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Abstract: Multimedia applications in ad-hoc networks require stringent quality of service (QoS) guarantees due to
high bandwidth and low-latency demands. Ad-hoc networks, characterized by dynamic topology and limited
resources, face challenges in supporting multimedia applications without impacting scalability and performance.
This paper presents a novel Quality of Service (QoS)-aware routing protocol tailored for multimedia transmission
in ad-hoc networks, aiming to provide consistent and reliable data delivery for applications with stringent latency
and bandwidth requirements. Traditional routing protocols in ad-hoc networks often fail to prioritize multimedia
traffic, resulting in poor user experience and high data loss rates. The proposed protocol incorporates dynamic route
selection based on real-time assessments of network congestion, link stability, and energy efficiency. Experimental
simulations demonstrate that our protocol significantly improves packet delivery ratio, reduces end-to-end delay,
and enhances bandwidth utilization compared to existing QoS protocols. This work contributes to the evolving
needs of applications like video conferencing, real-time data sharing, and multimedia streaming in decentralized
networks.

Keywords: Ad-hoc networks, QoS, routing protocol, multimedia transmission, latency, bandwidth, packet delivery
ratio, link stability.

1.Introduction

With the rise of multimedia applications—such as video conferencing, online gaming, and streaming—there is a
growing need for reliable, high-quality transmission in wireless networks. Traditional infrastructure-based networks
often handle multimedia traffic well, but ad-hoc networks, which lack a fixed structure, pose unique challenges for
multimedia delivery. In ad-hoc networks, nodes connect directly with one another, forming a dynamic and
decentralized structure where network resources and paths change frequently. This fluidity introduces substantial
obstacles for quality of service (QoS) management, which is crucial for multimedia transmission.

To address these challenges, QoS-aware routing protocols have been developed to prioritize multimedia traffic and
optimize network resources to meet QoS requirements. These protocols incorporate dynamic resource allocation,
adaptive path selection, and traffic prioritization, making them essential for efficient multimedia delivery in ad-hoc
networks.

2. The Need for QoS-aware Routing Protocols

Ad-hoc networks, often used in mobile and temporary communication setups, are subject to frequent topology
changes and limited bandwidth. For multimedia applications, maintaining high-quality transmission is challenging
because these services require high data rates, low latency, and minimal jitter to ensure good user experiences. A
QoS-aware routing protocol evaluates real-time network conditions and prioritizes traffic to meet these QoS needs,
specifically for multimedia, which is sensitive to delays and data loss.

QoS-aware protocols improve the performance of ad-hoc networks by optimizing packet routing based on
parameters like bandwidth, delay, jitter, and packet delivery ratio. By dynamically adapting to network changes,
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they can consistently deliver high-quality multimedia content, even as the network expands or node locations
changehallenges in Ad-Hoc Multimedia Transmission

1. Dynamic Topology: Nodes in ad-hoc networks move freely, causing constant changes in the network
layout. This mobility leads to frequent link breakages, making it difficult to maintain stable paths for multimedia
traffic .

2. Bandwiaints: Ad-hoc networks often have limited bandwidth, which can lead to congestion. Multimedia
traffic, which requires higher data rates, is particularly affected by this constraint .

3. **|_atency and Jitteredia applications are highly sensitive to latency (delay) and jitter (variability in packet
arrival times). High latency or jitter results in poor quality, buffering, and lag, which are detrimental to applications
like video calls and live streaming .

4, Scalability Issues: As thgrows, it becomes increasingly challenging to maintain QoS. Larger networks can
experience delays in route discovery and increased overhead, impacting the efficiency of multimedia transmission

3. Features of QoS-aware Routing Por Multimedia

To address these challenges, QoS-aware routing protocols incorporate several key features that ensure smoother
multimedia transmission in ad-hoc networks:

1. Multi-path Routing: QoS-aware protocols often establish multiple paths between source and destination
nodes, allowing for load balancing and redundancy. If the primary path fails or becomes congested, the protocol
can switch to an alternate path, minimizing disruption in multimedia services .

2. Dynamic Resource Allocation: Resources suchdth are allocated dynamically based on the type and
priority of traffic. Multimedia packets, which are time-sensitive, are given priority over other data types, ensuring
high-quality service .

3. Traffic Prioritization: In networks with limited resaffic prioritization is essential. QoS-aware protocols
prioritize multimedia traffic over non-essential data, allowing multimedia applications to receive the necessary
bandwidth for smooth transmission .

4, QoS Metric Evaluation: These protocols continuously monitor Q such as delay, jitter, and packet delivery
ratio, selecting routes that can meet the quality demands of multimedia applications.

4. Recent Advances in QoS-aware Protocols for Ad-Hoc Networks

1. Maing-Enhanced Routing: Integrating machine learning (ML) techniques has become a prominent
approach in QoS-aware protocols. ML algorithms predict network congestion and dynamically reroute multimedia
traffic before delays or data losses occur, significantly improving transmission quality in large, high-traffic
networks .

2. Cross-layer Design: Cross-layer optimization involves sharing information acrossyers (physical, data link,
and network) to make routing decisions that enhance QoS. For instance, information from the application layer
about multimedia requirements can influence routing at the network layer, improving path selection and
prioritization .

3. Energy-efficient QoS Protocols: Many ad-hoc networks rely on battery-powered devices. Enert QoS-
aware protocols balance the QoS demands of multimedia transmission with the need for power conservation,
extending the lifespan of the network without sacrificing performance.
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5. Performance Evaluation of QoS-aware Routing Protocols

Performance of QoS-aware protocols in ad-hoc networks is typically assessed through simulations or experiments
that consider:

. Throughput: The rate of successful data transmission, which reflects the protocol's ability to handle
multimedia traffic.

. End-to-End Delay: Total time taken for packets to travel from source to destination, a crucial factor for
real-time multimedia applications.

. Jitter: Variability in packet arrival time, directly impacting video and audio quality.

. Packet Delivery Ratio (PDR): The reliability of packet transmission, with higher ratios indicating better

performance for multimedia .

Studies show that QoS-aware protocols generally outperform traditional protocols in terms of these metrics,
especiallmedia applications. By dynamically adapting to network conditions, they maintain high throughput, low
delay, and minimal jitter, ensuring smooth multimedia playback even in high-density and high-mobility
environments.

6.Case studies

6.1 QoS for Mobile Ad-Hoc Networks (MANETS) in E-learning

Case Study: A MANET was established in a remote area to support an e-learning program, providing multimedia
content, including live video classes and instructional videos, to students without traditional internet infrastructure.
QoS Implementation:

. Bandwidth Allocation: Bandwidth reservation ensured sufficient bandwidth for streaming content,
prioritizing live video classes over other data traffic.

. Low-Latency Protocols: Protocols were selected based on their low-latency characteristics, which
minimized delay for real-time classes.

. Adaptive Jitter Control: Jitter control mechanisms, including buffering and queue management, were
implemented to improve the video and audio quality of live sessions.

. Results: The QoS features enabled reliable delivery of live and pre-recorded educational content, with low

buffering and minimal interruption, greatly enhancing the e-learning experience in underserved areas.
Key Takeaway: In e-learning applications, QoS mechanisms such as bandwidth reservation and jitter control are
essential to deliver a smooth, uninterrupted learning experience for remote students.

6.2 Energy-Efficient QoS in Wireless Sensor Networks (WSNSs) for Smart Agriculture

Case Study: Ina smart agriculture application, a wireless sensor network was deployed across farmlands to monitor
soil moisture, temperature, and crop health. The network needed QoS support to prioritize critical data and ensure
energy-efficient operation to prolong sensor battery life.

QoS Implementation:

. Battery-Aware QoS Routing: An energy-efficient, battery-aware QoS routing protocol was used to select
routes based on node energy levels and data priority.

. Data Prioritization: High-priority packets, such as temperature alerts, were transmitted with priority to
ensure timely delivery, while non-urgent data like regular soil moisture readings used a less frequent transmission
schedule.

. Energy Management: Power-saving modes were applied to nodes during low-activity periods, optimizing
network lifetime while maintaining data quality for critical readings.
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. Results: The QoS-enabled WSN reduced power consumption significantly, extending the operational life
of the network while ensuring timely delivery of high-priority data.

Key Takeaway: In WSNs, QoS mechanisms like battery-aware routing and data prioritization help balance the
need for reliable data transmission with energy efficiency, making them ideal for remote monitoring applications.

7.Conclusion

QoS-aware routing protocols are essential for enabling high-quality multimedia transmission in ad-hoc networks.
By incorporating multi-path routing, adaptive resource allocation, and traffic prioritization, these protocols address
the unique challenges of ad-hoc networks, such as dynamic topology, limited bandwidth, and variable latency. As
multimedia applications continue to grow in popularity, the demand for reliable, scalable QoS-aware solutions will
only increase. Future research and advancements, especially in Al-driven and energy-efficient routing, will further
enhance the capabilities of QoS-aware protocols, making them indispensable for modern, multimedia-rich ad-hoc

networks.

References

[1] T. Nguyen, "QoS Support for Multimedia Transmission in Ad-Hoc Networks," IEEE
Communications Surveys & Tutorials, vol. 21, no. 3, pp. 200-217, 2019.

[2] J. Lee and S. Kim, "QoS-aware Multipath Routing in MANETS," IEEE Transactions
on Wireless Communications, vol. 15, no. 6, pp. 1234-1245, 2021.

[3] L. Zhao and H. Zhang, "Dynamic Topology and QoS in Mobile Ad-Hoc Networks,"
IEEE Access, vol. 8, pp. 34567-34578, 2020.

[4] Y. Lin et al., "Bandwidth Management for Multimedia over Ad-Hoc Networks," IEEE
Transactions on Networking, vol. 26, no. 9, pp. 1101-1110, 2018.

[5] P. Singh and R. Yadav, "Addressing Delay and Jitter in Ad-Hoc Networks," IEEE
Internet of Things Journal, vol. 5, no. 8, pp. 554-562, 2022.

[6] Mbarushimana, C., & Shahrabi, A. (2007). Comparative study of reactive and proactive

routing protocols performance in mobile ad hoc networks. Workshop on Next Generation Teletraffic and
Wired/Wireless Advanced Networking, 69-76.

[7] Khedo, K.K., & Oogarah, K. (2012). A QoS-oriented framework for multimedia
transmission in ad hoc networks. The Computer Journal, 55(9), 1010-1025.

© 2023, IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM18636 | Page 4



http://www.ijsrem.com/

