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ABSTRACT

This chapter explores the integration of Neutrosophic Queuing Theory (NQT) and 
Neutrosophic Network Analysis (NNA) into the realm of vehicular communication at 
traffic signals to address the uncertainties and complexities of traffic flow, including 
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variable arrival rates, unpredictable service times, and dynamic network condi-
tions. Using real-​world traffic data, a neutrosophic queueing model is developed to 
optimize traffic signal timings specifically for enhancing vehicular communication 
by determining key traffic parameters such as traffic intensity, the probability of 
crossing the signal, and various performance measures emphasizing the expected 
waiting time and queue length. Also proposes a novel framework that integrates 
NNA into the design and optimization of communication protocols for vehicles at 
traffic signals with the help of the score function and modified Kruskal’s algorithm. 
The results demonstrate significant improvements in communication reliability, 
reduced latency, and enhanced system throughput, highlighting the effectiveness of 
the proposed approach in enhancing vehicular communication efficiency.

1. INTRODUCTION

Queuing theory is a branch of mathematics and operations research developed 
by Erlang (1918), that focuses on the study of queues, which are waiting lines or 
systems where entities such as customers, jobs, or data packets arrive, wait in line 
for service, and then depart after being served. It's widely used in various fields 
such as telecommunications, computer networks, transportation, healthcare, and 
manufacturing to analyze and optimize the performance of systems involving waiting 
and service. Queuing theory finds extensive application in traffic engineering and 
transportation systems (Manoj et al., 2019) to analyze and optimize traffic flow, 
manage congestion, and improve overall system efficiency. In the context of traffic, 
queuing theory deals with the analysis of queues formed by vehicles at intersections, 
toll booths, traffic signals, parking lots, and other points where vehicles may wait in 
line for movement or service. Queuing theory was integrated with fuzzy set theory 
(Chen & Eur, 2009) in order to handle the uncertainties in the real-​world. In fuzzy 
queuing models, the arrival rates and service times are expressed as fuzzy numbers 
characterized by membership functions. This approach allowed for a more realistic 
representation of systems with uncertain parameters. Recently neutrosophic set theory 
which was introduced by Florentin Smarandache (1999; 2002; 2005) in the 1990s, 
was also incorporated with queuing theory. This is extremely useful in environments 
with highly unpredictable and contradictory information. Neutrosophic queuing 
model (Mohamed, 2020a; 2020b) is a relatively recent development in the field of 
queuing theory and uncertainty modeling. Now it is a branch of mathematics that 
deals with the analysis and modeling of queues, particularly in traffic systems, using 
neutrosophic logic. Neutrosophic logic is an extension of fuzzy logic that allows 
for the representation of indeterminacy, uncertainty, and imprecise information. In 
the context of traffic systems, neutrosophic queuing theory helps in understanding 



 

 

24 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/enhancing-vehicular-communication-

through-neutrosophic-queueing-theory-and-network-analysis-

based-traffic-signal-optimization/375742

Related Content

Blockchain-Integrated RIS for Secure and Transparent Vehicular

Communication
R. N. Ravikumarand S. Aarthi (2026). Reconfigurable Intelligent Surfaces for 6G-

Enabled Vehicle-to-Everything Communication (pp. 51-84).

www.irma-international.org/chapter/blockchain-integrated-ris-for-secure-and-transparent-

vehicular-communication/405585

Parametric Analysis and Design of 28GHz Microstrip Patch Antenna
Raghuraj Sharan Saxena, Rishik Shrivastava, Ritu Muchhaland Rahul Tiwari (2020).

International Journal of Smart Vehicles and Smart Transportation (pp. 38-58).

www.irma-international.org/article/parametric-analysis-and-design-of-28ghz-microstrip-patch-

antenna/259332

Safety and Health Management on Merchant Ships: The Challenge of

Seafarers' Participation
Carolyn A. E. Graham (2022). Handbook of Research on the Future of the Maritime

Industry (pp. 91-109).

www.irma-international.org/chapter/safety-and-health-management-on-merchant-ships/300459

A Spatial Analysis of Commuting Patterns of Electric Vehicle Drivers: The

Case of Maryland
Amirreza Nickkar, Hyeon-Shic Shinand Z. Andrew Farkas (2020). International

Journal of Smart Vehicles and Smart Transportation (pp. 42-59).

www.irma-international.org/article/a-spatial-analysis-of-commuting-patterns-of-electric-vehicle-

drivers/253520

Analysis of Effective Routing Protocols for Flying Ad-Hoc Networks
Sudesh Kumar, Abhishek Bansaland Ram Shringar Raw (2020). International Journal

of Smart Vehicles and Smart Transportation (pp. 1-18).

www.irma-international.org/article/analysis-of-effective-routing-protocols-for-flying-ad-hoc-

networks/259330

http://www.igi-global.com/chapter/enhancing-vehicular-communication-through-neutrosophic-queueing-theory-and-network-analysis-based-traffic-signal-optimization/375742
http://www.igi-global.com/chapter/enhancing-vehicular-communication-through-neutrosophic-queueing-theory-and-network-analysis-based-traffic-signal-optimization/375742
http://www.igi-global.com/chapter/enhancing-vehicular-communication-through-neutrosophic-queueing-theory-and-network-analysis-based-traffic-signal-optimization/375742
http://www.igi-global.com/chapter/enhancing-vehicular-communication-through-neutrosophic-queueing-theory-and-network-analysis-based-traffic-signal-optimization/375742
http://www.irma-international.org/chapter/blockchain-integrated-ris-for-secure-and-transparent-vehicular-communication/405585
http://www.irma-international.org/chapter/blockchain-integrated-ris-for-secure-and-transparent-vehicular-communication/405585
http://www.irma-international.org/article/parametric-analysis-and-design-of-28ghz-microstrip-patch-antenna/259332
http://www.irma-international.org/article/parametric-analysis-and-design-of-28ghz-microstrip-patch-antenna/259332
http://www.irma-international.org/chapter/safety-and-health-management-on-merchant-ships/300459
http://www.irma-international.org/article/a-spatial-analysis-of-commuting-patterns-of-electric-vehicle-drivers/253520
http://www.irma-international.org/article/a-spatial-analysis-of-commuting-patterns-of-electric-vehicle-drivers/253520
http://www.irma-international.org/article/analysis-of-effective-routing-protocols-for-flying-ad-hoc-networks/259330
http://www.irma-international.org/article/analysis-of-effective-routing-protocols-for-flying-ad-hoc-networks/259330

