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ABSTRACT: In today's digital era, network communication security is paramount, especially for real-time 

applications such as Voice over Internet Protocol (VoIP) and online streaming. IPsec (Internet Protocol Security) stands 

as a prominent protocol suite offering security services at the IP layer, ensuring confidentiality, integrity, and 

authentication of data packets. However, the deployment of IPsec in real-time applications introduces certain overheads 

and complexities that may affect their performance and quality of service (QoS). This paper explores the impact of 

IPsec on VoIP and online streaming services, this research aims to provide insights into the trade-offs between security 

and performance in real-time applications when utilizing IPsec. The findings of this research are crucial for network 

administrators, service providers, and researchers to make informed decisions regarding the implementation of IPsec in 

real-time applications while balancing security requirements and performance considerations. 
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I. INTRODUCTION 

 

In recent years, the proliferation of real-time applications, such as Voice over Internet Protocol (VoIP) and online 

streaming services, has transformed the way we communicate and consume media over the Internet. However, with the 

increasing prevalence of cyber threats and privacy concerns, ensuring the security of these applications has become 

paramount. Internet Protocol Security (IPsec) stands as a widely adopted protocol suite for safeguarding IP 

communications by providing authentication, confidentiality, integrity, and anti-replay protection at the network layer. 

While IPsec offers robust security mechanisms, its deployment in real-time applications introduces certain complexities 

and overheads that may impact performance and quality of service (QoS). The transmission of time-sensitive data 

packets in VoIP and online streaming services requires low latency, minimal jitter, and high throughput to deliver a 

seamless user experience. However, the cryptographic operations and additional packet processing introduced by IPsec 

can potentially degrade the performance of these applications and compromise their QoS parameters. 

 

II. WHAT IS INTERNET PROTOCOL SECURITY(IPSEC)? 

 

IPsec, which stands for Internet Protocol Security, is a protocol suite designed to enhance Internet communications 

security. It was created in the 1990s when there was a growing awareness of the need to protect internet traffic. At that 

time, the internet was mainly used by government and university facilities, which were already secured. However, the 

underlying Internet Protocol (IP) lacked encryption, making data vulnerable to interception. IPsec was created as a 

response to this vulnerability, aiming to establish a standardized framework for internet security. It played a crucial role 

in pioneering secure internet connections and laying the groundwork for subsequent advancements in internet security 

protocols. While it is not as prevalent today, IPsec continues to be instrumental in fortifying internet communications. 

 

III. HOW DOES IPSEC WORK 

 

A. Key exchange: Key exchange is essential for encryption, as it involves the generation and sharing of keys, which 

are sequences of random characters utilized to encrypt and decrypt messages. IPsec plays a crucial role in 

facilitating the exchange of keys between interconnected devices, allowing them to decrypt messages received 

from each other. 
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B. Packet headers and trailers: Data transmitted over a network is divided into packets, each containing a payload 

(actual data) and headers (information about the data). IPsec adds authentication and encryption information to 

packet headers, along with trailers placed after the payload. 

C. Authentication: IPsec provides authentication for each packet, ensuring they originate from trusted sources rather 

than attackers 

D. Encryption: IPsec employs encryption to secure the payloads contained within packets, encompassing both the IP 

header and data of each packet, thereby ensuring the confidentiality and privacy of the transformed data. 

E. Transmission: IPsec packets that are encrypted traverse one or more networks to reach their destination utilizing a 

transport protocol. Unlike regular IP traffic, IPsec often employs UDP instead of TCP to facilitate firewall traversal.  

F. Decryption: At the receiving end, packets are decrypted, allowing applications to utilize the delivered data. IPsec 

serves as a crucial framework for safeguarding data transmitted over IP networks. 

 

IV. MODES & PROTOCOL  IN IPSEC 

 

IPSec encompasses a range of Rules and techniques employed to communications over IP networks, including the 

Internet. It establishes a robust framework To maintain the privacy, reliability, and legitimacy of data exchanged among 

network devices. In IPsec, two primary modes exist Tunnel Mode and Transport Mode, each distinguished by its 

unique capabilities and characteristics. 

 

a) In Tunnel Mode, the entire original packet, comprising both the header and payload, undergoes encryption and is 

then wrapped within a fresh IP packet.. This mode is typically utilized for network-to-network connections. 

 

b) Transport Mode, on the other hand, encrypts only the (data) of an original IP pack, while keeping the IP header 

unchanged. This mode is commonly employed for end-to-end interaction between hosts or devices. 

 

 
 

Protocols Used in IPsec for Real-Time Network 

There are mainly Four Protocols in IPSEC Internet 

 

1. The Protocol Authentication Header (IP AH): It offers functionalities such as ensuring data integrity and 

providing transport protection services. Designed to incorporate authentication data, it also ensures the accuracy of data, 

verifying its authenticity, and preventing replay attacks. capabilities. One drawback of IP AH is its lack of encryption. 

The anti-replay protection mechanism safeguards against unauthorized packet transmissions. However, it does not 

provide any confidentiality protection for data. 
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2. Encapsulating Security Payload (IPESP): This protocol primarily detailed in RFC 4303, offers impressive 

functionalities such as authentication, integrity, and confidentiality by encrypting IP packets. Additionally, ESP ensures 

data integrity, encryption, and authentication  for the payload stands out as one of its significant features. 

 

 
 

3. Internet Key Exchange: This protocol is a specialized protocol designed to facilitate the establishment of a secure 

communication channel between two systems or devices over an unreliable network. This protocol achieves its goal by 

executing a sequence of key exchanges, establishing a secure tunnel between a client and a host, through which 

encrypted traffic can be transmitted securely and effortlessly. The security of the tunnel relies on the Diffie-Hellman 

key exchange method, a adopted technique for ensuring security. 

 
4. Internet Security Association and Key Management Protocol: This Protocol is an integral component of the 

protocol. It serves as a framework primarily utilized for producing keys, authentication, and negotiating security 

associations to facilitate secure packet exchange over the Internet Protocol layer. Essentially, ISAKMP delineates the 

security parameters governing communication between two systems. Each security association establishes a 

unidirectional connection from one host to another, encompassing all necessary attributes for a secure connection, such 

as cryptographic algorithms, IPsec modes, encryption keys, and other pertinent parameters related to data transmission. 

 

 
 

V. HOW IPSEC IS USED FOR ONLINE STREAMING SECURITY 

 

Online streaming can be made secure via IPsec (Internet Protocol Security) by leveraging its encryption, authentication, 

and integrity protection capabilities. Here's how IPsec enhances the security of online streaming: IPsec encrypts the 

data packets transmitted during online streaming sessions, ensuring that the content remains confidential and cannot be 

intercepted or viewed by unauthorized parties. By encrypting the streaming data, IPsec prevents eavesdropping and 

protects against unauthorized access to the content. IPsec employs strong encryption algorithms to encrypt the 

streaming data. 

 

These encryption algorithms obfuscate the data in a manner that allows only authorized recipients possessing the 

correct decryption keys to decode and access the content. 
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IPsec provides authentication mechanisms to verify the identity of the streaming server and the client devices accessing 

the content. By authenticating the parties involved in the streaming session,IPsec ensures that only authorized users can 

access the content and prevents unauthorized access attempts by malicious entities. : IPsec includes integrity protection 

mechanisms to ensure that the streaming data remains unchanged and unaltered during transmission. 

 

By including a cryptographic checksum (Integrity Check Value - ICV) in the packet header, IPsec verifies the integrity 

of the streaming data and detects any attempts to tamper with or modify the content. 

 

IPsec prevents replay attacks by including sequence numbers in the packet headers, ensuring that each streaming packet 

is unique and has not been intercepted and retransmitted by an attacker. 

 

Sequence numbers serve the purpose of identifying and eliminating duplicate or misordered packets, thus protecting 

against replay attacks. IPsec can operate in tunnel mode, where the streaming data is encapsulated within. 

 

 IPsec-protected packets for secure transmission over the network. In tunnel mode IPsec encrypts both the streaming 

data and  IP head, providing end-to-end security for online streaming sessions across untrusted networks.  

 

Overall, IPsec enhances the security of online streaming by providing encryption, authentication, integrity protection, 

and anti-replay protection for streaming data. 

 

By leveraging IPsec, streaming service providers can ensure the confidentiality, authenticity, and integrity of their 

content, protecting against various security threats and vulnerabilities in the network environment. 

 

VI. IPSEC IN ONLINE GAMING 

 

Online gaming relies on IPsec to ensure security and safety for players engaging in online multiplayer gaming 

experiences. IPsec provides a robust framework for protecting online gaming sessions by offering encryption, 

authentication, integrity protection, and anti-replay mechanisms. 

 

First, IPsec encrypts the data packets between gaming clients and servers, preventing unauthorized access to sensitive 

information such as player identities, in-game communications, and gameplay actions. This encryption ensures that 

player interactions remain confidential and cannot be intercepted or deciphered by malicious entities, safeguarding user 

privacy and preventing cheating or hacking attempts. 

 

Secondly, IPsec includes authentication mechanisms to verify the identity of gaming servers and clients, mitigating the 

risk of impersonation, spoofing, or unauthorized access to gaming environments. By authenticating the parties involved 

in the gaming session, IPsec ensures that players interact with legitimate servers and fellow gamers, reducing the 

likelihood of fraudulent activities or security breaches. 

 

Furthermore, IPsec provides integrity protection for gaming data by including cryptographic checksums in packet 

headers, detecting and preventing tampering or modification of game-related information during transmission. This 

integrity protection ensures that gameplay actions, scores, and in-game assets remain intact and unaltered, maintaining 

the fairness and integrity of the gaming experience.  

 

Additionally, IPsec incorporates anti-replay mechanisms, such as sequence numbers, to prevent replay attacks and 

ensure that each gaming packet is unique and valid. By detecting and discarding duplicate or out-of-order packets, 

IPsec mitigates the risk of cheating, exploits, or unauthorized gameplay manipulation, preserving the integrity and 

fairness of online gaming environments. Overall, IPsec plays a vital role in securing online gaming sessions, providing 

a trusted and reliable framework for protecting player interactions, game data, and gaming infrastructure from various 

security threats and vulnerabilities. By leveraging IPsec technologies, online gaming platforms can create safer and 

more secure gaming environments, fostering trust, fairness, and enjoyment for players worldwide. 

 

 

 

 



 
                                             |DOI: 10.15680/IJIRSET.2024.1307147 | 

IJIRSET©2024                                      |     An ISO 9001:2008 Certified Journal   |                                        13684 

VII. CONCLUSION 

 

This research paper thoroughly examines the crucial role played by IPsec (Internet Protocol Security) in safeguarding 

real-time network communications, particularly in applications like VoIP and online streaming. By analyzing the 

impact of IPsec on these services, the study emphasizes the delicate balance required between security needs and 

performance considerations. Exploring the core protocols and modes within IPsec, as well as its applications in online 

streaming security and online gaming underscores the multifaceted nature of securing modern network infrastructures. 

The research highlights the paramount importance of IPsec in Guaranteeing the secrecy, reliability, and genuineness of 

transmitted data over IP networks. 

 

 However, it also acknowledges the challenges associated with deploying IPsec, including potential overheads and 

complexities that could impact performance and quality of service. 

 

Furthermore, the study emphasizes the necessity for network administrators, service providers, and researchers to make 

informed decisions when implementing IPsec. Understanding the trade-offs between security and performance enables 

stakeholders to optimize IPsec deployment in real-time applications, thereby bolstering overall network security while 

maintaining optimal performance levels. 
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