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Abstract: The rapid growth of urbanization and motorized transportation has resulted in increased
traffic congestion, higher accident rates, and significant challenges in ensuring road safety and
efficient transportation management. Traditional transportation systems often lack real-time
monitoring, intelligent decision-making, and reliable communication infrastructures required to
address these challenges. The emergence of the Internet of Things (IoT) has enabled the
development of smart transportation systems through real-time data collection, vehicle monitoring,
and predictive analytics. However, the effectiveness of such systems is highly dependent on the
underlying communication network. This research proposes an IoT-based smart transportation
system utilizing optical fiber communication as a high-speed, low-latency, and reliable backbone
for data transmission. The proposed system integrates IoT sensors with an optical fiber network to
support real-time traffic monitoring, accident prevention mechanisms, and efficient data exchange.
The system is designed and evaluated using simulation tools, including OptiSystem and
MATLAB, to assess key performance parameters such as bit error rate, signal quality, transmission
distance, and system reliability. The simulation results demonstrate that optical fiber
communication significantly enhances data transmission performance and system stability,
making it a suitable solution for next-generation intelligent transportation systems (Mahmood,
2024).
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1. Introduction

The continuous evolution of communication technologies has played a fundamental role in
enabling modern intelligent systems, particularly those requiring high-speed, reliable, and real-
time data transmission. Early communication infrastructures were primarily based on copper
transmission media and wireless technologies, which, despite their widespread use, suffer from
inherent limitations such as restricted bandwidth, signal attenuation, electromagnetic interference,
and limited scalability. To overcome these constraints, optical fiber communication has emerged
as a next-generation transmission medium capable of supporting long-distance and high-data-rate
communication with minimal signal degradation and enhanced reliability.

In parallel, the rapid expansion of the Internet of Things (IoT) has transformed conventional
systems into interconnected, data-driven environments. IoT enables the integration of a large
number of sensors, devices, and control units that continuously generate vast volumes of
heterogeneous data (S. Madakam, 2015), (D. Giusto, 2015). This massive data generation
introduces challenges related to data integration, real-time processing, and communication
efficiency, particularly when dealing with unstructured data such as images and video streams (O.
Katerna, 2019). Consequently, IoT-based applications require robust communication
infrastructures that can provide high bandwidth, low latency, and secure data transmission (L.
Atzori,2010), (J. Gubbi, 2013), (M. Chen, 2014), (S. Al-Sarawi et al., 2017).

Transportation systems represent a critical component of economic and social development, as
they facilitate the movement of people and goods while reducing operational costs and improving
market accessibility. Studies have shown that the development of transportation and
communication infrastructure is strongly linked to economic growth and efficiency (O. Katerna,
2019), (L. Figueiredo, 2001). However, rapid urbanization and the increasing number of vehicles
have resulted in traffic congestion, higher accident rates, and significant losses in human lives and
property. Traditional transportation systems often lack real-time monitoring, intelligent decision-
making, and reliable communication capabilities necessary to address these challenges effectively.

Recent research has highlighted the potential of Intelligent Transportation Systems (ITS) that
integrate IoT technologies to enhance traffic management, vehicle monitoring, and road safety.
IoT-based transportation systems have been proposed to support real-time data collection, accident
detection, and predictive safety mechanisms (T. M. Bojan, 2019), (S. Bhattacharya, 2022), (S.
Shashank, 2021), (Y. Zhang, 2020), (F. Al-Turjman, 2021), (J. Gubbi, 2013), (F. Bonomi, 2012),
(S. Talari et al., 2017), (P. S. Saarika, 2017), (D. C. Rotescu, 2013). While these systems
demonstrate promising results, many existing solutions rely heavily on wireless communication
technologies, which may suffer from bandwidth limitations, latency, and interference, particularly
in dense urban environments and safety-critical applications.

To address these limitations, optical fiber communication offers a highly reliable and high-capacity
backbone for IoT-based smart transportation systems. Optical fiber networks provide superior
bandwidth, low latency, immunity to electromagnetic interference, and enhanced security, making
them suitable for supporting real-time transportation applications (B. Yazar, 2013), (W. Zeng and
H. Gao, 2014), (G. Keiser, 2021), (G. P. Agrawal, 2012), (J. M. Senior and M. Y. Jamro, 2009),
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(C. F. Lam et al.,, 2010). The integration of IoT sensing technologies with optical fiber
communication enables efficient data transmission, improved system stability, and enhanced
support for advanced transportation services.

Therefore, this research aims to develop and evaluate an IoT-based smart transportation system
that leverages optical fiber communication as a core data transmission infrastructure. The proposed
system focuses on real-time monitoring, intelligent data processing, and safety enhancement to
improve transportation efficiency and reduce road accidents. Through simulation-based
evaluation, this study demonstrates the feasibility and effectiveness of integrating IoT technologies
with optical fiber communication to support next-generation intelligent transportation systems
suitable for smart city environments.

2. Literature Review

Recent studies have extensively explored the application of the Internet of Things (IoT) in
intelligent transportation systems as a key enabler for smart city development. IoT-based
transportation solutions have been proposed to improve traffic monitoring, vehicle tracking, and
commuter safety through real-time data collection using sensors, GPS, and communication
networks (T. M. Bojan, 2014), (S. Shashank et. al., 2021). Several researchers have highlighted
the role of 10T in enhancing road safety by analyzing driver behavior, detecting over-speeding,
monitoring road conditions, and predicting accidents using data-driven and machine learning
approaches (S. Bhattacharya et. al., 2022), (S. Talari et al., 2014), (Y. Zhang et.al., 2020), (F. Al-
Turjman, 2021), (J. Gubbi et. al., 2013), (F. Bonomi et. al., 2012), (S. Talari et al., 2017), (D. C.
Rotescu et. al., 2023) (Muayad, 2024) (Muayad, 2025). In addition, vehicle-to-everything (V2X)
communication has been investigated as a promising technology to support information exchange
between vehicles, infrastructure, and pedestrians, contributing to accident reduction and traffic
efficiency, particularly in the context of emerging 5G networks (Laha, 2025), (M. T. Kawser et.
al., 2019), (K. Abboud et. al., 2016). On the communication side, optical fiber technology has been
recognized as a superior transmission medium due to its high bandwidth, low latency, long-
distance capability, and resistance to electromagnetic interference (B. Yazar, 2013), (G. P.
Agrawal, 2012), (J. M. Senior and M. Y. Jamro, 2009), (C. F. Lam et al., 2010),. Previous research
has demonstrated the effectiveness of optical fiber communication in supporting data-intensive
applications and large-scale networks, including IoT environments (W. Zeng and H. Gao, 2014),
(M. A. Khan and K. Salah, 2018). However, most existing loT-based transportation studies rely
predominantly on wireless communication infrastructures, which may face limitations in
reliability, scalability, and latency under dense urban and safety-critical conditions. This highlights
the need for integrated approaches that combine IoT technologies with optical fiber
communication to provide a robust and high-performance backbone for smart transportation
systems.

3. Methodology

This research adopts a simulation-based methodology to design, implement, and evaluate an IoT-
based smart transportation system utilizing optical fiber communication as the core transmission
infrastructure. The methodology focuses on integrating [oT sensing technologies with a high-speed
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optical fiber backbone to enable real-time data transmission, traffic monitoring, and safety
enhancement. The overall methodological framework consists of system design, communication
modeling, simulation setup, performance evaluation, and result analysis.

The proposed system architecture is designed to support reliable and low-latency communication
between transportation entities, including vehicles, roadside infrastructure, and control centers.
Optical fiber communication is employed as the primary transmission medium to ensure high
bandwidth, long-distance connectivity, and immunity to electromagnetic interference. The optical
communication network is modeled using OptiSystem software, which allows detailed simulation
of optical components and transmission channels. Key elements such as continuous wave (CW)
lasers, Mach—Zehnder modulators, wavelength division multiplexing (WDM), optical fibers,
erbium-doped fiber amplifiers (EDFA), and photodetectors are configured to emulate realistic
communication conditions.

In parallel, IoT components are integrated into the system to represent data acquisition and
monitoring functionalities within the transportation environment. Sensors deployed on vehicles
and infrastructure are simulated using MATLAB to generate real-time data related to traffic
conditions, vehicle movement, and safety parameters. This data is transmitted through the optical
fiber network to a centralized processing unit, where it is analyzed to support intelligent
transportation operations such as traffic monitoring and accident prevention.

The performance of the proposed system is evaluated through a set of key metrics that reflect
communication quality and system reliability. These metrics include Bit Error Rate (BER), signal
quality using eye-diagram analysis, input and output optical power levels, and transmission
distance. Multiple simulation scenarios are conducted by varying input power levels and fiber
transmission distances to assess system behavior under different operating conditions. The results
are analyzed to determine the impact of optical fiber communication on data integrity, latency, and
overall system efficiency (I. Poole, 2014),( J. G. Proakis and M. Salehi, 2008), (D. R. Smith, 2003).

This methodology enables a comprehensive evaluation of the proposed IloT-based smart
transportation system in a controlled simulation environment. By combining optical fiber
communication modeling with IoT data generation and analysis, the study validates the feasibility
and effectiveness of the proposed approach for supporting reliable, high-performance intelligent
transportation systems suitable for future smart city applications (D. C. Montgomery,2012).

4. Results and Discussions
4.1 Effect of Input Power on Eye Diagram Performance

Eye diagram analysis is a fundamental technique for evaluating signal quality and timing
performance in optical communication systems. As shown in Figure 1, the eye diagram at low
input power levels (—20 dBm) exhibits significant distortion, narrow eye opening, and increased
jitter, indicating high noise influence and a greater probability of transmission errors. As the input
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power increases to moderate levels (0 dBm to 15 dBm), the eye opening becomes clearer and more
symmetrical, reflecting improved timing accuracy and reduced inter-symbol interference. At an
input power of +20 dBm, the system achieves optimal signal integrity with wide eye openings and
minimal distortion, confirming the effectiveness of the optical modulation and transmission
process.

Figure 1. Eye diagrams of the received signal at different input power levels (—20 dBm to
+20 dBm).

4.2 Input Power Versus Output Power Characteristics

The relationship between input power and output power is illustrated in Figure 2. A near-linear
increase in output power is observed as the input power increases, indicating efficient signal
transmission with minimal power loss. This linear behavior confirms the stability of the optical
fiber link and the effectiveness of amplification mechanisms used in the system.
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Figure 2. Relationship between input power and output optical power.
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4.3 Bit Error Rate Performance with Respect to Input Power

The Bit Error Rate (BER) performance as a function of input power is presented in Figure 3. The
results show that BER decreases exponentially as the input power increases. At low power levels,
BER values are relatively high due to signal degradation and noise. However, at higher input power
levels (above 2 dBm), BER approaches extremely low values (approximately 107**), indicating
highly reliable and near error-free transmission.

Figure 3. BER performance versus input power.

4.4 Impact of Transmission Distance on Eye Diagram Quality

The effect of transmission distance on signal quality is illustrated in Figure 4. At shorter distances
(10-30 km), the eye diagrams remain wide and clearly open, indicating excellent signal quality.
As the transmission distance increases beyond 50 km, the eye opening gradually deteriorates due
to fiber attenuation and dispersion effects. At distances exceeding 60 km, significant eye closure
is observed, highlighting the limitations of long-distance transmission without compensation
techniques.

This work is licensed under a Creative Commons Attribution 4.0 International License.



https://doi.org/10.61856/f5wabv17
https://creativecommons.org/licenses/by/4.0/

Gateway Journal for Modern Studies and Research (GJMSR), vol.3, no.1, 27 Feb. 2026
DOI: https://doi.org/10.61856/f5wabv17

Figure 4. Eye diagrams of the received signal at different optical fiber lengths (10 km to 90
km).

4.5 Distance Versus Bit Error Rate Analysis

The relationship between transmission distance and BER is shown in Figure 5. BER increases
progressively with distance due to cumulative attenuation and dispersion effects in the optical
fiber. Acceptable BER levels are maintained up to approximately 50 km, supporting the system’s
suitability for city-scale transportation networks. Beyond 70 km, BER increases significantly,
indicating the need for network optimization.
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Figure S. Bit Error Rate (BER) versus transmission distance.
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4.6 Distance Versus Output Power Behavior

Figure 6 illustrates the variation of output optical power with transmission distance. A consistent
decrease in output power is observed as distance increases, which is expected due to inherent fiber
losses. These results emphasize the importance of proper amplifier placement and power budget
optimization in large-scale optical communication networks.

utput power [dBm)

O
[

Figure 6. Output optical power versus transmission distance.

5. Conclusion

This study presented the design and performance evaluation of an IoT-based smart transportation
system utilizing optical fiber communication as a high-speed and reliable communication
backbone. The proposed system aimed to address key challenges in modern transportation
networks, including real-time data transmission, system reliability, and road safety enhancement,
by integrating IoT sensing technologies with optical fiber infrastructure.

Simulation results obtained using OptiSystem demonstrated that optical fiber communication
significantly improves signal quality, transmission reliability, and data integrity for IoT-enabled
transportation applications. The analysis of eye diagrams, Bit Error Rate (BER), optical power
levels, and transmission distance confirmed that the system achieves excellent performance under
adequate input power conditions and moderate transmission distances. In particular, the system
exhibited extremely low BER values and clear eye openings at higher input power levels,
indicating near error-free data transmission suitable for safety-critical transportation systems.

The impact of transmission distance revealed that the proposed system performs efficiently up to
approximately 50 km, making it well-suited for city-wide and metropolitan transportation
networks. Beyond this range, performance degradation due to fiber attenuation and dispersion
becomes noticeable, highlighting the necessity of employing optimization techniques such as
optical amplification or dispersion compensation for extended deployments. These findings
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provide valuable insights into practical network planning and scalability considerations for smart
transportation infrastructures.

Overall, the results confirm that the integration of IoT technologies with optical fiber
communication offers a robust, scalable, and high-performance solution for intelligent
transportation systems. The proposed approach supports real-time monitoring, efficient data
exchange, and enhanced system reliability, contributing to safer and more efficient transportation
environments. This study establishes a solid foundation for future research and potential real-world
implementation of [oT-based smart transportation systems within smart city frameworks.
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