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Abstract 

The ITS World Congress 2025 theme, "Deploying Today, Empowering Tomorrow," highlights the 

potential of intelligent transportation systems (ITS) to revolutionize urban mobility. This essay presents 

the Real-Time Situational Traffic Awareness Platform (RTSAP), an innovative framework that 

integrates vehicle and infrastructure sensor data, artificial intelligence, and agent-based simulations to 

enhance traffic safety and efficiency. Unlike traditional ITS, RTSAP seeks to leverage vehicle and traffic 

infrastructure sensors combined with cloud-edge computing to provide real-time insights into complex 

traffic scenarios—such as intersections and temporary bus stops—supporting safer autonomous vehicle 

operations and better urban mobility. Simulation studies conducted by [1] demonstrate that real-time 

situational awareness can reduce traffic accident severity by up to 40%, cut reaction times by 50%, and 

decrease accident rates during adverse weather by 30% [2]. By deploying RTSAP in diverse urban 

contexts like Oldenburg, Germany, and Kampala, Uganda, cities can significantly reduce traffic 

incidents while ensuring compliance with data privacy regulations and promoting equitable mobility. 

This scalable solution aligns with the European Commission’s Vision Zero goal of eliminating road 

fatalities by 2050, offering a practical pathway for cities to deploy today’s technology and empower 

tomorrow’s safer, more inclusive transportation systems [3–5]. 

 

 

 

 

 

 

 

 

 

 



 

 

1 Introduction 

Rapid urbanization, rising vehicle ownership, and the need for safer, more sustainable transportation 

systems pose significant challenges for cities worldwide. The World Health Organization (WHO) 

reports nearly 1.2 million annual deaths from road traffic crashes, with congestion and limited mobility 

access disproportionately affecting low-income communities [6]. The ITS World Congress 2025 theme, 

"Deploying Today, Empowering Tomorrow," urges the use of innovative technologies to build safer, 

more connected cities [7]. This essay proposes the Real-Time Situational Traffic Awareness Platform 

(RTSAP), a system that would use sensors on vehicles and infrastructure (e.g., traffic lights), AI, and 

simulations to deliver real-time traffic insights. Envisioned for diverse cities like Oldenburg, Germany, 

with advanced infrastructure, and Kampala, Uganda, with emerging systems, RTSAP would aim to 

improve safety through improved autonomous vehicle operations to reduce incidents, enhance mobility 

systems resilience, and ensure equitable mobility, such as accessible transport for people in developing 

cities [8]. By supporting the European Commission’s goal of zero road deaths by 2050 and addressing 

global urban mobility needs, RTSAP offers a forward-looking framework to deploy today and empower 

safer transportation for tomorrow. 

2 Context 

By 2050, 68% of the world’s population will reside in urban areas, increasing pressure on transportation 

systems with heightened traffic and safety risks [9] Road crashes disproportionately impact low- and 

middle-income countries, accounting for 93% of global road deaths despite fewer vehicles [10] While 

advanced driver-assistance systems (ADAS) enhance individual vehicle safety, they lack visibility into 

broader traffic dynamics, such as pedestrian movements at busy intersections [11]. In cities like 

Kampala, with mixed-traffic zones involving pedestrians, cyclists, and motorcycle taxis, and Oldenburg, 

with structured but congested intersections, this gap limits proactive safety measures. Current ITS, such 

as traffic cameras, provide partial data but are often fragmented or delayed, hindering effectiveness [2]. 

The proposed RTSAP would address this by integrating data from vehicle and infrastructure sensors 

(e.g., cameras, radar) with AI to create a shared, real-time traffic view. However, challenges like system 

interoperability, data integration and privacy under regulations like GDPR [12], and infrastructure gaps 

in developing cities must be addressed to make RTSAP viable [13]. By proposing a cost-effective, 

scalable platform, this essay envisions a solution to enhance road safety, support autonomous vehicle 

development, and promote equitable urban mobility. 

3 Solution Description 

3.1 Real-Time Situational Traffic Awareness Platform 

The proposed Real-Time Situational Traffic Awareness Platform (RTSAP) would be a modular system 

integrating data from vehicle and infrastructure sensors—such as cameras, radar, and GPS—with AI 

and cloud-edge computing to monitor and analyze traffic in real time. Unlike centralized ITS, which 



 

 

often face latency issues, RTSAP would utilize edge computing to process data locally, reducing costs 

and delays [14]. It would enable vehicles, pedestrians (as traffic agents), and infrastructure to share 

insights, improving safety at high-risk areas like intersections or temporary bus stops (e.g., flexible stops 

created based on public transport demand) [15, 16] By leveraging AI to predict behaviors and supporting 

simulations to test scenarios, RTSAP would enhance autonomous vehicle safety and enhancing urban 

mobility. Its open-standard design would ensure compatibility with existing systems, while GDPR-

compliant data handling would build public trust [12].  If piloted in cities like Kampala and Oldenburg, 

RTSAP could reduce intersection collisions by 15%, based on studies of related systems like [2], 

offering a scalable solution for safer, smarter mobility.  

3.2 Platform Capabilities 

Sensor Fusion; involves combining sensor data or data from different sources so that the resulting 

information has less uncertainty than would be possible if these sources were used individually. Sensor 

fusion techniques therefore create holistic perception systems for complex environments [17]. The 

RTSAP would integrate data from multiple sensors on vehicles (e.g., e-buses, delivery vans) and 

infrastructure (e.g., traffic lights, CCTV), minimizing the need for costly new installations. For instance, 

combining data from cameras, lidar and radar sensors on autonomous vehicles or passenger buses 

provides  more context to predict actions of nearby pedestrians, enhancing safety in pedestrian zones 

[18, 19]. 

Scene Abstraction; Sensor data abstraction serves as an interface between sensor data and machine 

learning applications, improving transferability across different sensor setups [20] by representing 

complex scenes with minimal representations. RTSAP shall deploy Artificial Intelligence Models 

coupled with scene abstraction to transform raw sensor data into knowledge about traffic behavior and 

geographical zones [21] thereby creating holistic perception systems for complex environments [17] and 

providing actionable insights such as identifying road layouts or risky behaviors like sudden pedestrian 

crossings, making complex data usable for cities and autonomous vehicles to prevent incidents. Fusing 

AI and sensor technologies therefore contributes to more accurate perception, decision-making, and 

safety in autonomous vehicles, while also providing insights for cities towards safer, smarter mobility. 

Interoperability; is a critical challenge for intelligent transportation systems (ITS) in smart cities, 

affecting various aspects including vehicle communication, and data exchange [22, 23]. This stems from 

deployment of diverse protocols and independently developed networked domains [23]. Addressing 

these challenges is crucial for realizing the full potential of ITS, which encompasses applications like 

traffic control, autonomous vehicles, and mobility prediction [24]. RSTAP shall employ standards like 

SAE J3216 for driving behavior signals and IEEE 2846 for behavior specification, middleware 

integration, and collaborative efforts among stakeholders,  and a comprehensive framework combining 

various approaches proposed by [25] to tackle interoperability issues in smart cities [22, 25].  



 

 

Interaction Interfaces: Human and machine interfaces play a crucial role in autonomous vehicles, 

facilitating communication between the vehicle and other road users or systems to enhance safety, trust, 

and situational awareness by incorporating explainable AI to convey complex decisions and potential 

hazards [26]. RTSAP is envisioned to provide real-time status updates, alerts, and feedback through 

visual, auditory, and haptic channels as recommended by [27]   For remote operation scenarios, a design 

space approach can support the development of advanced visual interfaces, addressing challenges such 

as sensor data ambiguity and unexpected road user interventions [28]. Well-designed interfaces enable 

effective data exchange and decision-making in autonomous vehicles and smart city ecosystems. 

Agent-Based Traffic Simulations: model traffic agents (vehicles, pedestrians, cyclists) as independent 

entities to predict outcomes in complex traffic scenarios. The integration of real-time data and agent-

based modeling can greatly enhance traffic simulations and autonomous vehicle development. RTSAP 

can therefore build on [29] proposed framework for combining live-sensor data with agent-based 

simulation for real-time traffic modeling, support learning-based methods to improve prediction 

accuracy, enhance scenario generation, and create more realistic agent behaviors thereby improving 

work by [30]. These contribute to the development of safer and more efficient autonomous vehicles and 

thus safer city systems. 

Open APIs: RTSAP should provide open APIs and curated data access for developers through secure 

data warehouses and standardized interfaces highlighted by [31]. These will enable third-party 

developers to create intelligent mobility solutions and apps [31, 32]. Challenges of balancing data 

openness with necessary access [32] can be addressed by leveraging edge-level processing architectures 

and cloud-based quality monitoring. By addressing the concerns, the platform can therefore support 

dynamic safety requirements, forecasts, and scenario-based decision support, while offering modular 

API designs for integration with existing traffic management systems and enabling scalable 

implementation and local innovation to address issues in different cities. 

This proposed platform would transform vehicles into cooperative sensing agents, enabling cities to 

anticipate and prevent incidents while optimizing infrastructure use. 

3.3 Legal and Ethical Standards 

The Real-Time Situational Traffic Awareness Platform (RTSAP) prioritizes legal and ethical 

compliance to foster public trust and enable scalable deployment. In Europe, RTSAP adheres to the 

General Data Protection Regulation (GDPR) by anonymizing sensor data and implementing secure 

cloud-edge protocols to safeguard user privacy [12].  To address algorithmic bias, RTSAP shall employ 

transparent, explainable AI models, subject to regular independent audits to prevent disparities, such as 

prioritizing service in wealthier neighborhoods [33].  In developing cities like Kampala, where 

regulatory frameworks may be less established, RTSAP should align with World Bank guidelines to 

ensure equitable access, delivering benefits to underserved communities [34].  By embedding these 



 

 

standards into its design, RTSAP ensures ethical integrity, promotes inclusivity, and builds confidence 

for widespread adoption of digital solutions for mobility across diverse urban contexts. 

3.4 Use Cases: Mixed-Traffic Zones in Uganda and Oldenburg 

3.4.1 Market Zones along Roads in Kampala 

In Kampala, Uganda, the Real-Time Situational Traffic Awareness Platform (RTSAP) would enhance 

safety in mixed-traffic environments by leveraging existing sensors on passenger EV buses, equipped 

with cameras and radar. These sensors stream real-time data to detect pedestrians, cyclists, or motorcycle 

taxis near dynamic bus stops, such as those in busy market zones along highways. For example, if a 

pedestrian crosses unexpectedly, RTSAP processes the data via edge computing to issue immediate 

alerts to nearby drivers and an abstract representation of the scene incident is stored on the cloud/ traffic 

management centers. This rapid response reduces collision risks in areas with high pedestrian activity. 

By utilizing existing bus sensors and prioritizing edge computing to address Kampala’s limited 

connectivity, RTSAP ensures cost-effective, scalable deployment tailored to the city’s informal 

transport networks. 

3.4.2 Congested Intersections in Oldenburg 

In Oldenburg, Germany, RTSAP integrates with the city’s advanced infrastructure to improve safety at 

congested intersections. Delivery vehicles equipped with radar and cameras detect approaching cyclists, 

such as those navigating busy urban junctions. RTSAP processes this data to send real-time warnings to 

the cyclists and to nearby vehicles mitigating collision risks [2]. These interactions are logged to refine 

autonomous driving algorithms through agent-based simulations, enhancing their accuracy in complex 

scenarios. By leveraging Oldenburg’s existing traffic light sensors and open-standard protocols like SAE 

J3216, RTSAP minimizes deployment costs while seamlessly integrating with the city’s traffic 

management systems, ensuring adaptability and scalability [2, 23] 

4 Summary 

The proposed Real-Time Situational Traffic Awareness Platform (RTSAP) is a novel digital solution 

that fuses vehicle sensor data, artificial intelligence, and agent-based simulations to transform raw traffic 

inputs into real-time, semantically rich scene representations. Inclusively designed for both developed 

cities like Oldenburg, Germany, and rapidly growing urban centers like Kampala, Uganda, RTSAP 

extends beyond traditional Intelligent Transportation Systems (ITS) by using open standards, cloud-

edge computing, and a modular approach to enable scalable, cost-effective solutions. Aligned with 

global safety and equity goals—including the EU’s Vision Zero and the World Bank’s inclusive 

infrastructure agenda [4] [34] —the platform helps developers and city authorities enhance situational 

awareness, particularly at high-risk intersections and in mixed traffic environments. To realize this 

vision, cities should launch pilot programs in mixed traffic zones with high traffic complexity, 

collaborating with mobility players that deploy sensor equipped vehicles and digital infrastructure. 

Initial deployments could be supported by funding mechanisms such as the EU’s Horizon Europe [35], 



 

 

fostering cross-sector innovation and long-term scalability. By enabling pathways for data and AI-driven 

autonomous vehicle operation and development to reduce road traffic incidents, RTSAP lays the 

groundwork for resilient, equitable mobility systems. Deploying it today equips future generations with 

smarter, safer and more connected transportation ecosystems—truly embodying the spirit of "Deploying 

Today, Empowering Tomorrow." 
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