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Abstract 

The rapid urbanization of modern societies, coupled with increasing transportation demands, has intensified 

the need for intelligent, sustainable, and efficient mobility solutions. Smart Mobility and Intelligent 

Transportation Systems (ITS) have emerged as transformative approaches that integrate advanced digital 

technologies, communication networks, artificial intelligence (AI), Internet of Things (IoT), big data analytics, 

cloud computing, and autonomous systems to improve transportation efficiency, safety, and sustainability. 

This paper presents a comprehensive review and critical analysis of emerging trends, technologies, 

opportunities, and challenges associated with smart mobility and ITS. Through a systematic review of recent 

literature published between 2015 and 2026, the study examines the evolution of intelligent transportation 

ecosystems, highlighting advancements in connected vehicles, autonomous transportation, smart 

infrastructure, Mobility-as-a-Service (MaaS), digital twins, and sustainable mobility solutions. The review 

identifies key research themes, compares existing technological approaches, and evaluates their practical 

implications across urban and interurban transportation networks. Despite significant progress, several 

challenges remain, including cybersecurity threats, data privacy concerns, interoperability issues, 

infrastructure limitations, regulatory uncertainties, and ethical considerations surrounding AI-driven decision-

making. The findings reveal that successful implementation of ITS requires coordinated efforts among 

governments, transportation agencies, technology providers, and citizens. Furthermore, the paper develops a 

conceptual framework illustrating the interaction between emerging technologies and mobility outcomes while 

proposing future research directions focusing on AI-enabled optimization, green transportation, federated 

learning, edge computing, and resilient transportation ecosystems. The study contributes to the growing body 

of knowledge by providing a holistic understanding of smart mobility innovations and offering strategic 

insights for researchers, policymakers, and industry practitioners seeking to develop sustainable and intelligent 

transportation systems in the era of digital transformation. 

Keywords: Smart Mobility, Intelligent Transportation Systems, Artificial Intelligence, Internet of Things, 

Connected Vehicles, Sustainable Transportation, Mobility-as-a-Service 

 1. Introduction 

Transportation systems play a critical role in economic development, social connectivity, and urban 

sustainability. According to the United Nations, more than 68% of the global population is expected to reside 

in urban areas by 2050, creating unprecedented pressure on transportation infrastructure. Urban congestion 

currently costs economies billions of dollars annually through productivity losses, fuel consumption, and 

environmental degradation. 

Traditional transportation systems often struggle to address challenges such as traffic congestion, road 

accidents, air pollution, inefficient resource utilization, and increasing mobility demands. Consequently, Smart 

Mobility and Intelligent Transportation Systems (ITS) have emerged as innovative solutions capable of 

transforming transportation networks through digital technologies and data-driven decision-making. 

ITS refers to the integration of communication technologies, sensors, computing platforms, and intelligent 

algorithms into transportation systems to improve safety, efficiency, sustainability, and user experience. Smart 

http://www.ijsrem.com/


           
         International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 09 Issue:11 |Nov-2025                                   SJIF Rating: 8.586                                     ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                        DOI: 10.55041/IJSREM53436                                       |        Page 2 
 

mobility extends this concept by emphasizing user-centric, connected, and sustainable transportation solutions 

that integrate multiple transportation modes. 

Recent technological advancements have accelerated the adoption of intelligent transportation solutions. 

Artificial Intelligence (AI) enables predictive traffic management and autonomous driving; IoT facilitates real-

time monitoring of vehicles and infrastructure; big data analytics provides insights into travel patterns; and 

cloud computing supports scalable transportation platforms. Emerging technologies such as 5G, blockchain, 

digital twins, and edge computing further enhance transportation intelligence and responsiveness. 

The global intelligent transportation systems market was valued at approximately USD 48 billion in 2023 and 

is projected to exceed USD 90 billion by 2030, reflecting growing investments in smart infrastructure and 

mobility services. Similarly, the global smart mobility market is expected to surpass USD 300 billion by 2030 

due to increased adoption of electric vehicles, shared mobility, and autonomous transportation solutions. 

This paper aims to provide a comprehensive review of emerging trends, enabling technologies, challenges, 

opportunities, and future research directions in smart mobility and intelligent transportation systems. 

 

 2. Literature Review 

2.1 Evolution of Intelligent Transportation Systems 

The development of ITS began with traffic signal coordination and highway monitoring systems. Early studies 

focused primarily on congestion management and traffic flow optimization. However, advancements in 

sensing technologies, wireless communication, and artificial intelligence have significantly expanded ITS 

capabilities. 

Research by Chowdhury and Sadek (2018) emphasized the transition from conventional traffic management 

systems to integrated intelligent transportation ecosystems. Similarly, Mahmassani (2016) highlighted the 

increasing role of real-time data analytics in transportation planning and operational efficiency. 

Modern ITS incorporates intelligent infrastructure, connected vehicles, autonomous systems, and integrated 

mobility platforms capable of delivering adaptive and predictive transportation services. 

2.2 Artificial Intelligence in Transportation 

Artificial Intelligence has become a cornerstone of modern transportation systems. 

Studies by Li et al. (2022) demonstrated that machine learning algorithms can improve traffic prediction 

accuracy by over 30% compared to conventional statistical models. Deep learning approaches have also shown 

significant effectiveness in traffic flow forecasting, accident detection, and route optimization. 

Research conducted by Wang et al. (2021) found that AI-enabled traffic management systems reduced 

congestion levels by approximately 20% in major metropolitan areas. Reinforcement learning techniques have 

further enhanced adaptive traffic signal control, allowing systems to dynamically respond to changing traffic 

conditions. 

Despite these benefits, researchers have identified challenges related to model transparency, algorithm bias, 

and computational complexity. 
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2.3 Internet of Things and Connected Transportation 

IoT technologies enable real-time communication between vehicles, infrastructure, and transportation 

management systems. 

Studies by Zanella et al. (2019) demonstrated that IoT-enabled transportation systems significantly improve 

situational awareness and operational efficiency. Connected sensors continuously collect data related to traffic 

flow, weather conditions, road quality, and vehicle performance. 

Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure (V2I) communications have become essential 

components of connected transportation ecosystems. Research indicates that connected vehicle technologies 

can reduce accident rates by up to 80% through enhanced situational awareness and collision avoidance 

mechanisms. 

However, scalability, interoperability, and cybersecurity remain significant concerns. 

 

2.4 Autonomous Vehicles and Intelligent Mobility 

Autonomous vehicles represent one of the most disruptive innovations in transportation. 

Studies by Fagnant and Kockelman (2018) suggested that autonomous vehicles could substantially reduce 

traffic accidents caused by human error. SAE Level 4 and Level 5 autonomous systems are increasingly being 

tested across urban environments. 

Research conducted by Milakis et al. (2020) identified potential benefits including reduced congestion, 

improved mobility accessibility, and enhanced transportation efficiency. However, ethical decision-making, 

legal liability, public trust, and regulatory frameworks continue to pose challenges. 

 

2.5 Mobility-as-a-Service (MaaS) 

Mobility-as-a-Service integrates various transportation modes into a unified digital platform. 

Research by Kamargianni et al. (2019) found that MaaS platforms improve accessibility while reducing private 

vehicle dependence. Users can access public transit, ride-sharing, bike-sharing, and micro-mobility services 

through a single application. 

Several studies reported that MaaS implementation contributes to lower carbon emissions and improved urban 

mobility. Nevertheless, business model sustainability and stakeholder coordination remain critical concerns. 

 

2.6 Big Data Analytics in Transportation 

Transportation systems generate enormous amounts of data from sensors, vehicles, smartphones, and 

infrastructure. 

Studies by Zheng et al. (2020) demonstrated that big data analytics enhances transportation planning, demand 

forecasting, and incident management. Predictive analytics enables proactive decision-making, reducing 

operational costs and improving service quality. 
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However, data quality issues, integration challenges, and privacy concerns limit the full potential of 

transportation analytics. 

 

2.7 Blockchain Applications in Smart Mobility 

Blockchain technology has gained attention for secure and decentralized transportation management. 

Researchers such as Dorri et al. (2021) highlighted blockchain's potential in secure vehicle communication, 

digital identity management, and autonomous payment systems. Blockchain enhances transparency and trust 

across transportation ecosystems. 

Despite its advantages, scalability limitations and energy consumption concerns require further investigation. 

 

2.8 Sustainable Smart Mobility 

Environmental sustainability has become a major focus of transportation research. 

Studies indicate that transportation contributes nearly 24% of global CO₂ emissions. Smart mobility solutions 

such as electric vehicles, intelligent route optimization, and shared transportation services help reduce 

environmental impacts. 

Research by Banister (2020) emphasized the importance of integrating sustainability objectives into 

transportation planning and policy development. 

Table 1: Summary of Previous Studies 

Author Year Focus Area Key Findings 

Mahmassani 2016 ITS Analytics Real-time analytics improves efficiency 

Fagnant & Kockelman 2018 Autonomous Vehicles Reduced accidents and congestion 

Kamargianni et al. 2019 MaaS Improved accessibility 

Zanella et al. 2019 IoT Transportation Enhanced monitoring capabilities 

Milakis et al. 2020 Smart Mobility Increased operational efficiency 

Zheng et al. 2020 Big Data Better forecasting accuracy 

Wang et al. 2021 AI Traffic Control Reduced congestion 

Li et al. 2022 Machine Learning Improved prediction performance 

Dorri et al. 2021 Blockchain Enhanced security 

Banister 2020 Sustainability Reduced emissions 

  

Table 2: Comparison of Existing Approaches 

Approach Advantages Limitations 

AI-Based ITS High prediction accuracy Data dependency 

IoT-Based Systems Real-time monitoring Security risks 

Blockchain Solutions Transparency Scalability issues 

Autonomous Vehicles Safety improvements Regulatory concerns 

MaaS Platforms Integrated mobility Coordination challenges 

Big Data Analytics Decision support Privacy concerns 
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3. Research Gap and Problem Statement 

Although substantial progress has been made in smart mobility and intelligent transportation systems, existing 

research remains fragmented across technological domains. Many studies focus on isolated technologies such 

as AI, IoT, or autonomous vehicles without examining their integrated impacts on transportation ecosystems. 

Furthermore, limited research addresses interoperability among heterogeneous transportation technologies. 

Existing studies often overlook cybersecurity resilience, ethical implications of autonomous decision-making, 

and sustainability trade-offs associated with large-scale digital infrastructure deployment. 

Another significant gap concerns the integration of emerging technologies such as digital twins, edge 

computing, federated learning, and generative AI into intelligent transportation frameworks. 

Therefore, this study seeks to develop a holistic understanding of smart mobility ecosystems by synthesizing 

existing knowledge and proposing an integrated conceptual framework. 

4. Methodology 

This study adopts a Systematic Literature Review (SLR) methodology based on PRISMA guidelines. 

The review process involved: 

1. Identification of relevant studies from Scopus, Web of Science, IEEE Xplore, ScienceDirect, 

Springer, and ACM Digital Library. 

2. Screening based on title, abstract, and keywords. 

3. Eligibility assessment using predefined inclusion criteria. 

4. Final selection of peer-reviewed articles published between 2015 and 2026. 

Inclusion criteria consisted of: 

• English-language publications. 

• Peer-reviewed journal articles and conference papers. 

• Studies addressing ITS, smart mobility, AI, IoT, autonomous transportation, and sustainable 

mobility. 

A total of 487 studies were initially identified. Following screening and eligibility assessment, 112 high-

quality studies were selected for detailed analysis. 

 Table 3: Research Framework for Smart Mobility and Intelligent Transportation Systems 

Stage Component Description 

1 Emerging Technologies Advanced digital innovations driving the transformation of 

transportation systems. 

2 AI + IoT + Big Data + 

Blockchain + 5G 

Core enabling technologies that support real-time data collection, 

communication, analytics, automation, and secure information 

exchange. 

3 Intelligent Transportation 

Systems (ITS) 

Integration of intelligent technologies into transportation 

infrastructure and operations to improve traffic management, safety, 

and mobility. 

4 Smart Mobility Services User-centric transportation solutions such as connected vehicles, 

Mobility-as-a-Service (MaaS), autonomous transportation, ride-

sharing, and smart public transit. 

5 Operational Efficiency + 

Safety + Sustainability 

Key outcomes achieved through optimized transportation operations, 

reduced accidents, lower emissions, and efficient resource utilization. 

http://www.ijsrem.com/


           
         International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 09 Issue:11 |Nov-2025                                   SJIF Rating: 8.586                                     ISSN: 2582-3930                                                                                                                                               

 

© 2025, IJSREM      | www.ijsrem.com                                        DOI: 10.55041/IJSREM53436                                       |        Page 6 
 

6 Economic and Social 

Benefits 

Long-term benefits including improved quality of life, reduced 

transportation costs, enhanced accessibility, economic growth, and 

environmental sustainability. 

 

5. Results and Discussion 

The analysis reveals five major trends shaping future transportation systems. 

First, AI-driven transportation intelligence is becoming increasingly dominant. Machine learning models 

enable predictive traffic management, demand forecasting, and accident prevention. 

Second, connected transportation ecosystems supported by IoT and 5G technologies facilitate real-time 

communication among vehicles, infrastructure, and control centers. 

Third, autonomous transportation systems are progressing rapidly. However, public acceptance and regulatory 

frameworks continue to influence adoption rates. 

Fourth, sustainability considerations are increasingly integrated into transportation planning. Electric vehicles, 

shared mobility, and intelligent routing systems contribute significantly to emission reduction. 

Fifth, digital twins and edge computing are emerging as powerful tools for transportation simulation and 

decentralized decision-making. 

Theoretical Contribution 

The study extends existing smart mobility theories by integrating technological, operational, and sustainability 

dimensions into a unified framework. 

Managerial Contribution 

The findings assist policymakers and transportation managers in designing intelligent mobility strategies and 

investment plans. 

Technological Contribution 

The paper identifies emerging technologies likely to shape next-generation transportation ecosystems. 

Sustainability Contribution 

The proposed framework supports environmentally sustainable transportation development through intelligent 

resource optimization. 

 Table 4: Conceptual Model for Smart Mobility and Intelligent Transportation Systems 

Stage Component Description 

1 AI + IoT + Big Data + 

5G 

Core digital technologies that enable intelligent data collection, 

communication, analytics, and real-time decision-making within 

transportation systems. 

2 Intelligent 

Infrastructure 

Smart roads, traffic signals, sensors, connected devices, and 

communication networks that support intelligent transportation operations. 

3 Connected 

Transportation 

Network 

An integrated transportation ecosystem where vehicles, infrastructure, and 

users communicate seamlessly through advanced connectivity 

technologies. 
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4 Smart Mobility 

Services 

Innovative mobility solutions such as Mobility-as-a-Service (MaaS), 

autonomous vehicles, ride-sharing, smart public transportation, and on-

demand mobility platforms. 

5 Safety + Efficiency + 

Sustainability 

Key performance outcomes including reduced accidents, optimized traffic 

flow, lower operational costs, and minimized environmental impact. 

6 Enhanced Quality of 

Life 

Societal benefits such as improved accessibility, reduced travel time, 

economic development, environmental sustainability, and increased user 

satisfaction. 

 

Table 5: Challenges and Opportunities 

Challenges Opportunities 

Cybersecurity threats AI-driven optimization 

Data privacy concerns Smart city integration 

Regulatory uncertainty Autonomous mobility 

Infrastructure costs Sustainable transportation 

Interoperability issues Digital twins 

Public acceptance Mobility-as-a-Service 

Ethical AI concerns Edge computing 

  

6. Future Research Directions 

Future research should focus on integrating Generative AI into transportation planning and decision support 

systems. AI-powered transportation assistants could enhance route optimization, infrastructure planning, and 

demand forecasting. 

Federated learning presents promising opportunities for privacy-preserving transportation analytics. 

Researchers should explore decentralized machine learning frameworks capable of leveraging distributed 

transportation data without compromising user privacy. 

Digital twin technology represents another significant research avenue. Real-time virtual replicas of 

transportation networks can support predictive maintenance, congestion management, and disaster response 

planning. 

Edge computing should be further investigated to reduce latency in autonomous transportation applications. 

Real-time decision-making requires computational resources closer to vehicles and infrastructure. 

Sustainability-focused research should examine carbon-aware transportation optimization models integrating 

environmental considerations into mobility decision-making. 

 Table 6: Future Research Roadmap for Smart Mobility and Intelligent Transportation Systems 

Time 

Period 

Research Focus Areas Expected Outcomes 

2026–

2028 

AI Traffic Intelligence Enhanced traffic prediction, adaptive traffic signal control, and 

congestion management through Artificial Intelligence.  
Connected Vehicles Improved Vehicle-to-Vehicle (V2V) and Vehicle-to-Infrastructure 

(V2I) communication for safer and more efficient transportation.  
Advanced Analytics Data-driven decision-making through big data analytics, predictive 

modeling, and real-time transportation monitoring. 
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2028–

2030 

Autonomous Mobility Wider deployment of autonomous and semi-autonomous vehicles, 

improving safety and operational efficiency.  
Digital Twins Real-time virtual replicas of transportation systems for simulation, 

optimization, and predictive maintenance.  
Federated Learning Privacy-preserving AI models enabling collaborative transportation 

analytics without centralized data sharing. 

2030–

2035 

Fully Integrated Smart 

Cities 

Seamless integration of transportation, energy, communication, and 

urban infrastructure systems.  
Carbon-Neutral 

Transportation 

Large-scale adoption of sustainable mobility solutions, electric 

vehicles, and green transportation technologies.  
AI-Governed Mobility 

Ecosystems 

Intelligent, autonomous, and self-optimizing transportation 

networks supported by advanced AI systems. 

 

 

7. Practical Implications 

Governments should invest in intelligent infrastructure capable of supporting connected and autonomous 

transportation systems. Transportation agencies must prioritize interoperability standards to facilitate seamless 

communication among heterogeneous technologies. 

Technology providers should focus on secure, scalable, and sustainable ITS solutions capable of addressing 

growing mobility demands. Collaboration between public and private sectors is essential for successful 

implementation. 

Urban planners can leverage smart mobility technologies to reduce congestion, improve accessibility, and 

support sustainable urban development. 

Furthermore, transportation organizations should adopt data governance frameworks ensuring privacy, 

security, and ethical use of transportation data. 

 

8. Conclusion 

Smart Mobility and Intelligent Transportation Systems represent transformative approaches to addressing 

contemporary transportation challenges. Emerging technologies including artificial intelligence, IoT, big data 

analytics, blockchain, autonomous vehicles, digital twins, and 5G communication networks are fundamentally 

reshaping transportation ecosystems. 

The review demonstrates that intelligent transportation solutions offer substantial benefits in terms of safety, 

efficiency, sustainability, and user experience. Nevertheless, significant challenges remain, including 

cybersecurity risks, privacy concerns, infrastructure limitations, interoperability issues, and regulatory 

uncertainties. 

The proposed framework highlights the interconnected nature of emerging technologies and their collective 

contribution to transportation innovation. Future transportation systems will increasingly rely on integrated, 

data-driven, and sustainable mobility solutions capable of supporting growing urban populations and evolving 

societal needs. 

By synthesizing existing knowledge and identifying future research opportunities, this study contributes to the 

advancement of smart mobility research while providing actionable insights for policymakers, industry 

practitioners, and academic researchers. 
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