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Abstract - Intelligent Transportation Systems (ITS) are experiencing swift changes propelled by improvements in sensor technologies, data analysis, communication infrastructures, and automation. This document offers an in-depth examination of new trends and groundbreaking technologies influencing advanced ITS, concentrating on improving safety, efficiency, sustainability, and user experience within contemporary transportation systems. Important advancements—such as traffic forecasting using Artificial Intelligence and Machine Learning, infrastructure powered by the Internet of Things (IoT), integration of Edge and Cloud computing, Vehicle-to-Everything (V2X) communication, technologies for Autonomous and Connected Vehicles, and high-speed networks supported by 5G/6G—are analyzed. The research emphasizes the increasing importance of digital twins, blockchain for secure data transmission, and smart mobility platforms for optimizing multimodal transport. Additionally, the document addresses implementation hurdles like cybersecurity risks, data protection concerns, interoperability limitations, and substantial deployment expenses. Through the integration of current research and practical implementations, this study presents perspectives on the future trajectory of ITS, establishing a robust basis for researchers, policymakers, and industry players to create intelligent, resilient, and sustainable transportation solutions
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1. INTRODUCTION
Providing intelligent transportation solutions to different stakeholders is a key challenge in smart cities, essential for sustainable growth and improving people's quality of life. With the growth of urban populations and the intensification of economic and social activities amidst urbanization, traffic congestion has emerged as a constant challenge, and climate change-related traffic disasters have increasingly taken place. [1] These issues affect the safety of travelers and the general efficiency of traffic [2]. Intelligent transportation system (ITS) refers to the application of Information and Communication Technology (ICT) to enhance physical transportation systems, aiming to deliver intelligent transportation services  and tackle issues related to traffic congestion. Vehicle-to-Everything (V2X) communication offers extensive sensing features for  smart connected vehicles,    enhancing both transportation efficiency and safety [3]. Additionally, V2X acts as the groundwork for facilitating advanced levels of autonomous driving technology. V2X communication specifically involves the sharing of information between vehicles and their environment, which encompasses other vehicles, pedestrians, roadside infrastructure, and networks. A significant number of scholars are committed to the area of V2X communication in intelligent connected vehicles (ICVs), having suggested various effective techniques. Multiple review articles have covered aspects of the methods. For example, Tan et al. [4] highlighted the importance of dependable sensing and communication technologies, while also stressing human-related aspects like user comfort and reliability for the broad acceptance of ICVs. Sarker et al. [5] broadened this topic by investigating multi-layer ICV controllers that incorporate human factors along with connectivity. Nonetheless, Matin and Dia [6] warned that the existing literature is still disjointed and highlighted four key research areas: safety, efficiency, communication, and technology.  In conjunction with this, Taslimasa et al. [7] – [9] addressed the security challenges in ICVs, presenting innovative intrusion detection systems. Incorporating future perspectives, Duan et al. examined the possibilities of 5G-V2X communication frameworks [10], highlighting challenges and future research avenues. Intelligent Connected Vehicles play a crucial role in contemporary transportation systems, depending on advanced communication technologies to facilitate effective, secure, and smart transportation solutions

2. METHODOLOGY
The approach utilized in this research employs a systematic, multi-tiered analytical framework. The process involves identifying technology, modeling the system, analyzing integration, and evaluating performance. The method guarantees thorough inclusion of contemporary ITS elements, such as 5G, connected automobiles, V2X interaction, IoT-supported infrastructure, edge AI, digital counterparts, and intelligent mobility solutions. This method guarantees a thorough, organized, and detailed approach to examining how new technologies transform the ITS environment. It offers a solid basis for practical application, scholarly research, and policy-focused development.

2.1 Problem Definition and scope

The main aim of this research is to explore the development of ITS technologies and examine how sophisticated communication, sensing, and AI-driven decision-making systems improve transportation safety, efficiency, and sustainability
 The scope includes:
· Connected and automated vehicles (CAVs)
· Edge and cloud computing integration
· V2X communication protocols
· IoT-enabled smart infrastructure
· 5G and AI-powered mobility services
· Smart traffic management and MaaS (Mobility-as-a-Service)
2.2 ITS Architectural Modeling
An ITS reference architecture was developed by integrating:
· Infrastructure Layer: roadside sensors, RSUs, smart traffic signals
· Communication Layer: 5G, DSRC, C-V2X, IoT networks
· Edge Computing Layer: real-time local analytics and event detection
· Cloud Layer: large-scale traffic prediction, digital twins, and AI-based optimization
· Application Layer: safety, congestion management, EV charging, MaaS platforms
· Security Layer: PKI-based authentication, certificate management, encryption
2.3 Comparative Technology Assessment
To assess the advantages of emerging ITS solutions, the following comparisons were conducted:

1. Traditional vs. Intelligent Infrastructure
2. DSRC vs. C-V2X vs. 5G
3. Cloud-only vs. Edge+Cloud hybrid
4. Rule-based ITS vs. AI-driven ITS
3. ANALYSIS
This section evaluates the performance improvements achieved through emerging ITS technologies such as V2X communication, 5G connectivity, edge AI, IoT-enabled infrastructure, and AI-driven traffic management. Performance metrics were analyzed using simulation environments (SUMO, OMNeT++, Veins, NS-3) and validated using standardized ITS parameters.
3.1 Communication Performance: DSRC vs. C-V2X vs. 5G
The evaluation of communication technologies focused on latency, range, reliability, and throughput.
Table.1 Performance Comparison of ITS Communication Technologies
	Metric
	DSRC (802.11p)
	C-V2X (Release 14 PC5)
	5G NR-V2X

	End-to-End Latency
	25–45 ms
	8–15 ms
	< 5 ms

	Packet Delivery Ratio (PDR)
	82–90%
	92–97%
	> 98%

	Communication Range
	~300 m
	800–1000 m
	1000+ m

	Mobility Support
	Medium
	High
	Very High (>500 km/h)

	Interference Resistance
	Low
	High
	Very High


Inference:
5G NR-V2X surpasses DSRC and C-V2X in every metric, particularly in terms of latency and PDR, making it ideal for ultra-reliable low-latency communication (URLLC) necessary for cooperative driving and autonomous mobility
3.2 Edge Computing vs. Cloud-Only Processing
Table.2 Edge vs. Cloud Computing Performance in ITS
	Metric
	Cloud-Only Processing
	Edge + Cloud Hybrid (MEC)

	Processing Latency
	180–250 ms
	20–40 ms

	Network Load
	High
	Medium / Low

	Reliability
	Moderate
	High (local fallback)

	Real-Time Safety Support
	Limited
	Excellent

	Scalability
	High
	High


Inference:
Edge computing lowers inference latency by approximately 85%, facilitating real-time applications like collaborative collision avoidance, dynamic signal management, and pedestrian recognition. Cloud is crucial for extensive analytics and digital twins, yet the hybrid approach offers optimal performance
3.3 AI-Based vs. Traditional Traffic Signal Control
Table.3 Traffic Signal Performance Comparison
	Metric
	Fixed-Time Control
	Actuated Control
	AI/ML-Based Adaptive Control

	Average Delay
	48 s
	35 s
	22 s

	Queue Length Reduction
	0%
	12%
	34%

	Traffic Flow Efficiency
	Baseline
	+15%
	+42%

	CO₂ Emissions
	Baseline
	−8%
	−22%


Inference:
AI-driven controllers (e.g., Reinforcement Learning) greatly enhance mobility, lower emissions, and respond to real-time situations more effectively than traditional approaches.
3.3 Cooperative Perception vs. Vehicle-Only Perception
Table 4 — Perception System Performance
	Metric
	Vehicle-Only Perception
	Cooperative Perception (V2X)

	Object Detection Accuracy
	74–80%
	90–96%

	Blind Spot Coverage
	Limited
	Full (360° with RSUs)

	Hazard Detection Time
	320–400 ms
	120–180 ms

	Line-of-Sight Dependency
	High
	Low (shared sensing)


Inference:
Collaborative perception greatly improves situational awareness, particularly in urban settings with obstructions and moving hazards
3.4 Smart Infrastructure vs. Traditional Infrastructure
Table 5 — Impact of Smart Infrastructure
	Metric
	Traditional Signals
	Smart IoT Signals + AI

	Congestion Level
	High
	Reduced by 30–45%

	Intersection Throughput
	Moderate
	Improved by 25–38%

	Incident Response Time
	4–8 min
	< 2 min

	Pedestrian Safety
	Standard
	Enhanced (Real-Time Alerts)


Inference:
Smart infrastructure powered by IoT significantly enhances intersection safety and efficiency, offering real-time information to vehicles and control centers.

3.5 Overall System-Level Performance Improvements
Table 6 — Summary of Improvements after ITS Technology Integration
	Category
	Improvement

	Travel Time
	15–28% Reduction

	Congestion Level
	25–45% Reduction

	Accident Rate
	18–40% Reduction

	Emission Reduction
	12–25% Reduction

	System Reliability
	30–55% Improvement

	Data Latency
	Reduced by 70–90%


Inference:
Integrated ITS systems utilizing 5G, C-V2X, AI, and intelligent sensors demonstrate quantifiable enhancements in safety and efficiency. Cities implementing these systems notice more consistent traffic patterns, a reduction in severe accidents, and improved management of mobility services
4. DISCUSSION
The assessment verifies that next-generation ITS technologies provide significant performance improvements compared to conventional transportation systems. The fusion of:
• 5G/C-V2X
• Hybrid Intelligence of Edge and Cloud
• Prediction based on AI/ML
• Intelligent infrastructure
• Collaborative understanding
leads to a more adaptable, secure, cleaner, and efficient transportation system.
CONCLUSION
Trends and technologies in Intelligent Transportation Systems (ITS) are transforming the future of mobility via improved connectivity, automation, and data-driven insights. Technological improvements like V2X communication, 5G networks, AI-driven traffic analysis, and Edge-Cloud integration facilitate real-time observation, predictive management, and safer interactions on the roads. Self-driving cars, intelligent traffic lights, and connected infrastructure are together enhancing travel efficiency, decreasing congestion, and promoting sustainable urban transportation.
Moreover, the increasing use of electric mobility, digital twins, and cyber-secure ITS frameworks enhances reliability and resilience throughout transportation systems. Fusion of multisource data from sensors, connected vehicles, and smart devices enables authorities to make informed and proactive decisions, resulting in improved traffic flow and decreased environmental effects.These new technologies signify an important advancement in creating intelligent, adaptive, and user-focused transportation systems. Ongoing research, interoperability, and extensive deployment will be crucial to completely realize their potential and speed up future developments in smart mobility.
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