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ABSTRACT: The rapid advancements in intelligent mobility, linked cars, and autonomous transportation systems 

have elevated transportation safety to the forefront of research priorities. When it comes to monitoring, decision-

making, and road safety, traditional transport is being utterly transformed by technologies like AI, ML, the Internet 

of Things (IoT), V2X communications, edge computing, and autonomous cars. The present review provides an 

extensive overview of the key concepts of transportation safety, such as VRUs, camera-based perception, AI detection 

and recognition, tracking and trajectory prediction techniques. In addition, the state-of-the-art in the areas of IoT 

enabled transportation systems, intelligent vehicles and V2X communication frameworks is discussed to explore how 

these innovations enable cooperative and connected mobility. Besides that, the main challenges faced by the 

autonomous vehicles, especially safety and reliability issues, legal and moral concerns, infrastructure issues and 

human-machine interaction are considered. Moreover, the recent literature in the area of emerging transportation 

technologies is reviewed in order to examine the most recent trends, advancements and open problems. This analysis 

demonstrates how critical it is to build a trustworthy transportation ecosystem by integrating intelligent 

communication networks, artificial intelligence (AI), and edge computing. 

KEYWORDS: Transportation Safety, Artificial Intelligence (AI), Machine Learning (ML), Internet of Things (IoT), 

Vulnerable Road Users (VRUs). 

 

1. Introduction 

The transformation in transportation is currently 

taking place at a pace never seen before thanks to the 

adoption of new technologies at all levels of operation, 

organizations, and regulation[1]. The enhancement of 

safety and operations of transport traffic is a global task, 

where the attention of researchers is drawn to 

improvements in both technology and strategy[2]. On 

the whole, scientists in the sphere of transportation are 

constantly looking for ways to apply new methods and 

technologies for enhancing the performance of 

transportation systems. Modern trends include new 

technologies aimed at solving current problems related 

to transportation. 

The other aspect that has been gaining much 

attention across the globe is the Advanced Traffic 

Management Systems (ATMSs). Automated & 

connected vehicles (CAVs) are a part of the ATMSs; 

these vehicles use linked and autonomous vehicle 

technology to improve traffic management and reduce 

the likelihood of human mistake [3]. Additionally, there 

are smart traffic lights that can react to the current traffic 

conditions in real-time to reduce congestion and 

maximise safety [4]. The ITSs are a part of ATMSs as well. 

ITSs employ data analytics, cameras, and sensors to 

manage traffic conditions [5]. 

Roads are essential in urban design, defining the 

space through movement, connection, and accessibility. 

The layout of roads impacts the economy, environment, 

and street qualities. Efficient traffic management is 

achieved by the hierarchical planning of roadways, from 

minor roads to major arterials [6]. The efficient flow of 

traffic into and out of roadways of the same or 

neighbouring hierarchy level should be a goal of road 

planning and design [7]. Urban planners and road 

designers need to put new evaluation tools at their 

disposal if they are serious about solving the capacity and 

safety problems caused by lower speeds and higher 

traffic volumes [8]. When it comes to creating safer and 

more efficient road networks and promoting 

environmentally friendly modes of travel in this "smart" 

age, cutting-edge management systems and technology 

are paramount. Advanced technologies on freeways 

ensure the safe and fast movement of traffic while in 
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urban environment they help manage complex traffic 

conditions[9]. 

The development of autonomous vehicles (AVs) [10] 

marks an unprecedented technological breakthrough in 

the field of transportation systems that holds promise to 

deliver safe, efficient, and sustainable transportation 

systems[11]. In order to comprehend how these 

autonomous vehicles operate in their environment, 

which can be very complex and involve interaction 

between other vehicles, agent-based modeling (ABM) 

[12] offers itself as a potent computational approach to 

model and analyze these systems[13]. AI, ML 

techniques, advanced sensor technologies, digital twins, 

and degrees of automation have been implemented into 

safety critical transportation systems including aviation, 

rail, maritime, and surface transportation. 

A. Structure of the paper 

The structure of the paper: Section II presents the 

fundamentals of transportation safety systems. Section 

III discusses AI-empowered methodologies an 

challenges for VRU safety. Section IV reviews emerging 

transportation safety technologies. Section V presents 

the literature review and research gap. Section VI 

concludes the paper and outlines future research 

directions. 

2. Fundamentals of Transportation Safety Systems 

Fundamentals of Transport Safety Systems rely on 

accident prevention, reduction in injuries severity, and 

provision of safe road environment for users through 

the use of advanced technologies, infrastructure, and 

regulations. Such systems encompass ITS, vehicle safety 

systems, traffic monitoring communications, and 

emergency services designed to identify dangers, assist 

in making rational decisions, and increase overall 

efficiency and safety in transport operations. 

A. Definition and Vulnerable Road Users (VRUs) 

VRUs represent individuals that have a high 

probability of being injured or killed while travelling in 

traffic because of their physical vulnerability and high 

exposure to fast moving vehicles. Although initially 

limited to pedestrians and cyclists, today’s definition of 

VRUs extends its boundaries and encompasses various 

types of non-motorized or lightly protected road 

users[14] . Nevertheless, a standard definition of each 

particular subclass of VRUs is still missing[15]. 

B. Camera-Based Tasks for VRU Safety 

Camera-based sensing solutions have emerged as a 

crucial part of transport safety because of their low cost, 

high deploy ability, and capability to produce highly 

semantic data as shown in figure 1 [16]. Camera solutions 

are superior to other sensing technologies like lidar or 

radar when it comes to producing highly visual data 

which is required for pose estimation. Moreover, cameras 

are widely deployed in cities and embedded in vehicles 

and thus, can serve as a robust backbone for VRU safety 

solutions. However, the way how cameras are configured 

plays an important role in their sensing capabilities. 

 

 

Fig. 1. Integrated Camera-Based Perception and Downstream Tasks for VRU Safety Enhancement. 

3. Core Ai-Empowered Methodologies and Challenges 

for VRU Safety 

Core AI-driven approaches to VRU safety involve 

computer vision, deep learning, sensor fusion and 

predictive analytics to detect, track and analyze 

pedestrians, cyclists and other vulnerable users[17]. This 

help achieve trajectory predictions, intent understanding, 

collision likelihood assessment and decision making, 

enhancing situational awareness and accident 
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prevention. Core AI-driven Approaches for VRU Safety 

is illustrated in figure 2. 

A. Detection and Classification 

Transitioning from feature-based pipelines that were 

hand-crafted to representations based on deep learning 

has been a common path for both general object 

recognition and VRU detection. There are two main 

schools of thought when it comes to deep learning and 

the input modalities. One school of thought is RGB 

image-based monocular camera detection, and the other 

is multi-spectrum detection, which uses data from both 

visible and non-visible spectra (e.g., infrared or thermal 

cameras) to improve effectiveness in challenging 

environmental situations. Even though the 

development of VRU detection has heavily relied on 

advancements in general object detection, there are 

special problems that need to be addressed, for instance, 

identifying people in dense or heavily occluded scenes. 

B. Tracking and Re-Identification 

Tracking the motion of VRUs through video frames 

captured by one camera is important for knowing about 

the pattern of movement and being proactive about 

ensuring safety within the transportation system. In 

comparison with multiple cameras, one camera tracking 

is more common because it is cheaper and easier to set 

up, particularly onboard and roadside[18]. 

Nevertheless, it involves several problems, including 

occlusion, switching identities, and field-of-view 

constraints. The basis for contemporary one-camera 

multi-object tracking (MOT) is the detection-to-tracker 

framework[19]. Classic algorithms like SORT and Deep 

SORT are commonly used in this area. 

C. Trajectory Prediction 

The rise of A.I. systems in transportation has 

elevated VRU trajectory prediction to the status of a 

critical area of study. With its contributions to near-miss 

detection, collision prevention, and behaviour 

modelling, trajectory prediction is crucial to VRU 

protection [20][21]. Predicting VRU trajectories has so 

attracted a lot of interest from many research groups in 

recent years. Advanced surveillance systems and self-

driving automobiles are two potential areas of use. It is 

more challenging to predict human mobility than that 

of any other road user [22]. This is mainly because of the 

following three reasons. First of all, there is less rigid 

dynamics involved in human motion. 

D. Intent Recognition and Prediction 

The ability to recognise and predict VRUs' intentions 

gives us a lot of information about how they act in the 

future. This information is closely connected to 

trajectory forecasting and can be learned separately or 

along with trajectory forecasting [23]. Intent prediction 

poses a difficult problem due to the large variability in 

VRU behaviors that depends not only on the internal 

state of VRUs (e.g., walking speed, attentiveness) but also 

on the external conditions (e.g., traffic condition, light 

phase, environment shape). Although most approaches 

focus mainly on trajectories as an input, some use 

additional features, like human poses[24], traffic lights, 

etc. Due to advances in deep learning, RNNs quickly 

became the most prevalent approach to learn intent. 

 

Fig. 2. Core AI-Empowered Methodologies for VRU 

Safety 

4. Emerging Technologies for Transportation Safety 

Emerging technologies are changing transportation 

safety via AI, IoT, autonomous vehicles, V2X 

communications, and advanced sensing systems. With 

these technologies, it becomes possible to monitor in real 

time, predict accidents, make traffic management 

intelligent, and conduct automatic decision-making. The 

result is increased road safety, decreased collision risk, 

and creation of sustainable transportation systems. 

A. Internet of Things (IoT)  

IoT has completely transformed the automotive 

industry with cars becoming more connected, intelligent 

and safe[25]. IoT in automotive is a complex network of 

interconnected devices including sensors, cameras, and 

GNSS which are connected with each other with help of 

the Internet to the cloud. This network constantly 

generates data which can be used to increase the 

efficiency of transport management. 

B. Machine Learning (ML) and AI 

AI plays a pivotal role in perception, prediction, and 

decision-making[26]. The most common AI methods 

used include: 

• Deep Neural Networks (DNNs): Used for object 

detection, segmentation, and classification.  
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•  Reinforcement Learning (RL): Train agents for 

complex decision-making using trial and error.  

•  Bayesian Networks: For probabilistic reasoning 

in uncertain situations.  

• Generative Adversarial Networks (GANs): To 

augment synthetic data for perception model training.  

• Federated Learning: Facilitates decentralized AI 

learning from fleets without the need for centralized 

data storage. 

Larger datasets of annotated data, simulations, and 

edge cases need to be collected to train and validate such 

models. 

C. Road Safety and Smart Policy Making 

The risks to road safety are not the result of a single 

careless move by a motorist, but rather of a 

conglomeration of circumstances. The current academic 

literature has identified some of the contributing factors 

that impact road safety, that is road condition   weather 

conditions   road user behaviour   accident hot spots   

traffic jamming [27], Good road condition ensure safe 

and better driving conditions as compared to bad road 

conditions where the likelihood of accidents increases. 

Similarly, the road user’s behavior, whether the drivers 

and pedestrians, critical in maintaining road safety. 

D. Accident detection 

Some of the methods that can automatically detect 

accidents include the problem of road accidents 

resulting from population growth and increased 

demands of vehicles [28]. While encouraging 

smartphones that incorporate machine learning 

techniques and sensors to recognize abnormal motion of 

the vehicles, there are some problems in real time 

accuracy and sensor reliability. However, although 

susceptible to communication disruptions, encourage 

Vehicular Ad-hoc networks (VANETs). 

E. Real-Time Traffic Monitoring 

Through AI  real-time  monitoring of  traffic  

condition  can be done by collecting data  from different 

sources like cameras on roads, sensors, vehicles that are 

connected, and  GPS systems. Constant collection of this 

data helps traffic management system get a clear idea 

about current road conditions, volumes of traffic[29], 

and congested areas. Processing the data helps in 

making proper decisions related to any issue that might 

occur like identifying bottlenecks and re-routing 

vehicles in case of traffic accidents. 

F. Key Challenges in Autonomous Vehicle 

Technology  

The way to fully autonomous vehicles (AVs) has its 

own set of difficulties that have not yet been addressed 

successfully. Despite some advancements, there are still 

certain challenges that hinder the widespread use of AVs. 

1) Safety and Reliability  

The primary concern in developing and utilising 

autonomous cars is safety. The operation of an AV is 

required to be reliable regardless of all the different 

driving situations that might take place, including 

unexpected situations like pedestrians suddenly 

appearing on the road, bad weather, inadequate road 

markings, and building areas. It is very hard for machine 

learning models to predict edge cases – rare but 

dangerous driving situations[30]. Rule-based 

programming never cope with such complexity of real 

life. ML algorithms educated by massive volumes of data 

are what make AVs what they are. However, the data 

quality has a significant impact on the algorithm's 

efficacy. 

2) Legal and Ethical Issues  

The regulatory framework surrounding autonomous 

cars is yet to be fully developed. The biggest worry here 

is who bears the blame in case of an accident. It is yet to 

be decided whether the automobile company, the 

software maker or the car owner is at fault. This lack of 

clarity on the legal front acts as a major impediment to 

investment and deployment, especially where there are 

no AV laws in place. On the ethical front too, there are 

issues. AVs could find themselves in situations where 

they have to make ethical choices, such as deciding 

between two evils when a collision is inevitable. 

3) Infrastructure Readiness  

Current road infrastructures are not always ready for 

use with autonomous vehicles because there are many 

places without proper lane markings and road signs, as 

well as traffic management systems. Autonomous 

vehicles require high-resolution maps and constant 

connectivity, which are unavailable in rural and 

undeveloped regions. It also should be noted that one of 

the key features of AV is the V2X technology, which 

allows vehicles to exchange information with traffic 

lights, other vehicles and road infrastructure. However, 

the implementation of V2X infrastructures has just 

started in most countries. 

4) Human-Machine Interaction  

In transitioning from Level 2 and Level 3 autonomous 

cars to higher levels, the importance of human-machine 

interaction cannot be ignored. During these phases, the 

system takes care of everything but the driver needs to be 

vigilant to take over the controls in case of an 

emergency[31]. It poses a problem of cognition where the 

drivers get complacent or too dependent on the system, 

and their reaction time becomes slow during an 
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emergency situation. Trust is the other barrier which 

comes in the way of using AVs. Most users are not 

comfortable with the machine’s decision making and 

being controlled by machines. Communication between 

the car and the user plays an important role in building 

trust. 

G. Opportunities of Future Transportation Safety 

Future of transportation safety can provide many 

opportunities through adoption of intelligent and 

digital technology. Some of them are as follows: 

• Enhanced Road Safety through AI: AI and ML 

are capable of making predictions about accidents, 

detecting dangerous situations, and enabling real-time 

decision-making to avoid traffic accidents.  

• Connected and Autonomous Vehicles: V2V and 

V2I technology is useful for managing traffic, avoiding 

mistakes made by humans, and improving overall road 

safety.  

• Smart Traffic Management: Management: ITS 

employs real-time data for traffic management, 

reduction of congestion, and improvement of efficiency 

of emergency response.  

• Predictive Maintenance of Infrastructure: 

Through IoT sensors and data analysis, smart transport 

systems are capable of continuous monitoring of roads, 

bridges, and other transport infrastructure to prevent 

any problems with them.  

• Faster Emergency Response: New technologies 

like 5G, drones, and intelligent emergency response 

systems allow for quick detection of an accident and 

efficient routing of emergency vehicles to the site of an 

accident. 

5. Literature Review 

New technological developments are 

revolutionizing transport safety through AI, IoT, 

Autonomous vehicles, and Connected Communication 

systems. These technologies facilitate real-time tracking, 

accident prediction, and intelligent decision-making. 

Nonetheless, there are still many obstacles such as 

security problems, privacy issues, infrastructure 

constraints, and policy problems that have to be 

resolved to create smart, intelligent, and sustainable 

future transportation systems in Table I. 

M. Ameur, et al.,(2026), offers an overview of the 

latest developments in the area, and points out the 

results achieved so far, the open problems, and future 

perspectives of the field. This study is a valuable 

resource for academics and stakeholders working 

towards the development of smart, collaborative, and 

environmentally friendly transport systems by 

synthesising existing material and highlighting the 

connection between DRL and C-ITS [32]. 

H. Yin,(2026) introduce NavDrive, an autonomous 

driving framework that ensures better safety by planning 

through a multi-modal generation system. Namely, 

NavDrive integrates dispersion strategies with 

navigation-guided rules. Develop a DCF module to 

selectively highlight the regions with critical interactions 

between the ego vehicle and other agents in order to 

emphasise decision-relevant locations. Furthermore, the 

TDiT is employed by a safety-aware generative planner 

to optimise trajectory samples to viable regions [33]. 

B. Reddy,  et al. (2025) presents RideSphere, a real time 

rides management application developed using the React 

Native and Node.js frameworks. RideSphere is 

developed to be used by users, drivers, and 

administrators in a single application and has unique 

features like the provision of gender-based preference of 

the driver such that a user can select a female driver and 

the provision of a rent a driver feature that enables the 

hiring of professional drivers who drive the car 

belonging to the user. RideSphere works using the Expo 

Go platform and it supports both Android and IOS 

mobile phones[34].  

M. Manoj Nair (2025), examines the opportunities, 

limitations, and potential avenues of future research on 

Industry 5.0 and Society in regards to emerging 

technologies like Blockchain, IoT, AI, and others. The 

current work also examines the possible implications of 

AI, Blockchain, and IoT in these futuristic concepts from 

the point of view of transformation. In case of Industry 

5.0, where technology less important and it assumed that 

the foundation of any development lies in the 

cooperation of humans and robots, there is a paradigm 

shift which leads to solution. Through customized 

products, the industrial revolution is increasing[35]. 

J. Xue, et al. (2024) use techniques and theories of 

system dynamics to create models that show how 

emergent technologies in the aircraft manufacturing 

business are changing over time, factoring in the slow but 

steady evolution of these technologies as identified 

through expert interviews. To show how the technology 

evolved over time, analysed and simulated data from 

Shaanxi Province. Analysing the simulation results 

reveals that new competing technologies arise during the 

growth phase, which in turn lowers the rate of 

incremental change in emerging technologies [36]. 

G. Javed et al., (2023) the challenges and potential 

benefits of technological skill enhancement in Southeast 

Asia and India. Call attention to the challenges that come 

with issues like language barriers, insufficient time, lack 

of enthusiasm, and inadequate access to quality training. 

Rising demand for trained labour and expansion of the 

digital economy present upskilling prospects in 

Southeast Asia and India. Additionally, discuss some 
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novel, human-centered methods of skill enhancement 

that may be relevant to Industry 5.0 [37]. 

M. Georgiades and M. S. Poullas, (2023) provides an 

overview of the latest research on V2X communication 

and VEC tools for creating a long-term, sustainable IoV 

in the 6G age. Finding, screening, selecting, synthesising, 

and reporting relevant papers is achieved by the use of 

the PRISMA technique in this study. Finding novel 

technology, difficulties, possibilities, impacts, and future 

directions is the goal of the research [38].  

TABLE I.   LITERATURE REVIEW ON FUTURE OF TRANSPORTATION SAFETY: EMERGING 

TECHNOLOGIES, CHALLENGES, AND OPPORTUNITIES 

Author(s), 

Year 
Objective 

Technology/Methodo

logy 
Advantages Limitations 

M. Ameur 

et al. (2026) 

Reviewed the integration of 

Deep Reinforcement 

Learning (DRL) with 

Cooperative Intelligent 

Transportation Systems (C-

ITS). 

DRL, C-ITS, Literature 

Survey 

Identified research 

trends, challenges, and 

future directions for 

intelligent 

transportation. 

Limited practical 

implementation and 

real-world validation. 

H. Yin 

(2026) 

Proposed a safety-enhanced 

end-to-end autonomous 

driving framework 

(NavDrive). 

Diffusion Policy, 

Decision-Aware 

Channel Fusion (DCF), 

Target-Prior Diffusion 

Transformer (TDiT) 

Improved driving 

safety, trajectory 

planning, and human-

aligned autonomous 

behavior. 

High computational 

complexity and 

limited real-world 

deployment. 

B. Reddy et 

al. (2025) 

Developed a real-time ride 

management application for 

modern urban mobility. 

React Native, Node.js, 

REST APIs, 

WebSocket, Expo Go 

Real-time tracking, 

scalable architecture, 

gender-based driver 

preferences, user-

friendly interface. 

Focuses on mobility 

services rather than 

advanced 

transportation safety 

mechanisms. 

M. Manoj 

Nair (2025) 

Investigated the role of 

Industry 5.0 technologies in 

future intelligent systems. 

Artificial Intelligence, 

IoT, Blockchain, 

Industry 5.0 

Promotes human-

centric automation, 

sustainability, and 

smart industrial 

transformation. 

Lacks detailed 

implementation 

strategies for 

transportation safety 

applications. 

J. Xue et al. 

(2024) 

Analyzed the gradual 

evolution of emerging 

technologies in aviation 

manufacturing. 

System Dynamics, 

Conceptual Modeling, 

Historical Data 

Analysis 

Evaluates technology 

evolution and 

competitive growth 

factors. 

Limited applicability 

to road transportation 

safety systems. 

G. Javed et 

al. (2023) 

Examined technology 

upskilling challenges and 

opportunities in Industry 5.0. 

Human-Centric 

Learning, Industry 5.0 

Framework 

Highlights workforce 

development and 

digital skill 

enhancement. 

Does not directly 

address 

transportation safety 

technologies. 

Research gap: Even though considerable progress 

has been made in the field of AI, the IoT, autonomous 

cars, V2X communication, and ITS, there are still 

numerous gaps to be explored in the area of 

transportation safety in the future. It is worth 

mentioning that existing researches are mostly limited 

to individual technologies but not to the intelligent 

safety framework as a whole. Issues associated with 

cybersecurity, data protection, explainable AI, 

interconnectivity, regulatory requirements, and others 

are yet to be adequately addressed. Moreover, there is a 

need for better reliability of autonomous systems in 

complicated traffic environments and adverse weather 

conditions. 

6. Conclusion and Future Work 

The current review gives an overview of how 

Transportation Safety is advanced by using AI, ML, IoT, 

V2X communication and Autonomous Vehicles. The 

review outlines the basics of transportation safety, VRU 

safety, AI-based perception approaches, and new 

communication paradigms. Also, the current review 

covers the most important challenges associated with the 

use of autonomous vehicles, which include such aspects 

as safety, reliability, legal/ethical, infrastructure 

readiness, and HMI issues. Intelligent sensing, connected 

communication, and decision-making technologies have 

great potential to decrease the probability of accidents. 

Despite the significant accomplishments in the field, the 

development of safe, scalable, and interoperable 

transportation systems is still a crucial task to accomplish. 

In general, the use of emerging technologies may become 

a powerful base for creating smart transportation 

systems. 

Further studies should focus on the integration of AI, 

V2X, edge computing, digital twin, and 6G 
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communications to increase transportation safety. 

Special attention should be paid to explainability of AI, 

security, standardization of communication protocols, 

and real-world validations. 
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