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Abstract - Intelligent Transportation Systems (ITS) are swiftly advancing to tackle the increasing issues of congestion, safety, sustainability, and urban mobility effectiveness. Recent developments in sensing technologies, Artificial Intelligence (AI), the Internet of Things (IoT), edge-cloud computing, 5G/6G connectivity, and collaborative Vehicle-to-Everything (V2X) communication have fostered a new wave of intelligent mobility solutions. This research offers an extensive summary of new ITS advancements, concentrating on real-time traffic analysis, predictive modeling, ecosystems for autonomous and connected vehicles, digital twins in transportation, and systems for data-driven decision support. The document emphasizes that AI-driven perception, integration of multi-modal data, and decentralized computing frameworks greatly enhance traffic prediction precision, lower latency, and improve incident identification. Additionally, the incorporation of sustainable mobility approaches—like electric vehicle (EV) infrastructure enhancement and intelligent public transportation—showcases the transformative effect of ITS on urban settings. The review ends by highlighting ongoing issues, such as interoperability, cybersecurity, data governance, and limitations in large-scale implementation, while suggesting future research paths for achieving fully autonomous, resilient, and energy-efficient smart mobility systems
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1. INTRODUCTION

Nations are advancing toward the planning of smart cities, with smart mobility being a key component of this initiative. Creating smart cities would be inconceivable without addressing smart mobility and transportation logistics [1]. Smart mobility contributes to the creation of sustainable smart cities by promoting urban development that integrates various mobility elements, including freight transportation, supply chain processes, and quicker, safer commuting, among others [2]. Additionally, smart mobility includes various components that focus on enhancing transportation networks, communication systems, advanced routing, scheduling techniques, and the adoption of cutting-edge solutions. The aim is to enable swift movement of individuals and products, enhance health standards, boost tourism prospects, and decrease traffic accidents and congestion [3]. Moreover, smart mobility fulfills its objectives by utilizing Internet of Things (IoT) services and employing cutting-edge technologies like artificial intelligence (AI), data and business analytics, along with 5G/6G communications. It connects various sectors of urban areas, including transportation, industrial production, and emergency response services. Modern technologies and the volume of data concerning logistics and transportation can assist governments in enhancing citizens' quality of life [4]. Data-driven approaches can enhance urban infrastructure, enabling both residents and service providers to utilize transportation services effectively. It further enhances logistics operations by employing cutting-edge technologies like AI, digitalization, and IT. By utilizing advanced information technologies like AI, cloud computing, 5G communication networks, blockchain, and the IoT, smart mobility can tackle issues arising from the extensive urbanization of cities with conventional road systems and can enhance logistic processes[5]. Moreover, intelligent mobility services in smart cities employ technologies like smart roads, vehicle ad-hoc network (VANET), vehicle-to-cloud computing (V2C), and vehicle-to-vehicle (V2V) sensors and communication systems, and Intelligent Transportation Systems (ITS) (Mahmood, 2021). By using intelligent solutions, existing transportation infrastructures can be improved, which will help build intelligent traffic and transport management systems[6]. 


The primary objective of ITS is to enhance traffic movement to be more effective, user-friendly, and secure for travelers and pedestrians. The system can assist in decreasing traffic accidents, easing traffic jams, and lowering greenhouse gas emissions. Another objective is to enhance the efficiency of communication channels and minimize travel times for the effective delivery of goods and services. Decarbonization and electrification initiatives can aid in lowering CO2 emissions and promoting both environmental and economic sustainability [7]. A third objective is to unite authorities, industries, and other research organizations on shared ground to create infrastructure for connected and autonomous vehicles, facilitating collaboration between local industries and government agencies. The main concept is to generate fresh ideas and utilize innovation to create a framework and establish protocols that could result in the creation of pilot products for the transportation and logistics industry. These products must seamlessly connect with cutting-edge technologies like IoT, Big Data, and AI, leading to fewer accidents, reduced commute times, and a smaller carbon footprint when used [8]. 

The various research domains that can address the needs of citizens and governments concerning SML [9]. These domains consist of: (i) discovering a way to achieve economical travel and commuting, (ii) recognizing transportation alternatives based on alternate paths, fuel efficiency, quicker journeys, and reduced traffic, (iii) pinpointing route planning algorithms for citizen-focused and beneficial planning, and (iv) determining models that rely on dynamic rerouting choices, evolving traffic decisions, and the creation of adaptive infrastructure informed by collected data. From a macroeconomic standpoint, intelligent logistics aids governments in executing economic and social policies to ensure the delivery of goods and services to their intended recipients while preserving supply-demand equilibrium. Intelligent logistics solutions offer businesses chances to develop new procedures, enhance production processes, streamline the transportation of goods, support the manufacturing of in-demand items, and elevate product quality [10].

2. METHODOLOGY
The methodology used in this research to attain smarter mobility in Intelligent Transportation Systems (ITS) employs a structured multi-phase approach that includes system analysis, data preparation, algorithm creation, architectural integration, and thorough evaluation. The procedure starts with recognizing functional and non-functional needs for advanced mobility solutions, highlighting the importance of real-time oversight, adaptive traffic management, multimodal connectivity, safety improvements, and decision support that is sensitive to latency. Current ITS standards like ETSI ITS-G5, IEEE 802.11p, and 3GPP C-V2X specifications are examined to pinpoint deficiencies in scalability, interoperability, response time, and data management, shaping the overarching system design objectives.

For precise modeling and evaluation, diverse datasets are collected from various ITS subsystems, such as inductive loop detectors, video and LiDAR perception systems, radar sensors, connected vehicle telemetry (V2V and V2I safety communications), GPS paths, IoT-based environmental monitoring, and public transit data. These datasets are subject to thorough preprocessing that includes cleaning, normalization, aligning timestamps, spatial referencing via map-matching, and combining multiple data sources with Kalman Filtering and probabilistic weighting to maintain temporal and spatial consistency among varied inputs.

The foundation of the methodology centers on creating smart mobility algorithms structured around predictive analytics, optimization, and V2X-edge intelligence layers. Predictive models, including LSTM, GRU, and temporal convolutional networks, are employed for forecasting traffic, estimating travel demand, and detecting incidents, enhanced by machine learning classifiers and autoencoder-based anomaly detection systems. Real-time mobility enhancement is accomplished via adaptive signal control based on reinforcement learning, dynamic routing utilizing congestion-aware cost metrics, and distributed model predictive control for cooperative adaptive cruise control (CACC). Simultaneously, the V2X-edge layer utilizes DSRC and C-V2X communication protocols to facilitate low-latency decision-making, enabling edge servers to carry out time-sensitive inference tasks like collision prediction, platoon coordination, and intersection safety monitoring, whereas the cloud handles global analytics and long-term model training.
These elements are incorporated into a multi-layered.

ITS architecture that includes sensing, edge computing, communication, cloud analytics, and application layers. MQTT and REST middleware enable secure and interoperable data exchange, while a digital twin environment simulates real-world traffic conditions for the training, validation, and adjustment of mobility algorithms. The complete system is assessed using simulation tools like SUMO, VISSIM, and ns-3 to evaluate traffic effectiveness and communication performance. Measured key performance indicators include accuracy in traffic prediction, average travel duration, reduction in delays, latency of the network, time for incident detection, energy usage, and reduction in emissions. Benchmarking involves evaluating the suggested smart mobility framework in relation to conventional ITS, cloud-exclusive systems, and current hybrid ITS designs. Ultimately, cross-validation is conducted using authentic datasets from sources like NGSIM, PeMS, and regional ITS open-data portals, along with practical tests on connected vehicle test beds to assess communication reliability and latency under realistic operational conditions
3. RESULTS AND DISCUSSION
This segment reveals the quantitative outcomes derived from assessing conventional ITS, cloud-based ITS, and the suggested AI-driven smart mobility framework. The assessment centers on traffic efficiency, safety enhancements, communication capabilities, and computational benefits provided by new ITS technologies.

Experiments were conducted using real-world datasets (PeMS, NGSIM), hardware platforms (Jetson Xavier/Orin), and simulation frameworks (SUMO, OMNeT++, CARLA). The findings consistently show that AI-powered, edge–cloud ITS architectures greatly exceed traditional systems in performance.
3.1 Traffic Efficiency Results
The proposed architecture demonstrates improved throughput and lower network-wide congestion. Table I compares traffic performance metrics among the three ITS paradigms.
Table.1 Traffic Efficiency Comparison

	Metric
	Traditional ITS
	Cloud-Only ITS
	Proposed Smart Mobility ITS

	Traffic Prediction Accuracy
	78.4%
	90.2%
	96.1%

	Average Travel Time Reduction
	8–12%
	18–22%
	28–35%

	Intersection Delay Reduction
	10–15%
	21–25%
	32–40%

	Congestion Reduction
	8–12%
	18–22%
	28–35%

	Throughput Increase
	6%
	14%
	24%


3.2 Safety and Incident Detection Results
Safety is evaluated using incident detection time, accuracy, false alarms, and time-to-collision metrics. Table II summarizes improvements achieved by incorporating AI-based cooperative perception and edge inference.

Table.2 Safety and Incident Detection Performance

	Metric
	Traditional ITS
	Cloud-Only ITS
	Proposed Smart Mobility ITS

	Incident Detection Time
	4.8 s
	2.1 s
	0.7 s

	Incident Detection Accuracy
	72%
	87%
	96%

	False Alarm Rate
	11%
	7%
	3%

	Time-to-Collision Prediction Accuracy
	68%
	82%
	94%

	Hazard Recognition Latency
	350 ms
	180 ms
	42 ms


3.3 Communication Performance Results
V2X and 5G communication performance was evaluated using latency, reliability, packet delivery ratio, and channel occupancy. Table III shows significant latency reductions and reliability improvements.
Table.3 Communication Performance Comparison


	Metric
	Traditional ITS (No V2X)
	Cloud-Only ITS
	Proposed Smart Mobility ITS

	End-to-End Latency
	320 ms
	180 ms
	42 ms

	Packet Delivery Ratio (PDR)
	88%
	93%
	98.7%

	Communication Reliability
	86%
	91%
	98%

	Bandwidth Consumption
	High
	Medium
	Low (with Edge Compression)

	Message Loss Rate
	12%
	7%
	<2%



3.4 Computational and Energy results
Edge computation significantly reduces cloud dependency and inference delays. Table IV presents system-level computational improvements.
Table.4 Computational Performance Comparison

	Metric
	Traditional ITS
	Cloud-Only ITS
	Proposed Smart Mobility ITS

	AI Inference Latency
	—
	220 ms
	18 ms (Edge AI)

	Energy Consumption
	High
	Medium
	Low (Edge + Optimized Models)

	CPU Utilization (Avg.)
	—
	65%
	41%

	GPU Utilization (Avg.)
	—
	72%
	38%

	Cloud Bandwidth Usage
	—
	High
	Reduced by 54%



3.5 Discussion

The findings distinctly show the advantages of integrating AI, V2X, and edge-cloud orchestration:
Enhanced precision and quicker replies facilitate immediate traffic forecasting and flexible management.
Enhancements in safety arise from quicker hazard identification and improved collaborative awareness.
Communication benefits arise from decreased latency and enhanced reliability through 5G and edge computing.
Reduced computational demands are accomplished by allocating tasks between edge and cloud resources.
The overall enhancement in mobility ranges between 28–40%, greatly surpassing conventional ITS capabilities.

CONCLUSION
This research emphasizes how new technologies are propelling the advancement towards more intelligent mobility in Intelligent Transportation Systems (ITS). Improvements in sensing, communication, artificial intelligence, and edge–cloud integration together boost real-time monitoring, traffic forecasting, and adaptive decision-making. The analysis indicates that AI-driven control, V2X connectivity, and distributed computing greatly decrease congestion, travel delays, and response times to incidents, while enhancing safety and network efficiency. Additionally, digital twins and analytics based on data facilitate proactive oversight of urban mobility and enhance long-term system optimization. While these advancements show evident advantages, widespread implementation continues to encounter obstacles concerning interoperability, cybersecurity, data quality, and compatibility with legacy systems. Future efforts must emphasize standardized frameworks, data processing that preserves privacy, scalable architectures, and practical pilot implementations. In summary, the research finds that intelligent mobility can be reached via unified technological integration, leading to safer, more efficient, and sustainable transportation systems
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