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ABSTRACT

The proliferation of connected devices and the exponential growth of
data-intensive applications have fundamentally altered the landscape
of the media and entertainment industry. In a traditional cloud
computing model, data generated by user devices is sent to a central
server for processing, and the response is sent back. This round-trip
journey introduces latency. Edge computing represents a paradigm
shift designed to overcome these challenges. By moving compute
resources, storage, and processing power from centralized data
centers to remote locations at or near the exterior boundary of the
network (the "edge"), this architecture drastically shortens the
distance data must travel. By mitigating the latency, bandwidth, and
cost limitations of centralized cloud computing, the edge enables the
seamless delivery of high-definition streaming, responsive cloud
gaming, and immersive AR/VR experiences. This shift is a
fundamental architectural change that unlocks new possibilities for
content creation, distribution, and consumption in the media and
entertainment sector. This paper explores various use cases of edge
computing in media and entertainment sector.
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computing (MEC), media and entertainment (M&E) industry.

INTRODUCTION

The media and entertainment industry is undergoing a
profound transformation driven by an insatiable
consumer demand for high-quality, interactive, and
real-time content. Traditional centralized cloud
architectures are increasingly struggling to meet the
stringent latency and bandwidth requirements of
modern applications like cloud gaming, virtual reality
(VR), and live sports streaming. Edge computing—a
decentralized computing paradigm that processes data
closer to the user—has emerged as a critical enabler
for the next generation of digital entertainment. It is a
distributed computing paradigm that brings
computation and data storage closer to the location
where it is needed, at the "edge" of the network.
Figure 1 shows the symbol of edge computing [1].

Edge computing is transforming the media and
entertainment industry by enabling real-time data
processing, reducing latency, and improving user
experiences. The deployment of edge infrastructure
requires  significant capital investment and
collaboration between content providers and telecom
operators. By bringing computation closer to the
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consumer, edge computing decisively overcomes the
latency and bandwidth limitations of traditional cloud
architectures [2].

CONCEPT OF EDGE COMPUTING

The history of edge computing traces back to the
introduction of content delivery networks in the
1990s. The concept was straightforward: place
servers close to end-user locations for faster cached
image and video transmission. Edge computing was
created jointly by Microsoft and their academic
collaborators. Today, more and more services are
pushed from the cloud to the edge of the network.
Since data is increasingly being produced at the edge
of the network, it would be efficient to process the
data there. Keeping this data closer to its users (at the
edge) eliminates many of the problems inherent with
the public cloud model. Figure 2 shows how edge
computing works [3]. Edge computing allows data
from IoT devices to be analyzed at the edge before
being sent to the cloud.
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Edge computing (EC) or edge cloud is a computing
paradigm where substantial compute and storage
resources are placed at the edge of the Internet, in
close physical proximity to mobile devices, sensors,
end users, and IoT devices. It refers to bringing the
flexibility and openness of cloud-native infrastructure
to that local infrastructure. The idea of “edge” is to do
processing near the data source. The terms
“cloudlets,” “micro data centers,” and "fog" are used
to refer to these small, edge-located computing nodes
or data centers. A cloudlet is a cluster of computers
well connected to the Internet and can be treated as
“data center in a box.” The main objective of a
cloudlet is to extend the remote datacenter cloud
services in close proximity to the end users. Physical
proximity is the essence of edge computing since it
improves latency, bandwidth, trust, and survivability.
While the cloud has revolutionized the way we deal
with data, the next wave of that revolution will
happen at the edge [4].

A standard edge computing framework consists of

three distinct levels [5]:

» The cloud: Which manages the overall data
storage and processing.

» The edge: Tasked with near-instantaneous data
handling.

» The device: Responsible for initial detection and
basic data processing.

These three levels are related in the edge computing
architecture shown in Figure 3 [6].

Edge computing covers a wide range of technologies
such as wireless sensor networks, distributed data
storage, and augmented reality. This has made its way
to becoming the core of the data center. The term
“edge” refers to the computing devices that sit closer
to the sources of data, where the digital world meets
the real world. These edge devices typically reside
away from the centralized computing available in the
cloud and are being created with increasingly
compute capabilities. Typical edge devices are
smartphones, tablets, sensors, wearables, routers,
switches, integrated access devices, multiplexers,
smart TV, modern cars, and a variety of MAN/WAN
access devices. Edge computing enables analytics and
data gathering to occur at the source of the data.

Edge computing covers a spectrum of technologies
such as cloudlets, fog computing, and mobile edge
computing. A combination of edge and cloud
computing is referred to as fog computing because it
combines centralized and distributed computing
resources into a single architecture. (Edge computing
is a relatively new concept that should not be
confused with fog computing.) It is practically unsafe
and unnecessary to send such a large amount of data

to the cloud. A comparison between cloud computing,
edge computing is illustrated in Figure 4 [7].
Compared to cloud computing, fog computing and
edge computing have the following five advantages
[8]: (1) greater data transmission speed, (2) less
dependence on limited bandwidths, (3) greater
privacy and security, (4) greater control over data
generated in foreign countries where laws may limit
use or permit unwanted governmental access, and (5)
lower costs because more sensor-derived data are
used locally, and less data are transmitted remotely.
Figure 5 shows edge computing [9], while Figure 6
shows how edge data is processed [3].

EDGE COMPUTING IN MEDIA AND
ENTERTAINMENT

In an era where consumers expect instantaneous
access to high-quality digital content, traditional
centralized cloud computing models are increasingly
strained. The latency inherent in transmitting massive
volumes of data from centralized data centers to end-
user devices can degrade the quality of experience,
particularly for real-time applications like live sports
streaming, cloud gaming, and immersive VR/AR
experiences. To meet the stringent demands for low
latency and high bandwidth, edge computing has
emerged as a transformative architecture, shifting
data processing and storage closer to the end user.
However, while edge computing offers significant
advantages in content delivery and user experience,
its implementation is fraught with challenges. Edge
computing addresses this limitation by decentralizing
computational resources, bringing processing power
and storage to the "edge" of the network, closer to
where data is generated and consumed [2].

For companies in the media and entertainment
industry, the fluid evolution of production and
distribution models continues to drive their need for
increased computing power to meet consumer
demand for information and entertainment. This is
why mobile edge computing (MEC) could be a game-
changer for the media and entertainment industry.
Mobile edge computing is a type of network
architecture in which data is stored and processed
close to where it is generated and consumed. It relies
on integration at the network edge, cellular access
networking and decentralized cloud computing
resources.

As more people consume content on their
smartphones, media and entertainment companies
will need to lean on modern network architecture
models, such as MEC, to deliver best-in-class digital
experiences. Because data is stored closer to the user,
MEC also allows media and entertainment companies
to deliver content and digital experiences more
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quickly and with lower latency. MEC is a
transformative technology that will improve how
media and entertainment companies create and
distribute content and how people consume it [10].

APPLICATIONS OF EDGE COMPUTING IN
MEDIA AND ENTERTAINMENT

From live streaming and CDNs to AR/VR and
personalized content, the applications of edge
computing are vast and varied. Common applications
of edge computing in M&E sector include the
following [2,11-13]:

» Cloud Gaming: The gaming industry is arguably
the most latency-sensitive sector within M&E.
Cloud gaming or gaming as a service (GaaS),
relies on remote servers to render game graphics
and stream the video feed to the player's device,
while simultaneously receiving the player's
control inputs. This requires ultra-low latencys;
any perceptible delay between a button press and
the on-screen action breaks the immersion.
Because gaming is highly interactive, it is
incredibly sensitive to latency. A delay of even 50
milliseconds can be perceptible and detrimental in
fast-paced competitive games. Edge computing
addresses this by placing gaming servers closer to
the players. Edge computing, particularly when
paired with 5G networks, is the key to unlocking
the potential of cloud gaming.

» Sports Broadcasting: Live sports broadcasting is
one of the most demanding video production
environments, requiring ultra-low latency,
synchronized multi-camera feeds, and real-time
data overlays. Edge computing is fundamentally
changing how live sports are delivered. Sports
audiences demand real-time experiences.
Traditional streaming protocols often introduce
delays of 20 to 40 seconds compared to traditional
broadcast television, leading to the “spoiler
effect” where fans receive notifications of a goal
before seeing it on their stream. Live broadcasting
of sports and massive entertainment events
presents a unique challenge: delivering high-
definition video to millions of concurrent viewers
simultaneously without significant delay.

» Live Streaming: One of the most significant
applications of edge computing in the media and
entertainment industry is live streaming. Real-
time streaming refers to the continuous
transmission and playback of audio, video, or
multimedia content over the Internet with
minimal delay. It enables users to access live
events, broadcasts, and interactive experiences in
real time, fostering engagement and connectivity
across diverse platforms and devices. By

processing data at the edge, live streaming
platforms can reduce latency and provide a
seamless viewing experience. This is particularly
important for live sports, concerts, and other real-
time events. Consider a live sports event being
broadcasted to millions of viewers. Edge
computing can help by processing the video feed
locally and distributing it to viewers with minimal
delay.

» Music Streaming: While music streaming is less

sensitive to millisecond-level latency than
gaming, edge computing still plays a vital role in
optimizing the user experience. By caching
popular tracks on edge servers closer to listeners,
platforms can virtually eliminate buffering during
peak traffic times.

Video Streaming: In video streaming, where
milliseconds of latency and uninterrupted
playback are paramount, the role of edge
computing emerges as a crucial component in
ensuring seamless user experiences. Edge
computing aims to reduce latency, improve
bandwidth efficiency, and enhance overall
performance by processing data closer to the end-
user, rather than relying solely on centralized data
centers. This proximity minimizes the distance
data must travel, resulting in reduced latency and
improved responsiveness during video playback.
Today, edge computing plays a central role in the
video streaming ecosystem, facilitating a seamless
and immersive viewing experience for millions of
users worldwide. From live sports broadcasts to
on-demand entertainment, edge computing
enables streaming providers to deliver high-
quality content with unparalleled reliability and
responsiveness. As technology continues to
evolve and user expectations evolve, edge
computing is poised to play a pivotal role in
enhancing the efficiency, scalability, and
reliability of video streaming services. Figure 7
shows the role of edge computing in video
steaming [11].

» Augmented and Virtual Reality (AR/VR): The

most transformative impacts of edge computing in
the M&E sector are seen in the realms of
interactive and immersive media, where the
convergence of edge computing and 5G networks
is creating entirely new paradigms of
entertainment. The metaverse and immersive
AR/VR experiences are highly computationally
intensive. AR and VR applications are
exceptionally sensitive to latency. Currently,
high-end VR requires bulky, expensive headsets
tethered to powerful PCs. Edge computing offers
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a solution by offloading the heavy processing
tasks—such as spatial mapping, object
recognition, and high-resolution rendering—from
the headset to the edge cloud. This offloading not
only reduces the cost and weight of AR/VR
devices, making them more accessible to
consumers, but also ensures the sub-20
millisecond latency required to prevent
cybersickness. By processing volumetric video
and holographic broadcasts at the edge, the
industry moves closer to realizing truly
immersive, untethered virtual environments.

Content Delivery Networks (CDNs): Content
Delivery Networks (CDNs) have become integral
to modern digital content delivery strategies,
facilitating faster, more reliable, and scalable
distribution of web content, streaming media, and
software updates. CDNs are essential for
delivering content quickly and efficiently to users
across the globe. By leveraging edge computing,
CDNs can cache content at the edge nodes,
ensuring faster delivery and reducing the load on
central servers. A popular video streaming service
uses edge computing to cache frequently accessed
videos at edge nodes, reducing buffering times
and improving user experience.

» Advertising: Edge computing can also enhance

the effectiveness of advertising by enabling real-
time targeting and personalization. Advertisers
can analyze user data at the edge to deliver
relevant ads to the right audience. An edge
computing solution processes user data locally
and delivers targeted ads based on their browsing
history and preferences.

Online Entertainment: Online entertainment
platforms require fast response times and
uninterrupted performance. Edge computing helps
achieve this by distributing processing closer to
users. Online entertainment platforms are
increasingly relying on edge computing to deliver
faster, more responsive, and more stable user
experiences. Instead of sending every request to a
distant central server, edge computing processes
data closer to the user, reducing delay and
improving real-time performance. In this evolving
digital environment, an online gaming platform
reflects how modern entertainment systems are
being shaped by edge computing technologies
that enhance speed, reduce latency, and support
smoother interactions across different devices and
network conditions. Edge computing is
transforming online entertainment into ultra-fast,
distributed systems where responsiveness is no

longer limited by distance or centralized
processing.

» Network Load Reduction: Network load reduction
refers to the process of optimizing network
resources to minimize congestion, improve
performance, and enhance overall efficiency. In
today’s digital landscape, where data
consumption and network traffic continue to soar,
network load reduction strategies are essential for
maintaining a reliable and responsive network
infrastructure. One of the primary methods for
network load reduction is traffic shaping, which
involves prioritizing and managing data traffic to
ensure equitable distribution of network
resources. Traffic shaping techniques prioritize
critical applications, such as voice and video
communications, while allocating bandwidth
based on user requirements and network policies.
By prioritizing essential traffic and limiting non-
essential data transfers, traffic shaping helps
optimize network performance and reduce
congestion during peak usage periods.

BENEFITS

The benefits are clear and multifaceted: it enables
ultra-low latency live sports broadcasting, slashes
bandwidth and egress costs for streaming platforms,
and provides the necessary computational backbone
for real-time cloud gaming, AR, VR, and the
emerging metaverse. It enhances the security and
privacy of both user data and valuable digital content.
The transition to edge computing is fundamentally
altering the economics of content delivery. Other
benefits of edge computing in M&E sector include
the following [2,11]:

» Latency Reduction: In the realm of digital
entertainment, latency—the time it takes for data
to travel from its source to its destination and
back—is the ultimate adversary. It is the primary
enemy of a high-quality digital experience. In the
context of media and entertainment, latency
manifests as buffering in video streams, lag in
multiplayer games, and motion sickness in VR
applications. While a delay of a few seconds is
acceptable for traditional Video on Demand
(VOD), it is catastrophic for interactive
applications. In competitive cloud gaming,
latency above 50 milliseconds can ruin the player
experience. Edge computing addresses this
challenge by decentralizing computation. This
paradigm shift significantly reduces data travel
distance, slashing latency, optimizing bandwidth,
and enabling a new class of real-time
entertainment applications.
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Cost Reduction: The sheer volume of data
generated by modern media applications places an
enormous strain on network infrastructure.
Transmitting high-definition video streams and
massive gaming assets across the Internet to a
centralized cloud is not only slow but also
prohibitively expensive due to high egress fees
charged by cloud providers.

Personalization: Edge computing facilitates
advanced, real-time personalization. Edge nodes
can leverage machine learning algorithms to
analyze a user's listening habits, location, and
context to dynamically predict and cache content
they are likely to request next. This localized
processing also reduces the massive data load on
central networks, improving the overall efficiency
and scalability of platforms like Spotify or Apple
Music. A music streaming service analyzes user
listening patterns at the edge and provides
personalized playlists based on their preferences.

Enhanced Quality of Service (QoS): Quality of
service encompasses various factors that
contribute to the overall viewing experience,
including video resolution, bitrate, audio quality,
and reliability. Edge computing plays a pivotal
role in enhancing QoS by optimizing content
delivery, mitigating network congestion, and
dynamically adjusting streaming parameters
based on network conditions and device
capabilities. By dynamically adjusting the video
resolution and bitrate to match the viewer’s
network speed and screen size, edge computing
ensures a consistent and uninterrupted viewing
experience across diverse devices and network
conditions.

Bandwidth Optimization: Bandwidth constraints
pose significant challenges in video streaming,
especially in regions with limited Internet
infrastructure or during peak usage periods. Edge
computing addresses bandwidth optimization by
reducing the amount of data transmitted over the
network and optimizing content delivery for
maximum efficiency. By caching popular videos,
software updates, and streaming segments at the
network edge, edge computing reduces bandwidth
consumption and alleviates network congestion.

Enhanced Reliability: CDN integration enhances
content delivery reliability and security by
providing redundancy, failover mechanisms, and
built-in security features. CDN edge servers
replicate content across multiple geographically
dispersed locations, ensuring high availability and
resilience against network failures or server
outages. In the event of a server failure or

network disruption, CDN edge servers seamlessly
redirect traffic to alternate servers, minimizing
service interruptions and maintaining continuity
of content delivery.

» Dynamic Scalability: Dynamic scalability refers
to the ability of a system or application to adjust
its capacity and resources dynamically in
response to changing workload demands. In
dynamic scalability, resources such as computing
power, storage, and bandwidth are allocated and
de-allocated automatically based on real-time
demand, optimizing performance and efficiency
while minimizing costs. One of the key benefits
of dynamic scalability is its ability to ensure
optimal performance and reliability during peak
usage periods. For example, during periods of
high user activity, such as Black Friday sales
events or live streaming broadcasts, dynamic
scalability enables systems to automatically
provision additional resources to handle increased
traffic and maintain responsiveness.

CHALLENGES

In spite of its clear advantages, the widespread
adoption of edge computing in entertainment faces
several hurdles. Challenges in infrastructure
investment, interoperability, security, and
standardization remain. Other challenges of edge
computing in M&E sector include the following
[2,11]:

» Infrastructure Investment: The primary challenge
is the substantial infrastructure investment
required to deploy thousands of edge nodes
globally, particularly retrofitting existing cell
towers and local data centers with high-
performance GPUs and storage. Deploying
thousands of distributed edge nodes requires
massive capital expenditure. Partnerships between
broadcasters, telecom operators (leveraging 5G
networks), and CDN providers are essential to
share these costs.

» Infrastructure Complexity: One of the most
significant challenges in edge computing is the
sheer complexity of managing a highly distributed
infrastructure.  Unlike  centralized cloud
environments, where resources are consolidated
in a few massive data centers, an edge
architecture involves thousands or even millions
of geographically dispersed nodes.

» Data Privacy: Media companies collect vast
amounts of consumer data to personalize content
and optimize delivery. While processing this data
at the edge can enhance privacy by keeping
sensitive  information localized, it also
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complicates compliance with global data
protection regulations, such as the General Data
Protection Regulation (GDPR). Ensuring that data
is handled securely and in accordance with
varying regional laws across a distributed network
requires complex data governance frameworks
and continuous monitoring. In an era of
increasing regulatory scrutiny and sophisticated
cyber threats, data privacy and security are
paramount concerns for media companies.
Centralized cloud architectures, where massive
amounts of user data and valuable intellectual
property (IP) are aggregated in a single location,
present lucrative targets for hackers.

» Data Security: Edge computing inherently
improves security by decentralizing data.
Sensitive user information, such as payment
details or localized behavioral data, can be
processed and anonymized at the edge rather than
being transmitted across the Internet to a central
server. While edge computing can enhance
security by localizing sensitive data processing, it
also expands the attack surface. Securing
thousands of distributed micro data centers is
inherently more complex than securing a few
centralized facilities.

» Lack of Standardization: The edge ecosystem is
currently fragmented. A lack of industry-wide
standards can lead to interoperability issues
between different edge providers and cloud
environments, complicating deployment for
media companies. This lack of standardization
complicates interoperability, making it difficult
for media companies to build cohesive systems
that seamlessly integrate various edge devices and
central control systems. Without industry-wide
standards, organizations risk vendor lock-in and
face increased integration costs.

» Hardware Constraints: Edge devices and local
servers often operate with limited processing
power, memory, and storage compared to their
cloud counterparts. While this constraint helps
minimize energy consumption and physical
footprint, it poses difficulties when deploying
resource-intensive media applications, such as
real-time video transcoding or complex graphics
rendering.

FUTURE OF EDGE COMPUTING IN MEDIA
AND ENTERTAINMENT

The future of media and entertainment is inextricably
linked to the edge of the network. Edge computing—
empowered by 5G connectivity and Edge Al—is
fundamentally rewriting the rules of content delivery,
live broadcasting, and gaming. The integration of

artificial intelligence (Al) at the edge—often referred
to as Edge Al—is unlocking new frontiers in media
personalization and content moderation. Looking
ahead, the convergence of edge computing with 5G
and 6G networks will be the catalyst for the next
generation of entertainment. As  consumer
expectations for immersive, instant, and high-fidelity
digital experiences continue to rise, the media and
entertainment industry's reliance on edge computing
will only deepen, driving continuous innovation and
redefining how we consume content in the digital age.
By bringing processing power closer to the user, edge
computing not only solves the latency imperative but
also unlocks new creative possibilities and business
models, ensuring that the next generation of media is
faster, richer, and more engaging than ever before [2].

CONCLUSION

Edge computing is no longer a peripheral technologys;
it is the foundational infrastructure required for the
future of digital entertainment. By distributing
processing power to the network edge, the industry
can overcome the latency barrier, reduce operational
costs, and unlock the potential of cloud gaming, live
interactive broadcasting, and the metaverse. The
global edge computing market is expanding rapidly,
with the media and entertainment sector expected to
be a major driver of this growth as companies seek to
deliver consistent, high-performance experiences to
global audiences.

Edge computing holds immense potential to
revolutionize the media and entertainment industry by
enabling ultra-low latency content delivery and
supporting next-generation immersive experiences.
However, realizing this potential requires overcoming
substantial challenges. Media companies must
navigate the complexities of distributed infrastructure
management, address heightened security and privacy
risks, innovate in content protection, and carefully
balance the significant costs against the anticipated
ROL
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Figure 1 The symbol of edge computing [1].
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