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Abstract: In the rapidly evolving digital landscape, concerns about online privacy, data 

security, and censorship have led to a surge in the use of Virtual Private Networks (VPNs). 

This literature review investigates the development of enhanced free VPN services equipped 

with advanced security features. Through a comprehensive exploration of VPN technology, 

encryption methods, security challenges, privacy considerations, and advanced security 

measures, this review aims to provide a detailed understanding of the multifaceted landscape 

of VPN development. Additionally, it delves into open-source and free VPN solutions, 

assessing their advantages, challenges, and successful implementations. The review 

addresses the critical balance between user experience and security, focusing on optimizing 

both aspects in VPN services. As VPNs play an increasingly crucial role in safeguarding 

digital privacy, this literature review serves as a comprehensive guide for those aiming to 

create enhanced free VPN services with robust security. 
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1. INTRODUCTION 

 

In the modern era of the internet, where digital communication and data exchange are 

ubiquitous, ensuring the security and privacy of online activities has become paramount. One 

significant tool in achieving this goal is the use of Virtual Private Networks (VPNs). VPNs 

serve as a shield for users, encrypting their internet traffic and routing it through secure servers, 

thereby safeguarding data from prying eyes. Moreover, VPNs grant users the ability to access 

geo-restricted content, bypass internet censorship, and maintain anonymity while Fig. 1. VPN 

Architecture browsing the web.  

The demand for VPN services has grown exponentially in recent years, driven by escalating 

cybersecurity threats, concerns about data privacy, and the need to counter censorship and 

surveillance. This literature review focuses on the development of enhanced free VPN services, 

with an emphasis on advanced security features. Free VPN services, in particular, are widely 

used by individuals and serve as accessible tools for enhancing online privacy. However, as 

the demand for VPN services surges, so do the security and privacy concerns associated with 

them. To address these concerns, it is essential to explore and understand the complex 

landscape of VPN technology, encryption methods, security challenges, privacy 
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considerations, and user experience optimization. Furthermore, the study delves into open-

source and free VPN solutions, examining the advantages and challenges of such offerings.  

 

 
 

Vpn Technology and Encryption 

VPNs fundamentally operate by creating a secure and encrypted tunnel for data transmission. 

The process involves the encryption of data packets to protect them from unauthorized access 

or interception during transmission. Key to this is the establishment of secure communication 

channels between the user’s device and the VPN server. As such, VPN technology plays a 

pivotal role in ensuring the security and privacy of user data. In this section, the review delves 

into the technical aspects of VPN technology, providing insight into the various encryption 

methods used in VPNs, from the well-established SSL/TLS and IPsec to emerging 

cryptographic techniques. 

 

2. METHODOLOGY 

 

The methodology section explains the approach used for the literature review. To conduct this 

comprehensive research paper, a systematic search was undertaken using various academic 

databases, including but not limited to IEEE Xplore, ACM Digital Library, and PubMed. 

Keywords such as free VPN, “VPN security”, encryption protocols, and “anonymity” were 

used to identify relevant articles and studies. The selected sources were critically evaluated for 

their relevance and quality. The search focused on academic publications, research papers, and 

authoritative sources, and the timeframe covered literature up to September 2021. 

 

Research Paper 

Security Challenges in VPN Services 

The security landscape for VPN services is characterized by a range of challenges. Threats 

such as Man-in-the-Middle (MitM) attacks, data interception, and malware pose significant 

risks. VPN services must address these challenges to ensure user security and privacy. Recent 

studies highlight the need for advanced security measures, including robust encryption and 

intrusion detection systems.  
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VPN Protocols and Encryption 

Different VPN protocols and encryption methods play a crucial role in securing data 

transmission. Notable protocols like OpenVPN and IPSec are commonly employed, each with 

its strengths and weaknesses. Research in this area evaluates the efficacy of these protocols and 

explores advancements in encryption techniques, including the use of quantum-resistant 

algorithms. 

 

User Privacy and Anonymity:  

Preserving user privacy and anonymity is a fundamental aspect of VPN services. Literature 

indicates that some free VPN providers have raised concerns about logging user data, 

potentially compromising user privacy. Ongoing research assesses the privacy policies of VPN 

services and the implications for user anonymity.  

 

Opensource VPN Solutions:  
Open-source VPN solutions have gained popularity for their transparency and security benefits. 

OpenVPN are prominent examples. These solutions allow users to scrutinize the code for 

potential vulnerabilities, fostering trust and enhancing security. The literature reveals how 

open-source alternatives are contributing to improved security in free VPN services.  

 

Emerging Technologies: 

Emerging technologies, such as blockchain and zero-trust architecture, have the potential to 

redefine the landscape of VPN security. Blockchain can be used for secure authentication, 

while zero-trust architecture introduces a paradigm shift in network security. These innovative 

approaches are subjects of increasing interest and exploration within the research community.  

 

Advanced Security Features: 

A deep dive into advanced security features that can enhance VPN services, such as multi-

factor authentication (MFA), kill switches, and DNS leak protection. Examination of the 

potential integration of artificial intelligence (AI) and machine learning (ML) in VPN security, 

including their role in threat detection and user behavior analysis. Review of emerging security 

technologies, such as blockchain and zero-trust security, and their relevance to VPN services.  

 

User Experience and Performance: 

1. Analysis of the impact of advanced security measures on the user experience, including 

potential trade-offs between security and performance.  

2. Discussion of strategies for optimizing user experience without compromising security, 

such as protocol selection and server distribution.  

3. Exploration of user preferences and perceptions regarding the balance between security 

and performance in VPN services. 

 

Overview of the Vpn Security Technique 

Proposed technique of VPN encryption in which Multiphase encryption is used for payload 

encryption, will only be applied to the data inside the IP packet of the encapsulated tunnel 

packet. Rest all of the field will be untouched during the session. Presently, user data is 

encrypted with DES, AES or Blowfish algorithm to avoid data tampering or abuse. In proposed 

technique, user data will be encrypted using multi-phase encryption algorithm and 

encapsulated by traditional encapsulation method which will enhance payload security and 

integrity even if the communication medium is compromised.  
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Rest all operation of encapsulation, authentication and ESP encryption will remain same, thus 

no other modifications in operation needed. This will facilitate proposed technique to be 

implemented in production environment without modifying the whole working of VPN 

tunnelling. Given below figure demonstrates the typical header format of traditional VPN 

security and proposed VPN encryption technique. Today mostly VPN provider offering various 

mix of encryption algorithms for authentication, handshake encryption as well as data 

encryption inside tunnel packet to prevent active attacks.  

Widely adapted encryption algorithm currently used in VPN security are • SHA for 

authentication • AES or Blowfish for Data encryption • RSA or ECC Handshake encryption to 

increase speed of VPN connection users can opt out any security algorithm used in various 

stages of VPN tunnelling.  

Since our proposed architecture only applies to payload inside TCP header of the tunnel packet, 

it can also replace the need of connection security if the speed is more desired. 

 

3. CONCLUSION 

 

The research paper paints a comprehensive picture of the current state of free VPN services 

with advanced security features. It is evident that while these services offer accessibility, they 

are not immune to security challenges. The studies reviewed underscore the importance of 

addressing issues such as MitM attacks, data privacy, and robust encryption. Open-source VPN 

solutions are emerging as beacons of transparency and trust in the industry. Furthermore, 

emerging technologies like blockchain and zero-trust architecture hold promise for 

revolutionizing VPN security. This review’s findings emphasize the need for continued 

research and development in the pursuit of more secure and reliable free VPN services.  

 

Future Scope 

As the digital landscape evolves, the future of free VPN services with advanced security is 

promising yet challenging. Research in this field should focus on developing innovative 

security measures, improving user education, and enhancing the transparency of VPN 

providers. Future studies may also explore the impact of emerging technologies and the 

evolution of encryption protocols in the context of free VPN services. With an increasing 

reliance on online privacy and security, the research agenda in this domain remains vibrant and 

ripe with opportunities for exploration. 
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