission control layer (such as CDN, edge nodes), 
achieving real-time linkage of content popularity prediction, request distribution analysis, and 
resource automatic scheduling. For example, a certain streaming media platform has built a content 
priority model and maintained collaboration with edge nodes through an integrated API system, 
achieving automatic preloading of hot content to core nodes and on-demand response of cold 
content, thereby achieving higher access success rates and cache hit rates. In addition, the 
collaborative mechanism can also use artificial intelligence algorithms to mine user behavior 
characteristics, promote the linkage optimization of platform side content orchestration and 
underlying resource scheduling, achieve an intelligent closed-loop cycle of "content driven 
infrastructure, infrastructure feeding back content operation", and ultimately realize a service model 
of "science and technology+service operation". 

5. The impact of optimizing video infrastructure on large-scale content quality improvement 

5.1 The role of improving content transmission efficiency and processing capabilities 

The primary effect of optimizing video infrastructure is reflected in the significant improvement 
of transmission efficiency and processing capabilities. By establishing multiple levels of scheduling 
networks and configuring boundary nodes, content can be distributed nearby, thereby reducing the 
number of transmission paths and lowering the likelihood of delays and blockages. Meanwhile, the 
intelligent load balancing mechanism dynamically arranges requests based on node bandwidth and 
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computing resources, which helps to avoid the occurrence of traffic concentration. At the 
processing level, adopting parallel computing architecture, GPU acceleration, and asynchronous IO 
technology can significantly improve real-time encoding, decoding, transcoding, and caching 
processing speed to meet the high-frequency access needs of large-scale users. In addition, 
optimizing the transmission protocol (such as replacing TCP with QUIC) is also beneficial for 
improving transmission efficiency. 

Table 4 Comparison of transmission and processing capabilities before and after video platform 
optimization 

Indicator Name Performance before 
optimization 

Optimized 
performance Increase amplitude 

Average response delay (ms) 780 420 ↓46.2% 
Video loading time (s) 4.2 2.1 ↓50.0% 

Real time transcoding concurrent 
processing count 120 230 ↑91.7% 

Backbone network link utilization rate 62% 84% ↑22% 

5.2 Enhancement effect on content presentation quality and playback stability 

The optimization of video infrastructure not only improves transmission speed, but also greatly 
enhances the stability of display and playback quality. At the same time, by introducing adaptive 
rate control technology, the bit rate can be automatically adjusted according to the current network 
traffic situation, avoiding the phenomenon of "stuttering" or reduced image quality caused by 
network traffic fluctuations. By adopting more efficient video encoding and decoding algorithms 
such as H.265 and AV1, the video resolution and detail preservation at various bandwidth levels 
can be improved. In addition, edge node pre caching and intelligent shard scheduling mechanisms 
ensure nearby response to popular content, effectively reducing startup buffer time and playback 
interruption probability. At the same time, based on the quality monitoring function, the entire 
platform can promptly identify problems, make timely adjustments, and achieve precise control of 
the playback process. According to the actual statistics of the platform, after optimizing the 
operation, the proportion of 1080P and above high-definition video playback has increased by about 
40%, the playback interruption rate has decreased by more than 35%, and the number of 
high-definition video switches has also significantly reduced by more than 70%. This obviously 
greatly increases users' satisfaction with picture quality and stability. These improvements provide a 
solid foundation for the platform to enhance user stickiness and commercial monetization 
capabilities. 

5.3 Promoting the impact on user viewing experience and platform service satisfaction 

The optimization of video infrastructure ultimately manifests as a comprehensive improvement 
in user viewing experience and a steady increase in platform service satisfaction. Before 
infrastructure optimization, users often encountered issues such as video lag and significant changes 
in image quality and frame rate during video viewing, which greatly reduced their willingness to 
consume content. After introducing adaptive bitrate, intelligent distribution strategy, and intelligent 
video quality detection, the smoothness and visual quality stability of users watching videos have 
significantly improved, correspondingly enhancing their subjective experience. 

The improved service platform data found that the average playback time of users increased by 
18%, the active continuation rate increased by 24%, and both content attractiveness and viewing 
stickiness improved. At the same time, the number of user complaints has decreased by over 40%, 
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and the percentage of negative word-of-mouth regarding video playback has also significantly 
decreased, indicating that the user satisfaction of the service platform has been recognized by users. 
In addition, from the customer satisfaction evaluation data, it can also be found that the average 
scores of the three indicators of "fluency", "clarity", and "loading speed" have all increased from 3.6 
points to 4.4 (out of 5 points), and the satisfaction level has increased by about 22%. This series of 
improvements directly enhances user retention and payment conversion potential, providing a solid 
foundation for the platform's long-term operation and brand competition. 

6. Conclusion 

This article systematically analyzes the role of optimizing video infrastructure in improving the 
quality of large-scale content. This paper analyzes the key problems faced by Internet propagation 
mode, Internet algorithm processing and terminal compatibility, and proposes optimization 
strategies such as multi-level scheduling network, adaptive rate control and platform integration 
mechanism. The results indicate that optimizing infrastructure helps improve content delivery speed, 
image quality stability, and user visual experience, fully enhancing the service quality and customer 
satisfaction of existing platforms. The next step should be to combine various new video business 
requirements such as high definition and interactivity, and combine existing infrastructure with AI 
technology to build an intelligent and adaptive video service system, achieving a leapfrog 
development of new applications in high-definition emerging video services. 
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