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Abstract— This project introduces a scalable system for
video transcoding, designed to address the increasing
need for efficient video processing and streaming
solutions. By leveraging advanced web technologies such
as Node.js, React, and Next.js, alongside AWS services
like S3 for storage, DynamoDB for monitoring, and ECS
for container management, the system delivers an
optimized user experience for uploading, transcoding,
and streaming videos. The architecture adopts a
microservices framework, enabling individual
components to scale independently to accommodate
dynamic workloads while maintaining high performance
and availability. With a focus on user-centric design, the
system provides real-time updates and responsive
interfaces, fostering improved user engagement. Robust
testing methodologies further ensure the platform's
reliability and stability. This research not only tackles
technical obstacles in video transcoding but also
highlights the importance of user feedback and iterative
development. The approach serves as a blueprint for
creating scalable and efficient video processing systems in
the future.
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I.INTRODUCTION

The proposed system is a scalable, cloud-based video
transcoding and streaming solution designed to address the
challenges of modern digital media consumption. It leverages
AWS services, including S3 for storage and ECS for
container orchestration, along with modern web technologies
like Next.js and React, to deliver a fully automated video
processing pipeline. The system supports diverse video
formats, adaptive bitrate streaming, and cross-platform
compatibility, ensuring seamless playback across various
devices and network conditions. By automating workflows
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such as ingestion, transcoding, and distribution, it reduces
manual intervention, enhances operational efficiency, and
minimizes errors. With its focus on scalability, user-centric
design, real-time updates, and cost-effective resource
utilization, the system offers a robust solution for content
creators and enterprises seeking efficient video management
and streaming capabilities.

Il. OBJECTIVES AND METHODOLOGY

The proposed video transcoding and streaming system
follows a structured methodology to ensure scalability,
efficiency, and an optimal user experience. Built on a
microservices architecture leveraging AWS services like S3
for secure storage, ECS for container orchestration, and
Lambda for serverless processing, the system is designed to
handle high volumes of video content while dynamically
scaling based on demand. An automated video processing
pipeline allows for seamless ingestion, transcoding, and
distribution, supporting multiple formats and resolutions for
cross-device compatibility. The user interface, developed
using Next.js and React, offers a responsive design with real-
time monitoring of uploads and transcoding tasks, enhancing
user management and accessibility. The system emphasizes
security through data encryption and access control, ensuring
that sensitive content remains protected. Performance testing
and optimization techniques, including adaptive bitrate
streaming and video compression, guarantee smooth
playback and efficient content delivery. The primary
objectives include automating video processing, providing a
user-centric interface, ensuring scalability and cost-
effectiveness, and continuously improving the system
through user feedback and analytics.

I1. LITERATURE SURVEY

A literature survey of video transcoding and streaming
systems highlights various challenges and advancements in
the field, with an emphasis on optimizing performance,
scalability, and user experience. Several studies discuss the
use of cloud-based solutions, particularly AWS, for handling
the computational demands of video transcoding,
emphasizing the importance of services like S3 for storage,
ECS for orchestration, and Lambda for serverless processing.
Adaptive bitrate streaming, through protocols such as HLS,
has been widely adopted to ensure seamless playback across
varying network conditions and devices, a critical aspect of
modern video delivery. The integration of microservices
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architecture has also gained attention for its ability to scale
components independently, improving system flexibility and
efficiency. User-centric design principles, focusing on
responsive interfaces and real-time feedback, have been
explored as ways to enhance engagement and simplify video
management. Additionally, the importance of security in
video storage and distribution has been acknowledged, with
encryption techniques and access control protocols playing
vital roles in protecting content. These studies underline the
evolving need for more efficient, secure, and scalable systems
to meet the growing demand for high-quality video streaming
and processing solutions.

V. PROPOSED SYSTEM

The proposed system is designed to provide an efficient,
scalable, and fully automated solution for video transcoding
and streaming. It utilizes a combination of AWS cloud
services, including S3 for secure and scalable storage,
Lambda for serverless computing, and ECS for container
orchestration, which allows the system to dynamically scale
based on demand. This cloud-based approach ensures
optimal resource utilization, reducing operational costs while
improving performance. The system also employs modern
web technologies like Next.js and React for the frontend,
offering a responsive and intuitive user interface that
streamlines the management of video content. This enhances
user engagement by making it easy to upload videos, monitor
transcoding progress, and access streaming links from any
device. The entire video processing workflow—from
ingestion,  through transcoding, to  distribution—is
automated, eliminating the need for manual intervention and
significantly reducing the potential for errors. The use of
automation not only saves time but also increases reliability
by ensuring consistency in processing tasks. Additionally, the
system's design allows for scalability and flexibility, enabling
it to handle varying workloads and adjust to changing user
demands, all while maintaining high performance. By
leveraging cloud infrastructure, the system can scale
efficiently, allocating resources based on real-time demand,
thus optimizing costs and ensuring that high-quality service
is consistently delivered. Overall, this solution leads to
improved operational efficiency, a better user experience, and
significant cost savings for content creators and enterprises.
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Figure 01: Architecture Diagram

V. IMPLEMENTATION

The implementation of the video transcoding system follows
a structured methodology centered on microservices
architecture, containerization, and component-based frontend
development. By adopting microservices, each component of
the system, such as video uploading, transcoding, status
tracking, and streaming, is developed, deployed, and scaled
independently, ensuring flexibility, scalability, and
resilience. Docker is used for containerizing backend

services, allowing for consistent execution across
environments and improving resource efficiency. The
frontend is built using React and Next.js, utilizing

component-based development for easy maintainability,
reusability, and improved testing. The backend architecture
consists of an API gateway for routing client requests, a video
processing service leveraging FFmpeg for transcoding and
HLS stream generation, a storage service interacting with
AWS S3 for file management, and a database service using
AWS DynamoDB to track transcoding statuses. The frontend
communicates seamlessly with the backend via APIs,
providing users with a responsive interface to upload videos,
monitor transcoding progress, and access streaming links.
This modular and scalable approach ensures a reliable,
efficient, and user-friendly video transcoding and streaming
solution.

Activity Diagram
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Figure 02: Work Flow of Application

Test case Id Scenario Steps Expected Output Actual Output Status

Launch the The video player Video player
application and check i ¢
TCo1 Video Initialization | If the video player nitializes and initialized and video Pass
play displays the video feed displayed

initializes and .
feed in real time. successfully.

displays the video.

The selected quality
is applied, and the Selected guality
video plays in the | applied successfully.

chasen quality.

Change the video
quality using the
quality selector.

Tco2 Quality Selection

The system
recognizes the action
and updates the
subscription status
accordingly.

Click the subscribe
button for a creator.

Subscription status

Pass
updated successfully.

TCo3 Subscription Toggle

The correct number
. Check the subscriber 2
Subscriber Count of subscribers is Subscriber count
TCo4 N count displayed on Pass
Display displayed next to the | displayed correctly.
the video player. !
creatar's name.

Table 01:Test Cases
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Check if the videa The video
description is descriptionis | Video description
Videa Description prion ¥ ptien P
rendered correctly |  displayed with rendered Pass
Rendering
proper formatting | success! fully
plaver, and content.

TCOS =
below the video

An error message is

displayed to the user|

without crashing the
application.

Simulate an error
TC06 Error Handling | while fetching video
data

Error message
displayed Pass
successfully

Checkiif the The thumbnail
thumbnail image is | image is displayed |Thumbnail displayed
displayed before the | correctly before the | successfully.

video starts playing,

Tco7 Thumbnail Display Pass

video starts

The video responds

correctly to user Vides contrals
Tcos User Interaction | video controls (play, | interactions (play, Pass

functioned correctly.
pause, volume) pause, volume

change).

Table 02:Test Cases

Interact with the

VI DISCUSSION
A. Comparative Analysis:

The video transcoding system implemented in this project
stands out when compared to traditional video processing
systems, which often rely on monolithic architectures and
manual processes. Traditional systems face significant
challenges in scalability, flexibility, and performance, as they
struggle to handle high volumes of content and are prone to
human error due to manual intervention. In contrast, this
system leverages a microservices architecture, allowing for
independent scaling of individual components based on
demand, which enhances both performance and efficiency.
Additionally, by incorporating containerization through
Docker and cloud services like AWS, this system ensures
consistency, reliability, and cost-effectiveness in a cloud
environment. The use of modern web technologies like React
and Next.js for the frontend also improves user experience by
offering responsive, dynamic, and intuitive interfaces. This
system addresses the scalability, flexibility, and operational
challenges of traditional systems while providing a seamless
and efficient video processing and streaming solution.

B. Positive Aspects:

The implemented video transcoding system brings
several positive aspects to the table. Its modular architecture,
based on microservices, ensures that each component can be
independently developed, deployed, and scaled, allowing for
greater flexibility and resilience. The use of containerization
ensures consistency across various environments and
enhances security by isolating services. AWS cloud services,
such as S3 and DynamoDB, ensure secure, scalable, and
reliable storage and data management, while the system's
ability to automate video transcoding, status tracking, and
streaming significantly reduces manual intervention, leading
to improved operational efficiency. The user interface, built
with React and Next.js, offers a smooth, intuitive experience,
allowing users to manage their content easily and track the
status of video processing in real-time. Overall, this system
not only provides a robust and scalable solution for video
transcoding but also enhances user satisfaction through its
streamlined workflows and modern technologies.

VII. CONCLUSION AND FUTURE SCOPE

The successful implementation of the video transcoding
system demonstrates the effectiveness of integrating modern
web technologies with scalable cloud solutions to meet the
increasing demands of video processing and streaming. By

leveraging AWS services, such as S3, DynamoDB, and ECS,
alongside tools like Node.js, React, and Next.js, the system
provides an efficient, user-friendly platform capable of
handling large-scale video management tasks. Through
thoughtful design, testing, and continuous feedback
incorporation, the project has overcome challenges in service
integration, performance optimization, and user experience.
As the digital landscape continues to evolve, this system lays
the groundwork for future advancements, including broader
format support and enhanced user customization, reinforcing
its value as a forward-thinking, adaptable video technology
solution.

The video transcoding system, while robust in its current
form, offers vast potential for future enhancements. Key areas
for expansion include supporting a wider range of video
formats such as WebM, HEVC, and AV1 to meet the growing
demands of diverse user preferences. Additionally,
integrating more cloud services like AWS Lambda for
serverless processing, CloudFront for improved global
streaming performance, and Google Cloud Storage for
flexible storage options would further enhance the system's
scalability and versatility. Enhancements to the user
interface, including customizable dashboards, real-time
notifications, and better responsiveness across devices,
would improve the overall user experience. Moreover,
strategies like horizontal scaling, load balancing, and
database optimization would ensure the system remains
efficient as user demand grows, cementing its role as a
comprehensive and adaptable solution for video transcoding
and streaming.

REFERENCES

[1] Jamali, Maedeh; Karimi, Nader; Samavi, Shadrokh;
Shirani, Shahram
A Parametric Rate-Distortion Model for Video
Transcoding, 2024. Paper No: arXiv:2404.09029.

[2] Vibhoothi, Vibhoothi; Zouein, Julien; Pitié, Francois;
Kokaram, Anil

Unravelling the Power of Single-Pass Look-Ahead in
Modern Codecs for Optimized Transcoding Deployment,
2024. Paper No: arXiv:2404.05321.

[3] Jamali, Maedeh; Karimi, Nader; Samavi, Shadrokh;
Shirani, Shahram

A Parametric Rate-Distortion Model for Video
Transcoding, 2024. Paper No: arXiv:2404.09029.

[4] Vibhoothi, Vibhoothi; Zouein, Julien; Pitié, Frangois;
Kokaram, Anil

Unravelling the Power of Single-Pass Look-Ahead in
Modern Codecs for Optimized Transcoding Deployment,
2024. Paper No: arXiv:2404.05321.

[5] Shahre-Babak, Z. N.; et al.

High-Quality Live Video Streaming via Transcoding Time
Prediction and Preset Selection, 2023. Paper No:
arXiv:2312.05348.

PAGE NO: 131



COMPUTER RESEARCH AND DEVELOPMENT (ISSN N0O:1000-1239) VOLUME 25 ISSUE 1 2025

[6] Menon, Vignesh V.; Farahani, Reza; Rajendran, Prajit
T.; Ghanbari, Mohammed; Hellwagner, Hermann;
Timmerer, Christian

Transcoding Quality Prediction for Adaptive Video
Streaming, 2023. Paper No: arXiv:2304.10234.

[7] Shahre-Babak, Z. N.; et al.

High-Quality Live Video Streaming via Transcoding Time
Prediction and Preset Selection, 2023. Paper No:
arXiv:2312.05348.

[8] Menon, Vignesh V.; Farahani, Reza; Rajendran, Prajit
T.; Ghanbari, Mohammed; Hellwagner, Hermann;
Timmerer, Christian

Transcoding Quality Prediction for Adaptive Video
Streaming, 2023. Paper No: arXiv:2304.10234.

[9] Abdoali, Mohsen; Henry, Félix; Clare, Gordon
Low-Consumption Partial Transcoding by HEVC, 2023.
Paper No: arXiv:2312.12174.

[10] Alam, A.; et al.

Video Big Data Analytics in the Cloud: A Reference
Architecture, Survey, Opportunities, and Open Research
Issues, 2020. Paper No: arXiv:2011.07807.

[11] Alam, A_; et al.

Video Big Data Analytics in the Cloud: A Reference
Architecture, Survey, Opportunities, and Open Research
Issues, 2020. Paper No: arXiv:2011.07807.

[12] Salehi, M. A_; et al.

Performance Analysis and Modeling of Video Transcoding
Using Heterogeneous Cloud Services, 2018. Paper No:
arXiv:1809.06529.

[13] Rahman, Md. Anwar; et al.

A Streaming Cloud Platform for Real-Time Video
Processing on Embedded Devices, 2018. IEEE Transactions
on Cloud Computing, Vol. 6, No. 1, pp. 220-232.

[14] Vetro, Anthony; Christopoulos, Charilaos; Sun,
Huifang

Video Transcoding Architectures and Techniques: An
Overview, 2003. IEEE Signal Processing Magazine, Vol.
20, No. 2, pp. 18-29.

PAGE NO: 132



