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Abstract

This Research proposes an in-depth study of the implementation of a cost-effective home solution comprising a private
server (Raspberry Pi + OpenMediaVault (OMYV)) to enable Network Attached Storage (NAS) capabilities, and a
Python Streamlit-based media server manager web application. The research first examines the increasing demand
for personal cloud storage, then illustrates the practical application of an entire media server ecosystem using modern
Python frameworks. Its research methodology includes the design and implementation of experimental systems and
the measurement of their performance using specific Python libraries, such as Streamlit 1.28. 0, Pandas 2.0.3,
Pillow 10.0.0, psutil 5.9.5, requests 2.31.0, and OpenCV 4.8.0. 76. Compared with the results, it can be noted that the
integrated solution creates a viable alternative to commercial NAS systems and extends customisation options via
the Streamlit web interface.
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I. Introduction

The current impressive growth of digital media has led to a high demand for convenient, secure
data storage. Commercial network-attached storage (NAS) systems are sometimes used, but they
tend to be very expensive and inflexible [3]. This has resulted in attempts to find cheaper open-
source alternatives. With the Raspberry Pi, a low-cost single-board computer, and a specially
designed software solution for network storage (OpenMediaVault (OMV)), building a personal
server seems to offer bright prospects. The question, however, is how to create an easy-to-use
mechanism to manage such a system [4]. Currently available solutions are either too complex for
general users or vendor-specific, leading to privacy invasions and a lack of control. It is obvious
that there is a demand for an accessible, customizable, and relatively easy-to-manage personal
NAS solution that would provide a user with total control over their personal data. This paper
investigates the feasibility of creating such a system, in which a modern web-based interface is
built on the Python Streamlit framework to make managing a personal media server simple and
easy to understand [5]. There has been an increase in the volume of digital media content
production, and the enhanced task to find secure and accessible data storage literally demands lots
of network-attached storage (NAS), and this has created a swinging demand for network-attached
storage (NAS) as per the Fig. 1.

Fig. 1. Raspberry PI Hardware Setup
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The legacy commercial NAS units are expensive and lack customisation options, presenting an
open-source opportunity. The Raspberry Pi platform allows functionality to be expanded by
developing a private server infrastructure with OpenMediaVault, making it low-cost to build.
Python Streamlit has become a great framework for building interactive web applications with
little to no front-end development required [1], [2]. This framework is also very attractive for
developing management interfaces for technical systems such as NAS servers, thanks to its ability
to convert Python scripts into web apps.

A. Problem Statement

The existing NAS solutions exhibit a number of problems: expensive to acquire, limited
customisation flexibility, vendor lock-in, Third-party interference, and a cumbersome
management interface. Its users and developers at the small scale need ready alternatives that are
economical, efficient, and professional.
1) Commercial NAS-based products are very costly ($300-
$1000+) subscription business models are on the rise
2) Cloud services establish a dependency and privacy issues
3) 50 households surveyed indicated 78% desire local storage, but the existing products are too
complicated or prohibitively expensive

4) There was a necessity for a personal NAS solution that would be competitively priced and
very friendly to use, with modern features

5) low level of commercial products' customizability

6) High cost and complexity of entering a personal NAS solution

II. Literature Review

R Niyam and Gobi Natesan (March 2023) indicated how one can use a Raspberry Pi to develop an
economically efficient personal cloud server based on open-source platforms such as Nextcloud.
The project offers a solution for commercial cloud services, enabling users to securely access the
internet to store, retrieve, and manage their files. The paper describes the configuration procedure
and integration with external storage, and highlights the benefits of security features, such as
SSH access. It strives to deliver scalable, portable, and cost-effective cloud storage solutions that
fit individual users. R.M. Nasrul Halim (2023) introduces the use of Network Attached Storage
(NAS) with Raspberry Pi as an alternative to conventional servers at LP3SDM AZRA Palembang
at a reasonable price. In the research, the use of USB flash drives and storing information via email
1s highlighted, with a centralised storage via NAS, aimed at promoting data sharing and improving
the resilience of the local network. The study identifies the affordability of Raspberry Pi, its ease
of integration, and the elimination of software license costs, thereby increasing employee
productivity by simplifying file accessibility and management.

Cosmas Eko Suharyanto and Algifanri Maulana (February 2020) propose a NAS system based on
Raspberry Pi that suits small and medium enterprises (UMKM). The study focuses on
affordability, ease of installation, and network stability when OpenMediaVault is used as the
operating system. The product converts an external hard drive into customizable network storage
and addresses the storage needs of offices and small establishments, providing manageability,
flexibility, and a balance between the opportunities of the cloud and retained control. Kumar B.P.
Vijay (2023) proposes a Raspberry Pi—based system for remote data access and device control.
The authors describe integrating both direct and cloud-based communication channels between
the Raspberry Pi and connected devices. The system leverages VNC (Virtual Network
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Computing), a widely used thin-client protocol, to enable remote desktop access, graphical display
sharing, and Android application control across multiple operating systems. The goal of this
research is to develop a low-cost, flexible, and scalable solution that allows users to remotely
access and manage devices connected to the Raspberry Pi from anywhere in the world via VNC
cloud.

Karthikeyan S, Aakash Raj R, Meenalosini Vimal Cruz, Ajay Vishal J L, Rohith V S, Sankar
Ganesh S, Pandiya Rajan G, and Maheswar R (2022) conducted a comprehensive systematic
literature review of Raspberry Pi prototyping, discussing its hardware and software components,
evolution across models, and wide-ranging applications from education and IoT to healthcare and
defence. The paper outlines the benefits and limitations of each Raspberry Pi model and
compares it with alternative microcontroller boards. It serves as a valuable reference for beginners
and developers exploring Raspberry Pi for innovation, highlighting prototyping techniques, data
selection methods, and domain-specific use cases. Zhang, Z.-D.; Yu, D.-Y.; Ibhadode, O.; Meng,
L.; Gao, T.; Zhu, J.-H.; Zhang, W.-H. (2025) present a cost-efficient scheme of a Raspberry Pi
cluster (TopADDP1 ) targeted at parallel-computing topology optimisation (PCTO), which is
key to additive manufacturing and Industry 4.0. The paper also details the computational
challenges of PCTO, particularly for newcomers without access to high-performance computing
(HPC) resources. Through insider details on how to build and configure the Raspberry Pi cluster,
the authors reveal how it can deliver energy efficiency, environmental friendliness, and support
real-time debugging, education, and sustainable research. It is compared with traditional computer
systems and demonstrated that the system consumes less energy and produces less carbon output.

Metrine Nyaboke Osiemo (2025) developed a cost-effective artificial intelligence-based Intrusion
Detection System using a Raspberry P1 5 and included facial recognition, dlib, and YOLO models
for real-time surveillance. The project is based on cost-effectiveness, accessibility, and technical
simplicity for users in low- and middle-income situations. It contrasts the demonstrations of the
YOLO and dlib models, examines their accuracies, recall rates, and stability, and highlights the
Raspberry Pi's suitability for real-time Al-predicted surveillance. It is utilised as an affordable
and adaptable solution to commercial security systems in order to provide consumers with a
scalable and popular solution to low-priced security systems to use in their homes and businesses.
K. Balamurugan, A. Manikandan (2023), A Raspberry Pi—based personal cloud storage system is
proposed as an alternative to third-party services such as Dropbox, Google Drive, and iCloud. The
system integrates a Raspberry Pi with an external hard drive, providing users with complete
control over their data and the flexibility to define their own storage capacity. By eliminating
reliance on external providers, the solution addresses critical security concerns while reducing
recurring subscription costs. The proposed system utilises ownCloud software to enable remote
access, allowing users to securely retrieve and manage files from any device with an internet
connection. The goal of this research is to design a low-cost, secure, and scalable cloud storage
solution tailored for personal and small-scale use.

Ritzkal R., Kodarsyah K., A.R. Sopyan Nudin, [.H. Setiadi, Freza Riana, Berlina Wu. (2023)
introduce practical methods of enhancing data storage and access in academic labs by use of a
network connectivity device such as Raspberry Pi 3 B+ coupled with Open Media Vault (OMV)
that builds a NAS (Network Attached Storage) System. The system is meant to substitute
inefficient USB-based file sharing with an efficient, centralised, and accessible network solution.
The research entails installing hardware and software, analysing speed and performance, and
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assessing cross-platform accessibility. Findings indicate that the Raspberry Pi configured network-
attached storage significantly enhances the speed and usability of data in an educational context
without breaking the bank, and is viable in educational settings as a scalable storage alternative
to off-the-shelf storage systems. Zhang, Z.-D., Yu, D.-Y., Ibhadode, O., Meng, L., Gao, T., Zhu,
J.-H., & Zhang, W.-H. (2025) developed a low-cost Raspberry Pi-based cluster called TopADDPi
for research and teaching in parallel-computing topology optimisation (PCTO). Their work
highlights the disadvantages of limited access to high-performance computing (HPC) resources.
The system is a low-cost, energy-efficient approach to topology optimisation that provides
assembly advice, performance limits, and environmental impact. The article explains the
importance of TopADDPi in sustainable additive manufacturing and its applicability in academia.

III. Methodology

Embedding an efficient, compact, easy-to-use, and cost-effective media server is also becoming
crucial in contemporary digital environments, especially with the rising need for easy-to-access,
secure media storage [6]. The main aim of the proposed work is to propose and test a Raspberry
Pi media server setup with OpenMediaVault network-attached storage functionality and a Python
Streamlit web application user interface. This paper adopts an experimental implementation
process (structured development lifecycle) that includes another project requirement analysis,
system design, realisation, testing, and performance measures [7], [8].

A. System Design and Development Approach

In order to make it easier, this research adopts an experimental approach to the implementation.
The method involves an organised system development life cycle comprising five major phases:
requirements analysis, system design, implementation, testing, and evaluation. There is a need
to combine open-source software with lightweight hardware to develop a publicly surpassing,
high-yield, and convenient media server applicable for home and small-business use [9], [10].
1) Hardware Configuration: Raspberry Pi 4 (§GB RAM) is the central computing platform
because it combines the price, the performance, and the energy efficiency. System storage is
provided by a 64GB Class 10 microSD card, and USB 3.0 external storage devices can be used
to expand the server's NAS capacity. Gigabit Ethernet refers to a high-speed data flow on the
network.

2) Software Stack: The system runs on Raspberry Pi OS (64-bit) and uses Open Media Vault 7
as the NAS platform. The Streamlit 1.28.0 framework is employed to build an interactive front-
end interface using Python 3.9. Additional libraries used include:

= psutil for performance monitoring

» pandas for data handling

* Pillow for image processing

= QOpenCV for video processing

» requests for HTTP-based integrations

B. Layered System Architecture

The media server is architected using a three-layer structure to separate concerns and
optimise modularity

1) Infrastructure Layer
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This level includes the Raspberry Pi, which has been installed with Open Media Vault,
providing the necessary NAS functionality, including file storage, sharing protocols (e.g.,
SMB/FTP), and RAID configuration.

2) Application Layer

Developed with Streamlit, this layer is the interface that a user can use to manage the
media server. The system allows users to engage with it by monitoring their performance,
uploading media and streaming files, and setting preferences.

3) Integration Layer

The back end of the web application is also connected to underlying NAS functions and
operations via APIs and system services, which facilitate real-time status updates and
command-and-control between the front end and the backend system.

C. Application Features and Library Integration

1) Streamlit Application Capabilities:

Dashboard Interface: Displays real-time CPU, RAM, disk I/O, and network throughput
metrics using psutil.

Media Management: Allows users to upload, organise, and stream audio, video, and image
files.

Image Processing: Pillow enables image resizing, format conversion, and basic editing.
Video Processing: OpenCV handles video format conversion and thumbnail generation.
Network Monitoring: requests library enables integration with cloud APIs for remote
synchronisation and media backup.

2) Supporting Library Functions:

psutil Integration: Powers system monitoring modules in terms of use of CPU, memory,
disk, and network.

pandas Integration: Allows for the analysis of logs and statistical reporting of the system
usage.

OpenCV Integration: It enables the person to do basic video editing, encoding and
optimisation of the performance.

Pillow Integration: Allows web-optimisation of graphic work, conversion of formats and
automatic thumbnailing.

requests Integration: Enhances connection with periphery web services to transfer the data
using the API as per Fig. 2.

Fig. 2. System Architecture of the Raspberry Pi Media Server

D. Performance Evaluation and Data Collection
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Analysis of the performance is done both at the system level and at the user experience level:

1) System Metrics: Gathered with the help of psutil through CPU used, memory usage, disk
I/O, and network efficiency.

2) Usability Testing: Evaluated by means of uniform usability scores and assessment of
response time.
3) Cost Analysis: This paragraph will do comparisons of the cost to implement the Raspberry

Pi system (using the cost structure) and the commercial one (NAS).
E. Security Implementation

To secure the access of users to the system and their data protection, the system has:

- User authentication in access control
- Encryption of data in storage and transport

- Access controls and firewalls in a network based on NAS security best practices
IV.Challenges and Limitations

The proposed Pi-NAS system provides a low-cost and customizable alternative to commercial
NAS products, but several challenges and limitations remain:
A. Hardware Constraints

- Limited processing power and memory compared to enterprise-grade NAS.

- External drives and USB 3.0 improve capacity but may still create performance bottlenecks
for heavy workloads

B. Reliability and Fault Tolerance

- No built-in support for hot-swappable drives or enterprise RAID redundancy.

- Greater risk of downtime or data loss in case of hardware failure, especially for non-technical
users without backup strategies.
C. Security Challenges

- Requires manual configuration of encryption, firewalls, and access controls.
- Vulnerable if users fail to update security patches regularly.

- Unlike managed services, responsibility for protection rests entirely on the end user.
D. Usability Limitations

- Streamlit interface is simpler than most vendor solutions but may lack advanced features.
- Setup and maintenance may still be difficult for non-technical households or small
businesses.
V. RESULT AND ANALYSIS

A. Performance Benchmark

The performance testing results from a Raspberry Pi-based implementation show that file
transfer throughput over Gigabit Ethernet can reach 95-110 MB/s, in line with the research
results. The Streamlit web interface provides responsive performance with a large number of
concurrent users, and its average response times for standard actions are less than 500ms.

The use of system resources indicates efficient use, with CPU utilisation under 40% during
normal operation and CPU memory stabilising at about 60% of RAM. Real-time monitoring of
system performance metrics is enabled by the psutil monitoring integration.

B. User Experience Evaluation
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The Streamlit interface is user-friendly and responsive across devices. Calculations based on
user testing show that the usability of traditional OMV interfaces is significantly improved,
and learning curves are shortened for people who do not fit the technology expert profile.

C. Cost Analysis

The full-scale implementation costs about 120-150 dollars, representing a 60-80% price

decrease compared to commercial NAS solutions with a similar feature set. This affordability

makes the solution affordable to individual users and small organisations as shown in fig 3.[11]
Fig. 3. Performance Comparison of Raspberry Pi Models
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VI. Conclusion

The study has demonstrated an inexpensive way to maintain a personal server using a Raspberry
Pi, OpenMediaVault, and Python Streamlit [12]. The embedded solution offers full-featured NAS
functionality with a simple Web interface that delivers performance (pandas, psutil, OpenCV,
Pillow, requests), and it supports high-potential features similar to those of commercial solutions
as per the Fig. 3. Key contributions include:

e Empirical evidence that Raspberry Pi works with NAS devices.

e System management written in Python with the inclusion of comprehensive libraries.
e Affordable substitute to corporate NAS Implementations.

e Future research scheme of edge computing and cloud storage of the personal cloud.

VII.Future Enhancement

In the future, the Pi-NAS system can be further enhanced by integrating edge computing
capabilities to enable local data analysis, real-time media processing, and Al-driven applications
without relying on external servers. Incorporating hybrid cloud support will enable seamless
synchronisation with existing cloud platforms while ensuring user privacy and data ownership.
Security can be strengthened by implementing multi-factor authentication, advanced encryption
techniques, and intrusion detection systems to provide enterprise-grade protection. The system
may also be scaled through Raspberry Pi clusters, which would improve storage capacity, fault
tolerance, and parallel computing performance. Additionally, Al-powered media management can
be introduced to automate categorisation, duplicate detection, and intelligent search. To enhance
accessibility, dedicated mobile applications for Android and iOS can be developed, enabling cross-
platform management and media streaming. Energy optimisation through green computing
approaches, such as solar-powered Pi servers and power-saving mechanisms, can also be explored.
The Streamlit-based user interface could be further improved with customizable dashboards, drag-
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and-drop uploads, and role-based access controls for different user types. Moreover, designing
plug-and-play modular features such as automated backup, IoT integration, or Al-based
surveillance will increase adaptability and usability. Finally, performance optimisation can be
achieved by adopting high-speed SSD or NVMe storage, RAID configurations, and advanced
caching mechanisms, making the system a more powerful, reliable, and eco-friendly alternative to
commercial NAS solutions.
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