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PROJECT EXECUTIVE SUMMARY

The EC-funded project EvoRoads (Evolutionary Solutions for Realising a Holistic Safe System Approach for All Road
Users) is committed to advancing the European Union's Vision Zero initiative by implementing a comprehensive framework
that integrates innovative models, tools, and services for data-driven safety assessments.

The project focuses on developing of a connectivity platform that digitalises transport infrastructure assets while enabling
the seamless integration of safety assessment services. By leveraging advanced artificial intelligence (Al), EvoRoads
analyses infrastructure monitoring data at various geospatial levels, enabling proactive risk warnings and supporting road
operators in managing maintenance more effectively, enhancing safety and operational efficiency. It also defines safety
criteria and quantification methods for key performance indicators (KPIs) to monitor safety performance as part of the
"Safe System" approach.

The results are developed alongside five axes: (1) an Evolutionary Safety Assessmen work setting the basis
by defining how to measure road safety in a multilayered catalogue; (2) a Road Ass fety Management Digital
Twin collecting and distributing safety data; (3) Advanced Monitoring Safety s leverage data to provide
infrastructure owners with clear insights into the safety levels of their roa‘; (4 aflive Safety Warning Systems
ensuring that critical safety issues are raised pro-actively and in real-time t ty hazards; and finally, all these
results are combined in (5) Solutions Integration, Augmentation and Impgaét A sment tools and products allowing
for take-up of the results in the wider market. These axes converge int obility Data Space where all data related
to EvoRoads’ safety criteria and solutions are combined.

EvoRoads’ methodologies and technologies will be validate ing Labs (LLs) addressing diverse road user
scenarios across urban and rural environments to ensure br pp ity and effectiveness. EvoRoads LLs are situated
in Spain (focusing on Hazard-aware assets for better infras ure safety level for existing and future roads users),
Italy (focusing on Dynamic Road infrastructure ety diagnhosis enhanced by emerging vehicle and digital
technologies), Latvia (focusing on Automated (ad d) low-cost infrastructure monitoring and diagnostics: road
hot spots, bridges, tunnels), and Romani n Remote sensing and warning technologies for better
infrastructure and road conditions).

il 2027. A scale-up event is foreseen towards the end of the project

The EvoRoads project runs from May 282 i
% @ds’ results and to help provide ways forward.

to allow for the wider market to conside

Social Media link: C
m @evoroads-proje

For further information please visit evoroads-project.eu
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DELIVERABLE EXECUTIVE SUMMARY

Deliverable “D1.3: KPIs quantification methodologies, data space, user interfaces and integrated platform V1" presents
the first consolidated architectural and methodological baseline of the EvoRoads project. It documents how user needs,
safety criteria, data analytics and system architecture are brought together into a coherent, integrated platform that
supports evidence-based road infrastructure safety management across diverse European contexts. The deliverable
establishes a structured framework for transforming safety-related observations into actionable knowledge. It begins by
grounding the work in a clear methodological approach, ensuring traceability between project objectives, user needs and
technical design choices. Particular emphasis is placed on avoiding siloed development, instead promoting cross-work-
package alignment and architectural discipline from the outset.

A central contribution of D1.3 is the definition of dynamic Key Performance Indi
methodologies. These methodologies translate safety criteria into measurable indicators
at different temporal and organisational levels, from near-real-time operational awarepe er-term planning and
evaluation. By explicitly addressing time sensitivity, comparability and interpretabi Pl framework enables
authorities to prioritise interventions, assess impact and justify investments base sistent evidence.

or (KPI) quantification
of supporting decisions

The deliverable also documents the design of user interfaces and inter: n

planes of user experience (UX). This work ensures that the platform respo Needs of multiple personas, including
road safety operators, maintenance managers, planners, policy stakeholigrs a¥d researchers. Rather than treating
interfaces as an afterthought, EvoRoads positions UX as a core design shaping how analytical outputs and KPlIs
are presented and acted upon.

ts, structured through the five

At architectural level, D1.3 presents the EvoRoads Inte rm Architecture (Version 1) using the 4+1
architectural model. The Logical, Process, Developme d Physical Views collectively describe component
responsibilities, runtime interaction patterns, integratioggpractice d deployment assumptions. An additional operational
perspective demonstrates how the architecture sup safety decision workflows across pilots. The architecture explicitly
accommodates heterogeneity across pilot sites vidai rving a common backbone, ensuring that the platform operates
as a single system rather than a collectigg of b

A key enabling element documented in {k# Ple is the Safe Mobility Data Space (SMDS). The SMDS provides
mechanisms for data integration, intero @ governance and controlled sharing, aligned with European mobility data
space principles. By embedding d gighty, metadata harmonisation and secure data exchange into the platform
design, EvoRoads ensures that data e reused across organisational and national boundaries without compromising

trust or compliance.

D1.3 does not clai aturity. Instead, it transparently documents assumptions, constraints and areas
scheduled for refineme uent project phases. In conclusion, D1.3 demonstrates that EvoRoads has established
a robust, coherent and po igned foundation for its integrated platform. It confirms the project’s capacity to translate
European road safety goals into concrete technical and operational solutions, setting the stage for full integration, pilot

validation and scalable impact in the next phases of the project.

Disclaimer

This document has utilised a large language model (LLM) exclusively for grammar, syntax, and stylistic refinement. Under
no circumstances was the LLM employed to generate, modify, or substitute original research content. To the fullest extent
permitted by applicable law, responsibility for the accuracy, validity, and integrity of the research and its conclusions rests
entirely with the authors.
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1 INTRODUCTION

This chapter provides a general introduction to the deliverable, outlining its objectives, scope, and relevance within the
EvoRoads Horizon Europe project (evoroads-project.eu, Grant agreement ID: 101147850). It situates the work in the
broader context of data-driven transport safety and infrastructure monitoring, thereby preparing the ground for the more
detailed analyses presented in subsequent sections.

1.1.OVERVIEW AND PURPOSE

Road traffic incidents remain a pressing societal challenge in Europe. In 2023, 20,400 fatalities were recorded across the
European Union, corresponding to 46 deaths per million inhabitants, with vulnerable road rs accounting for almost
70% of urban road deaths. Despite incremental progress, the current decline in accident s short of the reduction
trajectory needed to achieve the European Commission’s Vision Zero target of halvi ties by 2030. Meeting
that target requires sustained annual decreases of approximately 4.5% - a pa t ot yet been realised [1].
Preliminary data for 2024 indicate a modest improvement, with around 19, ro across the EU, representing a
3% drop compared to the previous year [2]. These statistics highlight a clea d policy problem: the safety of

Europe’s transport systems cannot be adequately ensured through traditiamoring practices and static evaluation
eration of tools and frameworks that will enable

methods alone.

This deliverable responds to that challenge by consolidating the fi

a new form of road safety intelligence. Rather than relying so isj@rical data and retrospective crash statistics, the
work presented here introduces methodologies for quantif sa rough dynamic indicators. These indicators, or
KPls, are designed not only to reflect static infrastrugture a tes, such as road geometry or signage, but also to
incorporate dynamic conditions - traffic density, we r influences, user behaviours, and evolving infrastructure states -

that fluctuate over time and space. By doing so, { able moves beyond conventional assessments and establishes
the foundations of a system able to adaphin re nMancing both precision and relevance.

At the core of this release lies the first VaiSion

uropean Mobility Data Space tailored to safety applications. The
data space is envisaged as a federated %

ent in which heterogeneous sources - ranging from connected vehicles,

drones and roadside sensors to s e rometry and user-generated reports - can be harmonised, integrated and
accessed securely. Unlikedradi d repositories, this environment emphasises interoperability, data quality, and
trust. To that end, it adopts odels and pre-processing mechanisms that allow very different types of information

to be fused into coh THis enables both the enrichment of individual datasets and the creation of composite
indicators that capture omena otherwise hidden when sources remain isolated.

Another central feature of this first release is the Deployment of Prototype Applications (including their mobile and web
interfaces) through which stakeholders can access and act upon the generated intelligence. These applications embody
the principle that advanced analytics only gain value when translated into usable insights for end-users, whether they are
road operators, city planners, maintenance contractors, or policy makers. By offering visualisations, alerts, and
configurable dashboards, the applications serve as the entry point to the wider platform, ensuring that complex data
streams are transformed into actionable knowledge. Importantly, they also provide a mechanism for stakeholder feedback,
allowing the system to evolve in response to real operational needs.

The integrated platform presented in this deliverable brings together contributions from several technological domains
developed within the project's development-oriented work packages (WPs) (mostly WP2 and WP3). These include
advanced monitoring tools capable of identifying infrastructure deterioration, predictive maintenance modules that
PU - PUBLIC
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prioritise interventions based on risk, and behavioural analysis instruments that capture patterns of unsafe user behaviour.
The platform functions as the connective tissue between these components, providing the architecture through which data
are ingested, harmonised, processed and exposed via secure interfaces. This integration is essential: only by combining
hardware, software, and analytical innovations can a comprehensive and scalable approach to road safety be achieved.

The significance of this deliverable lies not only in the novelty of the individual outputs, but also in the way they collectively
reframe how safety is understood, measured, and acted upon. By releasing the first set of quantification methodologies,
the initial deployment of the data space, and the prototype applications, the project delivers a tangible step toward a
European ecosystem for road safety intelligence. The solutions are designed with transferability in mind, ensuring
applicability across diverse road types, from congested urban networks to rural secondary roads, and across different
governance levels, from municipal operators to national transport agencies. In broader research terms, the deliverable
lays the foundation for longitudinal assessment and iterative refinement. The methods and Is released here are not
static end-products; they are the initial iteration of a living framework that will be enriched data become available
and as subsequent project activities expand their scope. This adaptability is vital for
nature of transport systems. It also ensures that the outputs remain aligned with gulatory frameworks and
emerging mobility technologies, such as cooperative connected and automated ervices.

Ultimately, the purpose of this deliverable is twofold. First, it demonstrates {Hegiga of integrating heterogeneous
safety-related data into a coherent analytical environment that yields m&&nin indicators and services. Second, it
provides stakeholders with the first operational prototypes of ap i and interfaces that will form the basis of
evidence-driven interventions. In this way, the deliverable make, sselal contribution to the overarching goal of
EvoRoads: to accelerate Europe’s transition toward safer, mo nd more transparent road networks in support
of the Vision Zero strategy.

1.2.DELIVERABLE IN CONTE

This subsection positions the deliverable Jyithi VeralPstructure of the EvoRoads project. Its purpose is to consolidate
the outputs of preceding technical work i ed release that demonstrates how the different strands of research
and development converge. Since it a egration, the deliverable brings together results from all technology
development-oriented tasks, ensuring dologies, tools, and components produced elsewhere in the project are
combined into a coherent platfor

1.2.1. RELATIO

The present delivera

THER DELIVERABLES

stand in isolation but forms part of a continuum of outputs developed across several
WPs. Its immediate p r is “D1.2: Requirements, conceptual architecture and augmented safety criteria
catalogue” (May 2025). That earlier report established the foundation by capturing requirements from the perspective of
end users and by proposing a conceptual architecture to frame the project’s technical developments. Building upon this
groundwork, the current deliverable advances to the definition of a technical architecture, moving a level deeper into detail
by consolidating the outputs of multiple tasks into an integrated release of the platform.

Earlier work also shaped the safety framework that underpins the present results. Both “D1.1: Best practices and baseline
catalogue of safety criteria” (October 2024) and the aforementioned D17.2 concentrated on safety criteria as a research
subject, forming the outcome of Task 1.1. That task performed a state-of-the-art analysis and gap assessment, leading to
the creation of a baseline catalogue. By contrast, the current deliverable corresponds to Task 1.3, which develops
methodologies for the quantification of these criteria into measurable KPIs. The methodological dimension therefore
represents a progression from conceptual exploration to operational quantification, providing the first release of tools that
can be applied dynamically to evolving road safety contexts.
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The integration described here is also closely connected with the technological developments undertaken in subsequent
WPs. Outputs from “D2.1: Infrastructure monitoring tools V1” and “D2.2: Predictive maintenance and on-the-edge safety
tools V17 will be incorporated into the platform. Similarly, results from “D3.1: Digital twin and smart road equipment V1”
and “D3.2: Behavioural models, CAVs infrastructure readiness and micro-mobility services V1” are assimilated. In this
way, the deliverable serves as the first junction where diverse streams of innovation converge, demonstrating how distinct
monitoring, predictive, digital twin, and behavioural modelling tools can operate within a coherent and extensible platform.

Looking ahead, the deliverable also has a defined role in the project’s broader lifecycle. “D4.1: Demonstrations Planning
Guidelines” (October 2025) will rely on the platform presented here to outline the specific pilot use cases to be tested in
each site. The present deliverable therefore provides the technical backbone against which the planning of demonstrations
will be aligned. It will also serve as the reference point for “D4.2: Evaluation of the first round of demonstrations” (March
2026), where initial feedback from pilot deployments will be assessed. Further into the project, “D1.4: KPIs quantification
methodologies, data space, user interfaces and integrated platform V2" (February 2027) will@xtend and refine the work
introduced here, providing a more advanced release that incorporates lessons learned frg testing and stakeholder
engagement.

Finally, it is important to note the relationship with the Data Management Plan (L, ions), which contains the
analytical descriptions of the datasets used in the project, structured in line v'h t Application Profile tailored to
EvoRoads [3]. The data governance principles set out in the DMP form an essefii ment to the integration activities
described here, ensuring that the datasets feeding the platform are appro Na ogued, harmonised, and managed
throughout the project’s lifecycle.

1.2.2. MAPPING EVOROADS OUTPUTS

The present deliverable fulfils the project's commitmen id@ the first release of the KPIs quantification
methodologies, the mobility data space, the mobile and pplications, and the integrated platform that connects
components from the technology-oriented work packages. lts tives are firmly aligned with the commitments set out

in the Grant Agreement. The work builds directly
design, while translating these into technical out

e foundation of earlier requirements gathering and conceptual
emonstrate integration and operability.

The link to Task 1.3 is visible in the me veloped for dynamic KPI quantification, where the safety criteria
identified in earlier activities are operatigR@lis measurable indicators. The outputs are designed to capture the
influence of both static and dynamic rog es, ensuring that the resulting KPIs can be updated in real time to reflect
changes in traffic conditions, user d infrastructure quality. These methods rely on mathematical, statistical,
and machine learning techniquesito ance predictive capacity, thus enabling evidence-based safety monitoring and
crash risk estimation.

Task 1.4 commitme d ¥ the establishment of the Safe Mobility Data Space, which integrates heterogeneous
data sources into a h environment that ensures interoperability, trustworthiness, and secure sharing. By
extending the work of the tional Data Spaces association and embedding quality assurance mechanisms, the data
space provides the backbone for reliable KPI calculation and service deployment. Complementing this, Task 1.5
objectives are met through the integration of solutions from WP2 and WP3 within a coherent platform architecture. This
encompasses the specification of roles and processes, the design of service interfaces, and the provision of mobile and
web clients that serve as entry points for end users. Through systematic testing and evaluation, the deliverable verifies
that these combined outputs operate effectively as a unified system.

For reasons of space and clarity, a detailed table mapping the Grant Agreement mandates against the deliverable outputs
has been omitted here; it may instead be accessed in Annex Il.
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1.3.METHODOLOGY

The methodological approach that underpins this deliverable, summarised in Figure 1 below, combines established
design frameworks with participatory processes to ensure that the resulting platform is both technically robust and aligned
with user needs. At the architectural level, the 4+1 view model was adopted to capture the system from multiple
perspectives, covering logical, process, development, physical, and scenario views. This provided a structured means to
define how the data space, dashboards, and integrations should operate and interact. Complementing this, the five planes
user experience methodology was employed to guide the design of interfaces and client applications. By progressing
from strategy and scope through to structure, skeleton, and surface, the project was able to ensure that the technical
outputs were directly anchored in user requirements and resulted in coherent and accessible experiences.

The requirements collection phase combined co-creation with stakeholders and iterative internal validation. Living
Labs (LLs) were organised at the pilot sites to engage municipalities, road operators, technolo roviders, and end-users,
creating a participatory environment for gathering needs and identifying barriers. These agiix were complemented by
six internal workshops held in March and April 2025, where project partners synthesijse eholder inputs into a
consolidated set of functional and non-functional requirements. The outcomes of thi ere documented in D1.2,
which defined user-oriented requirements and introduced a conceptual archjtect resent deliverable builds upon
that foundation, translating requirements into detailed technical specificé S h&¥first release of the integrated
platform.

Technical refinement was achieved through sustained engagement
were gathered via dedicated bilateral calls, presentations at Genera
level discussions. These exchanges ensured consistency across @ ftallel developments reported in D2.1, D2.2, D3.1
and D3.2, which each contributed tools to be incorporated withift rm. Particular emphasis was also placed on the
digital twin and deployment infrastructure, with Task 3.1 | g detalled design sessions that included the leaders of
Tasks 1.5 and 2.1 to guarantee alignment between the dat egration backbone and the infrastructure monitoring
solutions. To secure seamless platform integration project adopted an incremental validation strategy: individual
modules were first tested in isolation, then progressi combined in controlled environments before being incorporated
into the shared platform environment. This st rdgeh allowed potential incompatibilities to be detected early and
resolved collaboratively, reducing risks g tl@h and ensuring that the integrated release operates as a coherent
whole.

consortium’s technology providers. Inputs
, monthly WP meetings, and regular task-

An additional methodological strand co e development of safety-related KPIs. The process emphasised the
importance of maintaining a clear t outcome indicators, such as fatalities and serious injuries, and supporting
indicators that capture cogsibu fact@®. Once this relationship was established, specific KPIs were defined, relevant
data sources identified, an 0 solutions determined to enable either real-time, periodic, or long-term monitoring.
While the applicatio easures lies formally outside the project scope, the KPIs were designed with practical
use in mind, ensuring an guide interventions ranging from immediate warnings to longer-term infrastructure
improvements. In this way, Pl methodology complements the technical architecture and integration strategy, ensuring
that the platform outputs are measurable in terms of their contribution to safer transport systems.
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D3.2

Figure 1: Methodology s@r Deliverable 1.3

1.4.DELIVERABLE STRUCTUR

The present document is organised into six ch
EvoRoads integrated platform.

together provide a coherent account of the first release of the

eliverable, situates it within the broader project, and outlines the
k. Chapter 2 presents the design of the user-facing elements through
es were shaped from strategic intent to final surface design. Chapter 3
Pls, detailing the process through which safety-related criteria are transformed
porting interventions at different temporal resolutions. Chapter 4 then turns to
, adopting the 4+1 methodology to present the system from multiple perspectives
s control and security mechanisms. Chapter 5 focuses on the safe mobility data space,
describing its design prin ta models, and role in ensuring interoperability and trust across heterogeneous sources.
Finally, Chapter 6 draws together the main findings, highlighting conclusions, lessons learnt, challenges encountered,
and the alignment of the deliverable with European transport safety goals, while outlining the steps foreseen for the next
project phases.

Chapter 1 introduces the purpose and
methodological approach that has guid
the five planes of UX, showing ho e
addresses the development of

into measurable indicator: fs
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2 EVOROADS PLATFORM USER EXPERIENCE

This chapter will present the user experience (UX) approach for the EvoRoads platform, detailing the methodology,
strategy, and design principles that shape user interactions. It will cover user profiling and success criteria, define user
and content data requirements, and outline interaction design through use cases and information architecture. Additionally,
it will describe user journeys through information delivery and navigation design, concluding with visual representations
such as mock-ups and wireframes to illustrate the platform’s intended look and feel.

2.1.USER EXPERIENCE DESIGN METHODOLOGY

The design of the EvoRoads platform is grounded in a user-centred methodology that plac
and behaviours of end-users at the forefront of development. User-centred design as i
twentieth century, influenced by research in human—computer interaction, ergonomj
emphasised that systems should be intuitive and accessible, not merely technologic

the needs, expectations,
ine emerged in the late
gnitive psychology. It
icated. As digital products

became more complex, practitioners sought structured frameworks to align techni opment with user requirements.
Among the most influential of these is the five planes of UX methodolo§ ir culdted by Jesse James Garrett in
the early 2000s. This framework, visualised in Figure 2, has since become i ed in both industry and academia

as a way of ensuring that digital systems progress coherently from abstract{g@pal oncrete interfaces [4].
product as functionali s information
' Concrete
- 4 A
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P
24
Y onion )
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Figure 2: Official Visualisation of the 5 Planes of UX Design by J.J. Garrett [4]
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The strength of the five planes lies in its layered approach. Each plane represents a level of decision-making, from the
most conceptual to the most tangible. While the planes can be followed sequentially, the methodology also encourages
iteration: insights gained at a later stage may prompt refinements to earlier decisions. This flexibility ensures that design
outputs remain responsive to evolving contexts and stakeholder feedback, while maintaining overall coherence.

The first plane, strategy, establishes the purpose of the system. It requires identifying the objectives of the organisation
or project and aligning them with the goals of the users. This step prevents design efforts from drifting into features that
may be technically interesting but irrelevant to actual user needs. It also ensures that the project’s wider ambitions, such
as improving safety or efficiency, are embedded from the outset in the design process.

The second plane, scope, translates the high-level goals into concrete requirements. Functional requirements specify
what capabilities the system must deliver, while content requirements define the information that must be made available.
Scope acts as a boundary-setting exercise, making explicit decisions about what the system will and will not do. By
clarifying expectations early, it reduces the risk of scope creep and helps teams allocate reso§iges effectively.

The third plane, structure, is concerned with organisation. It encompasses two complem imensions: information
architecture and interaction design. Information architecture ensures that content is categorised and easy to
retrieve, while interaction design determines how users navigate and interact temvtunctions. Together, these
aspects create a blueprint of the UX, describing how different elements fit IQ th w users move through them to
achieve their goals.

The fourth plane, skeleton, refines the structure into a concrete layou irglkame®, schematics, and interface diagrams
are produced to show how information and controls will be arranged on n. At this level, decisions about navigation
menus, button placement, and data visualisation modules are ma the primary aim of ensuring clarity and usability.
The skeleton provides a tangible reference that developers, rgiand stakeholders can review and iterate upon
before committing to full-scale implementation. &

The fifth and final plane, surface, represents the visualglesign e system. Here, the focus shifts to the look and feel of
the interface: typography, colour palettes, iconogr , and other aesthetic choices. Although the surface is the most
visible part of the design to end-users, it is effegtixe when supported by the careful groundwork of the preceding
planes. The surface reinforces usabilitg by ntion, reducing cognitive load, and fostering trust through
consistency and clarity.

a

In practice, the five planes are rarely tr
interact with one another. A visual i

interaction flows may highlight gs in the scope or strategy. This iterative nature ensures that design evolves
dynamically, rather than turely. Taken together, the five planes of UX provide a systematic yet flexible
methodology for bridging the en user needs and technological solutions. They ensure that design decisions are

expressed through visu y adopting this framework, the EvoRoads project aligned itself with a well-established
tradition in UX design, ensuring that its platform interfaces are not only functional but also accessible, comprehensible,
and responsive to the diverse range of users who will rely upon them.

2.2.USER EXPERIENCE STRATEGY PLANE

At the foundation of the five planes of UX lies the strategy plane, which defines the purpose of the platform by answering
two principal questions: how the builders of EvoRoads expect to benefit from the platform, and what end-users will
gain in terms of value. For EvoRoads, these questions must be understood in relation to both the project’s role within
the Horizon Europe framework and the wider ambitions of the EU for road safety. The EU’s Vision Zero strategy, which
aims to halve road fatalities by 2030 and eliminate them by 2050, frames the collective purpose of our work [5]. Within this
context, EvoRoads partners not only pursue technological and commercial opportunities but also recognise their
responsibility to contribute to measurable societal progress. End-users - including municipalities, infrastructure operators,
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and citizens - expect the platform to deliver business value by providing actionable intelligence, enabling efficient
maintenance, and fostering safer mobility. The strategy plane thus anchors the UX design in the dual pursuit of innovation
and impact, ensuring that platform development is guided by both societal and stakeholder objectives.

2.2.1 BUSINESS GOALS FROM DEVELOPERS’ VIEWPOINT

In defining the strategy for the EvoRoads platform, it is important to reflect on the benefits expected by its builders, who
are not only researchers and innovators, but also European citizens committed to safer mobility.

2211 SOCIETAL AND SAFETY-RELATED BUSINESS GOALS

These expectations encompass social, technical, and operational outcomes that together guide the development of the
platform.

O Enhanced road safety outcomes: Provide actionable intelligence that supportsN\@ieasurable reductions in
collisions, fatalities, and serious injuries, contributing directly to the EU target of h ad deaths by 2030.

O Dynamic KPI quantification: Enable continuous monitoring of infrastructure
time KPIs, supporting fast adaptation of the traffic system to evolving risk

r behaviour through real-

O Predictive maintenance: Improve asset management efficiency by
failures, aiming to reduce downtime and maintenance-related inci

tors to anticipate infrastructure
east 20%.

O Digital twin integration: Deliver a live digital representati
optimises operations, and enhances situational awarenes

ad networks that strengthens resilience,
lities and operators.

O Protection of vulnerable road users: Prioritise the g@f estrians, cyclists, elderly citizens, people with
disabilities, and micro-mobility users, targeting a 2 du n their exposure to hazardous conditions.

(O Safer rural and secondary roads: Extend adyance
categories, helping reduce risks on rural an

itoring and KPI quantification to less supported road
n-trunk roads where accidents remain disproportionately high.

O Efficient decision-making: Provide ey e ed insights for local authorities, enabling better allocation of
resources and supporting inves with clear safety returns.

O Transparency and trust: De
and stakeholders can trust the

re and privacy-preserving data governance, ensuring that citizens
s a neutral and reliable safety tool.

O Cross-country scalabilif#” i a solution that functions across varied traffic environments and road types,
ensuring replicabi uropean adoption beyond the initial pilots.

O Citizen en then public awareness and confidence by incorporating nudging tools and
hanisms that foster safer behaviours.

O Alignment with Zero: Anchor the platform within the EU’s long-term strategy of eliminating road fatalities
by 2050, positioning it as a tangible step toward this collective ambition.

Taken together, these expectations demonstrate the breadth of benefits that the EvoRoads platform seeks to deliver, from
measurable safety improvements to greater inclusivity and trust. They highlight a vision of mobility where data and
technology underpin not only efficiency but also social responsibility, extending protection to the most vulnerable and
addressing long-neglected road environments. At the same time, project partners will syntax individual exploitation plans
for their contributions, to be elaborated further in Deliverable “D5.2: IPR and innovation management, Exploitation
Roadmap”.
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2.21.2 TECHNOLOGY-LEVEL BUSINESS GOALS

In addition to the wider societal and safety-related benefits anticipated from the EvoRoads platform, there are also clear
business goals at the technological level. These address the usability, performance, and operational qualities of the
system, ensuring that the platform is not only impactful in its outcomes but also practical and dependable in everyday use.

O Intuitive user interfaces: Ensure that web and mobile applications are easy to use, with a minimal learning curve
for both expert operators and occasional users.

O Low-latency performance: Deliver near real-time updates of safety KPIs and alerts, with end-to-end latency not
exceeding a few seconds for critical events.

O Scalability: Design the architecture to handle large volumes of heterogeneous data streams, enabling future
extension beyond the initial pilots.

O Reliability and resilience: Maintain high system availability, with redundancy and fallb mechanisms to ensure
continuous service in case of network or hardware failures.

O Interoperability: Provide open interfaces and data models that support
platforms, municipal systems, and European data initiatives. ‘

ation (GDPR) and cybersecurity
in tion, and role-based access control.

d for low bandwidth and limited device

gration with existing ITS

O Security and privacy: Guarantee compliance with General Data Prgt
best practices, ensuring secure data exchange, encryption of sensit

O Lightweight applications: Develop mobile and web clients
resources, ensuring smooth performance across diverse ments.

O Configurability: Allow different user groups (e.g., a licymakers, citizens) to adapt dashboards and
visualisations to their specific needs.

O Maintainability: Employ modular and co erised €omponents to simplify updates, bug fixes, and the
integration of new features during and beyo e project.

O Cross-platform consistency: eractions and design principles remain coherent across desktop,
mobile, and in-vehicle contexts.

These goals reflect the need for a platf not only ambitious in scope but also robust in technical execution. They
highlight qualities that determine option, and long-term sustainability, complementing the broader social
impact described earlier. An obs, ader will note that many of these goals correspond closely to the non-functional
requirements of the platf at¥ higher level of abstraction. While not a one-to-one mapping, they provide a
consistent frameworlg for at usability and performance considerations remain integral throughout the
development process?

2.21.3 BRAND I TY GOALS FOR THE EVOROADS PLATFORM

Beyond societal and technological objectives, the EvoRoads platform must also project a clear and consistent brand
identity. This ensures that its visual and communicative presence resonates with stakeholders and conveys trust,
innovation, and European collaboration.

O Clarity and professionalism: Present a visual identity that is modern, consistent, and authoritative, reinforcing
confidence in the platform’s reliability and scientific basis.

O European alignment: Reflect the shared values of the European Union and the Vision Zero strategy through
colours, symbols, and narratives that emphasise collaboration and inclusivity.

O Accessibility and inclusivity: Ensure that branding and design choices, including typography and colour
contrast, support accessibility standards so that all users feel represented and considered.
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O Memorability: Create a recognisable and coherent look-and-feel across web, mobile, and dissemination
materials that makes the EvoRoads platform immediately identifiable in the broader landscape of mobility
initiatives.

These brand goals complement the technical and social objectives by shaping how the platform is perceived and
remembered. They demonstrate that trustworthiness and usability extend beyond system performance into
communication and design. While less measurable than performance indicators, they provide the visual and emotional
coherence necessary for user adoption.

2214 MEASURING THE SUCCESS AND IMPACT OF THE INTEGRATED PLATFORM

The success of the EvoRoads platform can only be meaningfully assessed if its achievements are measured against the
goals set for it. These goals, as defined in the strategy plane, operate at three complementary levels: societal and safety
outcomes, technology-level performance, and brand identity. Together, they provide a structurg@l framework for evaluating
the platform’s contribution, not only as a technical system but also as a tool for social good ognisable EU initiative.

At the societal level, success is tied directly to the platform’s ability to reduce risks f and support progress
towards Vision Zero. Quantifiable outcomes such as reductions in collisions, fatalitj -miss incidents, alongside
greater protection of vulnerable users and safer rural roads, serve as primagibe . Additional evidence will come
from municipalities adopting the system for evidence-based decision-mdfind$ ell as from improvements in
transparency and citizen trust. These measures reflect the platform’s co u to the overarching ambition of safer,
more inclusive mobility across Europe.

Technological goals demand a different set of metrics. Success he e onstrated by measuring interface usability
(task completion rates, user satisfaction), performance (systemy] alerts and KPI updates), reliability (uptime and
resilience under load), and scalability (capacity to process ro s data sources across pilot and non-pilot sites).
Security compliance and data privacy protections, such as adherence [6], also provide tangible measures. These

criteria ensure that the platform not only functions but
diverse contexts.

s so in'@vay that is efficient, dependable, and adaptable across

ived and trusted. Success in this dimension can be observed
istent, professional, and inclusive initiative. Accessibility of visual
d memorability of its interfaces are qualitative but vital measures of
adoption and long-term engagement, linking directly to user trust and

Finally, brand identity goals shape how the pla
through stakeholder recognition of Evo
design, coherence across disseminationgg

impact. While harder to quantify, they @

inclusivity.

Evaluation across these t i ill ultimately demonstrate whether the platform has delivered on its promises.
A dedicated future delivera Solutions impact assessment”, will expand on this by providing a comprehensive
methodology that co itative and qualitative measures. In this way, EvoRoads ensures that its success is not
judged narrowly by tec ormance alone, but by its holistic contribution to safer, more transparent, and more

resilient European transpo

2.2.2 BUSINESS GOALS FROM END-USERS’ VIEWPOINT

Designing EvoRoads requires us to look beyond institutional objectives and our own technical ambitions, and to attend
carefully to the everyday realities of its intended users. After clarifying the platform’s strategic goals from the perspectives
of the developers and the European policy framework, the next step is to ground the experience in lived practices: how
road operators diagnose issues on a Monday morning, how municipal planners weigh interventions across constrained
budgets, how maintenance crews act under time pressure, how emergency services navigate risky locations, and how
citizens - especially vulnerable road users - perceive and respond to safety information. Good design is not conjecture; it
is an evidence-informed synthesis of needs, constraints, and behaviours. To avoid the myopia and vanity that often
accompany developer-centric thinking, we adopt a user-centred approach that privileges field observations, co-creation,
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and iterative validation over abstract assumptions. This entails recognising varied contexts of use (urban and rural),
different levels of digital literacy, accessibility requirements, multilingual needs, and strict expectations around privacy and
transparency. It also means defining measurable success criteria - task efficiency, error reduction, comprehension of risk
signals - before we design interfaces. The following subsections therefore articulate user perspectives and crystallise them
into personas that guide concrete, testable design decisions.

This section marks a deliberate pivot: from business value defined by the builders to business value experienced by
the end-users. We have already gathered requirements and completed the first pass of business analysis; now we
translate those inputs into human-centred artefacts that will steer the platform’s navigation, interaction patterns, and
content priorities. By making this bridge explicit, we reduce the risk of building technically impressive features that do not
land in day-to-day work.

Personas are the tool we use to keep that bridge intact. As Alan Cooper famously argued in The Inmates Are Running the
Asylum [7], well-crafted personas prevent design from being captured by edge cases or int§al opinions; they anchor
decisions in representative user goals rather than in the loudest voice in the room. Steve on’t Make Me Think [8]
adds the complementary principle of obviousness: if an interaction is not self-eviden le who must rely on it
under pressure, the design has failed - no matter how advanced the underlying te ether, these ideas frame
personas as more than biographies; they are design constraints that impro‘cla e rework, and make trade-offs

explicit. \

Road Saféty -
Operator

Maintenance Micro-mobility
Programmelead Services Manager

A Dy
D ;

Citizen /VRU | Policy Maker / Academic Telecom Network
Regulator Researcher Maintenance Engineer

Figure 3: The EvoRoads end-user personas resulting from the Living Labs analysis

Our personas, illustrated in Figure 3, are not invented in a vacuum. They are distilled from the LLs that took off during
the first year of EvoRoads, where stakeholders co-created scenarios and described the frictions and workarounds in their
daily routines. Insights from interviews, pilot workshops, and internal sessions in March-April 2025 were consolidated in
D1.2, and they underpin the profiles that follow. Each persona below is presented with a consistent structure - goals,
decisions and time horizons, pain points, user stories, accessibility considerations, core data, constraints, and essential
UX features. This uniformity lets us map requirements to views and derive acceptance criteria without ambiguity. It also
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helps us spot gaps: if a critical decision does not appear in any persona, we can address the omission before it becomes
costly.

2221 ROAD SAFETY OPERATOR (TRAFFIC CONTROL CENTRE ANALYST)
Applicable Living Labs: Madrid; Galicia; Santa Oliva; Turin; Riga; Alba lulia.

Job description:
Monitors live safety conditions and KPIs across the network, triaging alerts and coordinating the right responses. Works
under time pressure to prevent incidents, protect vulnerable users, and keep traffic flowing safely.

Primary job to be done:

Spot, prioritise, and confirm emerging risks quickly (near-misses, dangerous behaviours, infrastructure issues).
Trigger proportionate mitigations (e.g., advisory messages, local rule adjustments, h ot watchlists).

Keep a reliable operating picture for colleagues and shift changeovers.
Review outcomes and tune thresholds/rules to reduce noise and improve hit r.
Pay special attention to Vulnerable Road User (VRU) hotspots and rural/secon
may be weaker. ‘

Nal y/weekly for hotspot reviews and

QQQQQ

s where data or coverage

Decisions & time horizon:
Real-time (seconds—minutes) for alert triage and actions; hourly for status
rule tuning; periodic for governance reports.

Pain points:
O Too many alerts and false positives hide the truly urg .
O Data comes from many places; provenance isn'’t al cle trusted.
O Latency and coverage gaps (especially on rural roads W reactions.
O Responsibilities and escalation routes can b clear in Tast-moving situations.
O High cognitive load during peaks; easy to mi ntext or repeat patterns.

User stories:

O As a road safety operator, | n
immediately and keep traffic sa
As a road safety operator, e crowdsensed defects/signage issues from vehicles and micromobility,
So as to escalate only v azards.

As a road safety strategic sensing (Unmanned Aerial Vehicle (UAV)/ Interferometric Synthetic
Aperture Ra (In lidate hard-to-see risks and protect major corridors.

As a road s
interventions.
As a road safety operator, | need to deploy targeted roadside warnings, so as to reduce risky behaviour before
incidents occur.

As a road safety operator, | need visibility on Connected, Cooperative and Automated Mobility (CCAM)
communications health, so as to guarantee delivery of safety-critical alerts and nudges.

real-time hazard detection from roadside units, so as to react

Q Q Q@ Q Q

Accessibility & language needs:
WCAG-compliant Ul; high contrast and colour-blind safe palettes; keyboard shortcuts; screen-reader labels on critical
controls; optional audio cues; large-text mode; plain English; multilingual support where needed.

Core data:

O Dynamic safety KPIs (near-miss proxies, speed variance, harsh braking, conflict indices).
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Infrastructure condition from UAV/drone imagery (pavement, markings, signage) and computer vision
detections (potholes, cracks, faded lines, obstructions).

Satellite INSAR time-series for ground movement around roads and structures.

Vehicle-based telemetry from probe/maintenance vehicles and micro-vehicle kits (Global Navigation
Satellite System (GNSS), acceleration/vibration proxies for roughness) via a sensor-agnostic layer.
Roadside/edge sensing and smart equipment status (RSUs, beacons, smart signs).

V2X / ETSI TC Intelligent Transport Systems (ITS) messages relevant to hazards and local advisories.
Connectivity & Quality of Service (QoS) (cellular and short-range): coverage, latency, throughput, packet loss;
Infrastructure Support for Automated Driving (ISAD) readiness indicators.

Weatherl/visibility feeds and environmental context.

Work-zone data: planned/active works, lane closures, temporary traffic management states.

Digital twin outputs: risk scores, black-spot probabilities, deterioration forecasts, recommended advisory
speeds.
VRU & micro-mobility layers: flows, parking compliance, conflict hotspots, scho time windows.
Citizen/crowdsourced reports (privacy-safe, with moderation).
Administrative/geospatial layers: speed limits, geometry, crossings, sc
Audit & provenance: source, timestamp, model/rule version. ‘

QQQQ QQQ QQQ QQ Q

with privacy safeguards

Sensitivity: personal data are minimised/pseudonymised; imagery and tele e%
ten limits.

(blurring/redaction where required), GDPR compliance, secure access an

Constraints:
GDPR and duty-of-care; fixed SOPs and legal protocols; limitedf§
agency coordination; limited direct enforcement authority.

g at peaks; variable bandwidth/hardware; inter-

Key UX needs/features:

A clear list of alerts, ordered by importance.
A short, plain explanation of each alert (“wh
One main map with easy on/off switch yi
Big, safe action buttons (with co
Mark alerts as seen/assigned/clQsg
A simple timeline to replay wha @ d.

Easy controls to adjust loc e /profiles when needed.
Works well even wijth p (basic summaries available).

ed”).

ommon tasks.
dover notes.

QQQQQQQQQQ

A clear badg ations are degraded, and safer defaults apply.
2.2.2.2 MUNIC ILITY PLANNER (POLICY & INVESTMENT)
Applicable Living Labs: Madrid; Galicia; Santa Oliva; Turin; Riga; Alba lulia.

Job description:

Plans and prioritises mobility and road safety projects across urban and rural areas, balancing safety, equity, cost, and
political feasibility. Translates long-term goals (e.g., Vision Zero) into annual programmes, corridor strategies, and
investment plans.

Primary job to be done:

O Identify high-risk corridors and sites, including rural/secondary roads, and rank them for intervention.
O Build defensible project portfolios using KPI trends, before/after evidence, and cost—benefit views.
O Align proposals with policy targets (VRU protection, accessibility, emissions, resilience).
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a
a

Coordinate with maintenance and operations to time works and minimise disruption.
Communicate plans clearly to decision-makers and the public (briefings, maps, summaries).

Decisions & time horizon:

Quarterly to multi-annual; programme selection, corridor strategies, budget phasing; periodic monitoring and course
correction based on evidence.

Pain points:

QQQQQ

User stories:

o
o
o
o
o

g

Access

Fragmented evidence makes it hard to compare sites fairly.

Limited budget and political cycles force trade-offs that are hard to justify.

Rural and secondary roads are under-measured, creating equity gaps.

Before/after evidence is inconsistent or buried in separate reports.

Complex data (technical, statistical) is hard to turn into plain, persuasive messages.

As a municipal planner, | need long-term forecasts of road deformation
investments toward high-risk zones.

ri0ration, so as to direct

As a municipal planner, | need harmonised safety criteria and KPI‘ hb ,8b as to align with EU standards
and monitor compliance.

As a municipal planner, | need to evaluate behavioural interventionSggo prioritise investments in VRU safety.
As a municipal planner, | need to ensure road investment i ith CCAM coverage and future mobility
readiness.

As a municipal planner, | need to provide transparency a
trust.
As a municipal planner, | need to optimise maintena udgets and prioritise high-value interventions.

e citizens, so as to justify investments and build

ibility & language needs:

Clear plain-language explanations; readable ¢ &high contrast; downloadable briefs and maps; bilingual or
multilingual support where needed.

Core data:

g

QQQQQQ QQ

Longitudinal safety KPIs (fat @ ® injury proxies, near-miss indicators, VRU exposure, speed variance,
conflict indices).

Crash histories apd b -s robabilities (aggregated).

Infrastructure co i maries from UAV/drone imagery and computer vision (pavement, markings,
signage).
Ground move s from InSAR for medium/long-term risk.

Vehicle/probe a o-vehicle kit signals (aggregated roughness/ride quality, GNSS-based flows).
Smart equipment status (e.g., dynamic signs) and work-zone records (planned/active).
Connectivity/ISAD readiness for corridor feasibility and digital services.

Socio-demographic and land-use aggregates (equity cuts, schools, hospitals).

Cost libraries and unit rates, programme constraints, and before/after impact datasets.

Sensitivity: All personal data minimised/pseudonymised; outputs aggregated; strict access controls and GDPR-compliant
handling.

Constraints:

Fixed budgets and procurement rules; election/policy cycles; inter-department coordination; statutory processes; limited
high-quality data for some rural areas.
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Key UX needs/features:

One fair ranking of corridors/sites with plain “why” notes.

Filters for VRU focus, rural/secondary roads, equity, cost bands.

Easy before/after impact cards and what-changed notes.

Side-by-side cost / impact / risk comparison for portfolio building.

Export maps and two-page briefs ready for committees and public pages.
Simple targets tracker (progress to policy goals) with confidence indicators.

2223 MAINTENANCE PROGRAMME LEAD (INFRASTRUCTURE OWNER/CONTRACTOR)
Applicable Living Labs: Madrid; Galicia; Santa Oliva; Turin; Riga; Alba lulia.

QQQQQQ

Job description:
Plans and delivers preventive and corrective road works across urban and rural networks, ba
impact, and programme deadlines. Coordinates contractors and approvals, sets up safe
outcomes before closing works.

ing safety, cost, traffic
s, and verifies

Primary job to be done:

O Build and maintain a risk-ranked backlog of assets/segments needg
O Choose what to fix and when using deterioration forecasts, safety ,
O Prepare work-zone plans and safety measures, with a focus oga/RYS a

and traffic disruption.
ensitive sites (schools, hospitals).

O Coordinate timings and dependencies with operations, micr jty, and telecom (e.g., signage, comms
readiness).
O Verify and document post-works results; update asse future forecasts.

Decisions & time horizon:
Weekly—annual (programme planning, scheduling win
defects and on-site changes due to weather/inciden

ws, nigh@s day works, treatment selection); real-time for urgent

Pain points:
O Condition data are fragmented o d to compare sites fairly.
O Conflicting objectives: safety vs, s budget vs political timing.
O Tight windows, permits, and co oise, school hours, events, weather).
O Incomplete asset register. records complicate planning.
O Weak before/aftergyi it hard to prove effectiveness.

User stories:

As a maintena eed detailed infrastructure condition data, so as to dispatch crews efficiently.

As a maintenance | need forecasts of asset deterioration, so as to plan proactive interventions.

As a maintenance lead, | need efficient scheduling of works, so as to minimise cost and traffic disruption.

As a maintenance lead, | need to verify the effectiveness of repairs, so as to ensure long-term quality.

As a maintenance lead, | need to align resource allocation with budgets, so as to optimise limited funds.

As a maintenance lead, | need to coordinate with telecoms, utilities, and road operators, so as to minimise
disruption and ensure safety.

QQQQQQ

Accessibility & language needs:
Clear, printable packs (method statements, maps); high-contrast charts; plain language summaries for briefings; mobile-
friendly field mode; multilingual where needed.

Core data (sensitivity):
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Infrastructure condition from UAV/drone imagery and computer vision (pavement distress, markings,
signage).

Vehicle/probe and micro-vehicle kit signals (GNSS, vibration/roughness proxies) via a sensor-agnostic layer.
InSAR ground-movement trends for medium/long-term risk near corridors/structures.

Dynamic safety KPIs and near-miss indicators (including VRU exposure/conflict).

Digital twin outputs: deterioration forecasts, risk scores, suggested advisory speeds, black-spot probabilities.
Traffic data (Annual Average Daily Traffic (AADT)/peaks), diversion risks, sensitive sites (schools, hospitals).
Connectivity & QoS (cellular/short-range), ISAD readiness for work-zone comms and signage control.

Smart equipment status (dynamic signs, beacons, RSUs) and work-zone states (planned/active).
Weatherl/visibility forecasts; events calendars; permit and constraint datasets (noise windows, environmental
limits).

O Asset registry and historical maintenance records; cost libraries and contractor pgfformance metrics.

QQQQQQQQ Q

Sensitivity: Mostly aggregated/operational data; any personal data minimised/pseudonygai contractor performance
treated as confidential; GDPR-compliant handling and secure access.

Constraints:
Fixed budgets and procurement rules; permits and statutory notices; weat?r an al restrictions; lane availability

and traffic management capacity; coordination with utilities and telecom; su \ times.
Backlog ranked by risk and benefit/cost.

One map with condition, risk, traffic, and sensitivity layer Is, hospitals).

A compare-treatments screen (cost, duration, expect it

Work-zone planner with templates and clash warni evem®Pschool times, degraded comms).
Built-in advisory signage and diversion setup (with co ation).

Checklists for work-zone safety; printable m statements and maps.

Post-works verification: attach new imagery or runs; automatic before/after KPlIs.

Automatic report to update the asset r ogramme status.

Offline field mode for low-conne€iity
In-platform notifications when d ange (weather alerts, QoS degradation, new incidents).

2224 MICRO-MOBILITY S MANAGER (E-SCOOTERS/CYCLING)
Applicable Living Labs: i@Rig rin; Alba lulia; Galicia.

Key UX needs/features:

QQQQQQQQQQ

Job description:
Runs shared micro-
operations (geofences,

es and coordinates with the city to keep riders and pedestrians safe. Adjusts
et placement) based on demand, risks, and events.

Primary job to be done:

O Find and reduce conflict hotspots between riders, pedestrians, and traffic.

O Improve parking compliance and keep pavements, crossings, and ramps clear.

O Adjust geofences and speed limits by time and place (e.g., school hours, stadium events).
O Detect and report potholes and surface defects to the city for fast, trackable fixes.

O Balance fleet availability with safety rules and local regulations.

Decisions & time horizon:
Daily to weekly for geofences, parking zones, and fleet placement; hourly during events or peaks; monthly/quarterly for
programme reviews with the city.

Pain points:
PU - PUBLIC
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Conflicts cluster in time windows (school finish, events) and are hard to anticipate.
Parking rules differ by street; signage and curb space change often.

Data privacy rules limit raw trip data sharing with the city.

Public perception turns quickly after incidents or viral photos of bad parking.

Many dashboards; hard to see the whole picture in one place.

QQQQQ

User stories:

O As a micro-mobility manager, | need to know which cycle lanes and scooter paths are unsafe, so as to adapt
operations.

As a micro-mobility manager, | need to enforce parking rules, so as to reduce clutter and improve city relations.
As a micro-mobility manager, | need to adapt fleet deployment to safe and well-maintained areas, so as to
maximise rider satisfaction.

As a micro-mobility manager, | need to correlate user incidents with infrastruct
accountability and safety improvements.

As a micro-mobility manager, | need to comply with municipal reporting ob
licenses.

As a micro-mobility manager, | need to inform riders about safe a“un @ Daes, so as to improve safety and

user trust.
Accessibility & language needs:

Clear icons and wording; colour-blind safe palettes; mobile-friendly ¢ on-street checks; bilingual or multilingual
labels where needed.

risks, so as to support

as to retain operating

Q Q Q@ QQ

Core data (sensitivity):

Aggregated trip traces and demand heatmaps (ps nymised).

Conflict/near-miss indicators for VRUs at croggings, s d paths, and stations.

Parking compliance metrics (time to clear,@illoff-pavement, no-park breaches).

Geofence logs (speed caps, slow/stop s\ime windows).

othole detections, rider roughness/vibration proxies from on-

Event and school schedules,
Weather and visibility (rain,
Digital twin risk layers

d curb regulations.
ing rider behaviour.
y messages available to public signage.

QQQ QQQAQQ

Sensitivity: Personal dat
shared only as aggregates.

donymised; strict consent and retention controls; GDPR-compliant access;

Constraints:
City permits and servic As; changing curb rules; media scrutiny; limited staff for on-street corrections;
device/bandwidth limits for field teams.

Key UX needs/features (simple):

Hotspot map with when and why (plain reasons).

One screen for geofences (draw, schedule, preview effect).

Clear parking compliance dashboard with “top 10” problem blocks.
Event presets to switch rules quickly.

Before/after cards to show impact.

Exportable summaries for city meetings (privacy-safe).

Mobile view for quick checks on the street.

QQQQQQQ
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2.2.2.5 CITIZEN / VULNERABLE ROAD USER (GENERAL PUBLIC)
Applicable Living Labs: Madrid; Galicia; Santa Oliva (IDIADA site visitors/staff); Turin; Riga; Alba lulia.

Job description:
Walks, cycles, drives, or uses a wheelchair or stroller for day-to-day trips. Wants simple, trustworthy safety information
to choose safer routes and avoid hazards, without giving up privacy.

Primary job to be done:

O See a clear safety advisory for my current area and time of day.

O Choose a safer route for walking/cycling that avoids hazards and works.

O Get a timely heads-up about temporary risks (roadworks, events, bad weather).

O While driving, receive gentle, non-distracting nudges about hazards ahead (e.g., work
zone) with simple advice like recommended speed.

O Report a problem (pothole, blocked ramp, faded markings) quickly and track its s

nes, slippery road, school

Decisions & time horizon:
Minutes to hours (route choice now or later today); quick, in-the-moment reaction

checks for schools, hospitals, stations.
Pain points: \

O Risk messages are vague or full of jargon.

O “Safer route” options are hidden or hard to compare.
a

a

Temporary changes (roadworks, events, weather) catc rprise.
Reporting an issue is slow, unclear, or disappears i

drivifig; occasional weekly

O Worries about tracking, data sharing, and who sees

User stories:

O As a citizen, | need clear advisories abo,
driving.

oad sections, so as to avoid danger when walking, cycling, or

O As acitizen, | need reassurance are monitoring infrastructure risks, so as to trust daily mobility.
O As a vulnerable road user, | neq safety information, so as to make informed travel choices.

O As acitizen, | need safe detou Vhen roads are closed, so as to continue my journey without risk.

O As acitizen, | need evide i entions are happening, so as to believe authorities are acting on risks.
O As acitizen, | neeghto [ back on safety priorities, so as to participate in decision-making.

WCAG-compliant; lar ; high contrast; colour-blind safe palettes; clear icons + plain wording; optional audio
cues. Driving mode: bi ble cards; voice prompts or gentle haptics; no text entry while moving; multilingual
labels.

Core data:

Aggregated risk/advisory layers (VRU conflict indices, time-of-day patterns).

Safer-route options using public risk layers, work-zone/closure data, and event windows.

Driving nudges feed: geofenced hazards, recommended speed/advisories, weather/visibility alerts (low latency).
Weather/visibility advisories.

Administrative/geospatial layers: crossings, cycle routes/lanes, school and hospital zones.

Public signage advisories (dynamic messages) when available.

Crowdsourced reports (privacy-safe, moderated; status visible to the reporter).

QQQQQQQ
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Sensitivity: No personal trip data required by default; optional location sharing with explicit consent; phone motion used
only to enable driving mode; all data GDPR-compliant with minimisation and clear retention.

Constraints:
Must not distract drivers; comply with phone-use laws; very low latency for driving nudges; variable bandwidth and
battery; diverse devices; trust concerns about data use.

Key UX needs/features:

A big, clear advisory for “here and now” with one-sentence reason.
A Safer Route button (walk/cycle) with side-by-side compare (distance/time vs safety).

Driving mode: automatic when moving; short voice/haptic nudges; large cards; quick “mute/snooze”; no typing.
Heads-up banners for nearby works, events, or poor weather.

A Report a problem button (auto-location, photo, type, send) with a reference/status.
Privacy controls always visible (location use, data sharing, delete history).
Offline map for my area with cached advisories.

Simple filters (avoid busy roads, prefer crossings/ramps, avoid steep segmen
Language toggle and large text switch on the first screen.

2.2.2.6 POLICY MAKER / REGULATOR (REGIONAL OR
Applicable Living Labs: Madrid; Galicia; Santa Oliva (IDIADA); Turin (Pie@ion iga; Alba lulia.

QQQQQQQQQ

Job description:
Sets safety targets, funding priorities, and programme rules acro le cities or regions. Needs clear, comparable
evidence to justify decisions, show progress, and stay alignedgi I’/EU goals (e.g., Vision Zero).

Primary job to be done:

O Set realistic targets for casualty reduction an
O Allocate funds to the best-value projects an
O Monitor progress with comparable KPI
O Check equity (who benefits) an di
O Ensure methodological consiste

U protetCtion, urban and rural.
rammes, based on evidence.
where delivery is off-track.
ISAD/connectivity) across corridors.
bility for public scrutiny and reviews.

te

Decisions & time horizon:
Annual to multi-annual cycles (tar
major incidents or weatheggve

, regulations); quarterly/biannual reviews; occasional rapid guidance after

Pain points:

KPIs and defin across jurisdictions; like-for-like comparison is hard.
Evidence can be or technical; hard to explain to non-specialists.
Political and budget pressures create short-term trade-offs.

Rural and secondary roads are under-represented in monitoring.

Uncertainty isn’t shown clearly, making targets risky to set or defend.

QQQQQ

User stories:

As a policy maker, | need harmonised safety reports across regions, so as to enforce consistent standards.

As a policy maker, | need evidence linking risks to costs, so as to justify funding allocations.

As a policy maker, | need early warnings about critical risks on strategic corridors, so as to coordinate national
responses.

As a policy maker, | need to benchmark safety across regions, so as to enforce fair standards and track progress.

Q QQQ
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O As a policy maker, | need to design fair, effective allocation of national funds, so as to maximise road safety
benefits.
O As a policy maker, | need audit evidence of safety and funding actions, so as to ensure accountability.

Accessibility & language needs:
Plain-language summaries; high-contrast charts; consistent colour keys; bilingual/multilingual labels; downloadable
briefs in standard templates.

Core data:

O Harmonised safety KPIs (fatal/serious injury proxies, near-miss indicators, speed variance, VRU exposure), with
confidence/uncertainty.

Black-spot probabilities and trend lines (city, district, corridor).

Infrastructure condition aggregates from UAV/drone imagery and computer vi
signage) — summarised, not raw.
Ground movement trends from InSAR for medium/long-term risk to roads/stryct
Behavioural/conflict metrics (VRU and micro-mobility hotspots), privacy-sa
Connectivity / QoS summaries and ISAD readiness per corridor.
Programme data: costs, unit rates, delivery status, before/after i
Socio-demographic and land-use aggregates for equity/priority , hospitals).
Methodology/provenance: KPI definitions, data sources, timesta , I/rule versions, audit trails.

n (pavement, markings,

QQQQQQ QQ

Sensitivity: Policy-level use of aggregated/anonymised data; strict G
and purpose limits.

pliance; controlled access; clear retention

Constraints:
Legal mandates and audit requirements; public/press sSg@tiny;
comparability across diverse regions; limited time and gtaff cap

ixed budgets and procurement rules; need for

Key UX needs/features:

A comparable dashboard across fegio definitions.

Methodology cards besid
One-click exports jg offi

hat it is, how it's made).
tes (PDF/Word/CSV).

QQQQQQQQ
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2.2.2.7 EARCHER (TRANSPORT SAFETY / URBAN ANALYTICS)
Applicable Living Labs: Madrid; Galicia; Santa Oliva; Turin; Riga; Alba lulia.

Job description:
Designs studies to understand risk, evaluate measures, and improve models for road safety. Needs well-documented,
privacy-safe datasets and clear methods to reproduce results and compare across sites.

Primary job to be done:

@ Find, understand, and download versioned datasets with full metadata and KPI definitions.

O Build and benchmark models (risk prediction, deterioration, conflict detection) across pilots.

O Test before/aftereffects of measures and report statistical significance.

O Explore causal factors (infrastructure, behaviour, weather, connectivity) with uncertainty clearly shown.
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O Share reproducible pipelines (notebooks, parameters) and cite datasets properly.

Decisions & time horizon:
Project-based (weeks—months) for study design and modelling; periodic updates when new data drops or methods
improve.

Pain points:

Inconsistent schemas and KPI definitions across sources.

Limited access to raw data; privacy rules unclear or slow approvals.
Sparse or noisy labels (e.g., crashes are rare; near-miss proxies vary).
Hard to track versions of data and models over time.

Results are difficult to reproduce due to undocumented preprocessing.

QQQQQ

User stories:

O As a researcher, | need access to anonymised raw and processed datasets, so \d models and validate

findings.

As a researcher, | need metadata and documentation, so as to reproduc i analyses.

As a researcher, | need benchmarking datasets across pilots, ‘ as offipare risk factors and validate
methodologies.

As a researcher, | need reproducibility support, so as to validate mygstu

As a researcher, | need to compare EvoRoads data with exte ets, so as to strengthen evidence.

As a researcher, | need to publish and share validated out 0 ontribute to scientific progress and policy
debates.

QQQ QQ

Accessibility & language needs:
Clear plain-English docs; consistent field names and units; ex les in common tools (CSV, GeoJSON, Python
notebooks); high-contrast charts; glossary of acrony

Core data:

O Versioned KPI time series (ne
with definitions and confidence/un8

Crash/incident aggregates a pot probabilities (spatially/temporally aggregated).

Infrastructure condition rom UAV/drone & computer vision (pavement/markings/signage) as
tiles or segment-level fe o raw PII).

S ( nsampled/aggregated) for ground movement near corridors/structures.
(roughness/vibration, GNSS-derived flow) aggregated to segments/grids.

& smart equipment status summaries (RSUs, dynamic signs), V2X-relevant

, speed variance, harsh braking, VRU exposure, conflict indices)

hazard/advisory Y@ .

Connectivity/QoS metrics and ISAD readiness per corridor.

Weather/visibility histories; work-zone logs (planned/active); event calendars.

Digital twin outputs: risk scores, deterioration forecasts, recommended advisory speeds.
Crowdsourced reports (privacy-safe, de-identified); land-use & sensitive sites (schools/hospitals).

QQQQ QQQ QQ

Sensitivity: All data anonymised/aggregated; strict GDPR compliance; controlled access; licences and retention limits;
suppression for low-count cells.

Constraints:
Ethics approvals and data-use agreements; compute/storage quotas; embargoes on sensitive layers; requirement to cite
methods and datasets; cross-pilot comparability limits.
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Key UX needs/features:

Q

Dataset browser with filters (pilot, time, theme) and clear licences.

O Versioned KPI catalogue with “how it's made” pages.

O Query builder (time/place/segment type) with preview stats.

O Model cards & benchmarks (metrics, features, windows, baselines).

O Before/after tool with confidence intervals and matched cohorts.

O Application Programming Interface (APIs) & CSV exports with sample notebooks and rate-limit info.
O Provenance panel (sources, timestamps, rule/model versions).

O Reproducibility tags/DOls for datasets and experiment runs.

2

2.2.2.8 TELECOMMUNICATIONS NETWORK MAINTENANCE ENGINEER (CELLULAR &

ROADSIDE COMMS)
Applicable Living Labs: Madrid; Galicia; Santa Oliva; Turin; Riga; Alba lulia.

Job description:
Keeps roadside and cellular communications working along key corridors so safe
don’t fail. Spots coverage/latency problems, finds the cause, and restores ’VIC
night.

gnage, and data flows
urban and rural, day and

Primary job to be done:

O Detect connectivity degradations (coverage gaps, high lategg

O Localise faults to mast, RSU, backhaul, power, or config

O Restore service within SLA and record what was do ne

O Plan targeted improvements (antenna tilt, small c Up
spots.

O Coordinate timing with road works and eve

oss) on safety-critical routes.
and decide next steps.

cement, backhaul upgrades) for persistent weak

avoid clashes and minimise downtime.

Decisions & time horizon:
Real-time to hourly for outages and inci
upgrades and optimisation.

tr ailly—weekly for planned maintenance; monthly—quarterly for

Pain points:
O Alarms are noisy; hard t root cause quickly.
O Maps show aver e, route-based QoS where safety services run.
O Rural areas have p aul fragility and long travel times to sites.
@O Information i perator NOC, RSU logs, works calendars).
O After “fixes”, it's ove restoration and track recurrences.

User stories:

As a telecom engineer, | need alerts about ground shifts near telecom assets, so as to prevent service outages.
As a telecom engineer, | need forecasts of terrain instability, so as to prioritise reinforcement works.

As a telecom engineer, | need to plan and track restoration works, so as to minimise service downtime.

As a telecom engineer, | need to monitor connectivity QoS, so as to ensure critical safety services are
uninterrupted.

As a telecom engineer, | need to validate that restoration works are effective, so as to ensure service reliability.
As a telecom engineer, | need compliance reports on connectivity, so as to demonstrate SLA adherence to
regulators.

QQ QQQQ
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Accessibility & language needs:
High-contrast heatmaps; large numbers/labels; colour-blind safe palettes; simple terms; mobile-friendly for field use;
bilingual or multilingual where needed.

Core data:

O QoS metrics: signal/coverage (e.g., RSRP/RSRQ/SINR), latency, jitter, throughput, packet loss, handover
failures.

Route-based measurements from probe runs/OBUs and RSUs (aggregated).
RSU / smart roadside equipment status (online/offline, firmware, last contact).
Backhaul & power telemetry (link up/down, utilisation, battery/UPS state).
Network alarms & tickets (open/acknowledged/resolved) with timestamps.
ISAD readiness summaries for corridors (cooperative services availability).
Environmental context: terrain/obstructions, weather/visibility affecting RF.
Road works & events calendars to deconflict interventions.

Digital twin outputs: connectivity heatmaps, restoration tracker, persistent w .

QQQQQQQAQ

Sensitivity: Operational network data; access controlled; no personal subscriber DPR-compliant handling of any
probe information (aggregated/pseudonymised).

Constraints: \
SLA targets; site access and permits; safety requirements near live trgffic; @ulti-"€ndor equipment; limited spares; long

rural distances; power/utility dependencies.

Key UX needs/features:

Route view of QoS with clear thresholds and red/a
Alarm correlation panel (mast, RSU, backhaul, power likely root cause.
Start/stop restoration button with timer and n ; auto hiStory.

Before/after charts pinned to the affected co r.

Weak-spot list ranked by impact and r
Planner overlay for road works/ i@ficlashes.

Mobile mode for field teams with d quick photos/notes.
Export a short restoration repo s and audits.

2.2.3 CONCLUSION TRATEGY PLANE

The Strategy Plane has cl om EvoRoads is being built and why it matters, translating developer-side business
value into end-user V. representative personas. These profiles surface concrete goals, decision horizons,
pain points, and acces s, giving us a human-centred anchor for the platform’s design and evaluation. They also
establish early success si atency bounds for operators, equity and evidence needs for planners and policy makers,
inclusivity for citizens and VRUs, and robustness for telecom support - against which subsequent choices can be judged.

/gr

QQQQQQQQ

However, not every request or requirement identified here will be implemented wholesale. The next subsection, the Scope
Plane, will prioritise and phase them, distinguishing the minimum viable set (MVP) from enhancements scheduled for later
releases. This prioritisation will balance user impact, technical feasibility, data availability, privacy and security obligations,
and interoperability constraints, ensuring that scarce effort is directed to the highest-value outcomes.

Finally, while the Strategy Plane frames who and why, verification of how it works in practice will be further addressed in
D4.1, which outlines the pilot set-ups, use cases, and evaluation touchpoints. With these foundations in place, we now
move from strategic intent to scoped, testable functional and content requirements.
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2.3.USER EXPERIENCE SCOPE PLANE

The Scope Plane translates the project’s intent into a verifiable set of capabilities and information assets that the
EvoRoads platform must provide. Grounded in the Strategy Plane and LL findings, it specifies functional requirements
(what users can do) and content requirements (what the system must know, store, and present), and binds them to
evidence: personas, use cases, pilot contexts, and acceptance criteria. Scope gives delivery teams a shared contract -
clear enough to guide design and engineering yet structured to accommodate controlled evolution as pilots surface new
insights.

Functionally, scope enumerates the core actions required across roles and views: real-time alert triage and operator
actions (Live Ops), scenario analysis and investment planning (Planning), condition sensing and work-zone scheduling
(Maintenance), conflict detection and micromobility operations (Micro-mobility), coverage and latency monitoring
(Connectivity), policy benchmarking and reporting (Policy Snapshot), risk-aware public advisori@s and safer routing (Public
Map), time-based reconstruction of events (Playback), and reproducible research servicegi ing dataset export and
benchmarked KPI definitions (Research & Benchmarking). Each capability is traced b more personas (road
safety operator, municipal planner, maintenance lead, micromobility manager, citi , policy maker/regulator,
academic researcher, telecoms maintenance engineer).

On the content side, scope defines the information taxonomy and governanc ake those capabilities credible:
KPI dictionaries and metadata; geospatial layers and sensor streams; ad s and visual encodings; provenance,
audit and versioning rules; accessibility assets (e.g., alternative text, plai uade summaries); and multilingual labels.
Data freshness, accuracy thresholds, and update cadences are itly, as are privacy, security, and ethical
boundaries for pseudonymised or sensitive data.

Not every request becomes a commitment. Competing id wi aluated against programme objectives, safety
impact, feasibility, and pilot readiness; lower-value or sp tive items are deferred with clear decision logs. By
establishing this scope baseline - complete, testable, trace - we provide a stable foundation for interface design,
architecture, and integration, while leaving room for iplined iteration as pilots progress and evidence accumulates.

2.3.1 FROM USER STORIES T, TIONAL CAPABILITY COMMITMENTS

The Strategy Plane defined the user conig Roads platform by identifying key personas, their responsibilities,
and the goals they seek to achieve in t york. Building on this foundation, the Scope Plane defines the functional
extent of the platform by establiski ategories of functionality are considered within scope, while remaining

articulate user intent; isi teXts, and expected value, providing a grounded understanding of how different actors
interact with safety-rele i ation. However, user stories are intentionally contextual and descriptive. As such, they
are not directly used in th ion to define detailed system behaviour. Instead, they are consolidated into higher-level
functional commitments that express the intended scope of the platform in a stable and reusable manner.

To achieve this consolidation, EvoRoads adopts a capability-based representation of scope. Functional capability
commitments define bounded areas of functionality that the platform supports in order to enable its identified personas to
fulfil their roles. These commitments form the conceptual bridge between user intent and later technical specification,
ensuring continuity without constraining implementation choices prematurely.

2.3.1.1 FUNCTIONAL CAPABILITY COMMITMENTS

A functional capability commitment denotes a coherent class of user-facing functionality that the EvoRoads platform
supports across pilots and deployment contexts. Capabilities are expressed in terms of user-relevant outcomes rather
than system internals, and they are defined independently of algorithms, data pipelines, or deployment architectures.

PU - PUBLIC
D1.3 — KPIS QUANTIFICATION METHODOLOGIES, DATA SPACE, USER INTERFACES AND INTEGRATED PLATFORM V1

Funded by Proie:'thfundedby ' P — 42
the European Union ~ © & e nd e EATE

Research and Innovation SERI

Swiss Confederation



-VONDADS

Each capability commitment represents an intentional inclusion within the scope of the integrated platform. At the same
time, it does not prescribe feature completeness, performance targets, or uniform realisation across pilots.
Capabilities therefore define the functional envelope of the platform rather than an exhaustive list of functions.This
abstraction allows the scope to remain stable even as detailed requirements evolve, technologies mature, or pilot-specific
constraints are introduced.

2.3.1.2 CAPABILITY CLUSTERS SUPPORTING EVOROADS PERSONAS

Functional capability commitments are organised into a set of capability clusters that reflect recurring patterns of use
observed across personas and operational contexts. These clusters aggregate related user intents and provide a
structured representation of scope at platform level.

The principal functional capability clusters identified for the EvoRoads integrated platform are summarised below and
include, among others:

O Live Safety Operations and Situational Awareness: Enabling real-time or ne ime visibility into safety-
relevant conditions, emerging risks, and network status in support of opera CISIbn-making.
Infrastructure Condition Assessment and Maintenance Support: S ssessment, prioritisation,
and planning of interventions related to road infrastructure, in@din such as pavement, markings,
signage, and roadside equipment.
Connectivity and Communications Awareness: Providin into the availability, quality, and
degradation of communication channels that underpin con d sdrety-critical services.

Planning, Policy Analysis, and Benchmarking: Su I dium- and long-term analysis of safety
performance, trends, and intervention effectiveness a@ions and time horizons.
a

Q

Public-Facing Safety Information and Risk Co : Enabling controlled dissemination of safety-
related information to citizens and vulnerable roa ers Ilf'a contextualised and comprehensible manner.
Research, Evaluation, and Knowledge Reuse: porting structured access to data, indicators, and
analytical outputs for evaluation, compariggif, and research activities.

Q Q Q Q

These capability clusters are intentionally broad erlapping. Together, they define the functional domains within
which the EvoRoads platform operates f a pective.

The inclusion of a capability cluster withj
domain at platform level. It does not i
that they are implemented unifor
specific functions may be sele,
relevance, feasibility, expe i
Subsection 4.1.7).

lane indicates that the EvoRoads platform supports that functional
| possible functions associated with that domain are implemented, nor
lots. Capability commitments define a functional envelope within which
ed, or deferred. The selection of concrete functionality is influenced by pilot
t, afd integration constraints, and is addressed in later stages of the deliverable (see

Table 1 summarises the capability clusters that define the scope of the EvoRoads integrated platform, indicating
the primary personas they ort, the functional envelope associated with each cluster, and the user-facing views through
which these capabilities are conceptually exposed.

Table 1: Functional capability clusters of the EvoRoads Integrated Platform

PRIMARY
(s LY SUPPORTED FUNCTIONAL SCOPE (CAPABILITY ENVELOPE) e
CLUSTER FACING VIEWS
PERSONAS
e SRy Road Safety Provision of timely, consolidated awareness of safety-
Operations & ) A - g Live Operations View;
o Operator; Emergency relevant conditions across the road network, including .
Situational . ; . ) Playback View
A Services Coordinator  emerging risks, abnormal patterns, and confidence
wareness
PU - PUBLIC
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CAPABILITY
CLUSTER

PRIMARY
SUPPORTED
PERSONAS

INDICATIVE USER-
FACING VIEWS

FUNCTIONAL SCOPE (CAPABILITY ENVELOPE)

Infrastructure
Condition
Assessment &
Maintenance
Support

Connectivity &
Communications
Awareness

Planning,
Investment &
Scenario Analysis

Policy Monitoring,
Benchmarking &
Reporting

Public-Facing
Safety Information
& Risk
Communication

Micromobility &
VRU Safety
Awareness

Research,
Evaluation &
Knowledge Reuse

Event
Reconstruction &
Temporal Analysis

Cross-Cutting
Platform
Oversight &
Governance
Support

PU - PUBLIC

Infrastructure
Maintenance
Engineer; Road
Authority Asset
Manager

Telecommunications
Network Maintenance
Engineer; Road
Safety Operator

Municipal Planner;
Road Authority
Decision Maker

Policy Maker;
Regulator; Public
Authority Analyst

Citizen; Vulnerable
Road User (VRU)

Micromobility

Operator; Urba
Mobility Mana
Citize

Road Safety
Operator; Analyst;
Researcher

Platform
Administrator; Lead
Authority Analyst

indicators. Supports prioritisation, triage, and monitoring
activities under operational time constraints.

Assessment and comparison of infrastructure condition
over space and time, supporting identification of
degradation patterns, prioritisation of maintenance needs,
and planning of interventions. Focuses on decision support
rather than operational control.

Maintenance View;
Planning View

Visibility into the availability, quality, and degradation of
communication channels (cellular, roadside, V2X) that
underpin safety-relevant services and connected sysiem
Supports diagnosis, planning, and assurance of
communications readiness.

Connectivity View;
Live Operations View

Exploration and comparison of safety sce
intervention options, and investmer‘t ate
medium- to long-term horizons. Sup
informed planning, prioritisation, a ra
across locations and measures

Planning View; Policy

. Snapshot View
analysis

Aggregation and compari sa dicators across
jurisdictions, time period @’ ervention types. Supports
monitoring of policy ¢ 4' chmarking, and
preparation of stri ed re for governance and
accountability purp

Policy Snapshot
View; Research &
Benchmarking View

Controlle
public, inc

osure of safety-relevant information to the

contextualised risk awareness and

advi mphasises clarity, proportionality,

acc and avoidance of information overload or
e pendency.

Public Map View

into safety conditions and conflict patterns

ng vulnerable road users and micromobility services.
ports monitoring, planning, and awareness without
replacing local operational platforms.

Micro-mobility View;
Public Map View

Structured access to safety indicators, datasets, and
methodological artefacts for analysis, comparison, and
evaluation. Supports reproducibility, longitudinal studies,
and methodological transparency.

Research &
Benchmarking View

Time-based reconstruction and review of safety-relevant
events and conditions, supporting post-event analysis,
learning, and validation of interventions.

Playback View

Oversight of platform usage, data provenance, scope
boundaries, and governance-relevant metadata. Supports
trust, accountability, and controlled evolution of platform
capabilities.

Administrative /
Governance Views
(non-operational)
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2.3.2 CONTENT REQUIREMENTS FOR THE EVOROADS PLATFORM

The Scope Plane’s content requirements define the categories of information that the EvoRoads platform manages and
exposes in order to support the functional capability commitments identified in Section 2.3.1. These requirements specify
what information must be available, how it is characterised, and how it can be interpreted across user roles and contexts,
while remaining independent of specific technical implementations, processing pipelines, or deployment configurations.

The platform curates a coherent body of data and metadata originating from diverse sources and serving multiple
purposes. Across all content categories, information is expected to be accurate, timely with respect to its intended use,
privacy-preserving, interpretable, and traceable to its origin.

2.3.21 CONTENT SOURCES AND SEMANTIC ORGANISATION

The EvoRoads platform manages information originating from multiple classes of sourc
awareness, assessment, and decision support. These include, among others:

that contribute to safety

O Roadside sensing and smart infrastructure equipment, providing information s
signage status, and local observations;
Vehicle- and micromobility-based crowdsensing, supplying pse servations related to surface

condition proxies, markings, signage issues, and contextual anoma
Strategic and wide-area sensing, including aerial imagery and gri ement products derived from remote

detections, asset and

sensing techniques;

Environmental and contextual information, such as weather visibility, and related external feeds;
Operational context information, including planned works sures, work zones, and event calendars;

QQQ Q Q

Communications-related information describing the nnectivity and readiness of communication
channels relevant to safety services.

Content originating from these sources is represen
information is associated with common geospatial
content is characterised according to its relevan
and long-term time series. This semanti
without prescribing how such representa

2.3.2.2 DERIVED INFORMA @ D INDICATORS

In addition to source-level inform he"pfatform manages derived content that supports interpretation, comparison,
i uch content includes, among others:

usin nsistent spatial and temporal references. Spatially,
ies such as segments, junctions, corridors, or tiles. Temporally,
including instantaneous observations, short-term aggregates,
nables consistent interpretation across views and user roles
ically realised.

a bine observations with contextual attributes such as confidence, severity, and

pressing relative levels, trends, or comparative assessments over space and time;
Condition-related summaries for infrastructure assets, supporting assessment and prioritisation activities;
Harmonised safety indicator catalogues, including definitions, units, update characteristics, uncertainty
descriptors, and references to methodological context;

Indicators related to vulnerable road users and micromobility activity, including conflict patterns and compliance
summaries;

Connectivity-related summaries describing coverage, quality, and status of communication services;

Advisory and informational content intended for targeted dissemination, such as safety advisories and public-
facing messages.

QQ Q QQQ

These derived information products are treated as content artefacts with defined semantics and metadata. Their presence
within the platform indicates availability for interpretation and use, without implying specific analytical methods, accuracy

guarantees, or uniform availability across pilots.
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2.3.2.3 PROVENANCE, QUALITY, AND VERSIONING

All content managed by the platform is accompanied by machine-readable metadata that supports transparency, trust,
and auditability. This includes:

O Provenance information describing source, time of observation or generation, and relevant processing or
derivation context;

O Quality descriptors indicating aspects such as completeness, confidence, latency class, or known limitations;

O Versioning information for indicators, definitions, and methodological artefacts, including change histories where
applicable.

Historical states of content are preserved in order to support retrospective analysis, comparison over time, and traceability.
Versioned definitions enable consistent interpretation of indicators even as methodologies evolve.

2.3.24 CONFIDENCE, CORROBORATION, AND INTERPRETABILIT

To support informed interpretation by different user roles, content items include attri press confidence and
corroboration status. These attributes indicate, for example, whether information is bg le or multiple contributing
sources, whether it reflects direct observation or derived assessment, and what cq @"‘; factors may affect its reliability.

ons of the information presented,
t ntent layer itself.

Such attributes enable downstream users and services to assess the strengt
without embedding decision logic, validation rules, or escalation criteria wi

2.3.2.5 PRESENTATION AND NARRATIVE CONTE

Beyond analytical and operational information, the platform ma rrative and presentation-oriented content that
supports comprehension and communication across audiencds” i des:

O Plain-language advisory texts and explanatory descri S;

O Multilingual labels and terminology;

O Iconography and visual encodings;

O Accessibility assets such as altern r imagery, high-contrast visual elements, and large-text

representations.

For planners and policy-oriented users, g es structured summaries such as maps, tables, and methodological
cards that contextualise indicators, ill ds and uncertainty, and relate safety conditions to indicative cost or
intervention categories. For citize able road users, public-facing content emphasises privacy-safe advisories,

contextual awareness, andahig el ess indicators.

Connectivity-related ummaries and visualisations that support understanding of coverage conditions

and service restorati g routes or areas of interest.
2.3.2.6 TEMPOR ARACTERISTICS AND CURRENCY

Different categories of content are associated with different temporal dynamics. Safety observations, environmental
conditions, and connectivity information are characterised by short relevance horizons, while operational context,
infrastructure condition baselines, and strategic sensing products evolve over longer timescales.

Each dataset declares its expected update characteristics and temporal relevance, enabling users to recognise whether
information reflects current conditions, recent aggregates, or longer-term baselines. Where appropriate, indicators signal
when content may be outdated or superseded.
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2.3.2.7 ACCESS CONTROL, PRIVACY, AND PURPOSE LIMITATION

Content is partitioned and exposed according to user roles and usage contexts. Internal platform users may access
granular information relevant to their responsibilities, while public and research-oriented content tiers expose aggregated,
anonymised, or otherwise privacy-preserving datasets.

For all exposed content, metadata specifies access conditions, licensing, intended purpose, and retention considerations.
Crowdsourced information includes moderation status and feedback references that allow contributors to understand
outcomes without revealing personal identity.

2.3.2.8 RESEARCH SUPPORT AND REPRODUCIBILITY ASSETS

To support evaluation and research activities, content requirements include the availability of documented datasets and
artefacts suitable for reproducible analysis. These include anonymised raw and processed dasasets, dataset descriptors
defining schema and units, and curated benchmark collections spanning pilots or time perigds

Methodological artefacts such as indicator definitions, model descriptions, and para ntation are identified
with stable references to support citation, comparison, and reuse across studies.

2.3.3 CONCLUSION OF THE SCOPE PLANE L 4

The Scope Plane has translated user intent into a traceable set of functio
the EvoRoads platform shall do and what information it must curate
forward to views, acceptance criteria, and pilot validation, ensuring.c

a ontent requirements that define what
emeénts are linked back to personas and
purpose and accountability for delivery.

Functionally, we have enumerated capabilities spanning real-ti ations, planning and maintenance workflows,
micro-mobility management, connectivity monitoring, policy g, public advisories, playback, and research
support. On the content side, we have specified KPI catal S a etadata, geospatial layers and sensor products,
advisory texts, provenance and audit trails, accessibjlity as multilingual labels, and explicit rules for freshness,

accuracy, privacy, and security. This scoped baseli
open to evidence-led refinement as pilots progress.
requirements into a coherent information and i
error handling, alongside the mapping o
platform’s behaviour is systematic, lear

ers a stable frame for design and engineering, while remaining
ext step - addressed in the Structure Plane - organises these
chitecture: navigation, states, flows, cross-view patterns, and
and services. In moving from “what” to “how”, we ensure that the
ient in day-to-day use.

STRUCTURE PLANE

This chapter organis abilities of EvoRoads into a coherent structure in the sense defined by Garrett:
interaction design (h e sySlem behaves in response to user actions) and information architecture (how content is
organised and related), ed by the navigational framework and formal task/state flows. While the platform
aggregates data from six European LLs, each authenticated user sees only the maps and datasets authorised for their
country. All desktop access is through a single Dashboard (mobile applications are the exception for citizens and in-vehicle
nudging). The sections that follow set platform-wide rules so that behaviour is consistent across views - Live Ops,
Planning, Maintenance, Micro-mobility, Connectivity, Policy Snapshot, Public Map, Playback, and Research &
Benchmarking - and predictable for our eight personas.

241 INTERACTION DESIGN PRINCIPLES AND USER INTENT FLOWS

The interaction design of the EvoRoads platform defines how users engage with safety-relevant information and
translate observations into understanding and action. Across pilots and roles, the platform is used in situations ranging
from real-time operational awareness to long-term planning and evaluation. The interaction model therefore establishes a
common and predictable logic of engagement that applies across views, while remaining adaptable to the very different
PU - PUBLIC
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decision contexts encountered by operators, engineers, planners, policy makers, researchers, and, where applicable,
citizens.

A central principle of interaction in EvoRoads is clarity of intent (indicative examples have been included in Table 2). In
each interaction context, the platform foregrounds a limited number of meaningful actions that correspond to the user’s
immediate objective. For example, when a road safety operator is reviewing live hazard detections along a corridor, the
primary interaction intent is to assess relevance and severity, not to explore historical trends or adjust analytical
parameters. Conversely, when a planner is examining safety KPIs over multiple years, the dominant intent shifts toward
comparison, aggregation, and scenario exploration. The interaction design supports these differing intents by structuring
engagement around the user’s purpose rather than around system features. User intent flows in EvoRoads typically follow
recurring patterns. In operational contexts, interaction often proceeds from observing current conditions, to assessing
confidence and impact, and then to acknowledging, contextualising, or handing over information for follow-up. In planning
and policy contexts, interaction more commonly involves exploring spatial and temporal pat@rns, comparing indicators
across areas or periods, and synthesising insights for reporting or investment decisions flows are intentionally
simple and repeatable, allowing users to move between views - such as live operatio , or planning - without
having to relearn how to interact with the system.

Table 2: Indicative user intent flows in the EvoRoads platform

INTENT
FLOW

TYPICAL CONTEXTS REPRESENTATIVE
EVOROADS INFORMATION ENGAGED

PRIMARY USER INTENT

Live hazard detections, confidence
0 indicators, data freshness cues,

e conditions contextual weather or traffic
conditions

Observe — Determine whether a safety-
Assess — relevant condition requires
Acknowledge attention or follow-up

Live safety operaii
monitoring duri

Explore —
Compare —
Contextualise

Safety KPlIs, historical series,
spatial aggregations, uncertainty
descriptors

Understand patterns, differences, Planning an icy analysis; pilot
or trends across space or time co rison; béichmarking activities

Time-ordered hazard states,
baCk and retrospective analysis; infrastructure condition snapshots,
-event review event timelines, contextual

Investigate —  Analyse past situations to
Reconstruct — understand causes, seq

Learn outcomes .
annotations
. Aggregated risk indicators,
Inform — Translate analytic . . C 2 S -
. . - : Public-facing safety communication; simplified advisory content,
Advise — information suit ; X
stakeholder reporting explanatory summaries, progress

Communicate . .
status information

Feedback and syste reness are integral to interaction. EvoRoads presents safety indicators, hazard layers,
and risk assessments to ith contextual information that supports interpretation. For instance, when a short-term
risk index is displayed for a road segment, it is accompanied by cues that indicate its confidence, temporal relevance, and
methodological context. Similarly, when infrastructure condition summaries are reviewed, users can recognise whether
these reflect recent observations, aggregated trends, or longer-term baselines. This ensures that users do not need to
infer reliability or currency indirectly when making decisions.

Temporal awareness is particularly important given the mixture of real-time and strategic content within EvoRoads.
Interaction design makes the temporal character of information explicit, allowing users to distinguish between live hazard
detections, recent aggregates, and historical series. For example, when switching from a live safety operations view to a
playback or benchmarking view, the interaction context shifts from immediate situational awareness to retrospective
analysis. The platform supports this shift by clearly signalling changes in time horizon and analytical intent, reducing the
risk of misinterpretation.
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Error prevention and control are addressed through interaction principles that favour early guidance and reversibility.
Users configuring analytical perspectives, selecting spatial extents, or preparing advisory content are guided so that
incompatible or inconsistent choices are identified before commitment. Actions with wider implications - such as issuing
public-facing advisories or finalising analytical summaries - are framed in a way that makes their scope and audience
clear. Wherever possible, interaction favours reversible steps and explicit confirmation of intent rather than abrupt or
opaque transitions.

Consistency across information lifecycles is another defining characteristic of interaction in EvoRoads. Safety-relevant
entities - such as hazards, advisories, or analytical findings - follow recognisable stages from identification through review,
contextualisation, and closure. Users encounter these stages consistently across views, whether they are examining live
detections in an operational setting or reviewing outcomes retrospectively in the Playback view. This consistency supports
shared understanding across teams and facilitates audit and learning without imposing rigid workflows. Interaction design
also reflects the variability of operational conditions across pilots. Differences in data avail@ility, sensing coverage, or
connectivity are treated as contextual factors that shape interpretation rather than as hid tem states. When such
factors affect the reliability or completeness of information, this is surfaced through i es, allowing users to
adapt their judgement accordingly. This is particularly relevant in EvoRoads, where rural pilots, as well as
different sensing technologies, coexist within a single platform framework.

Finally, role differentiation in EvoRoads is expressed through availability & er than through fundamentally
g

different interaction models. Operators, planners, researchers, and po engage with the same underlying
interaction logic, even though the actions available to them may differ to¥Yole, scope, or context. Where actions
are not available, interaction cues clarify the nature of the limitatio osing internal governance mechanisms,
supporting predictability and trust.

O

Through these principles, the interaction design of EvoRoad p shared grammar of engagement that remains
intelligible across diverse safety contexts.

2.4.2 INFORMATION ARCHITECT
CATEGORISATION

The information architecture of the E tform (outlined in Figure 4) specifies the conceptual model of
EvoRoads and the labelling and groupj : make content findable and comprehensible across contexts. The

E: CONTENT ORGANISATION AND

model pivots on a small set of well-defi and relationships. Network elements - segments as the atomic unit of
the road graph, junctions, and co dered sets of segments - carry attributes such as functional class, speed
limits, urban/rural status, a ensitive sites like schools and hospitals. Events and operational states - alerts,
advisories, work zones, a r-logged incidents—possess explicit lifecycles with timestamps and provenance.

Measures and mode k scores, condition indices, and connectivity metrics - are defined with units, update
links to methodological notes. Assets - roadside units, dynamic signs, beacons and
sensors - expose status, re and last contact. Data bundles - datasets, exports, and reports - are treated as first-
class objects with schemas, licences, and versioning. Actors - users, teams, organisations - are bound to roles and
constrained by country scope.

The information architecture defines how safety-relevant information is conceptually organised, labelled, and related so
that users can interpret and combine it consistently across views, roles, languages, and pilot contexts. It establishes a
shared semantic and structural framework that allows heterogeneous data assets, analytical outputs, and advisory content
to be understood as parts of a coherent system, independently of their technical origin or local deployment. This
architecture is informed by the platform asset inventory, which identifies the classes of sensing, analytical, and decision-
support assets integrated within EvoRoads, and by the demonstrations planning guidelines, which highlight the need for
comparability and coherence across pilots with differing objectives and operational realities. The resulting information
architecture balances stability at platform level with flexibility at pilot level.
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Eﬁ 3 feeds m target | M

NETWORK EVENTS & MEASURES
ELEMENTS STATES & MODELS
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ASSETS ACTORS
l references consume I
DATA
BUNDLES
Figure 4: EvoRoads Platform Information Architecture: Content Wani Categorisation
2421 CORE CONTENT DOMAINS AND CONTROLLE ARIES
At the highest level, EvoRoads information is organised into a small f recurring content domains that reflect

and assets, indicators and assessments, contextual and envirg information, communications and connectivity

what the information concerns, rather than how it is produced. The ety conditions and hazards, infrastructure
status, and advisory or narrative content. @

To ensure semantic coherence across languages and ju tions, these domains are underpinned by controlled
vocabularies. Alert types, for example, distinguish cle betwee® behavioural signals (such as speed variance or harsh
braking), infrastructure-related issues (including po s or faded markings), environmental conditions (such as poor
visibility or ice risk), conflict patterns affectin road users, and communications-related incidents such as
degradation of quality of service. Adviso p intended action succinctly and consistently, covering cases such
as recommended speed, lane merge, ha a chool zone caution, work-zone warning, or micro-mobility hotspot
caution.

By constraining labels and catego vocabularies, the platform maintains semantic consistency across pilots
and supports localisation wj . Geography tags further characterise content by denoting urban, suburban, or
rural contexts, with overla itive areas and optional equity-related tags where relevant.

2422 SPA ORAL, AND CONTEXTUAL STRUCTURING

Spatial and temporal dime act as primary structuring axes within the information architecture. Content is associated
with spatial entities such as points, segments, corridors, or broader network extents, enabling users to reason about
safety conditions at appropriate scales. This supports demonstration scenarios ranging from localised urban interventions
to long rural corridors.

Temporally, information is characterised according to its relevance horizon. Instantaneous observations, short-term
aggregates, and long-term historical series are treated as distinct but related content forms. This allows users to distinguish
between live operational awareness, recent trends, and strategic baselines when moving between views or analytical
contexts.

Contextual attributes cut across all domains. These include confidence, uncertainty, provenance, and applicability to
specific operational or policy contexts. Rather than creating separate content silos, these attributes accompany information
wherever it appears, ensuring that interpretation cues remain consistent across the platform.
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2423 DERIVED INFORMATION AND SEMANTIC RELATIONSHIPS

Beyond source-level content, the information architecture accommodates derived information such as indicators,
summaries, and assessments. These are treated as first-class content artefacts with defined semantics and metadata,
rather than as opaque outputs. Relationships between content domains are explicitly represented: hazards are linked to
affected infrastructure assets and locations; indicators are linked to underlying observations and methodological
definitions; advisories are linked to the assessments and conditions that motivate them.

Confidence levels are expressed using harmonised categories and numeric bands that are consistent within each signal
family and described using uniform phrasing. This allows users to compare confidence across different types of content
without recalibrating interpretation for each source.

2424 CONTENT CHUNKING AND STRUCTURAL PATTERNS

Information is structured using a consistent overview—list—detail triad that applies across,i
conceptual level, each interaction context provides:

and content types. At a

O an overview that surfaces key metrics, trends, or status summaries;

O acollection of items that can be filtered, sorted, or selected;
O and a detail context that binds to a selected item or spatial f& ses fields, relationships, and
provenance.

Table 3 further explains this approach.

Table 3: Overview—List—Detail triad in EvoRoads Information Architecturg

STRUCTURAL - WHY IT MATTERS IN
LAYER CONCEPTUAL ROLE WF T\ “‘Or AINS EVOROADS

Allows users to rapidly understand
evel metrics, trend summaries, what is going on (e.g. overall risk
indicators, and context cues level on a corridor, current alert
to the current view or intent load, KPI trends) before engaging
with detail

Overview Orientation and sense-making

ollection of comparable items (e.g.
hazards, advisories, work zones,
indicators) that can be filtered, sorted,
or selected

Supports scanning, prioritisation,
and comparison across space or

List Selection and comparis and col .
time without losing context

Attributes of a selected item or spatial  Enables informed judgement,

. . . g focus, including relationships, auditability, and learning by
Detail Ins jon an tifiG&tion L. A
confidence, freshness, and explaining why something appears
provenance as it does

Within this structure, a shared “card grammar” applies to recurrent content types such as alerts, advisories, work zones,
and datasets (further explained through Table 4). Each card is characterised by a clear title and type, a concise location
reference, confidence and freshness indicators, key explanatory drivers, and access to extended descriptive and
provenance information. Provenance is treated as an integral part of content rather than an afterthought, with explanatory
context available at the point of need.

Table 4: Shared card grammar for recurrent content types

CARD
ELEMENT SEMANTIC MEANING EXAMPLES IN EVOROADS
Title & Type What the item is “Hazard: Ice Risk”, “Advisory: Reduced Speed”
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(07.130p)

ELEMENT SEMANTIC MEANING EXAMPLES IN EVOROADS
Location . ) . . .
Reference Where it applies Corridor name, road segment, junction, or area
ICrz]%?gladt?)r:ce How reliable the information is Confidence band, category, or qualitative label
Fre_shness How current the information is Last update time, temporal relevance cue
Indicator
Key Drivers Why the item exists Primary contributing signals or conditions
igi\ézgance How it was produced Sources, timestamps, processing or methogglog§references

This grammar ensures that alerts, advisories, datasets, and indicators are recogni
originate from different assets or pilots.

2.4.2.5 SCOPING, QUALITY, AND INTERPRETABILITY

Country and jurisdictional scoping is reflected structurally in the informa af@titecture. Content is associated with
geographic and administrative scope attributes that determine where it is visible. Cross-border information is
distinguishable from nationally scoped content, allowing users to ise bdundaries without encountering unexpected
omissions.

glance, even when they

Data quality and currency are made legible through content'Qliiibutes rather than technical terminology. Items carry last-
update information, and content categories are associajed with cted temporal characteristics, ranging from near-real-
time relevance for hazards, through periodic upd for environmental and operational layers, to acquisition-cycle
updates for strategic sensing products. Qualit rs such as confidence measures or sample characteristics
accompany content to guide responsible jnter

24.2.6 STABILITY AND EVO

The information architecture is designet stable over the lifetime of the project while accommodating evolution.
New assets, indicators, or adviso Pe incorporated by mapping them onto existing domains, vocabularies, and
structural patterns. This ili es ial for maintaining comparability across pilots and over time, particularly as
demonstrations progress a cases are introduced.

By defining informa ure in terms of domains, vocabularies, relationships, and structural patterns, the
EvoRoads Structure Pla es a shared mental model that anchors interaction and navigation design. It ensures that
complex, heterogeneous safety-related information can be explored, compared, and communicated coherently across the
platform, forming a robust foundation for subsequent navigation design and visual realisation.

2.4.3 NAVIGATION FRAMEWORK: GLOBAL, LOCAL, AND CONTEXTUAL
PATHS

Navigation binds the information architecture to interaction, enabling users to move between concepts and tasks without
losing their place. EvoRoads employs a layered framework that balances global wayfinding with local focus and contextual
shortcuts.

At the global level, a fixed navigation bar presents the nine views. The current view is clearly indicated, and the set itself
is pruned according to role and country scope so that, for example, citizens do not see internal operational modules. A

PU - PUBLIC
D1.3 — KPIS QUANTIFICATION METHODOLOGIES, DATA SPACE, USER INTERFACES AND INTEGRATED PLATFORM V1

Project funded by

Funded by
the European Union

Economic i, 52




-VONDADS

single global search accepts common entities - segments, corridors, junctions, addresses, alert IDs, work zones, datasets
- and returns results grouped by type, allowing users to jump directly to the relevant detail. The profile area displays the
user’s country scope and role; a brief overlay clarifies permissions and links to data-access terms, reinforcing expectations
about what is visible and actionable.

Locally, each view adheres to a stable list-map-detail composition. The left panel lists objects relevant to the view and
respects saved filters; the central map anchors spatial understanding; the right panel presents detail, charts and actions
for the selected item. Tabs within the detail panel follow a consistent order - overview first, then provenance, history, and
comments - so that learned habits transfer between modules. Users can save combinations of filters (time ranges,
geographies, object types) as named views and recall them instantly, promoting repeatable workflows for shift change,
weekly reviews or portfolio work.

Figure 5 below illustrates the concept, without the EvoRoads branding elements as of yet:

Viewl View2 View3 View4 View5 View6 View9 Q Role-Co

savedViews Search segments, corridors, junctions... ‘ H
ssions
a-access
“liter Map
Time range >
Filter Vi
of :
Pr nce History Comments

Sir

ure 5: EvoRoads user interface layered framework wireframe

Contextual navigation re iction during multi-view tasks. Map popovers provide compact, in-situ summaries with
deep links so that users can change vantage point without reconstructing their query. Breadcrumbs appear in content-
heavy areas such as Planning and Research, making hierarchies explicit (for example, Region — Corridor — Measure)
and offering landmarks such as “Top ten risky corridors” for quick return. Keyboard shortcuts are available and consistent
across views - acknowledge, save, help and close - and a small help overlay lists them on demand. Back navigation is
predictable: the back button returns to the last list state with filters intact; cross-view switches preserve the previous
selection; a reset action restores defaults. Deep links to objects are stable and shareable within authorised teams;
unauthorised recipients are routed to a friendly access-denied page that points to the appropriate channel for requesting
access.

By combining clear global signposting, a disciplined local layout, and helpful contextual jumps, the navigation framework
makes the platform legible from the first session and efficient thereafter, without sacrificing the constraints required by

country scoping and role-based access.
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Navigation continuity across views is treated as a first-class concern. Users frequently move between operational,
analytical, and planning perspectives while investigating the same safety issue. To support this, EvoRoads preserves
semantic anchors (such as the currently selected corridor, asset, or time window) when users transition between views.
For example, switching from Live Operations to Playback or Planning retains the spatial focus and temporal context unless
explicitly changed. This continuity allows users to change analytical lens without re-establishing context, supporting
investigative and comparative workflows that span multiple views.

The navigation framework also recognises that EvoRoads demonstrations are pilot-driven. Each view makes the active
pilot context visible where relevant, without fragmenting navigation into pilot-specific menus. Pilot awareness is
expressed through contextual cues (such as pilot labels, applicable datasets, or coverage extents) rather than through
separate navigation branches. This ensures that users can reason about pilot-specific content while remaining within a
unified platform structure, and that cross-pilot comparison is enabled without switching navigation modes.

Navigation supports both exploratory and repeatable use. Exploratory navigation allow

questions through links, breadcrumbs, and contextual jumps, while repeatable navigation

as shift monitoring, periodic reporting, or portfolio review. Saved views, stable deep li

ensure that users can return to known states quickly, while still allowing ad-hoc ex n needed. This balance is

particularly important in EvoRoads, where the same platform must support@th s operational use and episodic

analytical work. To avoid disorientation, the navigation framework makes SX ies explicit rather than implicit.
Vi

sers to follow emerging
routine activities such
ctable back behaviour

When content is filtered by country, role, or pilot applicability, this constraint and stable across navigation actions.
Users do not encounter silent disappearance of content when switchi icW8; instead, navigation preserves awareness
of why certain objects or actions are not available in a given con proach reinforces trust and reduces the
cognitive overhead associated with multi-jurisdictional operation.

Finally, navigation design deliberately avoids embedding pro I ving between views does not imply progression
through a workflow or completion of a task. Users remain o enter, exit, and revisit views according to their intent,
whether they are monitoring live conditions, reconsgucting events, or preparing planning material. This non-

prescriptive navigation model reflects the diversity o
decision-making rather than enforcing rigid seq

244 TASKAND STATE

The Structure Plane is completed by d
information is perceived from the
model establishes a shared co
roles, views, and pilot co

Roads use cases and ensures that the platform supports human

CROSS USER ROLES

tasks users perform in the EvoRoads platform and the states in which
ctive. Rather than prescribing workflows or operational procedures, this
nguage that aligns interaction, information architecture, and navigation across

Tasks in EvoRoads téfms of user intent, not job titles. Across the platform, a small set of recurring task
types can be observe s of whether the user is a road safety operator, infrastructure maintenance engineer,
planner, policy analyst, r er, or citizen. These task types include monitoring, investigation, planning, evaluation,
and communication. Each task type manifests differently depending on role and view, but the underlying intent remains

consistent. Examples are summarised in Table 5.

For example, monitoring occurs when a Road Safety Operator uses the Live Operations View to maintain situational
awareness of hazards and short-term risk indicators along a corridor during adverse weather. The same task type appears
when a Telecommunications Network Maintenance Engineer monitors connectivity and QoS conditions affecting roadside
communications in the Connectivity View. In both cases, the user’s intent is to remain aware of current conditions and
detect situations that may require attention.

Investigation tasks arise when users seek to understand causes, patterns, or sequences of events. A Road Safety
Operator or Analyst may switch to the Playback View to reconstruct how a hazard evolved before and after an incident,

PU - PUBLIC
D1.3 — KPIS QUANTIFICATION METHODOLOGIES, DATA SPACE, USER INTERFACES AND INTEGRATED PLATFORM V1

Funded by Project funded by o . 54
the European Union O . C .

Swiss Confederation



-VONDADS

while an Academic Researcher may use the Research and Benchmarking View to explore historical trends or correlations
across pilots. Although the temporal scope and depth differ, both cases involve moving from observation to explanation.

Planning and evaluation tasks are typical for Infrastructure Maintenance Engineers, Municipal Planners, and Policy
Makers. These tasks are supported primarily through the Planning View and Policy Snapshot View, where users compare
safety indicators, infrastructure condition summaries, and scenario outcomes across space and time. Here, the intent is
not immediate action but prioritisation, comparison, and justification of interventions or investments.

Communication tasks involve translating analytical insight into information suitable for broader audiences. This includes
the preparation of summaries for decision-makers, reporting against safety objectives, or issuing public-facing advisories.
For instance, a planner may extract aggregated indicators and trend summaries for a policy briefing, while citizens
encounter simplified, privacy-safe advisories through the Public Map View. Although the audience differs, the task intent
is the same: to convey safety-relevant information clearly and responsibly.

Table 5: Indicative task and state examples across EvoRoads personas and views

TASK TYPE PERSONA EXAMPLE PRIMARY VIEW(S) TVPLA \..  'ORMATION STATE
Monitoring Road Safety Operator Live Operations View ‘ ent, confidence-qualified
Monitoring Telecoms Maintenance Engineer Connectivity View \ urrent or degraded
Investigation Road Safety Analyst Playback View Historical, contextualised

N . . . View
Investigation Academic Researcher Researc king View O .
Historical, uncertain
Planning Infrastructure Maintenance Engineer Planning Projected, comparative

Evaluation Policy Maker Snapshot View Aggregated, benchmarked

Communication Municipal Planner anning / Policy Snapshot Views Summarised, explanatory

Communication Citizen / VRU Public Map View Current, simplified
Alongside task types, the es information states as they are perceived by users. Content may be
experienced as current (g ard*detections), historical (e.g. past incident patterns), or projected (e.g. scenario-
based risk assess a may also be perceived as certain, uncertain, or incomplete, depending on
confidence, coverage, ance. These states are communicated consistently across views so that users can

interpret information app y without needing to infer limitations. Non-nominal states are explicitly recognised. For
example, when data coverage is partial in a rural pilot, or when connectivity affects the freshness of observations, this
condition is treated as a visible state rather than a hidden system issue. This allows users across roles to adapt judgement
and avoid over-reliance on incomplete information.

Finally, tasks and states intersect through shared lifecycle concepts. Safety-related entities such as hazards, advisories,
or analytical findings progress through recognisable stages - from identification and review to contextualisation and
closure. These stages are visible across views, supporting handover between roles (for example, from operator to planner)
and enabling audit and learning without enforcing rigid process flows. By grounding task and state models in EvoRoads
personas and views, the Structure Plane ensures that users encounter a coherent and predictable interaction logic across
the platform. This alignment supports collaboration, cross-view navigation, and consistent interpretation, while remaining
flexible enough to accommodate the diverse operational and analytical contexts of the EvoRoads pilots.
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2.4.5 CONCLUSION OF THE STRUCTURE PLAIN

The Structure Plane has articulated how EvoRoads behaves and how its information is organised, in strict alignment with
Garrett’s definitions. The interaction rules - immediate feedback, explicit confidence and freshness, conservative profiles
under degraded conditions, reversible actions, and consistent ownership workflows - make behaviour predictable for
operators under time pressure and comprehensible for non-specialists. The information architecture (clear entities and
relationships, controlled vocabularies, disciplined chunking, visible provenance, and enforced country scoping) ensures
that content can be found, trusted and reused across contexts. The navigational framework (stable global signposting, a
consistent list-map—detail composition, and helpful contextual links) supports both first-time orientation and expert
efficiency. Finally, the formal task and state flows capture the happy paths and the exceptions that reality will inevitably
introduce.

reen layouts and control

The next chapter, the Skeleton Plane, will render these structural decisions into concrete
placements. It will specify the grid and panel hierarchy for each view, the alignment and grougi controls, the placement
of status and provenance cues, the focus order and keyboard shortcuts, and the pattern or empty, loading and
error states. In moving from structure to skeleton, we turn platform-wide rules into tang able interfaces that design
and engineering can implement with confidence.

*
2.5 ON WHAT COMES NEXT: SKELETONA CE, AND
DEMONSTRATOR MATERIALS

With Strategy, Scope, and Structure now established, the ne
a coherent visual voice. These activities - codified by Jess es rett as the Skeleton and Surface planes - will be
elaborated during the second iteration of this deliverable (D as outcomes of Task 1.5. Concretely, Skeleton will
translate structural decisions into wireframes and i ction laYouts that specify where components live, how users
traverse content, how focus and keyboard navigati chave, and how empty, loading, error and confirmation states
manifest consistently. The Surface plane will e visual language and brand: typographic scale, colour and
contrast tokens, spacing and density r iC aflhy, motion and micro-animations, and component states (default,
hover, active, disabled). Surface is not d the final layer of communication that sustains legibility, accessibility
(e.g., WCAG contrast and focus indica trust, while reflecting the project’s identity across countries and roles.
Importantly, Surface expresses S s not rearrange it. This separation preserves traceability from user needs
to interaction patterns and gnw. | choices.

is}® give the platform decisive form on screen and

To support understanding, d reuse by stakeholders, the demonstrator will be accompanied by short task-
focused videos and jse dO entation. These materials will be shared with LL participants to facilitate feedback loops
and to prepare operat rs, and other users for pilot activities. Tutorials will emphasise the list—-map—detail
composition, how to read c ence and provenance, and how to act safely (e.g., publishing advisories, scheduling works)
with clear fall-backs under degraded communications. The documentation will also cover localisation, privacy controls,
and the rationale behind specific interaction standards, so that future teams can extend the platform without diluting its
usability.

2.5.1 CONCEPTUAL DEFINITIONS OF THE NINE VIEWS

Taken together, Skeleton and Surface will turn our structural principles into tangible screens, and the demonstrator
materials will make them adoptable in practice. What follows, as a prelude to D17.4, is a concise definition of the platform’s
nine views at a conceptual level (what each view exists to do and the kind of content it must present) so that design and
engineering can proceed with a shared mental model.
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Live Ops Planning Maintenance
View View View

Micro-mobility Connectivity Policy
View View Snapshot

Public Map Playback Re-rarch &
View belcmarking

Figure 6: Summary of the nine Evgiilads ated dashboard views

The Live Ops View is the operational front ling for sa ritical decision-making. lts purpose is to surface real-
time alerts in a clear priority order, bind the lace on a map, and support proportionate action. Content centres
on current conditions (risk indices with_con ce, top drivers, freshness) and short, reversible commands,
including advisory publishing and,rule . with full lifecycle audit.

The Planning View provides an afy age point over weeks, months, and years. It assembles longitudinal
KPls, scenario tools, and impag 0 comparisons to help authorities choose corridors and programmes. Its

from sensin i i recasts, and traffic/context constraints to produce a risk-ranked backlog and a
scheduling wo AMerification is integral: post-works evidence and before/after indicators are captured so
the asset register recasts improve with each intervention.

The Micro-mobility View addresses shared scooters and cycles where human—infrastructure conflicts often
concentrate. It reveals conflict hotspots and time-of-day patterns, enforces geofences and parking rules, and
tracks compliance and impact. Its tone is collaborative: privacy-safe summaries suitable for city dialogue and
pragmatic tools for quick, reversible operational adjustments.

The Connectivity View renders the health of communications that safety services depend upon. It maps QoS
along corridors, correlates alarms across mast/RSU/backhaul/power, and times restoration against service
targets. Its outputs include route-based weak-spot lists and planned optimisations, with clear badges when
degraded communications force conservative profiles elsewhere in the platform.

The Policy Snapshot aggregates harmonised KPIs across regions to support target-setting, funding decisions,
and accountability. It privileges comparability and clarity: methodology cards attached to each indicator, progress-
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to-target bars with confidence, equity views (including VRUs and rural networks), and “impact per euro” summaries
that link decisions back to evidence.

O The Public Map offers citizens and vulnerable users a simple, privacy-preserving window into safety information.
It provides clear, context-aware advisories and safer routes, and a one-minute reporting flow for hazards with
transparent status. In driving mode, it uses hands-free cues for hazards ahead, always complying with legal and
non-distraction constraints.

J The Playback View is the time machine of the platform. It reconstructs sequences (before, during, and after
incidents or interventions) so teams can audit actions, understand causality, and refine thresholds and rules. Its
content is narrative and evidential: synchronised charts and map states, bookmarked moments, and comparable
periods.

O The Research & Benchmarking View is the evidence workbench. It exposes documedited, anonymised datasets
with versioned KPI definitions, simple previews, export/API options, and model cardg fofienchmark comparisons.
Its design assumes reproducibility: stable identifiers, change logs, and exa ebooks that make it
straightforward to replicate results or test alternatives.

These nine views, summarised in Figure 6, are distinct but interdepende*Liv pends on Communications for
reliable delivery and feeds Playback for audit; Maintenance consumes Plannig it@f and returns verified outcomes;
Policy Snapshot reads from the same KPI catalogue that Research doc N ests. Each view is constrained by
role and country scope, ensuring users see only what they are entitled t on. W D1.4 the Skeleton plane will translate
these conceptual purposes into concrete layouts - grids, panels, contro nt, and state patterns - while the Surface
plane will apply the final visual system to make those layouts legi ssible, and coherent at scale.

With the experiential envelope defined, the report now turg§fto ntitative backbone that enables it to function
credibly. The next chapter will delve into the development a plication of dynamic methodologies for quantifying and
updating traffic safety criteria and related KPIs. The wagk builds he foundations set in Chapter 2, focusing on how real-
time, data-driven safety measures inform the use ough the platform's user interfaces, whose UX was previously
outlined. These dynamic safety KPIs offer an e daptable traffic system, providing business value by improving
the decision-making process for users ang sta s M real-time.

2.5.2 SKELETON AND S ESIGN CONSTRAINTS AND GUARANTEES

While wireframes and visual mock- ed to D1.4, the Skeleton and Surface planes are already constrained by
a set of explicit design guaran jv rom the Strategy, Scope, and Structure defined in this chapter. These
guarantees ensure conti aceapility from user needs to final visual outcomes, independent of specific layout
realisations.

At the Skeleton level | adhere to the structural patterns established in Section 2.4: the overview-list—detail
composition, stable spati oring via maps, and predictable placement of actions relative to content. Interaction
layouts will privilege clarity of focus, keyboard accessibility, and consistent handling of primary versus secondary actions
across all views. Skeleton designs will also encode non-nominal states - loading, empty, degraded, error, and confirmation
- as first-class patterns rather than ad hoc exceptions.

At the Surface level, visual design will be constrained by accessibility and legibility requirements rather than stylistic
preference. Colour, typography, contrast, and motion will be used to communicate hierarchy, confidence, freshness, and
state, not decoration. Visual emphasis will align with interaction intent (e.g. prioritisation in Live Ops, comparison in
Planning, explanation in Policy Snapshot), while remaining consistent across roles and countries. Surface design will not
alter structural relationships defined in the Skeleton; it will express them more clearly.
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These constraints guarantee that future wireframes and visual designs will remain faithful to the UX logic defined here.
They also ensure that visual decisions remain auditable against user needs, task models, and content semantics, rather
than evolving independently.

2.5.3 VALIDATION, ACCESSIBILITY, AND DESIGN CONSISTENCY CRITERIA

In the absence of early wireframes, EvoRoads establishes validation criteria that will govern the development and
assessment of Skeleton, Surface, and demonstrator materials in D7.4. These criteria provide objective checkpoints for
usability, accessibility, and consistency across views and pilots.

Validation will focus on task completion and interpretability, not visual preference. Designs will be assessed on whether
representative personas can complete core tasks - such as acknowledging hazards, comparing KPIs, or preparing
planning summaries - without prior training, and whether confidence, provenance, and freshness are correctly interpreted
in context. Cross-view continuity will be tested to ensure that users can change perspectif@ without losing spatial or
temporal focus.

Accessibility is treated as a baseline requirement. Skeleton and Surface designs will to tecognised accessibility
standards (e.g. WCAG contrast ratios, focus order, keyboard navigation) and wi yCit pport non-visual cues for
critical states. This is essential given the operational contexts in which Ev@oad and the diversity of user roles
involved.

em ragier t a collection of bespoke dashboards.
Recurrent content types (alerts, advisories, work zones, indicators w the shared card grammar; navigation
patterns must behave identically across views; and terminolog confOrm to the controlled vocabularies defined

earlier. These criteria allow new views, pilots, or assets to be tf@ut fragmenting the UX.

Consistency criteria ensure that the platform behaves as a single syst

ace, and demonstrator materials can be evaluated
full visual realisation.

By defining these criteria upfront, EvoRoads ensures that Sk
rigorously and iterated collaboratively with Living Labs gven b

n,

Table 6: Design consistency criteria for Skeleton, Surface Demonstrator Materials

CONSISTENCY
DIMENSION CRITERION JHA _ MUST BE CONSISTENT ACROSS THE PLATFORM
Intent-preserving
behaviour

on patterns (acknowledge, explore, compare, act) behave the same

Interaction Patterns .
ws, regardless of role or pilot

Information ews organise content using the same conceptual structure, enabling rapid
Structure ientation and predictable drill-down

Content Alerts, advisories, work zones, indicators, and datasets expose title, scope, confidence,
Representation freshness, and provenance in a uniform way

Terminology and Research & Benchmarking View

Labels Researcher
Plannin Controlled Alert types, advisory actions, confidence levels, and geographic tags use harmonised
9 vocabularies terms across languages and jurisdictions
Navigation Predictable Switching views preserves spatial and temporal context unless explicitly reset by the
Behaviour transitions user
State Explicit non- Loading, degraded data, uncertainty, and restricted access states are visible and
Communication nominal states explained consistently
o Inclusive Keyboard navigation, focus order, contrast, and non-visual cues follow the same
Accessibility . . . .
interaction standards in all views
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CONSISTENCY

DIMENSION CRITERION WHAT MUST BE CONSISTENT ACROSS THE PLATFORM
Role and Scope Transparent Country and role scoping is applied uniformly and explained when content or actions
Enforcement constraints are unavailable
) . Meaningful Colour, hierarchy, and motion communicate priority, confidence, and status
Visual Semantics ) ) :
emphasis consistently, not decoratively

Documentation and  Alignment with Ul Tutorials and videos reflect the same structures, terms, and interaction logic present in
Training logic the platform

2.5.4 USABILITY AND USER EXPERIENCE EVALUATION APRROACH

To ensure that the Skeleton, Surface, and demonstrator materials deliver on the UX fou
EvoRoads adopts a structured approach to usability and UX evaluation. This appr
assumptions, identify usability risks early, and support iterative refinement in ¢

participants. ‘

e onas and intent flows defined in
Sections 2.2 and 2.4. Rather than assessing aesthetic preference, evaluati w amine whether users can effectively
complete core activities - such as interpreting hazards, comparing saf tors, or preparing planning material - while
correctly understanding confidence, freshness, and provenan ic attention will be paid to safety-critical
interactions, where misinterpretation or hesitation could have g onsequences.

ds operators, infrastructure and telecommunications
vant, citizen users. Scenarios will be grounded in pilot
| conteXts, data availability, and connectivity conditions. This
us environments in which EvoRoads is deployed.

defined in this chapter,
ed to validate design
ith pilot partners and LL

Usability evaluation activities will focus on representative tasks derived

Testing will involve role-appropriate participants, includin
engineers, planners, policy analysts, researchers, and, where
realities, reflecting differences between urban and
ensures that findings are relevant across the hetero

Evaluation methods will combine task-Rase roughs, scenario-driven usability sessions, and lightweight
heuristic reviews aligned with the design i riteria defined in Section 2.5.3. These activities will assess clarity
of navigation, consistency of interacti ns, legibility of information states, and accessibility aspects such as
keyboard navigation and focus manage re applicable, feedback will also consider learnability and cognitive load,
particularly for users who engage orm intermittently.

Findings from usability a s will be documented in a structured manner, distinguishing between critical
issues affecting safe ion and incremental improvements related to efficiency or comfort. This distinction
supports prioritisation overfitting the design to isolated preferences. Results will feed directly into iterative
updates of Skeleton and artefacts in D7.4 and into demonstrator refinements ahead of pilot activities.

By embedding usability and UX evaluation within the design lifecycle, EvoRoads ensures that the platform evolves in
response to real user interaction rather than assumption. This approach reinforces trust, supports adoption across roles
and countries, and helps maintain alignment between user needs, design decisions, and the platform’s operational and
analytical objectives.
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2.6 CONCLUSION: USER EXPERIENCE FOUNDATIONS FOR THE
EVOROADS PLATFORM

This chapter has established the UX foundations of the EvoRoads platform by systematically progressing through the
Strategy, Scope, and Structure planes. Beginning with a clear articulation of user personas and their goals, it defined the
strategic intent that anchors all subsequent design decisions. The Scope Plane translated this intent into functional
capability commitments and content requirements, deliberately avoiding premature implementation detail while ensuring
traceability from user needs to platform responsibilities. The Structure Plane then articulated how users interact with,
navigate through, and make sense of information within the platform. By defining interaction principles, information
architecture, navigation logic, and task and state models, the chapter provided a coherent framework that supports diverse
roles, heterogeneous pilot contexts, and both operational and analytical use. Concrete examples drawn from EvoRoads
technologies and views demonstrated how these abstractions apply in practice, ensuring tif@t the framework remains
grounded and actionable.

Importantly, this chapter has treated UX not as a visual afterthought, but as a sy
interpretability, and effectiveness. The explicit separation of planes preserves de
work on layout, visual language, and demonstrators remains aligned with rin
constraints, consistency criteria, and validation principles in advance of wire
for iterative design without relying on placeholder artefacts.

ions that shape trust,
e and ensures that future
content semantics. By defining
oads establishes a robust basis

With these experiential foundations in place, the project is positione e from conceptual coherence to tangible

realisation. Subsequent work will translate the structures defi re | concrete layouts, visual systems, and
demonstrator materials, while the following chapters turn to tive and methodological backbone - dynamic
safety criteria and KPlIs - that underpin the platform’s analytigelficre . Together, these strands ensure that EvoRoads
delivers not only advanced technology, but a usable, trustwo nd extensible platform for improving road safety across
Europe.
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3 DYNAMIC SAFETY KPIS FOR EVOROADS
PLATFORM

This chapter will delve into the development and application of dynamic methodologies for quantifying and updating traffic
safety criteria and related KPIs. The work builds on the foundations set in Chapter 2 and D1.1, focusing on how real-time,
data-driven safety measures can inform the user through the platform's user interfaces, whose UX was previously outlined.
These dynamic safety KPIs offer an enhanced, adaptable traffic system, providing business value by improving the
decision-making process for users and stakeholders in real-time.

3.1 THE TERM “KPI” IN ROAD SAFETY

Road safety KPIs (in this chapter simply referred to as KPIs) are metrics for evaluatin
loss of life and health on a given road network. For KPIs to be useful there mus
captured by the KPIs and fatality and/or injury outcomes. First when this relgti established should the KPI be
used to evaluate traffic safety policies and interventions. The most straightfi s of KPIs are those that aim to
measure the outcome directly, that is, to measure the number of persons injUfed and the severity of the injuries.
In this report we refer to these KPIs as Outcome KPIs. This terminology is, ple, used by the Swedish Transport
Administration [9]. Data for outcome KPls are usually sourced from ospital reports and are followed up on a
monthly or yearly basis.

rformance in terms of
tion between the metrics

Outcome KPIs are foundational to traffic safety because the
might not provide the necessary details to understand the
level. Furthermore, they are inherently reactive as they meas he outcome after the fact. Thus, there exists a wide
range of KPIs to measure aspects of the road netw traffic flow and user behaviour that correlate with outcome KPlIs.
For example, the Baseline project [10] focuses gR.so ell-established KPIs such as metrics concerning speed, safety
belt and helmet usage, alcohol, vehicle sgfety sWcture. Deliverable 1.1 provides a comprehensive catalogue of
KPls as input to the EvoRoads pilots an nd.

sure the end goal. However, these KPIs alone
rs leading to crashes and injury outcomes on a system

3.2 THE TERM “DY, IN ROAD SAFETY DATA

According to Oxford Lang dynamic” (of a process or system) is characterized by constant change, activity,
or progress. In road th& degree of dynamism refers to the temporal resolution at which the data can be
collected and analysed @il oral resolution can range from real-time updates to hourly, daily, weekly, monthly, and
yearly intervals.

An example of non-dynamic is data on the road infrastructure such as road type, number of lanes or the presence of
central barriers) that only very seldom changes. This can be interpreted as static data. On the other end of the spectrum
are real-time data, for example, traffic flow and speed measurements from roadside sensors or vehicle data that can be
continuously collected and updated frequently.

In EvoRoads we divide the data into three categories of temporal resolution:

High - real-time or near real-time (hourly). High temporal resolution is needed for data that is used to identify changes
that occur rapidly, or when events/states/incidents are detected in real-time.

Intermediate — ranges from daily to monthly. Intermediate temporal resolution data relates to slower changes than
real-time but still within the span of daily—-monthly.
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Low — static data that changes its nature very slowly. The temporal resolution with which the data is collected ranges
from yearly to near static.

The purpose of the broad categories above is to provide general guidance on the data requirements and common
implementation of the KPIs studied. This means that the temporal resolution in the context of the state of the art refers to
how the data is used to calculate KPIs. For example, if the sampling frequency of data is high but the KPI aggregates the
data yearly the temporal resolution for the KPI will be low. However, in this case there is a potential to design a new, better
KPI based on the higher temporal resolution.

3.3 DYNAMIC REPRESENTATION OF STATE-OF-THE-ART KPIs

To understand the association between traffic safety and the KPIs identified in Task 1.1 and
was performed. Based on the literature, KPIs were then grouped into broad categories and

sk 1.3, a literature review
d a temporal resolution
le 7 provides the KPI

TEMPORAL
COMMON EXAMPLES RESOLUTION
(SOTA)

KPI
CATEGORY

Qutcome Number of fatalities erson who dies within 30 days
(total / per capita / per as a result of a road onfirmed suicides and other
traffic volume) acute diseases are en possible. The definition of
seriously injured vari€gland is still most widely reported by Police
Number of seriously injured  where it ten &Persons who have sustained fractures,
(total / per capita / per crushes, , serious cuts, concussion, internal injuries or other

traffic volume) xpected to require hospitalisation. Hospital data is

Injury Scale). MAIS3+ (maximum AIS at 3 or above)
t other measures such as MAIS2+, ISS (Injury
ore), and PMI (Permanent Medical Impairment) are

Traffic Speed Very strong evidence for the positive traffic safety effect of reduced Intermediate.
(space or ti mean speeds and speeding. The power- and exponential models High potential
km/h / can be used to estimate the effects on outcome KPIs based on

mean speed reductions. The association between outcomes and
Flow other traffic KPIs is more unclear. Early work suggested links
( between crashes and speed variance (which depends on flow,
passing per time unit) occupancy and density), but this has been revised to some extent.
Several studies point to that speed variance may affect the
Density frequency of some types of crashes (e.g., property-damage-only
(number of vehicles per crashes) while speed effects all crashes.
length of road at a given Police and speed camera enforcement has been very successful
time) in lowering speeds and thereby increasing traffic safety. There is
also a large potential for increased speed compliance in vehicle
Occupancy speed management systems such as Intelligent speed assistance,
(proportion of time detector ~ Adaptive cruise control, and Geofencing.
is occupied) Ref: [15] [16] [17] [18] [19]
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KPI TEMPORAL
CATEGORY COMMON EXAMPLES DESCRIPTION RESOLUTION
(SOTA)
Road IRI Traffic flows and weather conditions cause deterioration of the Low.
surface (international roughness road surface pavement thereby increasing IRI, rutting and other Intermediate
maintenance index measured road condition measures. Several studies have found that both a potential
longitudinally, m/km) higher IRI and higher rutting is associated with higher crash risk.
Severe rutting can also lead to increased driver distraction.
Rutting However, the link between surface conditions and crash frequency
(rutting depth, mm) is nuanced where some studies report reverse associations and
other factors such as speed limits, weather, and road type may
PSI affect the results. The association with crash severity is even more
(present serviceability ambiguous where some studies suggests that both poor pavement
index, number typically 0 to  conditions and very good pavement conditions were assgci

5) with proportionally more severe crashes. This is likely d that

poor conditions may cause crashes due to more di i
PCI manoeuvring, risk of skidding and distracted dri
(pavement condition index, = good condition may invite speeding which increa

number 0 to 100) frequency and severity. Both PSI and PCI

ambiguous results. Furthermore, t h s report
Friction coefficient statistically significant results, the m effects are
(relationship between often rather small.

friction force and normal High road surface friction is import o)) e high traffic safety,
force) though it can be difficult to m sistently. Friction is not a
system feature as it is the |t rfaces in contact moving
Macrotexture relative to each other. T ends on both road user road
(mean profile depth / mean  contact (e.g., tires or p€Bd and angles, and it is also
texture depth, mm) dependent on wea coNgliti . Nonetheless, studies show that
reductions in crash n be achieved by enhancing textures and
friction, in particular t weather crashes. Proper maintenance
intai refore important and removal of loose
er debris is important, in particular to reduce VRU-
mple, studies have shown that loose gravel and
factor in bicycle and motorcycle crashes.
[22] [23] [24]

es have shown that slippery road conditions caused by Intermediate to
Be weather such as rain, snow, or ice increase crash High. High
encies This is due to reduced friction between the vehicle potential.

tires and the road surface. In particular, precipitation is associated

Weather Precipitation
(maximum rainfall / numbe
of rainy days in mon

Temperatu with increased crash frequency because even if drivers

(road surface | compensate for slippery roads, decreased visibility of rain or

air te of  snowfall increases crash risk. The effect of precipitation on injury

ZEero cri outcomes is not as clear. Thus, associations with crash risk may
not translate directly to associations with fatality- och serious injury

Fog outcome indicators. The effects of other factors such as

(average visibility m per temperature, fog and wind are inconclusive. Some studies have

time unit / minimum found an increased crash frequency from increased maximum

visibility m per time unit / wind gust though more research is needed to verify this. Climate

number of days with fog) changed is expected to bring more zero crossings (days where air
temperature passes below and above zero degrees Celsius) which

Wind may in particular increase VRU single crashes. Studies from

(average m/s wind per time  Sweden show that skidding from snow or ice is the most common

unit / maximum m/s wind type of single bicycle crash.

gust per time unit) Ref: [25] [17] [26] [27] [28]
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3.4 POTENTIAL IMPROVED OR NEW SAFETY KPIS

This section presents potential improved or new safety KPI's that can be collected within EvoRoads based on the tools
that will be developed. At this stage in the project, data collection, co-creation processes, and tools and systems
development are still ongoing. This means that the presented KPIs are first versions, based on task descriptions, initial
data descriptions and task meeting information, to be refined as the project progresses.

EvoRoads tools will be developed to, for example, measure infrastructure in larger detail compared to what is currently
done in many countries. These tools will generate improved and new types of data, enabling the calculation of safety
KPI's, related to the indicators in Table 7 with a higher temporal resolution compared to traditional methods. However,
before introducing new safety KPlIs, it is essential to establish a proven relationship between the KPI and safety. This
ensures that the KPI will be a useful tool for practitioners to monitor and improve traffic safety.

Section 3.4.1 provides an overview of a suggested methodology with concrete steps to estab
subsequent sections provides description of the suggested KPIs. Thereafter, Section 3.4.
KPIs of relevance for EvoRoads, considering the tools developed within the project.

3.41 OVERVIEW OF THE METHODOLOGY Py

such a relationship and
uggest Potential safety

Figure 7 provides an overview of the steps required to define useful safe at improving traffic safety. The
core objective, in accordance with Vision Zero, is to eliminate fatalities an ri jnjuries in traffic. Therefore, outcome
indicators are the most crucial metrics for tracking progress towards t Steps 1 and 2 emphasize the importance
of establishing a clear relationship between other indicators and th 0 icators to ensure the objectives of Vision
Zero are met. Only then can the indicators be considered useful fi ing traffic safety, with the goal of using them as
benchmarks to define and follow up on countermeasures ialblves defining specific safety KPIs, while Step
4.1 identifies the data sources needed to calculate these K nd Step 4.2 focuses on defining the temporal resolution

(dynamic representation) of the data sources. Finally, Step 5 o es the method for calculating the safety KPIs.

Step 6, marked in a lighter colour in Figure 7, is no
improving traffic safety. This step involves apply
The type of countermeasure depends o
actions, intermediate resolution support
projects. Depending on the data sourcq

core of the EvoRoads project but is perhaps the most crucial for
easures, which is when a change in traffic safety is expected.
solution of the KPI. High temporal resolution allows for immediate
stments, and low resolution is suited for long-term infrastructure
fety KPIs can have different temporal resolutions (high, intermediate, or
low). KPIs with high temporal resol real-time or near-real-time countermeasures, such as in-vehicle warnings
to drivers or traffic control meas as warnings on variable message signs. Intermediate temporal resolution KPlIs
enable adjustments on a‘@ai on basis, such as changes in temporal designs (road works) or infrastructure
measures based on (preventive measures to reduce risks of slippery roads). These KPIs are mainly
useful for infrastructu actors who can adjust temporal designs (e.g., roadwork contractors). Low temporal
resolution KPIs are suit easures requiring significant contributions, such as rebuilding infrastructure or road
maintenance, typically managed by local or national infrastructure owners.
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Step 1
Identify a suspected relationship between outcome
indicators and an infrastructure indicator.

Step 2
Verify the relationship through analysis of outcome
indicators and the infrastructure indicator.

Step 3
Identify how the infrastructure indicator can be
represented and calculated as a specific KPI.

Step 4.2
inet r ssi’ 2temporal resolution — when
is ~Ki =" 4? (might be more than one)

W Y

Step 4.1
Define a way to collect the data

Step 5
Define a methodology calcrla v ,or stimation
of tha I

Figure 7: Dg e required steps for defining safety KPI's

As D1.3 is the first version of a later § @ Ble, the goal is to outline the methodology rather than include specific
methodologies for specific safet n D1.4, 1-3 promising safety KPIs (within the core of EvoRoads project) will be
further evaluated and a folgerforming the steps in Figure 7 will be detailed.

3.42 POTE L Y KPI #1: SLIPPERY ROADS

Step 1 Assertion: Slipp , caused by fluctuating temperatures around zero (frequent zero crossings) and humidity,
result in more accidents.

The changing climate is expected to lead to more frequent occurrences of zero crossings (in temperature) in many
countries [29]. There are concerns that these zero crossings, particularly when combined with high humidity, will create
hazardous road conditions, resulting in slippery surfaces [30]. This could potentially lead to an increase in accident rates
under such conditions. Hence, safety KPIs that quantify slippery roads can indeed be of interest.

Step 2 Verification of Step 1: Identify if a correlation exists between outcome indicators (number of killed / injured /
crashes) and infrastructure indicators (road temperature around zero and humidity).

Previous studies have showed that slippery road conditions, such as those caused by rain, snow, or ice, significantly
increase the likelihood of traffic accidents (see, e.g., [31] [26] [27]). This is due to reduced friction between the vehicle
tires and the road surface, which can lead to loss of control and longer stopping distances. [31] showed that the risk of an
PU - PUBLIC
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accident was higher during snowstorms. [26] found that the relative accident risk was highest for icy rain and slippery and
very slippery road conditions. Further the temperatures below zero did result in higher relative accident risks. According
to [27] analysis of data on weather conditions and vehicle crashes, injuries and fatalities gathered for 13 U.S. cities showed
that there was an increase of 19 and 13%, for traffic crashes and injuries, respectively, due to winter precipitation
compared to dry conditions.

Additional to the state-of-the-art, a method for analysing the correlation between crashes and different parameters are
suggested in Section 3.5. Based on the data within the EvoRoads project it might be possible to analyse the relationship
between slippery roads and accidents, provided that data exists with good enough quality.

Step 3 and 5 Define the safety KPI related to “slippery road” and propose a methodology for calculating it: The
definition will be based on a state-of-the-art review and investigation of data sources from example data or data from Task
2.4 in the EvoRoads project. This step will be further elaborated in the next version of the deliverable and a methodology
for calculating the KPI will be proposed (D1.4).

Step 4 Available data and Temporal resolution: Task 2.4 (On-the-edge and connected
environmental conditions on the road, including fog, rain and asphalt temperature. T
data sources with a temporal resolution in accordance with the EvoRoads DMP.

ty systems) will detect
ovides an overview of the

Table 8: Overview of data sources for proposed KPI#1

TEM  ORAL

MEASUREMENT ‘ R\ 'OLL (ON

DATA SOURCE

Road and environmental Optical temperature sensor using infrar

temperature technology
Fog Sensor to detect fog High
Rain Sensor to detect rain High

Step 6 Propose countermeasures: Predictio istorical data of temperature and fog/rain, which may be used
to warn drivers about upcoming traffic s ri d to slippery road conditions.

This step is only to be part of the next v the Deliverable (D3.3) if it is feasible given the availability of data and the
resources within the project.

In case applicable, the foundatigglifor roposed prediction will be based on current state-of-the-art and the availability
of data. These models ca rn Mad users about increased risks of accidents due to slippery road conditions.

3.4.3 POTE L Y KPI #2: DISTRESS AND DETERIORATION OF
INFRAST RE

Step 1 Assertion: /R! increase the risk of accidents

Infrastructure does require updates due to that it wears out based on vehicle usage and weather conditions. Task 2.2 (Al-
based tools for cyber-physical road infrastructure monitoring) and Task 2.3 (Predictive maintenance and post-impact repair
analysis solutions) will develop tools for measuring and predicting needs for maintenance of the infrastructure. Distress
and deterioration measures such as IRI, pothole detection etc. will be used to predict the needs of maintenance. However,
the need for maintenance might be even higher if there is also a relationship between traffic safety and the distress or
deterioration, hence KPI’s related to IRI and risk of crashes might be of relevance.

Step 2 Verification of Step 1: Identify if a correlation exists between outcome indicators (number of killed/injured/crashes)
and infrastructure indicators (IRlI).
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[23] has found that there is a relationship between friction and International Roughness Index (IRI) and crash risk. Several
studies indicate that higher IRI values correlate with increased crash rates [32] [33]. For instance, [32] found that rigid
pavements with IRI values greater than 2.25 m/km are associated with higher crash rates, while an IRl around 1.50 m/km
suggests safer roadways. Similarly, in Alberta, Canada, an increase in IRl values is linked to a higher number of collisions
[33]. In Nigeria, crash rates increase with IRI values up to critical thresholds of 4.4 and 6.15 for specific road segments,
beyond which the crash rate drops [34]. However, according to [35] and [36] higher IRI values lead to reduced free-flow
and peak-hour speeds which might in turn be related to lower risk of severe crashes [24]. For example, a 2 m/km increase
in IRI can reduce free-flow speed by 3.2 km/h on 2-lane sections and 1.6 km/h on 3-lane sections 8 9. Various models
have already been developed to predict the relationship between IRI and traffic crashes. For example, negative binomial
regression models show that higher IRI values are significant predictors of both single-vehicle and multiple-vehicle
accidents [37] [24].

Additional to the state-of-the-art, a method for analysing the correlation between accidents a
suggested in Section 3.5. Based on the data within the EvoRoads project it might be possi
between distress and deterioration of infrastructure and accidents, provided that data exis

different parameters are
nalyse the relationship
od enough quality.

Step 3 and 5 Define the safety KPI related to “Distress and deterioration of4 re” in relation to traffic
safety and propose a methodoloqy for calculating it: The definition wiII@ ba state-of-the-art review and and
investigation of data sources from example data or data from Task 2.2 in th 0 roject. This step will be further

elaborated in the next version of the deliverable and a methodology for calglila he KPI will be proposed (D1.4).

Step 4 Available data and Temporal resolution: Task 2.2 (Al- Is for cyber-physical road infrastructure
monitoring) will provide distress and deterioration measures su R pothole detection. Table 9 provides an
overview of the data sources with a temporal resolution in accord the EvoRoads DMP.

Table 9: Currently identified data sources for potential KPI #2

MEASUREMENT DATA SOURCE TEM. "RAL RESOLUTION

Surface variations - to be Vehicle mounted sensors Intermediate

determined

Step 6 Propose countermeasures: Pre
indicate the need for maintenance bas

fety risks based on historical data of IRI, which may be used to
jc safety issues.

This step is only to be part of the n the present Deliverable (D1.4) if it is feasible given the availability of data

and the resources within the pr

In case applicable, the foun
of data. These m
improvements.

3.4.4 POTENTIAL SAFETY KPI #3: SPEED COMPLIANCE IN RELATION TO
PERFORMANCE OF COMMUNICATING SPEED LIMITS (CAV’S
READINESS)

Infrastructure is commonly classified according to its safety level, as seen in frameworks such as [38] and the Swedish
classification framework [39]. Speed has long been recognized as having a clear relationship with traffic safety [15] [16],
which is why speed limits are included as an important factor in these classification frameworks.

e proposed prediction will be based on current state-of-the-art and the availability
Ip ‘transportation agencies in decision-making for road maintenance and safety

With the introduction of new types of vehicles, such as connected and automated vehicles (CAVs), CAV functionalities
are becoming important. One of the early systems already introduced today, which must be part of future CAV
functionalities, are systems that can read and interpret speed limit signs through vehicle-mounted systems (e.g., video) to
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adapt the speed accordingly. In the future, it is even expected that physical signs will be complemented by digital
representations, allowing speed limits to be communicated directly to vehicles without requiring human or system vision
or GNSS. Therefore, the current safety KPIs should preferably be adapted to assess risks and benefits with CAV
functionalities, such as lack of speed compliance due to erogenous reading or communication of speed limits and the
possibility for higher compliance due to system helping the drivers to keep the speed limit. Additionally, these KPIs can
probably be monitored with higher temporal resolution, as it might be possible to acquire and communicate speeds from
individual vehicles with finer granularity compared to today's roadside sensor measurements.

Step 1 Assertion: The quality of the speed limit information communicated to vehicles through digital maps or read by
vehicle mounted video systems might have an impact on traffic safety for those vehicles.

Intelligent speed adaptation, ISA, [40] [41] was early proven to be an effective countermeasure to reduce speeding.
Recently, informative ISA has become a mandatory feature in new vehicles sold within EU (though the user can still
choose to turn the system off each time the vehicle is started). Mandatory ISA and geofencing(@&2] that provide resistance
in the gas pedal are now also emerging as a promising countermeasure by making it more r impossible to override
the speed limit.

Both intelligent speed adaptation and geofencing require accurate reading of sp through vehicle-mounted
systems or communication of speed limit zones via digital maps. Geofencin@ ie S or RFID technology to define
virtual boundaries, meaning the accuracy of these systems can be com eceiver quality, weather, urban
canyons, tall buildings, and other signal interference, leading to potential in@@cu s in speed enforcement [43].

Therefore, KPIs measuring speed compliance of vehicles with CA alities are crucial, as are KPIs that can
measure the accuracy of the speed limits communicated to drive$ by vehicle-mounted video systems.

Step 2 Verification of Step 1: Identify if a correlation exists b me indicators (number of killed/injured/crashes)
and infrastructure indicators (speed compliance, inaccuraci read or communicated speeds to vehicles compared to
speed limit).

Road traffic speed management is central for achie safe system. Reducing the traffic speed improves safety in two
main ways. Firstly, it decreases the reaction ti h ere is a greater chance to avoid a crash. Secondly, it lowers
~ njuries. Extensive research has been performed on the effects of

lowering the speed of traffic and there arg shed models to calculate the expected reduction of the number of
killed, seriously injured and crashes ba e mean speed decrease achieved by interventions [44] [16] [15]. These
models show that that even relativ ecreases in mean speeds can give significant reductions. As an example,

studied in 17 countries [4 results showed that speed compliance for cars on rural roads varied between 30 and 90
% depending on country. In Sweden, estimations have suggested a 20-25 % reduction in fatalities if all drivers complied
with the speed limits [47].

Step 3 and 5 Define the safety KPI: “speed compliance using individual vehicle data” and “discrepancies in speed
limits communicated to or read by vehicles compared to speed limit” and propose a methodology for calculating
it: The definition will be based on a state-of-the-art review and investigation of data sources from example data or data
from Task 2.2 and 3.4 and data presented in the EvoRoads DMP. This step will be further elaborated in the next version
of the deliverable and a methodology for calculating the KPI will be proposed (D3.3).

Step 4 Available data and Temporal resolution: Task 2.2 (Al-based tools for cyber-physical road infrastructure
monitoring) and Task 2.3 (Predictive maintenance and post-impact repair analysis solutions) will design vision Al-based
tools to detect and classify the status of traffic signs, where speed limit signs could be one such sign. Further, individual
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speeds from vehicles with CAV functionalities may be available from connected vehicle data or on-board sensors. Table
10 provides an overview of the data sources with a temporal resolution in accordance with the DMP (REF).

Table 10: Currently identified data sources for potential KPI #2

MEASUREMENT DATA SOURCE TEMPORAL RESOLUTION
Quality of speed limit sign Video-based (Task 2.2) High
Individual speeds On-board sensors High

(accelerometer data)

Individual speeds Connected vehicle data High

Step 6 Propose countermeasures

n. However, the need
epancies in speed limits
eed tor improvement of a digital

Step 6 will not be part of EvoRoads project since countermeasures for speed complia
for improved digital maps might be highlighted based on the safety KPI relate
communicated to or read by vehicles compared to speed limit” although thisﬁ mo

twin rather than implementation of a countermeasure. \

3.5 PROPOSED METHODOLOGY FOR IS OF CORRELATION
BETWEEN CRASHES AND ROA STRUCTURE
PARAMETERS

The methodology for analysis is being developed in t
cases. At this stage, a method for analysing the corr
models to a demonstration case has been dey,
Stockholm, Sweden, in preparation for
gathering are described in more detail i
methods has been analysed.

3.5.1 NOVEL METHO

EvoRoads, as outlined in
outcomes (fatalities, i
identification of correla

m with'¥he development of the EvoRoads platform and the pilot
n between crashes and road parameters by applying regression
demonstration case is based on already available data from
athered in the EvoRoads platform. The demonstration and data
. Furthermore, the state-of-art and feasibility of using more novel

ALUATE KPI'S RELATION TO SAFETY

ctured around 10 road safety metrics categories, which directly impact road safety
severities, total number of accidents). The selection of papers was guided by the
en specific road safety metrics and road safety outcomes, with a particular focus on:

O established modet$®hat remain highly relevant.
O innovative or less tested models that exploit new data sources and whose data can be gathered with greater
frequency or even in real time.

The following analysis of road safety models has been structured around three key categories, considering also future
project developments in the pilot's sites, which will strongly focus on infrastructure characteristics and optimal
maintenance:

O Infrastructure: e.g., road design, pavement status, and environmental conditions. The Highway Safety Manual
— HSM [48] serves as a fundamental reference for infrastructure-related road safety analysis. Originally
developed to provide quantitative evaluation methods for road safety improvements, the HSM incorporates well-
established statistical models, particularly Poisson and Negative Binomial Regression, for predicting accident

frequency based on roadway characteristics. In recent years instead, the European Commission [49] released
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the Network-Wide Road Safety Assessment (NWRSA), which is a systematic approach to evaluating road safety
across an entire road network, addressing both a reactive (crash based) and a purely proactive (feature based)
safety assessment. It relies on a combination of data sources, including traffic volumes, road geometry, speed
limits, roadside conditions, intersection layouts, and historical crash data. Unlike the Highway Safety Manual
(HSM), the NWRSA incorporates proactive risk assessment techniques, leveraging road infrastructure and
operational characteristics to identify potential hazards before crashes occur. The NWRSA goes in the direction
of harmonizing approaches for assessing infrastructure safety across Europe, at least on motorways and primary
roads. Besides these comprehensive frameworks, several other studies have been conducted also in recent
years to assess the impact of infrastructure characteristics on accidents occurrence and severity. The research
by [50] focuses on factors associated with injury severity for both single and multi-vehicle crashes using data
from over 550,000 crashes in Japan from 2019 to 2021. In particular, it explores different types of variables such
as those related to road infrastructure, traffic control, environment, vehicle and driver, and accident type. The
results show that traffic control variables had no significant effect on the injury single-vehicle crashes.
Guardrails were associated with higher severity in both single-vehicle and multi- ashes at intersections.
The impact of the centreline varied between intersections and non-intersecti -vehicle crashes.

k of 145] [44] [16] has played a

Traffic: e.g., congestion levels, speed variations, and flow patterns. T,

pivotal role in shaping our understanding of the relationship betwe arl@bles and accident rates. Recent
studies by [51] and [52] have explored the role of congestion i urrence, proposing a U-shaped
relationship where both extremely high and low congestion levels e rash risk. However, further research
is required to refine these analyses at finer spatial and temp s, as most existing studies focus on large-
scale urban correlations over extended periods (e.g., tred¥S). More granular, real-time assessments
could improve the knowledge on this topic, predictiv and policy interventions. Another study by [53]
from Australia proposed a different method to a orrelation between traffic congestion on total
crashes, fatal serious injury (FSI) crashes, and -only crashes in peak periods. Bayesian mixed-effect

negative binomial model investigates the rel
FSI crashes. In addition, Bayesian mixe
congestion index and the likelihood

nship b&®veen a congestion index and the frequency of total and
ect binary logistic model explores the association between the
tal crashes in Statistical Area Level 2 (SA2) zones. Results
indicate that traffic congestiongend ase total crashes in both the AM and PM peak periods and FSI
crashes in the AM peak period. ends to decrease the likelihood of having fatal crashes at both the
AM and PM peaks. Moreover; alilicle by [54] leverages big data and a Poisson model with fixed effects to
understand the causality of traNgis pestion on road accidents in ten cities in Latin America. Analysing over 10
show a positive non-linear causality of congestion on the number of
accidents. Over. gest that a 10% reduction in traffic delay would reduce accidents by 3.4%.

Us): e.g., incidents involving pedestrians, cyclists, and infrastructure devoted to
lated accidents presents significant challenges due to systematic underreporting in
conventional ¢ tabases. Traditional datasets may not capture pedestrian and cyclist risk factors
effectively, requiring alternative data sources such as video analytics, smartphone-based monitoring, and
crowdsourced incident reporting. Recent studies focus on different aspects of VRU-related road safety and crash
risk. A spatial analysis of VRU fatalities in Delhi highlights that fatalities are associated with demographic factors,
traffic characteristics, and built environment features [55]. Another study across 24 cities in five European
countries finds that cities with higher walking and cycling modal shares tend to be safer for vulnerable road
users, while low-speed road networks mainly reduce injuries for car occupants. This emphasizes the importance
of policies promoting active mobility to enhance safety for VRUs [56]. In addition, a study comparing different
ML models found that random forest is the most suitable method to predict crash severity starting from several
critical risk factors, including driver behaviour, road geometry, time, speed, and weather conditions [57].

The key statistical models adopted in the selected literature review include:
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Both Poisson and Negative Binomial models can also be used in their “zero-Inflated” ve
spatial and temporal dispersion of crash data.

¢ Poisson Regression Model [58] [48] and Fixed Effects Poisson Regression [54]: the Poisson Regression
model assumes that the number of crashes follows a Poisson distribution where the variance equals the mean.
It is commonly used in basic models to predict crashes as a function of variables like traffic volume and
infrastructure. However, it struggles with overdispersion (when variance exceeds the mean). The Fixed Effects
Poisson Regression extends this by incorporating fixed effects (e.g., site-specific or time-period-specific factors),
allowing control for unobserved heterogeneity across analysis units (e.g., specific roads or regions). This
approach is useful for longitudinal studies with panel data, capturing spatial and temporal variations more
effectively.

* Negative Binomial (NB) Regression Model [48]: unlike Poisson Regression, the NB model introduces an
additional dispersion parameter, making it more effective for over dispersed crash data, where variance exceeds
the mean. This model is widely used in safety studies because crash data typically exhibit overdispersion due
to unobserved influencing factors.

better account for the

¢ Bayesian Mixed-Effects Negative Binomial Regression [59]: this m ilds Upon the standard Negative
Binomial approach by incorporating Bayesian inference and hierafhica ctilfes, allowing for flexible updates
with new data. It is particularly useful when incorporating prior domain expertise and enables a
probabilistic interpretation of crash risks. Bayesian approaches alg@ ac t for uncertainty more explicitly and
improve robustness when dealing with small datasets.

Bayesian Mixed-Effects Binary Logistic Regression is a statistical approach used to predict a binary
outcome while accounting for both fixed effects (pre it@¢onsistent influence across groups) and random
effects (group-specific variations). The Bayesi ramework allows incorporating prior knowledge and
quantifying uncertainty in parameter estimategthroug bability distributions. This method is particularly useful
when data are hierarchical or clustered. | puts posterior distributions for model parameters, offering more
flexible inference than traditional frequentis roaches.

Bayesian Hierarchical Modeliag A with a Poisson-lognormal Regression Model [55]: This model
is used to analyse count data of accidents) with varying levels of grouping, such as areas or
regions. The model assumes ow a Poisson distribution, while allowing for overdispersion by modelling
the rate with a lognormal di . Hierarchical structure captures both local (within-group) and global
(between-group) effect ach is particularly suited for spatial or nested data with random variability.

°
o
o
(7]
]
X
@
o
c
o
@
o
-

ression and Ordered Logit [50]: Bias-reduced logistic regression is a variation of
ioWdesigned to address small-sample bias or separation issues. It applies a penalized
produce more reliable parameter estimates, especially when traditional maximum
likelihood estim ils or yields infinite estimates. Ordered logit is used when the dependent variable is
ordinal, that is, it has a natural order (e.g., satisfaction level: low, medium, high). It estimates the probability of
an observation falling into each category, assuming the relationship between each pair of outcome categories
is the same.

Power Model/[Exponential Model [16]: often used to estimate speed-accident relationships. The main
difference between the two is that with the Power model the effect of change in speed is independent of initial
speed, while with the Exponential model the effect depends on the difference in speed before and after a change.
Both models, however, have been demonstrated to fit data well.

Machine Learning-Based Approaches: these approaches leverage advanced computational techniques to
integrate real-time traffic monitoring data and improve predictive accuracy. Some of the commonly used models
include:
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o Random Forest (RF) [57]: A decision tree is a flowchart-like structure in which each internal node
represents a test on an attribute, each branch represents the outcome of the test, and each leaf node
represents a class label. The paths from root to leaf represent classification rules. A Random Forest is an
ensemble learning method based on Decision Trees. Unlike a single decision tree, a random forest builds
multiple decision trees (estimators) during training and combines their outputs (via averaging for regression
or majority voting for classification). This approach helps improve the model's accuracy, reduce overfitting,
and enhance generalization. The described models capture nonlinear relationships and interactions
between different risk factors.

o Multiple Linear Regression (MLR) [56]: This is a method used to model the relationship between one
dependent variable and two or more independent variables. It aims to fit a linear equation to the observed
data by minimizing the sum of squared differences between actual and predicted values. It represents a

o Deep Learning and Neural Networks [60]: emerging methods that levera cale sensor and video
data to predict crashes with high accuracy. Convolutional Neural Netw: and Recurrent Neural
Networks (RNNs) have been explored for their ability to proces temporal traffic patterns,

respectively. ‘
i s, ranging from traffic conditions

es ta are highly relevant, despite their
iSia|so important to notice which of these data

real-time) enhancing the accuracy and
vative data sources.

The different road safety models use various safety metrics (covariates) as
to infrastructure characteristics. One key aspect is understanding which o
collection methodology and needed update frequency. On the other h i
can be collected and modelled with high temporal resolution

applicability of predictive models, exploiting modern technologigs

Among the most critical and widely used data sources, th req g high accuracy and sufficient spatial resolution
include:

o Traffic data
e Speed limits and operating speeds
e Congestion levels
o Population density

Accurate traffic volumes (AADT), disa
estimation methods, such as si i
monitoring stations and cogam data providers (e.g., Here, TomTom) offer more reliable insights that could be
integrated systematically i calibration procedures.

Additionally, infrastru eristics play a significant role in road safety assessment. Key elements include:

e Intersection c
roundabouts).

o Road geometry (curve radius, lane width, number of lanes, lane slope, pavement conditions, centreline, visibility
- presence of black spots).

o Safety barriers and lane boundaries.

(e.g., simple four-leg intersections vs. complex multi-intersection nodes,

While some of these variables remain static over time, they are still challenging to obtain (e.g., accurately measuring
curvature radius). Other variables instead have the potential to be gathered with high temporal resolution, such as
pavement conditions and visibility.

Finally, crash data remains a fundamental input since they are the key output variable of the considered models, ideally
including detailed geolocation and severity classification (fatalities, injuries). These datasets, typically updated annually,
are essential for model calibration and validation. However, it should be noted that these data could become obsolete

PU - PUBLIC
D1.3 — KPIS QUANTIFICATION METHODOLOGIES, DATA SPACE, USER INTERFACES AND INTEGRATED PLATFORM V1

Funded by Project funded by o . 73
the European Union O . C .

Swiss Confederation



-VONDADS

whenever referred to previous infrastructure conditions, then updated through corrective measures or even more
significant changes.

3.5.2 LOGISTIC REGRESSION APPLIED TO DEMONSTRATION CASE

When the outcome variable is binary (e.g., crash/no crash), logistic regression is a relevant starting point for exploring
associations between outcomes and road network conditions. This section provides an overview of how this methodology
was applied to the demonstration case presented in Section 3.6 below. The method was used to determine if the probability
of a crash increases or decreases when the values of chosen numeric predictor variables increase. This serves as an
early example of how proposed methodologies could be applied to the data that is being gathered to the EvoRoads
platform.

The applied logistic regression model finds the best fit coefficients Bo, B1, ..., Bnto the logistic regression equation

log <1§(7;sz)> = Bo + BuXy + BoXote.. B X,

where p(x) is the probability that a crash occurs and X1, Xz, ..., Xn are the predicto
Matlab (function ‘fitglm’ with binomial distribution) which uses the maximuWeli

he model was fitted using
hod for model estimation.

The methodology applied can be summarised in the following steps: \
1. ldentify relevant crash data for the dependant variable.
2. ldentify relevant predictor data that could be associated with t e crash.
3. Check for multicollinearity (remove predictor variables th ighly Correlated with other predictor variables).
4. ects for this example).
5. ue > 0.05) predictor variable with the highest p-

value at a time.
6. Calculate the odds ratios for the significant p

Run the regression with all predictors (not including i
Use backwards elimination, removing one non-sig nt
tor varidbles.

The odds ratios (ORs) describe how much the S crash increases (OR > 1) or decreases (OR < 1) when the
predictor variable increases by one unit. R of 1.1 means that the odds of a crash increases by 10 %
indicating a positive association with cras\gi ariable.

3.6 DEMONSTRAT E - VISUALIZATION AND ANALYSIS

To demonstrate how geog j rmation systems (GIS) and statistical methods can be used for visualisation and
caSe was developed in Task 1.3. The purpose was to provide inspiration and begin
development of analysi early in the project before the EvoRoads platform design and data gathering had begun.
The chosen case was rur ds in Stockholm County, Sweden, a site that shared many similarities with the pilot sites
and for which data was already available. It is also the area in Sweden with the highest penetration of traffic measurements
due to the traffic intensity. The idea was to develop a conceptual GIS framework to show what such a tool could look like
and how it could be applied. The tool includes available data sources covering a wide range of information, and the data
has been evaluated for availability and relevance to the purpose. Examples of relevant data are infrastructure information
(speed limit, number of lanes, road standard, etc.), traffic information (vehicle flows, ongoing work zones, etc.), historical
crash data (position, severity, etc.), weather data, etc. The developed demonstrator GIS-model can be interpreted as a
digital twin (similar to what is developed within Task 3.1). However, this GIS-model is only for demonstration of how the
tool can be used and is not implemented as an interactive tool within the EvoRoads project.

The following subsections describe the data sources used, the visualisation framework and the results from the data
analysis using logistic regression.
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3.6.1 HIGH TEMPORAL RESOLUTION DATA

To limit the number of data sources and keep the focus on road safety characteristics, priority was given to data related
to traffic, road surface, and weather. Several data sources can provide similar data (e.g. traffic conditions can be estimated
from floating car data, Global Positioning System (GPS) service providers, etc.), but the data sources listed below were
those that provided high quality data and offered a high degree of freedom in terms of area coverage and penetration.

3.6.1.1 GOOGLE DATA

Through Google APIs such as the Distance Matrix API or the Directions API [61], travel times in traffic can be estimated
based on real-time measurements. The response from the platform includes the journey time and length for a specific
route with user-defined start and end points. This source gives the user a high degree of freedom as the data covers large
areas and allows the user to determine the length of individual segments. Potential disadvantages include that information
on the number of contributing vehicles (penetration rate) or vehicle types are not included in data. Journey times are
also given as integers in seconds, which can be limiting when defining short distances (w not capture variations
in time).

Data is available in both real time and generalised for typical conditions at the
data is available free of charge, but larger amounts of calls to the API are @ ct

3.6.1.2 DATA EXCHANGE PORTAL

The Data Exchange Portal is a service provided by the Swedish Tran inistration [39] that makes it easier to find,
understand and use their data. It makes available a variety of info related to the transport system, such as
C.
4

ime of day. A limited amount of

¢ Real-time data for traffic information, weather, traffic

¢ Information on the road and rail network, including numbers, road pavements and speed limits, etc.
e Environmental data on traffic impacts, such asoise a ir pollution

¢ Information on planned and ongoing maint ce work

¢ Images from cameras observing traffic coaditi or road surface

The data is open and accessible to the p
retrieve data, but creating an account j
measurements, journey times, road co
Note that only real-time data is avail@ble
retrieve data.

3.6.2 INTERMED PORAL RESOLUTION

This type of data desc char@Bteristics that change over time but are less dynamic in terms of significant changes from
a short-term perspective, g less need for real-time representation.

3.6.2.1 METEOSTAT

Meteostat is a platform providing open weather and climate data from weather stations around the world. The platform
uses an open data policy and offers detailed historical weather observations and climate statistics based on thousands of
weather stations. Data is available for each weather station, and it is possible to download data directly from the official
website or by using API. Data includes the following information:

rtal website [62]. Login is required to create a personal token and
is specific project, real-time data is used in the form of traffic
affic information, weather data and cameras in the road environment.
e platform, historical data requires other technical solutions to order and

e Temperature
e Perception

e Wind speed

e Wind direction
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o Air pressure

Data is free and accessible to locations all over the world [63].
3.6.2.2 STOCKHOLM CITY

The City of Stockholm uses traffic measurements to monitor patterns in the transport system and to develop and ensure
that the city offers relevant services in the form of safe and reliable transport solutions for citizens. The measurements
are open traffic data available through the website Miljobarometern and the City of Stockholm's data portal [64]. Through
these services it is possible to retrieve information on:

o Traffic flows divided into the number of light vehicles, heavy vehicles, motorcycles, and bicycles. These flows
are primarily based on sample measurements but have then been distributed over links.

o Actual traffic measurements (sample points). Data is compiled down to 15-minute int
traffic flow and average as well as the 85th percentile for speed.

¢ Flows of electric scooters (only at fixed measurement points).

e Locations for electric scooters and city bikes.

als and includes both

There is also aggregated data from the congestion charging scheme and‘)ee tions for individual measuring
points with a long historical perspective (back to 1991). \

3.6.3 LOW TEMPORAL RESOLUTION

This type of data usually includes characteristics such as infrastr, I nts, legislation, population, documented

correlated effects, etc. Data often contain long time series and
conditions change.

3.6.3.1 NATIONAL ROAD DATABASE (NVDB

The Swedish National Road Database (NVDB) [6 cludes detailed information on Sweden's road network and its
characteristics. It is managed by the Swedish Tr. inistration and is used to support various traffic and transport-
related services and analyses. The databgse i inf@rmation that can be categorized into the following classes:

updated as needed, either regularly or when

e Road equipment (e.g., speed cag strips, speed bumps, noise barriers, wildlife fences, etc.)

o Traffic regulations (speed limits ing classes, road maintenance authority, restricted axle load, etc.)
es, intersections, bridges/tunnels, pavement layers, etc.)

e Other administrati type, road number, traffic safety classification, road type, environmental

The database inclu i fety classification of roads and intersection divided into perspective of cars and
pedestrians/walking, wit to 4 (1 = very good, 4 = low). The classification is based on the design of road (median
barrier, separated bicycle path etc.) and historical information about occurred incidents. The classification does not cover
the complete road network (only a part of the national road network).

The database covers the full road network in Sweden independent of road operator (governmental, municipal or private
road) and type of road (car, bike, pedestrian). Data is considered historical and covers the available road infrastructure
elements, data also includes time dimension enabling analysis of historical infrastructural designs and developments over
time. The data is open access and provided without a fee.

3.6.3.2 PAVEMENT MANAGEMENT SYSTEM (PMSV4)

Pavement Management System version 4 (PMSv4) [66] is a tool used by the Swedish Transport Administration to manage
and analyse data on the condition of the state roads in Sweden. Data is mainly collected through road surface
measurements carried out by measuring vehicles equipped with different instruments to read road surface characteristics
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(e.g. laser, optical sensors, ultrasonic sensors, GPS, etc.) Road surface measurements are carried out annually or every
two years depending on the road category. The available data can be broadly classified as:

e Road geometry (curvature, gradient and crossfall)

e Road surface characteristics (IRl (International Roughness Index), rut depth, edge depth, surface damage, rut
width, etc.)

e Pavement information (laying date, binder, thickness, warranty periods, etc.)

Data covers the national road network and the resolution is as detailed as 20 or 100 meters. Data is considered offline or
historical and covers the actual road standard, data also contains time dimension allowing analysis of historical road
surface measurements [67].

3.6.3.3 OPEN STREET MAP (OSM)

OpenStreetMap is a collaborative platform (OpenStreetMap, 2024) which aims to create
maps. It contains data under an open license and allows anyone to contribute, edit, and u

ribute free and editable
p data.

The map includes similar information to the National Road Database (NVDB) but g ide service containing not
only road related information but also objects related to other transport modsan @ gs (like buildings, lakes etc.) [68].

3.6.3.4  STATISTICS SWEDEN (SCB) \
Statistics Sweden (SCB) is the national statistical agency in Swede d\@perat€s under the ministry of finance. The
O

agency is responsible for producing official statistics regarding pop omy, education, labour market etc.

Statistics Sweden offers a wide range of open access data that le through external website or API. Within the
GIS-tool, data is included covering population, urban and ¢ y ries. Population is provided in grid format with
resolution of 1 000 meters, data is considered as offline an des time dimensions enabling visualization of historical

developments [69].

3.6.3.5 SWEDISH TRAFFIC ACCIDEN

The Swedish Traffic Accident Data Acquisitio
traffic accidents and injuries within the roa
the police, reports from emergency hos
developing and managing the syste

TA ACQUISITION (STRADA)

[70] is an information system that collects and manages data on
stem in Sweden. Data is collected through reports of crashes from
, and the coast guard. The Swedish Transport Agency is responsible for

The resolution of the data is divel€d i
perspective. Available dat
following information;

ach crash occurrence, the data is considered as offline and includes historical
da Consists of a range of attributes related to each individual crash, for example the

e Location

e Accident type
e Severity and combined severity
¢ Road conditions

¢ Road surface

o Weather conditions

e Coordinates

The data is not public available, VTI as an authority has access to data extracts.
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3.6.4 VISUALIZATION

The listed geographical information in previous chapters is included within the developed GIS-tool designed to visualize
different characteristics affecting traffic safety for road users. Figure 8 gives an example of how the GIS-tool can be used
to display and analyse data to visualize traffic related KPIs and identify hot spots with increased risk for traffic incident.
Furthermore, Figure 9 provides a screenshot of the actual GIS development environment that has been used.

Figure 8: lllustration of the GIS-tool including different layers with traffic safety related information. From the bottom layer with
infrastructural data (road eftc.), layer with population, layer with historical traffic measurements, layer with road standard observation,
layer with live data about surface temperature, layer with live updates from traffic cameras, layer with heatmap of historical
information about incidents.
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e Oyckstyp

Figure 9: The demonstrator case developme t implemented in ArcGIS Pro.

3.6.5 ANALYSIS AND RESULTS

The year 2023 was chosen for demonstration. Ap the method outlined in 3.5.2, police reported crash data were
retrieved from Strada and matched to rural r 9) national road network within Stockholm County by GNSS
coordinates. In total, close to 900 kilome re‘included in the analysis. The roads were divided into 100 metre
segments and aggregated values for eacl re retrieved from the sources listed above to obtain the following
predictor variables (KPI categories are ¢ parenthesis):

Rut depth (Road s € maintenance)
e Surface temperature (Weather)

Initially, road width was also included, but analysis of multicollinearity showed a high correlation between road width and
speed limit (since wider roads are designed for a higher speed limits). Therefore, road width was excluded from the
analysis. The variable with the highest temporal resolution was surface temperature, where daily measurements from
weather stations where obtained. Thus, the model features one observation per day and per 100 metre road segment for
the year 2023. Note that average daily traffic (ADT) was estimated from yearly averages (AADT) using indices that scale
the values based on vehicle type, month, and day of the week.

Two models were considered: the first with dependant variable Killed or Seriously Injured (KSI) crash (one if a killed or
serious injury crash occurred on the road segment on that day, zero otherwise) and the second with dependant variable
Slight crash (one if a slight injury crash occurred on the road segment on that day, zero otherwise).
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The results for the final KSI crash model showed statistically significant (p < 0.05) associations between KSI crash
occurrence and IRI, as well as between KSI crash occurrence and ADT. The regression results are provided in Table 11.

Table 11: Final KSI crash model results. Ch"2-statistic vs. constant model p-value = 0.000.

PREDICTOR ESTIMATE P-VALUE

(Intercept) -11.839 0.189 -62.723 0 0.000
IRI -0.107 0.052 -2.033 0.042 0.897
ADT 0.000 0.000 5.098 0.000 1.000

Note that although ADT is technically significant, the estimate is very close to zero and ther
close to one. This means that ADT has no practical effect on the odds of a KSI crash oc or IRI, however, there
appears to be a negative association, where the odds of a KSI crash occurring is re ut 10 % for every unit
that IRI increases. Though deeper study is required to draw any definitive co S, result contradicts some
previous studies on IRI (see Section 3.3.9), while it is in line with other studi‘tha that lower road surface quality
may lead to better traffic safety, possibly because it causes the driver to low of the vehicle.

e the odds ratio is very

The results for the final Slight crash model showed statistically significant
occurrence Rut Depth, Edge depth, ADT as well as Speed limit (see
in terms of actual effects on the odds of a slight crash, ranging
these two models do align with the previous literature concerni
type of crash considered.

< ) associations between Slight crash
Table 12). However, all results are minor

9% to 2.5%. Nonetheless, the results from
erent KPIs may be relevant depending on the

Table 12: Final Slight crash model results. Ch”2-statistic vs. constant del p-value = 0.000.

PREDICTOR ESTIMATE T-STAT P-VALUE ODDS RATIO

(Intercept)

Rut depth 0.005 2.809 0.005 1.015
Edge depth 0.003 —7.547 0.000 0.975
ADT 0.000 25.556 0.000 1.000
Speed limit 0.003 -5.36 0.000 0.986

3.7 CONCLUSIONS AND NEXT STEPS

Table 13 summarises the findings from the work conducted so far in Task 1.3. Three potential safety KPIs have been
identified as having a strong connection to EvoRoads’ tools and pilots. These KPIs will be further explored in the next
phase of the project.
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Table 13: Description of potential safety KPIs that may be related to traffic safety impacts and relations to task and pilots that will be
further investigated within EvoRoads.

POTENTIAL RELATIONS TO TASKS/PILOTS AND TEMPORAL
MEASUREMENTS DATA SOURCE RESOLUTION

SAFETY KPI PROPOSED NEXT STEPS

In Task 2.4, tools will be developed to

collect the proposed measurements for Road and ¢ Optlc?l
assessing slippery road conditions on a oad an emperature High (collection
high temporal resolution SUTTITENEL sensor using frequency high)
’ temperature infrared
technology

The HAIM-tool is one of the tools
developed in Task 2.4 will be able to collect
road surface temperature, ambient
temperature, detects road obstructions,
and counts vehicles passing through the Sensor todetect High (collection
area where it is installed. Once the Fog g frequency high)
relationship between safety (outcome

indicators such as fatalities and serious

injuries) and slippery roads, or the specific

measurements collected during the pilot,

has been verified (as a next step of Task ‘
1.3), it will be possible to propose refined

safety KPIs based on the temporal

resolution of the data.

Countermeasures, such as smart lightning A Sensor to detect High (collection
and app warnings, used to warn driver rain frequency high)
about upcoming slippery road conditions

are expected to be developed within Task ‘

Slippery roads

3.2 and 3.3. An app to warn road users

about hazards such as slippery roads ar
expected to be developed as part of |
work in Task 3.1, 3.4 and 4.2

In Task 2.2, Al-based togls for,
road infrastructure monf@hing

surface variations on a
resolution. However, t

k 2.2 will be used to

urface data. Once the

etween safety (outcome Surface variations -to ~ Vehicle mounted
indicators such as fatalities and serious be determined sensors
injuries) and distress and deterioration

measured as surface variation

measurements collected during the pilot

has been verified (as a next step Task

1.3), it will be possible to propose refined

safety KPIs based on the temporal

resolution of the data.

Intermediate
(collection
frequency high)

Distress and
deterioration of
infrastructure

Countermeasures enabling predictive
maintenance and post-impact repair
analysis solutions are being developed
within Task 2.3. Predictive maintenance
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POTENTIAL

SAFETY KPI

RELATIONS TO TASKS/PILOTS AND

PROPOSED NEXT STEPS MEASUREMENTS

DATA SOURCE

TEMPORAL
RESOLUTION

Speed
compliance in
relation to
performance of
communicating
speed limits
(CAVs
readiness)

PU - PUBLIC

and post-impact solutions are forecasted
based on clustering algorithms that
consider surface condition (e.g., IRl or
texture roughness), historical deterioration
trends, as well as environmental and
traffic-related data allowing us to predict
which road sections are likely to deteriorate
soon and require maintenance. If
correlations are confirmed between surface
variation measurements and outcome
indicators, such as fatalities and severe
injuries, the proposed solutions may
incorporate safety criteria, derived from the
developed safety KPlIs, as an additional
parameter. This would allow for decision-
making based on traffic safety aspects as
well when prioritising and conducting

maintenance activities and post-impact ‘

repair analyses. However, the potential

correlation must be evaluated as part of

Qualit it

future work of Task 1.3.

In Task 2.2 and Task 2.3, vision-based Al- Video-based
algorithm for traffic signs. The tool may be (Task 2.2)
used to detect and measure the quality and
readability of speed limit signs.

dividual speeds On-board
Based on the quality measurements of sensors
road signs, it is possible to design saf; (accelerometer
KPI's as part of next steps of Task data)
One example is percentage of spee
signs successfully read Individual speeds Connected
which can serve as an i vehicle data

wilY affect the overall
e vehicles with active
stems. This might be
some extent as part of next
steps of Task 1.3, if such studies already
exist.

Countermeasures include maintenance of
signs to increase readability, which allow
correct reading of speed limits signs and
thereby an increased level of speed
compliance towards legal speed limits for
vehicles with passive and active speed
limiting systems.

High
(collection
frequency high)

High
(collection
frequency high)

High (collection
frequency high)
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4 EVOROADS INTEGRATED PLATFORM
ARCHITECTURE

This chapter will describe the architecture of the EvoRoads platform using the 4+1 architectural view model, which
organises the platform into five complementary perspectives: logical, development, process, physical, and scenarios.
It will give a detailed account of core services, data stores, pipelines, and interfaces, and the ways they collaborate to
realise the functional capabilities and satisfy the requirements identified earlier. From the developer’s vantage point, the
chapter will make explicit the contracts between components, the dependency boundaries, and the cross-cutting concerns
(performance, availability, resilience, privacy, auditability, interoperability, and observability) fhat shape implementation
choices. It will also set out how users and systems access the platform (single Dashboa role-based control and
country scoping, companion mobile applications, and public/research APIs), how third pa xercise interfaces in a
sandbox, and how assurance is obtained through conformance testing, security te d Tdependent verification
activities.

Within the logical view, we will decompose the domain into services for datagng sion and analytics, digital-twin
computation, alerting and advisory orchestration, and presentation. The e view will map these elements to
source repositories, modules, and libraries, including coding standards. The @koc view will capture concurrency, event
flows, and runtime interactions across services and edge nodes, with a scalability and graceful degradation. The
physical view will describe deployment topologies across cloud, ise, and edge/roadside environments, detailing

environments (development, test, staging, production), teleme
anchor the architecture in representative use cases - drawn
- to validate key paths and trade-offs.

4.1 LOGICAL VIEW: CORE C

u@and disaster recovery. The scenarios view will
platform views described in the previous chapter

th

ONENTS AND INTERACTIONS

The Logical View of the EvoRoads Integrate rchitecture focuses on the static organisation of the system’s
software modules. It provides a detaile® of the system’s building blocks, describing how the platform is
structured at the code and module levg emphasises the separation of concerns and the modularity of the
platform, ensuring each component ca @oped, maintained, and tested independently.

411 SCOPE AN HE LOGICAL VIEW WITHIN EVOROADS

The Logical View plays a ¢ jn the description of the EvoRoads Integrated Platform Architecture by providing a
structured, technolo presentation of the platform’s functional composition. In a project characterised by
heterogeneous technol tiple pilot contexts and a strong emphasis on user-centred design, the Logical View
establishes a common arc tural language that connects user needs to system integration. Its primary purpose is to
describe what the integrated platform does and how its main functional responsibilities are organised, independently of
implementation choices or deployment constraints.

4111 WHY THE LOGICAL VIEW IS NEEDED IN EVOROADS

EvoRoads integrates capabilities developed across several WPs, ranging from data acquisition and analytics to digital
twins and user-facing services. Without an explicit logical decomposition, these capabilities risk being interpreted as
independent solutions rather than as parts of a coherent platform. The Logical View addresses this by identifying the
principal functional areas of the integrated platform and clarifying their roles and interactions at an abstract level. This
abstraction is particularly important in EvoRoads, where components are developed by different partners and may evolve
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asynchronously. By focusing on logical responsibilities rather than technical implementations, the Logical View provides
a stable reference that supports consistency throughout the project lifecycle.

41.1.2 RELATIONSHIP TO LIVING LABS, PERSONAS AND USER NEEDS (TASK 1.2)

The Logical View is directly grounded in the outcomes of Task 1.2, which focused on Living Lab activities, persona
identification and the elicitation of user needs. These activities revealed distinct user groups - such as road authorities,
infrastructure managers, analysts and decision-makers - with differing expectations regarding data access, analysis,
visualisation and decision support. The Logical View translates these findings into functional responsibilities, ensuring that
the integrated platform is structured around what users need to do, rather than around individual technologies or
algorithms.

Rather than prescribing user interfaces or interaction details - which are extensively discussed in Chapter 2 - the Logical
View provides the functional backbone that enables those UXs. For example, require ts related to situational
awareness, safety assessment or infrastructure prioritisation are reflected in logical co ts responsible for data
aggregation, analytics orchestration and information exposure. In this way, the LogicalVi es continuity between
user-centred analysis and architectural design, without duplicating the detailed UX a iderations already covered
elsewhere in the present document.

4113 ROLE IN SYSTEM INTEGRATION (TASK 1.5)

As a core output of Task 1.5, the Logical View underpins the integration gf thimds platform. Integration in EvoRoads
ries

is not limited to technical interoperability but involves the coordina tion of functionally distinct components
developed across WPs. The Logical View defines clear functional d interaction points, enabling components
to be integrated incrementally while preserving overall co g is is particularly important given that some
components may be deployed differently across pilots or agéiigte al constraints. The Logical View thus serves as
the primary integration blueprint, guiding how platform capabi are composed and exposed to users.

411.4 CLARIFYING PLATFORM BO ARIES AND EXTERNAL INTERFACES

A key aspect of architectural discipline is the e n of system boundaries. In EvoRoads, the integrated platform
comprises the logical components respa@iibl ingestion coordination, analytics and digital twin services, safety
indicator computation, and user interactigiilis alisation. These components collectively deliver the functionality
perceived by end users through dashbg @ ools described in Chapter 2.

At the same time, the Logical Vie nguishes external systems that are interfaced but not part of the platform.
These include data sourc ird parties, pilot-specific sensing infrastructures, and external data spaces with

defined interfaces, r internal components, the Logical View avoids scope creep and clarifies responsibility
boundaries.

41.1.5 ARCHITECTURAL DISCIPLINE AND SCOPE CONTROL

By grounding the platform architecture in user needs (Task 1.2), clearly defining functional responsibilities, and
distinguishing between internal platform components and external systems, the Logical View demonstrates architectural
discipline and scope control. This approach ensures that EvoRoads remains focused on delivering an integrated platform
that addresses validated user needs, while remaining interoperable with external ecosystems. The Logical View thus
provides a solid foundation for the subsequent architectural views, which will elaborate on behaviour, development and
deployment aspects without revisiting fundamental questions of purpose and scope.
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41.2 INTEGRATED PLATFORM HIGH-LEVEL FUNCTIONAL DECOMPOSITION

The EvoRoads stack is organised in seven cooperating layers that separate concerns cleanly while preserving end-to-end
provenance, privacy, and auditability. The objective is to move from diverse signals to trustworthy decisions, with each
layer adding structure, confidence, and control before handing off to the next. Figure 10 illustrates the layered concept,
and Figure 11 maps responsibilities to the WP structure to clarify ownership and conceptual touchpoints.

End user

Interface and
Application Layer

Data Space and
Interoperability
Layer

Harmot
*ayer

Edy ‘rocesssing
‘Fi.  ing Layer

»ensor and
Acquisition Layer

Pilot site/edge

even Conceptual Layers of the EvoRoads Platform Architecture

At the base, the Sen uisition Layer gathers field data as close to origin as possible. This layer spans on-
edge and in-situ source dded sensors and roadside units (RSUs), on-board units (OBUs) reporting signage
condition and driver—vehicle interactions, vehicle-borne kits on micro-mobility fleets, and strategic sources such as drone
imagery and satellite products. Data ingestion capabilities at the perimeter provides authenticated ingest, buffering, and
time—space normalisation, ensuring that raw inputs are geo-referenced, time-stamped, and signed. Typical examples
include OBUs used for signage condition (indicatively Tasks 4.2 and 4.3) and behaviour monitoring, and the hazard-aware
infrastructure monitoring tool (Task 2.4) used by operators to capture near-field risks.

Above this foundation, the Edge Processing and Filtering Layer executes algorithms near the data source to compress,
denoise, and pre-classify observations. Compute on micro-vehicles, RSUs, or gateway devices runs lightweight inference
to detect salient patterns - e.g., an embedded road-defect detector on a scooter or service vehicle (Tasks 2.2 and 3.5).
Crucially, the edge emits compact detection events (rather than full raw streams) that travel upstream with latency bounds
and resilience to bandwidth variability. Back-pressure and retry policies are explicit, and degraded-communications

profiles can be applied without losing the integrity of the event trail.
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The Integration and Harmonisation Layer absorbs detection events and bulk feeds, aligning them to shared schemas
and regulatory expectations. Data engineering tools such as the Chimera harmonisation platform (Task 1.4) and the Data
Acquisition and Processing Platform (Task 2.1) resolve identifiers, unify coordinate systems, enrich records with
metadata, and conform to semantic and regulatory models (e.g., Data Catalogue Application Profile (DCAT-AP)
derivatives for cataloguing [3], ETSI C-ITS message alignment where applicable). The result is a privacy-preserving,
provenance-rich corpus that is consistent across jurisdictions and ready for modelling.

On this harmonised base, the Digital Twin and Simulation Layer maintains living representations of the network and its
users. Models of infrastructure condition and road-user behaviour, aerial pavement defect detection and classification,
and corridor-level connectivity twins are fused to estimate state, forecast evolution, and explore scenarios (indicatively
Tasks 2.2, 2.3, 2.4, 3.1, 3.3). Knowledge frameworks - KPI catalogues, ontologies, rule libraries - are applied to ensure
interpretability and to maintain methodological traceability (model versions, assumptions, and calibration sets are recorded
alongside outputs).

The Analytics and Decision Layer synthesises twin outputs with harmonised s
recommendations and decision support. Representative services include road-ri
intervention support (highlighting black-spot probabilities and recommendin
prognostics (treatment timing and expected risk reduction), and posjgepa
comparisons with learned weights) (Task 2.3). Where relevant, outputs in
levels to inform connectivity-dependent services (indicatively Tasks 3.4, 4.
uncertainty bounds, and a concise “why” narrative derived from the
planners can act with accountability.

0 produce actionable
tion (Task 2.2) and
itigations), infrastructure
jveness analysis (before/after

e cation against ISAD readiness
recommendation carries confidence,
triblting indicators, so that operators and

r exposes selected datasets and services via
ta-sharing policies, licences, and consent while

For controlled extroversion, the Data Space and Interoperabi
governed connectors. The Safe Mobility Data Space (SMD
enabling publication, discovery, and federation across truste ies (Task 1.4). This layer separates internal operational
detail from external views, ensuring that citizen-facinggand res h-oriented access remains aggregated, anonymised,
and compliant, and that cross-border collaborations be executed without undermining national scopes.

Finally, the Interface and Application Layer déi®% xperience to people and systems. The integrated Dashboard
(Task 1.5) provides role-based access i®vs defined earlier (e.g., Live Ops, Planning, Maintenance, Micro-
mobility, Connectivity, Policy Snapshot, P, ayback, Research & Benchmarking), enforcing country scoping and
least-privilege controls. Companion ag operate at the edge and in public spaces: the smartphone nudging
application for in-vehicle advisorie rban safety feedback displays (Tasks 3.3 and 4.2); and plastronics smart
beacons (Task 3.2) that broad jsed warnings. Across all interfaces, accessibility, localisation, and consistent
microcopy ensure that co i

End-to-end, the de i iven and evidence-preserving. Raw signals are stabilised at ingest; salient
observations are eleva
into state and scenario; a s convert state into recommendations; the data space governs sharing; and interfaces
deliver the right level of insight at the right moment. This layered approach supports independent evolution of components,
predictable integration, and rigorous verification, while keeping provenance, privacy, and security as first-class properties
throughout.
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Figure 11: Concept of the EvoRoads Pla i@ng Modules by Value Axis

4.1.3 CORE COMPONENTS

To make this view concrete, the following table
as stand-alone components prior to thei
mobile applications, Al-enabled algori

Il technologies developed under the auspices of EvoRoads
r clarity, components are grouped by nature and runtime context:
software and services, the Safe Mobility Data Space (SMDS)
roadside units, sensing payloads), and knowledge frameworks
(methodologies, KPI catalogues, ach row represents one technology with a stable identifier and a succinct
purpose statement. Becayge t ologies ultimately compose the integrated demonstrator, a dedicated column
links every item to the Ev onstrator deliverables in which it is presented in detail as a stand-alone artefact
(e.g., component spegificati sults, API descriptions). A second column maps each technology to the Expected
Innovations enumeratSgai roject’'s Description-of-Action, ensuring traceability from contractual commitments to
concrete software and ha outcomes. Taken together, these tables function as the logical inventory of EvoRoads: a
navigable index that underpins module independence during development while preparing a clean handover to integration,
testing, and the subsequent architectural views.
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41.31 CROWD-FACING APPLICATIONS

Table 14: Crowd-facing Web and Mobile Applications of the EvoRoads Platform (apart from the Integrated Platform

ABBREVIAT

IDENTIFIER | DESCRIPTION TASK(S) LL(S) 'ON

This module enables citizens to report road infrastructure defects directly
Citizen road from their smartphones. It captures GPS coordinates and optional photos at

BEIA defect helpdesk  the tap of a button and submits this information through an integrated BEIA_21_01
smartphone app  helpdesk interface, automatically syncing with the municipality’s portal v'.
API to generate geo-referenced defect reports.
An interactive platform that enables the creation and management of di
Coney surveying questionnaires, participatory surveys, and feedback campaigns. Wi T3.3,
CEFRIEL toolkit EvoRoads, it supports behaviour analysis and nudging tasks b lle T4.3 Italy CEF_33_01
structured user input and stakeholder feedback.
Smartphone A mobile app thf'at Qelivers re_al—time feedback and s_afet tly to
FRONT  nudai road users. By linking behavioural data to personalise sages, It T3.3, Santa FRO 33 01
ging " . . G . 00|
22 encourages safer mobility choices and raises awareness s during T4.2 Oliva
application
everyday travel.
A mobile application that enables citizens olocated images and
Crowdsourced descriptions of road infrastructure ijssue pa¥ement damage or
road defect unsafe crossings. Reports are prd an integrated web portal Latvia,
ucy reporting app where management authorities cag i ify, and assign tasks to T4.4 (?) Romania UCY_44 01
[FixCyprus, maintenance teams, while feedb, at back to citizens. The system (?)
FixRiga] incorporates machine learning togili ates and improve issue

categorisation.
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N/A

D3.2,
D3.3

D3.2,
D3.3
(D1.3,
D1.4)

N/A

PART
OF DOA
EXP INN

El2.1

EI3.4

El3.4

El2.1
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AI-ENABLED ALGORITHMS

4.1.3.2

BEIA

CEA

CEA

CEA

DOTS

DTU

PU - PUBLIC

Table 15: Software Components of the EvoRoads Platform (Al-enabled

IDENTIFIER

Drone-based
infrastructure
defect detection
and annotation
module

Automatic
infrastructure
annotation and
refinement
module

Network digital
twin for V2X
connectivity
analysis

Vision-based Al
for traffic sign
defect
monitoring

Embedded road
defect detection
algorithm for
micro-vehicles

Asset
management
plan module

DESCRIPTION

This module processes high-resolution images captured by drones to detect

and annotate road infrastructure defects such as potholes. It employs edge-

detection algorithms accelerated with POSIX thread-based parallel !
processing to extract defect contours efficiently, generating geo—referenw

defect labels for subsequent mapping and inspection.

This asset is an automated annotation engine that generates and refine
pseudo-labels for infrastructure elements in images and videos by i

an OpenVOC-based detector with DIOD self-distillation techni T1.4
the Safe Mobility Data Space with high-quality labelled datas

downstream Al applications.

Tool that dynamically virtualises selected segments of X network

infrastructure and predict future network states to support ific what-if- T3.1,
analysis functionalities, under cyber threats or g tional dégradations. T4.2,
These specific functionalities encompass ano detection and network T4.5
congestion risks.

This asset is a vision-based Al al§@hi a ses road-user camera

images to detect, classify, and mo, s with occlusions or T2.2,
defects, providing timely, action s for predictive maintenance and T2.3
post-impact repair planning.

The onboard defect det ithm for micro-vehicles processes live T2
camera and sen the scooter to identify road defects such T3.5’
as potholes and au enerate geo-tagged risk events for real-time T 4' 4’
reporting a monitoring. :
The Asset Mana ptimisation Module uses multi-objective

optimisation techniques to generate cost-effective predictive maintenance 23

schedules, forecast future asset performance and costs, and deliver insights
on condition trends, maintenance history, and upcoming needs.

TASK(S)

LL(S)

TBD

Galicia (?)

Italy

Latvia

Italy
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ABBREVI

ATION

BEIA_23_
01

CEA 14_
01

CEA 31_
01

CEA 22_
01

DOTS_22
01

DTU_23_
03

REPORT
ED

D2.1,
D2.3
(D1.3,
D1.4)

D3.1,
D3.3
(D1.3,
D1.4)

D2.1,
D2.3
(D1.3,
D1.4)

D3.2,
D3.3
(D1.3,
D1.4)

D2.2,
D2.3
(D1.3,
D1.4)

PART
OF DOA
EXP INN

El2.2

El2.2

EI3.5

El2.2,
El2.3

El2.2,
EI3.6

El2.3
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DTU

DTU

DTU

DTU

EUT

INDRA

PU - PUBLIC

Infrastructure
prognostics
analysis module

Post-repair
effectiveness
analysis tool

Predictive
maintenance
solution

Road condition
assessment
system

Atrtificial
intelligence
algorithms for
road hazard
detection

Probe-Vehicle
pavement
assessment
system

The Prognostic Analysis Module uses machine learning and real-time
condition data to continuously assess and forecast the health of road
structures, producing reliable predictions that inform maintenance
scheduling, asset segmentation, and repair evaluations.

T2.3 Italy

The Post-Repair Effectiveness Analysis Tool evaluates the severity and
location of infrastructure damage, predicts the materials, labour, and
equipment needed for specific repairs, and generates prioritized, cost-
efficient repair strategies that help minimize cost overruns, optimize resource
allocation, and improve safety.

This solution continuously monitors the condition of road assets in many‘
types of road structures using various sensors, data sources, and
environmental inputs. The system leverages advanced analytics to pre T2.3 Italy
potential failures or degradation before they occur, allowing for tim

interventions.

This solution is a dynamic safety assessment system that ge al-

sensors, connected vehicles, and the digital twin, calcu vels to T3.4, ltal
evaluate the readiness of roads for CCAM services, and T4.3 y
management decisions and situational risk moni g for sa
efficient road operations.
A set of Al algorithms for detectingaroad oadside hazards,
including cracks, potholes, degradS@si n stacles. Using computer T2.4, Santa
vision and data fusion, it classifieg enerates alerts in near real T4.2 Oliva

q gnd infrastructure systems.

er + GPS data from connected vehicles
ther surface defects, then map them. Signal T2.2, Madrid
maM and high/low-pass filtering to isolate T4.2
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DTU 23
02

DTU 23
04

DTU 23
01

DTU_34_
01

EUT 24
01

INDR_42_
02

D2.2,
D2.3
(D1.3,
D1.4)

D2.2,
D2.3
(D1.3,
D1.4)

D2.2,
D2.3
(D1.3,
D1.4)

D3.2,
D3.3
(D1.3,
D1.4)

D2.2,
D2.3
(D1.3,
D1.4)

D2.2,
D2.3,
D4.1,
D4.2

(D1.3,
D1.4)

El2.3

EI2.3

El2.3

El2.2,
EI3.5

El2.5

El2.2
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Road risk
identification
and intervention
support tool

INLE

Pedestrian
crossing
LINKS behaviour
recognition
algorithm

Road user
behaviour
analysis

algorithms

LINKS

Aerial pavement
defect detection

UCYy and
classification
models

PU - PUBLIC

This is an Al-enabled tool that assesses and classifies road segments based
on accident risk and its evolution over time, supporting evidence-based
decision-making for road safety interventions.

T2.2,
T2.3

Italy

Algorithm that takes sensor input from roadside cameras and LiDAR,
processes the data in real time, and detects specific crossing-related events
such as pedestrian presence, vehicle approach speed, and violations of
traffic rules. The outputs are structured signals that trigger correspondin
messages on the nudging displays, ensuring that the visual feedback is
directly tied to observed behaviours.

Al-driven models that process video and sensor data from vehicle
roadside cameras to classify atypical behaviours, such as speedin
lane usage, near-misses, and interactions with vulnerable ro

. ) e o T4.3 Italy
algorithms complement crossing-specific recognition by prgov

detection of risk-relevant behaviours, feeding structured n

Digital Twin and informing both enforcement and nudg rate

Computer vision and machine learning models ed on drone, satellite,

and Street View imagery to identify cracks, su distress, and other T2.2,

infrastructure defects. These algorithms g : ead visual data to T.2.3, Romania
enable large-scale monitoring andgomp agsessment of pavement T4.5

conditions.
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INLE_22_
01

LIN_43 0
3

LIN_43 0
4

ucY_22_
01

D2.1,
D2.2,
D3.2,
D3.3

(D1.3,
D1.4)

D4.1,
D4.2
(D1.2,
D1.3,
D1.4)

D4.1,
D4.2
(D1.2,
D1.3,
D1.4)

D2.1,
D2.2,
D3.2,
D3.3

(D1.3,
D1.4)

El2.2,
El3.2

EI3.4

EI3.4

El2.2
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41.3.3

CTAG

CTAG

CTAG

FRONT

PU - PUBLIC

NON-Al SOFTWARE MODULES

Table 16: Software Components of the EvoRoads Platform (Non-Al enabled

IDENTIFIER

CCAM
connectivity
performance
heatmap
generator

CCAM service
viability
assessment
module

Infrastructure-to-
vehicle risk
advertisement
system

INSAR
Infrastructure
Deformation
Detection module

DESCRIPTION TASK(S®

A georeferenced mapping tool that measures and visualises connectivity
performance on rural and secondary road networks. It aggregates
parameters such as latency, bandwidth, and packet loss into a detaile’
heat map, showing where network quality is sufficient for connected a
automated mobility services. The results feed into ISAD level
classification, helping determine road readiness for CCAM and C
features.

A evaluation tool that measures connectivity quality and ge
readiness in rural and secondary roads. Using onboar
units, validation tools (e.g. ping, iPerf), and connecti
generates georeferenced heatmaps to show where CC ervices can T4.2
be reliably offered. The assessment classifies i@8d section®by ISA/ISAD

levels, identifies blind spots and low-quality s, and highlights areas

requiring improvements for connected mabijlit oyment.

ge distributes
ges based on detected
s a hybrid communication

An alert management module tk
Infrastructure-to-Vehicle Informat
risks and system logs. The sy:

model: alerts are transmitted vi ge RSUs connected to the ITS B2
Centre and via long-ran suring that vehicles receive timely

warnings even in area ited Or no network coverage.

A satellite-base odule that uses Synthetic Aperture Radar

interfero ources such as Sentinel-1 to detect vertical
displacemeNg@i rastructure. It provides millimetre-level accuracy T2.2

highlighting areas potentially affected by rutting,
e, which can then be prioritised for detailed drone

ponding, or subs
or ground surveys.

"L(S)

Galicia

Galicia

Galicia

Romania
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ABBREVI

ATION

CTAG_42
01

CTAG_42
02

CTAG_42
03

FRO 22
01

REPORT
ED

D4.1,
D4.2
(D1.2,
D1.3,
D1.4)

D4.1,
D4.2
(D1.2,
D1.3,
D1.4)

D4.1,
D4.2
(D1.2,
D1.3,
D1.4)

D2.1,
D2.3
(D1.3,
D1.4)

PART
OF DOA
EXP INN

EI3.5

EI3.5

El3.4

El2.2
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A roadside processing module that receives raw sensor data, detects D2.1,
On-the-edge dangerous situations, and generates standardised Cooperative ITS (C- D2.2,

IDIADA processing and ITS) messages. These real-time alerts are transmitted to connected T4 Santa IDIA_42 0 D3.2, El3.4,
real-time C-ITS vehicles and road users before they reach conflict areas, increasing ’ Oliva 1 D3.3 El4.1
alerting module driver awareness and supporting automated vehicles with machine- (D1.3,

readable safety information. D1.4)
D2.2,
GIS-backed road A GIS-backed digital twin service that classifies road segments by D2.3,
condition and assigns alert codes. It flags sections needing maintenance INDR_42_ D4.1,
INDRA  segment . . . ) . . EI3.5
e . while preserving full context via segment identifiers and metadata for 01 D4.2
classification twin W
downstream component. (D1.3,
D1.4)
Smart mobilit The Digital Twin serves as a unified access point that integrates T3.1, T4.2, LIN 31 0 DD%; EI3.1

LINKS - oDty and historical road data from multiple pilots, harmonizing div ou T4.3, T4.4, All - = ’ N
digital twin ) ; . - 1 (D1.3, EI3.2

into a common schema for analysis and safety diagnostics. T4.5 D1.4)

{
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4.1.3.4 DATA SPACE ECOSYSTEM

Table 17: Data Space Ecosystem Components of the EvoRoads Platform

PART
OF DOA
EXP INN

ABBREV | REPORTE

IDENTIFIER DESCRIPTION TASK(S “.L(S) IATION

Chimera data
CEFRIEL harmonisation
platform

EvoRoads DMP

CEFRIEL (via Argos)

EvoRoads
CEFRIEL DCAT-AP
Metadata Profile

EvoRoads
CKAN-based
Dataset
Repository

FRONT

EvoRoads
FRONT  integrated
platform

PU - PUBLIC
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A containerised software environment that preprocesses, cleanses, and
harmonises heterogeneous road safety datasets into a common referen
model. It supports semantic mappings across diverse formats, ensures

interoperability with data spaces, and enables consistent, high-quality data
streams for analysis and downstream services.

A structured project-wide DMP created and maintained in the Argos
It documents datasets, distributions, responsibilities, and col
measures, ensuring FAIR-aligned and consistent manage
data across all partners.

T6.4

An adaptation of the European DCAT-AP standard, custo
EvoRoads datasets and services. It defines metgiata fields @d semantics
for cataloguing, enabling discoverability and ali ent with EU-wide open
data practices.

T6.4

An open-source repository where j upload and describe their

datasets using structured metadata he central hub for dataset T1.4,
discovery and sharing, with entrig guently transferred to Argos to T6.4
populate and update the project’

Space, the Digit | suite of monitoring tools and algorithms.
It integrates defect i tputs, behavioural indicators, connectivity
assessmen itefia into harmonised views, which are visualised T15
through inter ards. By combining real-time and historical ’
explore, compare,
contexts.

act upon safety-relevant information across diverse

Italy

All

All

All

All

CEF_14_
01

CEF_64_
01

CEF_64_
02

FRO_64
01

FRO_15
o1

D1.3,D1.4
(D2.3)

D6.2

D6.2

D1.3,D1.4

D1.3,D1.4

El1.4,
El2.1

N/A

N/A

El1.4,
ENM.5

El1.5,
El2.4,
El2.5
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A federated environment that aggregates and harmonises heterogeneous
safety-related datasets from vehicles, infrastructure, sensors, and external

Safe Mobility sources. It uses standardised connectors and semantic models to ensure FRO_14 El1.4,
FRONT Data Space interoperability, enabling secure data exchange, integration of static and real- .4 Al _01 D1.3,D1.4 EI1.5
time streams, and provision of structured inputs to EvoRoads applications

and services.

A backend environment that collects heterogeneous multi-source data
Data Acquisition  streams from vehicles, roadside sensors, drones, satellites, and maintenance
ucy and Processing records. It performs profiling, cleansing, noise filtering, transformation, and
Platform reduction to deliver high-quality, standardised datasets that feed into the,

Safe Mobility Data Space and downstream Al models.

ucyY_21

01 D1.3,D1.4 El2.1
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41.3.5 PHYSICAL AND HARDWARE COMPONENTS

Table 18: Physical and Hardware Components of the EvoRoads Platform

PART
OF DOA
EXP INN

ABBREV | REPORTE

IDENTIFIER DESCRIPTION TASK(S . OT(S) IATION D

A dedicated vehicle equipped with three on-board units (OBUs), each with its
OBU-equipped own antenna and Human-Machine Interface (HMI), as well as logging ‘ D4.1, D4.2
CTAG demonstration systems for data cqlleqtion. This equipp’_ngnt supports laboratory dry runs; Galicia CTAG 4 (D1.2, El4.1
vehicle controlled track vahdatlon at CTAG.facmtles, and fuII—sca!g real—rqad tes 2 04 D1.3, ’
on the N-550, enabling demonstration of connected mobility services urngigr D1.4)
diverse conditions.
Mountable A compact, rugged device mounted on e-scooters, combinin

)-MO
D3.2, D3.3
\ i 59 Latvia DgTOS1—3 (D1.3, EI3.6
: 2 D1.4)

DOTS sensory kit for 3D camera, an onboard compgter (Raspberr'y' Pi), GPS, and
: . accelerometer to capture detailed road condition and rid
micro-vehicles real time

A monitoring solution that integrates roadside sef8ing and icle-based

Hazard-aware data to identify hazards such as debris, ice, p s, and other unexpected o4 Santa EUT 24 D2.2, D2.3
EUT infrastructure conditions. It applies anomaly detection to or inputs, enabling T4. 2’ Oliva 02 (D1.3, El2.2
monitoring tool continuous tracking of road environmen tion of areas affected ’ D1.4)
by safety-relevant events.
The Plastronics smart beacon s loped by Eurecat is a low-cost,
durable road safety solution that ectronics into retroreflectors using
Plastronics overmolding techniques to i Eervice life in harsh outdoor T3.2 Santa EUT 32 D3.1,D3.3
EUT smart beacon conditions. Installed alo ry and rural roads, these beacons display T3' 3’ Oliva o1 (D1.3, EI3.3
system dynamic light pat nked to real-time infrastructure and ) D1.4)
hazard data, provi i warnings that nudge drivers and vulnerable
users towar
LiDAR and This module co AR and high-resolution cameras to detect illegal D4.1, D4.2
LINKS camera- parking, improper strian crossings, vulnerable road user behaviours, T4.3 Italy LIN_43_ (D1.2, El4.1
enhanced Road  and mobility obstructions for emergency vehicles, all in real time. It ’ 01 D1.3, ’
Side Units for processes events locally and supports nudging strategies by feeding violation D1.4)
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LINKS

LINKS

VTI

PU - PUBLIC

behaviour
surveillance

On-Board Units
for signage
condition and
behaviour
monitoring

Urban safety
feedback display

Micromobility
safety markings

data to information displays, enhancing situational awareness and
compliance.

These modules are installed on vehicles to capture real-time data on road
signage conditions, surface maintenance needs, and atypical driving
behaviours. They leverage embedded cameras and positioning systems to
detect anomalies while in motion, transmitting processed insights to back-
end platforms and the Digital Twin to support timely maintenance, safety
interventions, and compliance monitoring.

An interactive roadside unit, fed by data from roadside units, that providg
real-time visual feedback to drivers and pedestrians based on detected
behaviours at crossings.

Specially designed road surface patterns that guide cyclists oter

riders toward safer speeds and trajectories. By subtly alterj eption T3.3,
and rider behaviour, they serve as a low-cost interventi r ky T4.4
manoeuvres and improve crossing safety.

Latvia (?)
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LIN_43_
02

LIN_33_
01

VTI_33_
01

D4.1, D4.2
(D1.2,
D1.3,
D1.4)

D4.1, D4.2
(D1.2,
D1.3, D1.4,
D3.2,
D3.3)

D3.2, D3.3
(D1.3,
D1.4)

El4.1

El3.4
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4.1.3.6 KNOWLEDGE FRAMEWORKS

Table 19: Knowledge Frameworks of the EvoRoads Platform

ABBR REPORT PART OF
IDENTIFIER DESCRIPTION TASK(S) _L(S) EVIATI DOA
ED
EXP INN
Multi-lavered An integrated reference model that consolidates state-of-the-art safety
safe);y practices into a multi-layered catalogue of criteria and indicators. It defines
LINKS assessment primary and c_omposﬂg safety dlmens!ons, asspmated meta_data, an“ All LIN_11 D1.1, EI1.1, EI1.2
criteria mteropgrablllty requirements, enabling pon3|ster_1t evaluation and _01 D1.2
cataloque benchmarking of infrastructure, user behaviour, vehicles, and connec
9 systems within the safe system approach.
Standardised methodologies that combine roadside sensors,
User behaviour OBUs, micro-vehicle kits, on-site observers, and surveys to s tic D3.2,
o capture how road users behave in different contexts. The re sets VTI_33 D3.3
VTI monitoring . . . - ; T3.3 All EI3.4
rotocols trfanslate observed interactions |ntp structured |r'1d|c W _02 (D1.3,
P consistent measurement and comparison of behavio att ross D1.4)
mobility environments.
A structured classification that categorises m behaviours of different D82,
User behaviour - . VTI_33 D3.3
VTI road users across contexts, providing a refere amework for analysing T3.3 All El3.4
taxonomy ; . _03 (D1.3,
and comparing behavioural oRoads. D1.4)
A methodological suite that qUEifi ciyiriteria and KPIs using
Dvnamic safet statistical and Al-based models, g eal-time updates and post-
yha y processed evaluations. It integrg al crash and road attribute data VTI_13 D1.3,
VTI criteria and KP!I : . . A : T1.3 All EN.3
framework with new behavioural a d inputs, ensuring that safety 01 D1.4

performance can be m Pared, and adapted across diverse

contexts.
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41.4 MAPPING PLATFORM COMPONENTS TO THE LOGICAL
ARCHITECTURE

The catalogue of platform components listed in this section is intentionally interpreted through the logical structure
introduced in Subsection 4.1.2. Rather than constituting an independent inventory, each component contributes to one or
more of the logical layers previously defined, thereby operationalising the abstract architecture. For example, components
classified as Al algorithms - such as defect detection, behaviour analysis or risk estimation modules - primarily populate
the Analytics and Decision Layer, where harmonised data and digital twin outputs are transformed into indicators,
recommendations and decision-support artefacts. These components are not isolated analytics tools, but are designed to
consume standardised inputs and to produce outputs that can be traced, explained and reused downstream.

Hardware and sensing assets, including on-board units, roadside equipment, drones and smart beacons, contribute mainly
to the Sensor and Acquisition Layer and, where applicable, to the Edge Processing Filtering Layer. Their
architectural role is not limited to data capture, but extends to early-stage processin protection and event
extraction, ensuring that only meaningful and compliant observations propagate f e platform. Similarly,
components related to digital twins, simulation and modelling anchor the Digital T ulation Layer, providing
structured representations of infrastructure, road users and connectivity congds t quired for consistent analytics.

Finally, components associated with cataloguing, data governance and in operationalise the Data Space
and Interoperability Layer, enabling controlled exposure and federation o) erfering with internal processing. By
mapping concrete components to these logical responsibilities, the pl monstrates that the layered architecture is

not conceptual but actively instantiated through the selected asset
4.1.5 INTERACTION PATTERNS BETW @ICAL COMPONENTS
ell-defined interaction patterns that govern how logical

The EvoRoads Integrated Platform is characterised by a se
components collaborate to support safety-oriented ision- ing. These patterns are designed to accommodate
heterogeneity across data sources, analytical proc s and user roles, while preserving traceability and architectural
coherence. Rather than relying on tight couplin omponents, the platform adopts interaction mechanisms that
favour loose coupling, explicit contracts gmd cl ation of responsibilities.

A predominant pattern is event-driveng g Y particularly between the sensing, ingestion and analytics-related
components. Observations generated % imeter of the system are propagated as structured events, allowing
downstream components to react sly. This pattern supports scalability and resilience, as components can
process events independently ent rates, and it aligns with the need to handle both high-frequency sensor data
and sporadic reports fro i -loop applications. Event-driven interactions are complemented by pipeline-
based processing, of transformations are applied in a controlled manner, ensuring that data quality,
privacy and provenan s are enforced before analytics are executed.

Between analytical comp s, digital twin services and decision-support functions, interaction follows a service-
oriented pattern. Logical services expose well-defined interfaces through which data products, indicators and contextual
information can be requested and consumed. This enables analytical components to remain agnostic of the internal
structure of the digital twin, while still benefiting from its contextualisation capabilities. Importantly, these interactions are
mediated through abstract data models rather than direct data access, preserving modularity.

Interactions with user-facing components follow a request-response pattern, where dashboards and applications query
the platform for curated information rather than raw data. This ensures that users interact with validated and interpretable
outputs, while shielding them from internal complexity. Finally, interactions with external systems adopt a federated
exchange pattern, in which data are shared selectively and under explicit conditions, without disrupting internal
workflows. Collectively, these interaction patterns enable the EvoRoads platform to operate as a coherent yet flexible
system, supporting integration across components while remaining adaptable to evolving requirements and contexts.
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41.6 LOGICAL ALIGNMENT OF PLATFORM COMPONENTS ALONG THE
SAFETY DECISION VALUE CHAIN

While the preceding subsections describe the structural decomposition of the EvoRoads Integrated Platform, it is also
important to clarify how the platform’s concrete technological assets jointly support safety-oriented decision-making.
EvoRoads is not conceived as a collection of standalone tools, but as an integrated system in which heterogeneous
components contribute evidence at different stages of an infrastructure safety decision cycle. To make this relationship
explicit, the platform assets listed in the present section 4.1.3 are aligned in Table 20 below along a simplified safety
decision value chain, spanning Detection, Diagnosis, Prioritisation, Intervention Planning, and Impact Assessment. This
alignment clarifies how individual technologies contribute to distinct decision stages, and how apparent overlaps reflect
complementary evidence generation rather than functional redundancy.

Table 20: Alignment of EvoRoads

Safety decision stage

platform assets along the safety decision value chain

EvoRoads platform assets
Citizen road defect helpdesk smartphone app; Crowdsourced -‘ reporting app [FixCyprus,
FixRiga]; Drone-based infrastructure defect detection and jon medule; Aerial pavement
defect detection and classification models; Embed roa tection algorithm for micro-
vehicles; Mountable sensory kit for micro-vehicles; emonstration vehicle; On-Board
Units for signage condition and behaviour monitoring | camera-enhanced Road Side
Units for behaviour surveillance; Pedestrian crossi eh r recognition algorithm

Detection

Vision-based Al for traffic sign defect moni g RO ser behaviour analysis algorithms; Probe-
Diagnosis Vehicle pavement assessment system; 4 @" @ infrastructure annotation and refinement module;

Smart mobility digital twin; Network dj V2X connectivity analysis; CCAM connectivity

performance heatmap generator;

Prioritisation Road risk identification and i i port tool; Multi-layered safety assessment criteria
catalogue; Dynamic safet eria and KPI framework; CCAM service viability assessment module
nfrastructure-to-vehicle risk advertisement system; Micromobility

Intervention Planning Asset management
: ying toolkit

safety marki

Impact Assessment Urban safet
framework;

lay; Smart mobility digital twin; Dynamic safety criteria and KPI
lentification and intervention support tool

Cross-cutting / Enabling Chi rmonisation platform; Data Acquisition and Processing Platform; EvoRoads DCAT-
(all stages) P da ofile; EvoRoads DMP (via Argos)

41.7 FUNCTRNADCRAPABILITIES AND PLATFORM REQUIREMENTS

This subsection consolid functional capabilities that the EvoRoads Integrated Platform is required to provide in
order to support infrastructure-driven road safety management across diverse operational contexts. The requirements
listed in Table 21 below are expressed in a technology-agnostic manner and capture what the platform must do,
independently of how individual components realise these capabilities. They synthesise user needs analysed earlier in
the present deliverable and provide a common reference point against which pilot deployments and validation activities
can be interpreted.

Table 21: Functional requirements of the EvoRoads Integrated Platform

ID Functional Requirement Category Priority
FR-01 The pl_atform MUST ingest safo._aty-rele\_/ant datq from hete_rogel_qeous sources, Ingestion MUST
including vehicle-based, roadside, aerial and citizen-provided inputs.
PU - PUBLIC
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FR-02 The platform MQST support both strfaaming and batch data ingestion with Ingestion MUST
consistent handling of time and spatial references.

FR-03 The platform MUST harmonise heterogeneous datasets into a common

reference model suitable for cross-pilot analysis. MEEsre HESy
FR-04 The pllatform SHOULD s_upport data qgallty qhecks and basic validation at Ingestion SHOULD
ingestion time to detect incomplete or inconsistent records.
FR-05 The platform MUST transform raw observations into structured safety events Analysis MUST

suitable for downstream analysis.

FR-06 The platform MUST §upport analytical_ processing to derive safety indicators, lysis MUST
risk scores and readiness levels from ingested data.
FR-07 The platform $HOULD s_upport aggregation and c_Iustering of events alysis SHOULD
identify recurring safety issues at segment or corridor level. ‘
) The platform COULD support scenario or “what-if’ analysis b .
FR-08 historical or simulated data. Analysis COULD
) The platform MUST support prioritisation of safety is sed on severity,  Decision
FR-09 Mg MUST
exposure and contextual criteria. support
) The platform MUST present prioritised safety inf tion through role- Decision
FR-10 . : MUST
appropriate dashboard views. support
FR-11 The platform SHOULD support e tised outputs to external Decision SHOULD
planning or maintenance sy@is support
FR-12 _ of safety indicators over time to enable ~ Decision MUST
before/after compari tions. support
FR-13 The platform ortfeal-time or near-real-time alert generation for Decision MUST
safety-crigical e applicable. support
FR-14 The platfor D support contextual user feedback and nudging Decision SHOULD
mechanisms |i to detected safety events. support
FR-15 The platform MUST provide controlled access to datasets and derived Exposure MUST
products for different user roles and stakeholders.
FR-16 IQ; EE:E? MUST support dataset discovery through metadata-driven Exposure MUST
FR-17 The platform SH_O_l._lLD suppor_t ve_r§ioning of datasets and definitions to Exposure SHOULD
enable reproducibility and auditability.
FR-18 Exposure MUST
PU - PUBLIC
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The platform MUST support privacy-preserving publication of aggregated or
anonymised outputs for public access.

The platform COULD support federation with external data spaces or

ARG research infrastructures under defined governance conditions. SIS COLLD
The platform MUST support role-based visualisation views aligned with Decision
FR-20 ) g ) MUST
operational, planning, policy and research personas. support
41.8 VALIDATION COVERAGE ACROSS PILOTS AND OPERATIONAL

CONTEXTS

The component table also evidences that EvoRoads Integrated Platform is validated across a(@iverse and balanced set
of pilot sites, rather than being concentrated in a single context. Components are distrib oss pilots with different
geographic, organisational and infrastructural characteristics, ensuring that multipl the architecture are
exercised in practice. Some pilots emphasise dense urban environments with high and complex interactions,
while others focus on peri-urban or rural road networks where sensing is swser ational constraints differ.

This distribution is deliberate. Crowd-facing applications and user interf r ated in contexts where citizen
engagement and operational feedback are critical, while infrastructure mo in analytics components are tested in
pilots that reflect long stretches of secondary or rural roads. As a resul orm is assessed against a broad spectrum
of real-world conditions, reducing the risk of architectural bias tow. environment or use case.

Importantly, the pilot distribution ensures that validation is s her than anecdotal. Different pilots exercise
different combinations of components and logical layers, collg@iivel ring the full platform scope. This approach allows
EvoRoads to demonstrate that the integrated platform is ada |le and context-aware, while still preserving a common

architectural backbone.

Table 22 summarises how the functional require t ined in the preceding subsection are exercised across the pilot
sites, illustrating the extent to which core, platf abWfities are validated through diverse operational contexts rather
than through isolated demonstrations.

Mot validation

Requirement ID Pilots exercising it
FR-01-FR-03 i i ton and harmonisation All pilots

Madrid, Riga, Santa Oliva,
FR-05-FR-07 n and analytical processing ¢ 19 W

Turin
FR-06, FR-09 and prioritisation Madrid, Alba lulia, Turin
FR-08 Scenario and readiness analysis Galicia, Turin
FR-10, FR-12 Decision support and impact assessment All pilots
FR-13 Real-time alerting Santa Oliva, Turin
FR-14 Behavioural nudging and feedback Riga, Santa Oliva, Turin
FR-15-FR-18 Controlled access, cataloguing and exposure All pilots
FR-19 Interoperability and federation readiness Galicia, Turin
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FR-20 Role-based visualisation views All pilots

4.1.9 INTEGRATION RESPONSIBILITY, OWNERSHIP AND COMPOSABILITY

A further aspect of coherence emerges from the way components are integrated across tasks and partners. The “leading
developer” attribute of each component reflects clear ownership and expertise, while Task 1.5 provides the architectural
and integration framework that allows these components to operate together. Importantly, integration does not imply
subsuming or centralising ownership. Each component remains under the responsibility of its developing partner and task,
with well-defined interfaces governing how it interacts with the rest of the platform.

This approach reinforces architectural discipline by ensuring that responsibilities remain explicit and manageable. Task
1.5 focuses on alignment, interaction patterns and consistency, rather than on re-implementing or duplicating functionality.
The component table therefore becomes evidence of coordinated integration rather than of fr entation.

At the same time, it is important to clarify what the component list does not imply. Not all nts are expected to be
active in all deployments or pilots. The integrated platform is composable, allowing su ommponents to be deployed
according to local needs and constraints. Components are designed to evolve inde “Provided that their interfaces
and contracts are respected. This avoids unnecessary coupling and ensure‘hat rm can adapt over time without
architectural rework.

4.1.10 CONCLUSION OF THE LOGICAL VIEW @QSITION TO
SUBSEQUENT ARCHITECTURAL P @

r

This concludes the Logical View of the EvoRoads Integrat Architecture. The Logical View establishes a
coherent, technology-agnostic understanding of the pla ntifying its core functional components, their
responsibilities and the principal interaction patterns that bi em into an integrated system. It demonstrates how
heterogeneous technologies and services contribut llectively to safety-oriented decision-making, while maintaining
clear boundaries between internal platform functions xternal systems. At the same time, the Logical View deliberately
abstracts away implementation details, runtim nd deployment constraints, in order to preserve architectural

clarity and avoid premature design com e

The subsequent architectural views bui
collaborate at runtime, including contro

his foundation. The Process View will describe how logical components
ent handling and synchronisation aspects. The Development View will
focus on the organisation of softw, , codebases and development responsibilities across partners. Finally, the
Physical (Deployment) \4 how the platform is instantiated across infrastructure, cloud and edge
environments, translating ign into concrete operational configurations. Together, these views provide a
complete and consis i ral description of the EvoRoads platform.

4.2 OPERATIONAL PERSPECTIVE: SAFETY-DRIVEN USE OF THE
EVOROADS PLATFORM

While the 4+1 architectural view model provides a rigorous framework for describing system structure, behaviour and
deployment, it does not explicitly capture how an integrated platform is used operationally to achieve domain-level
objectives. For EvoRoads, this dimension is essential, as the platform is ultimately justified by its ability to support safety-
driven decisions and infrastructure interventions rather than by the deployment of individual technologies. Section 4.2
therefore introduces an operational perspective that complements the formal 4+1 views by making explicit the
relationship between platform capabilities, stakeholder actions and safety outcomes. This perspective is not presented as
an additional architectural view in the strict sense, but as a bridging narrative that connects the Logical View with the
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runtime behaviour described in the Process View. It frames the EvoRoads platform as a decision-support system
organised along a safety value chain - spanning Detection, Diagnosis, Prioritisation, Intervention Planning and
Impact Assessment - and highlights how different components contribute evidence at each stage. By articulating this
end-to-end operational logic, the section addresses the need to demonstrate coherence, purpose and value realisation,
ensuring that the architecture is understood not only as a technical construct, but as an enabler of systematic and
accountable improvements in road infrastructure safety.

4.21 PILOT SAFETY OBJECTIVES AND INTERVENTION INTENT

The EvoRoads pilot sites are operational road authorities and infrastructure managers that participate in the project with
explicit safety objectives grounded in infrastructure management practice. Each pilot aligns with a specific subset
of safety criteria defined in the EvoRoads baseline and augmented safety criteria catalogue (Deliverables D1.1 and D1.2),
reflecting differences in network structure, scale, governance and available intervention Igwers. Rather than testing
technologies in isolation, the pilots apply the EvoRoads platform to support detecti gnosis, prioritisation,
intervention planning and impact assessment for concrete safety-related infrastructure

The Madrid pilot addresses safety through a network-scale focus on pave ation and road surface

condition across a large metropolitan road network. Its primary safety gonc within the Road Infrastructure
category of the EvoRoads safety criteria, with particular emphasis on pave t , surface degradation patterns
and consistency of infrastructure quality across the network. The pilot@in IS"to improve the identification and
prioritisation of maintenance interventions, supporting resurfacing plannj evi¥€nce-based allocation of maintenance

budgets. Decision-making is shaped by the size and heterogeneit
procurement constraints that require robust, comparable indicato

etwork, as well as by governance and
tify interventions at scale.

The Galicia pilot operates in a predominantly rural and int r ext, where safety is closely linked to network
connectivity, continuity and serviceability. Its focus exte eyond isolated infrastructure defects to encompass how
degradation, environmental exposure and limited redugdancy t the safe functioning of an extensive secondary road
network. Relevant safety criteria span Road Infrastr re and Road Network Connectivity, including continuity of service,
availability of safe routes and the identification ofeon ivity-critical segments. The pilot’s intervention intent centres on
prioritising maintenance and upgrades work connectivity and reduce safety risks associated with
disconnection or progressive degradatio aints of wide geographic coverage and limited resources.

The Riga pilot focuses on micro-mob ycling infrastructure, with safety objectives aligned primarily with the
Vulnerable Road Users, Road Infra : Roadside Safety Devices categories of the EvoRoads safety criteria. The

mobility modes and existi ntervention levers include targeted maintenance, adjustment of markings and
signage, and prioritisagion o n corridors with higher exposure of micro-mobility users. Seasonal conditions and
budgetary limitations ision-making, increasing the importance of early detection and prioritisation.

The Alba lulia pilot rep a municipal-scale context where resource constraints and selective intervention
dominate safety management. Its safety objectives are aligned with Road Infrastructure and Roadside Safety Devices,
with particular attention to pavement defects, signage adequacy and localised hazards that affect overall network safety.
The pilot’s intent is to support prioritised maintenance and low-cost interventions through consolidated and defensible
safety evidence. Constraints related to limited budgets and staffing reinforce the need for clear prioritisation criteria and
measurable impact assessment, as articulated in D1.2.

The Santa Oliva pilot addresses safety on secondary and peri-urban roads, focusing on roadside safety devices,
infrastructure readiness and environmental risk factors. Its safety criteria of interest fall within the Road Infrastructure
and Roadside Safety Devices categories, including visibility, warning effectiveness and infrastructure condition under
adverse conditions. Intervention intent includes targeted maintenance, selective deployment of safety-related roadside
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equipment and prioritisation of improvements on risk-prone segments. The pilot operates under constraints typical of low-
density networks, favouring interventions that maximise safety impact without extensive physical redesign.

The Turin pilot concentrates on dynamic safety diagnosis linked to road-user behaviour and infrastructure
readiness, particularly in relation to connected and automated mobility contexts. Its objectives align with the User
Behaviour, Traffic Management and C-ITS / CCAM Operations categories of the EvoRoads safety criteria. The pilot seeks
to understand behavioural risk patterns and the alignment between infrastructure condition, digital readiness and service
provision. Intervention intent focuses on informed infrastructure adaptation and prioritisation, within a complex urban
governance environment where safety measures must align with broader mobility strategies.

Across all six pilots, a consistent operational pattern emerges: EvoRoads is used to support infrastructure safety
decisions grounded in recognised safety criteria, adapted to local contexts and constraints. The pilots differ in scale,
focus and intervention levers, but collectively validate the platform as a decision-support system that links infrastructure
condition, network properties and safety outcomes. This shared intent underpins the operati§fial perspective developed
in the remainder of Section 4.2 and provides a clear foundation for mapping platfor nents to safety-driven
workflows.

422 A COMMON SAFETY DECISION‘ ow ACROSS
HETEROGENEOUS PILOT CONTEXTS x
o] EvoRoads platform across all pilot

This subsection articulates a shared operational logic that underpins the

sites, while explicitly acknowledging contextual diversity. Although iffer substantially in scale, environment,
governance arrangements and intervention capabilities, they are by @ common safety decision workflow that
structures how infrastructure-related safety problems are ide, ysed, acted upon and evaluated. Making this

i
workflow explicit is essential to demonstrate that EvoRoad no ection of site-specific solutions, but a coherent
decision-support platform that can be adapted to multiple ope nal contexts.

%0

Diagnosis

Prioritisation

Intervention
Planning

Impact
Assessment

Figure 12: The five stages of the common safety decision workflow across EvoRoads pilot sites
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The workflow, illustrated in Figure 12 below, is expressed as a five-stage decision chain: Detection — Diagnosis —
Prioritisation — Intervention Planning — Impact Assessment. Each stage represents a logical step in infrastructure
safety management, and all pilots engage with this chain, albeit with different emphases, data sources and intervention
levers.

The Detection stage concerns the identification of safety-relevant signals related to infrastructure condition, network
performance or emerging risk patterns. Across all pilots, detection serves as the entry point to the decision process,
although the nature of detected signals varies considerably. Some pilots rely primarily on systematic sensing and
automated observation, while others emphasise periodic surveys or aggregated reports. What unifies these approaches
is not the technology employed, but the intent: to surface indications that infrastructure safety may be compromised or
deteriorating. In network-scale contexts, detection focuses on identifying patterns of degradation, loss of serviceability or
discontinuities across large road networks. In more localised contexts, detection may concentrate on specific assets or
locations. In all cases, detection provides structured inputs for subsequent analysis rat than directly triggering
intervention.

Following detection, the Diagnosis stage interprets observed signals in relation iteria and contextual
information. Diagnosis transforms raw or pre-processed observations into an und [ why a safety issue exists
and how it relates to the wider system. This stage is critical for avoiding rgactiv dotal decision-making. Across
pilots, diagnosis involves combining detected signals with contextual S road typology, environmental
conditions, historical trends or network role. While some pilots emphasis@coNgiiion-based diagnosis, focusing on the
severity and progression of degradation, others incorporate additional gper3@ional @imensions depending on their scope.
Importantly, diagnosis establishes traceability between observatiog safety criteria defined in the EvoRoads
framework, ensuring that subsequent decisions are grounded in r @o ed and comparable dimensions of safety.

The Prioritisation stage reflects a common constraint face a . limited resources require that safety issues be
addressed selectively rather than exhaustively. Prioritisation lates diagnosis into an ordered set of actionable needs,
enabling decision-makers to allocate effort and funding, effecti . Across pilots, prioritisation logic varies according to
network scale, governance arrangements and inte jon cost, but the underlying principle is shared. Issues are ranked
based on their relevance to safety objectives, s tial extent and, where applicable, network criticality. For pilots
managing extensive networks, prioritisgtion phasise aggregation and comparability, supporting budget
allocation across competing needs. For t aller scopes, prioritisation may be more selective, focusing on
identifying a limited number of high-im ventions. Despite these differences, all pilots employ prioritisation as a
formal step separating analysis from ac

The Intervention Planning st cO ns the translation of prioritised safety needs into concrete actions that can be
implemented within the p iond remit. Interventions may range from maintenance activities and infrastructure
upgrades to the depl equipment or adjustments to network configuration. What distinguishes this stage
from earlier ones is inkage to real-world constraints, including budget cycles, procurement processes,
regulatory frameworks a cal feasibility. While the types of interventions available differ across pilots, the decision
logic remains consistent: interventions are planned based on prioritised needs, with an emphasis on proportionality and
expected safety benefit. This stage represents the point at which the EvoRoads platform interfaces most directly with
existing asset management and planning processes, reinforcing its role as a decision-support system rather than an
operational controller.

The final stage, Impact Assessment, closes the decision loop by evaluating the effects of implemented interventions on
safety-relevant indicators. This stage is essential for accountability, learning and continuous improvement. Across pilots,
impact assessment is recognised as necessary but often challenging, due to data availability, time horizons or institutional
practices. EvoRoads provides a structured context in which post-intervention conditions can be compared against pre-
intervention baselines using consistent criteria. Some pilots place strong emphasis on this stage, particularly where
governance frameworks require evidence of effectiveness, while others approach it more selectively. Nevertheless, all
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pilots acknowledge the importance of assessing whether interventions achieve their intended safety outcomes, reinforcing
the cyclical nature of the decision workflow.

While all pilots adhere to this shared decision chain, they diverge in emphasis and operational depth at different stages.
Network-scale pilots devote substantial attention to detection and prioritisation, reflecting the need to manage large
volumes of infrastructure data and to allocate resources efficiently across extensive networks. In these contexts, impact
assessment may be more aggregate and longer-term. By contrast, pilots with more localised scopes may place greater
emphasis on diagnosis and impact assessment, enabling fine-grained evaluation of specific interventions. Urban pilots
operating in complex governance environments may also invest more heavily in diagnosis to justify interventions within
multi-actor decision processes.

Data sources and analytical depth also vary across pilots, influencing how each stage is operationalised. Some pilots rely
predominantly on infrastructure-focused data, while others integrate additional contextual information. These differences
do not undermine coherence; rather, they demonstrate the adaptability of the shared workflo e EvoRoads platform is
designed to support this variability by allowing different components and data sources to ined according to local
needs, while preserving the logical sequence of decision-making stages.

Taken together, the safety decision workflows observed across the EvoRoads pi revV€al a consistent operational
structure underlying diverse local practices. Although pilots differ in context,‘ le lable intervention mechanisms,
they all engage with a comparable sequence of activities that moves from gh ion of safety-relevant signals to
the evaluation of intervention outcomes. Variations arise primarily in the rel@live hasis placed on individual stages of
the workflow, reflecting differences in network extent, governanc ments and data availability, rather than
fundamentally different approaches to safety management. This n ture provides a stable foundation for the
integrated platform, enabling it to support heterogeneous pilot ne i remaining architecturally coherent.

4.2.3 PILOT-SPECIFIC COMPOSITION P FORM COMPONENTS ALONG
THE SAFETY WORKFLOW

The purpose of this subsection is to make explicit ho EvoRoads Integrated Platform is instantiated in each pilot as a
purposeful composition of components, alj ith\goncrete safety objectives and operational decision processes.
Rather than presenting technologies as facts, the intention here is to show how selected components are
combined into an end-to-end workflow, ms pilot inputs into safety-relevant decisions and implementable
infrastructure actions. The mapping fo hared decision chain introduced earlier (Detection — Diagnosis —
Prioritisation — Intervention P i pact Assessment) but emphasises that pilots differ in data sources,
emphasis and interventiongdev e explanatory pattern is therefore inputs — platform services — decisions
ere each component contributes and why it is included. Importantly, this mapping
also clarifies the arch§ ceYowards overlap: components are selected to be complementary (each providing a
gulation (multi-source or multi-temporal reinforcement of confidence), and to avoid
redundancy (no two comp are intended to perform the same operational role without added value). In doing so, the
subsection shows how the platform is assembled intentionally around pilot goals and constraints, and how each pilot can
act as a credible demonstration of evidence-based infrastructure safety management.

4.2.3.1 MADRID PILOT: SMART ROAD MONITORING FOR PAVEMENT DEGRADATION

The Madrid pilot is designed to demonstrate a digital solution for rapid and cost-effective pavement assessment in
suburban and rural environments, addressing a recognised gap in secondary and local road monitoring where
investment and inspection practices are often limited. The operational objective is to produce a comprehensive overview
of pavement conditions that supports early identification of deterioration and enables maintenance planners to prioritise
where more detailed inspections are warranted. In the EvoRoads decision chain, Madrid’s centre of gravity lies in
converting high-coverage, vehicle-based sensing into consistent road-segment condition indicators that can withstand
operational scrutiny and feed maintenance workflows. The pilot therefore focuses on the Road Infrastructure safety criteria
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category, with emphasis on pavement condition, deterioration patterns and network consistency, while also using
contextual information (e.g. road geometry) to improve interpretability and targeting.

Inputs — platform services. The principal input stream is vehicle-based sensing: vertical accelerometry and GPS
collected from (i) public transport fleets (historical/offline datasets initially sourced from Alicante for early functional testing
of the workflow) and (ii) connected vehicles operating in Madrid, where data are transmitted through 5G-enabled V2X
communications. The pilot's workflow is explicitly designed to cope with heterogeneity: different vehicles, variable
speeds, and diverse road conditions (including the Alcobendas corridor and the Colmenarejo rural road). This is reflected
in the selection of components, where one component specialises in extracting reliable pavement signals and another
specialises in structuring them into a network-operational representation.

Two core platform components are “married” to implement the workflow:

O Probe-Vehicle pavement assessment system. This component performs the
required for detection and initial characterisation. Al models fuse vertical acceler:
cracks, potholes and other surface defects and map them to location. Sign
element: Kalman filtering and high/low-pass filtering isolate pavement-induce
enabling more reliable interpretation under real traffic conditions. This co
coverage and sensitivity at low marginal cost, allowing the piIQt d
relying on manual inspection as the primary mechanism.

servation-level analytics
and GPS data to detect
ing is a central design
jon from driving dynamics,
t is S€lected because it provides
ly deterioration trends without

O GlS-backed road segment classification twin. This compongnt p@vide®the network-level interpretation layer.
It classifies road segments by condition and assigns alert codeS aining full context via segment identifiers
and metadata so that outputs remain traceable and con by downstream tools. It is selected because it
makes the output operationally actionable: maintenan i@ rarely acts on individual vibration points; it acts
on segments, ranked and contextualised, with cle des can be communicated and audited.

These two components are not overlapping; they ar
evidence at fine granularity, while the GIS-backed
with how road authorities plan maintenance.

omple tary by design. The probe-vehicle system generates
converts that evidence into a structured representation aligned

Decision-chain mapping (Madrid): Ta
stages while avoiding redundancy.

mmarises how the selected components support the five decision

Table 23: Decision-chain mapping to Techngig BWMadrid

Decision stage |Madri .. "anu...un (inputs / services / outputs)

SiEoler put8foughness proxies (e.g. Z-axis energy peaks, RMS/IRI proxy indicators).

backed twin contextualises detections by segment and corridor, linking anomalies to

Diagnosis 0ad links and associated metadata; optional enrichment with geometry/attributes to
support interpretation.
Twin outputs support ranking of segments by condition score and alert codes; multi-source
Prioritisation aggregation (offline fleet history + live connected-vehicle feeds) supports stable

prioritisation.
Maintenance planners use ranked segment lists and map overlays to schedule

Intervention planning inspections, plan resurfacing and generate maintenance tickets; interventions remain
within existing authority processes.
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Post-intervention monitoring reuses the same sensing + twin pipeline to compare treated
Impact assessment segments against baseline, supporting evidence of improvement and supporting iterative
planning.

Triangulation and avoidance of redundancy. The Madrid pilot’'s architecture explicitly supports triangulation in two
ways. First, it triangulates across sources: historical bus fleet data (offline) are used to validate the operational workflow
and calibrate processing assumptions, while real-time connected-vehicle data (online) provide live monitoring in the
selected Madrid corridors. The intent is not to “train” in one place and “test” in another, but to establish that the workflow
remains interpretable and stable when moving from batch to streaming conditions and from one fleet to another. Second,
it triangulates across time: repeated measurements on the same segments enable deterioration trending and post-
intervention reassessment. Importantly, redundancy is avoided by keeping functions separated: the probe-vehicle system
is responsible for signal-level detection and normalisation; the digital twin is responsible for segment-level classification,
alerting logic and maintaining the link to contextual metadata. This separation also aligns wit erational accountability:
raw observations remain traceable to source streams, while decisions are expresse segment level where
interventions are applied.

From decisions — interventions (operational realism). The Madrid pilot i ructured around end-user
decision-making roles, notably (i) a road safety operator monitoring corri‘ i r | time and (ii) a maintenance
planner conducting inspection prioritisation and maintenance scheduling. I, (NG rational scenario, a user selects
real-time connected-vehicle datasets; the system presents colour-coded id gments, highlights clusters of high-
severity anomalies and generates alerts indicating likely surface de . In the second scenario, a maintenance

planner filters and combines severity indices with road type, usi re d alerts and historical data to produce a
Wit

itly

ranked list of segments with condition scores and contextual dri . anomaly frequency, timestamps, acceleration
profiles). The intervention intent is therefore realistic and bo ise inspections, allocate resources, schedule
resurfacing, and export actionable segment information into ting maintenance ticketing systems. The platform does
not claim to replace asset management processes; it gkovides ag@tefensible evidence layer that makes those processes
more systematic and comparable.

To conclude, Madrid illustrates intentional asse, icularly clear way: scalable sensing inputs are converted into
reliable pavement indicators; a GIS-baa c@ilion twin translates those indicators into segment-level alerts and
prioritisation; decisions feed practical intgg i d the same pipeline supports post-intervention reassessment. The
resulting workflow supports early id of deterioration and cost-effective targeting of inspections and
maintenance; precisely the operati 2 the pilot is designed to demonstrate.

4.23.2 GALICIA ECTIVITY-DRIVEN SAFETY READINESS ON RURAL AND

different from pavement- et-condition monitoring: it seeks to determine where CCAM and V2X-enabled safety
services can be offered reliably, and where the current communication environment constrains such services. The pilot
site is located in Pontevedra along the N-550, selected specifically because connectivity varies with terrain and road
environment, creating a realistic basis for mapping service viability on secondary networks. The stated outputs are a
connectivity performance heatmap derived from on-road measurements (latency, bandwidth, packet loss and related
indicators) and a corresponding classification of road sections by ISAD levels, enabling identification of “viable”, “marginal’
and “non-viable” segments for CCAM/V2X services. In operational terms, Galicia’s safety intent is expressed through road
network connectivity and continuity: the platform is used to expose where digital infrastructure limitations could
compromise cooperative safety functions (e.g., collision warnings or emergency natifications) and to support evidence-
based prioritisation of digital infrastructure investment on rural and secondary roads.
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Inputs — platform services. The principal input stream is network performance logging collected in motion along
the N-550 using a dedicated probe setup. A key enabling asset is the OBU-equipped demonstration vehicle, configured
with three OBUs (each assigned to a different mobile network operator) and logging systems to capture network metrics
under the same external conditions; this supports comparative assessment across operators and geographic zones. The
pilot explicitly recognises that rural performance is shaped by geography and seasonality, and therefore designs data
collection to cover varied road sections and conditions to produce a statistically meaningful and spatially representative
dataset. These logs provide the raw evidence base for the connectivity products, which are then converted into actionable
artefacts by a set of tightly-coupled platform services whose roles are intentionally separated to avoid overlap.

Three core components implement the connectivity assessment and readiness classification, each occupying a distinct
position in the workflow:

O CCAM service viability assessment module. This component operationalises the measurement regime on rural
roads by combining onboard collection with validation tooling (e.g., ping, iPerf) and verting observations into
georeferenced indicators of service readiness. lts distinguishing function is to cla sections by ISA/ISAD
levels, identify blind spots and low-quality zones, and express these as decisi tputs for stakeholders
responsible for connectivity upgrades. This aligns directly with the pilot Qlaj etermining where CCAM
services can and cannot be offered.

O CCAM connectivity performance heatmap generator. This comrg

t the principal “boundary object”
for infrastructure planning: it aggregates measured parameters \mndwidth, packet loss) into a high-
resolution heatmap and maps the results to ISAD-level readinggs. hedmap generator is selected because it
enables systematic comparison across the corridor and cag b med by both technical stakeholders and
road authorities as a planning artefact.

O Network digital twin for V2X connectivity analysi oglpbonent is not a second heatmap tool; it adds a
different capability: it virtualises selected segments e etwork infrastructure, supports “what-if’ analysis

of future network states, and includes functions such nomaly detection and congestion-risk analysis under
operational degradation or cyber threats. | selected’ to move beyond static mapping into a model-based
interpretation layer that can support plannin stions such as the expected impact of degradation patterns or
targeted upgrades on service viability.

A fourth component provides an optional B8

y important link from assessment to user-facing safety operations:

O Infrastructure-to-vehicle ris ement system. This module generates and distributes IVl messages

based on detected risks @flbgs, using a hybrid communication model via short-range RSUs (linked to
an ITS Centre) apd | channels, with the explicit purpose of ensuring timely warnings even where
coverage is lim G3licia context, it is positioned as an exploratory capability that can translate
connectivity dimi i ctionable service-availability warnings for road users, rather than as the core

evaluation o

Decision-chain mapping cia): Table 24 below shows how the selected components support the shared workflow
stages while maintaining complementarity and avoiding redundancy.

Table 24: Decision-chain mapping to Technologies for Galicia

Decision stage Madrid instantiation (inputs / services / outputs)

_ OBU-equipped vehicle logs network parameters along the N-550; onboard validation tools
Detection capture latency/bandwidth/packet loss and related metrics under variable terrain and
conditions.
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Service viability module and heatmap generator transform logs into georeferenced
Diagnosis performance indicators and segment-level readiness labels; ISAD levels are used to
express service feasibility and to identify blind spots.

Heatmap and ISAD classification identify connectivity-critical segments and
underperforming zones (including operator-dependent patterns), supporting prioritisation
of digital infrastructure investment where insufficient connectivity could compromise
cooperative safety services.

Prioritisation

_ _ Network digital twin supports scenario and “what-if” analysis to evaluate likely benefits of
Intervention planning targeted improvements or resilience measures, including under operational degradation;
outputs inform upgrade planning rather than immediate physical maintenance.

Repeated measurement campaigns (across road sections, ti
enable before/after comparison of ISAD classifications and h
following upgrades; risk advertisement can be revisited a
message relevance and delivery feasibility.

ows and conditions)
provements
proves to confirm

Impact assessment

OBU-equipped demonstration vehicle provides controlled, comparable r: cross operators and conditions,
avoiding the ambiguity that would arise from mixing heterogeneous dev s. The service viability assessment
module and heatmap generator do not duplicate one another: the ovides assessment logic and readiness
classification, while the latter provides the geospatial product des;j or inffastructure planning and communication to
stakeholders. Triangulation is achieved (i) across operator, simultaneous measurements from multiple
networks under the same external conditions) and (ii) acrog@dime onditions, reflecting hypotheses that rural/semi-
urban sections and weather/seasonality materially affect pe nce. The network digital twin adds a distinct diagnostic
and planning capability by supporting forward-lookin asoning¥and risk analysis, rather than producing another static
coverage map. Finally, the risk advertisement systS@@is included to demonstrate how connectivity intelligence can be
converted into operational messaging (e.g., war CAM feature may not be reliable in the next segment), without
claiming that Galicia’s primary evaluatio dri viour or real-time operational control.

Complementarity, triangulation, and avoidance of redundancy. The G" ogifion is intentionally layered. The
e
se

From decisions — interventions (op
service-readiness interventions rather
improvements, or resilience mea

sm). Galicia’s interventions are principally digital-infrastructure and
surface repairs: the pilot's outputs guide where upgrades, coverage
ly to be required before CCAM/V2X safety use cases can be deployed
his ensures the pilot remains operationally credible: it produces artefacts
(heatmaps, ISAD classific scenario-based assessments) that infrastructure and CCAM stakeholders can use
to support investme iness planning and policy development for connected mobility deployment in non-
motorway contexts.

In this way, the Galicia pil ows how EvoRoads supports safety not only by detecting physical defects, but also by
identifying and addressing the digital conditions under which cooperative safety services can function as intended on rural
networks.

4.2.3.3 RIGA PILOT: MICRO-MOBILITY-DRIVEN SAFETY MANAGEMENT ON URBAN
CYCLING CORRIDORS

The Riga pilot instantiates the EvoRoads platform in an urban context where micro-mobility and cycling have become

dominant contributors to road safety risk, particularly for vulnerable road users. The pilot'’s safety objectives align

primarily with the Vulnerable Road Users, Road Infrastructure and Roadside Safety Devices categories of the EvoRoads

safety criteria. The operational focus is on identifying surface defects, obstacles and legibility issues that disproportionately
affect cyclists and e-scooter users, and on supporting targeted, low-cost interventions that can be deployed under
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municipal budget and seasonal constraints. Unlike pilots centred on network-scale asset management or digital
connectivity, Riga emphasises fine-grained, user-proximate evidence that reflects how infrastructure is actually
experienced by micro-mobility users during everyday travel.

Inputs — platform services. The Riga workflow begins with two complementary input streams that capture safety-
relevant information at the scale of micro-mobility use. The first stream consists of instrumented e-scooters equipped
with the mountable sensory kit for micro-vehicles, which continuously captures visual, inertial and positional data
during normal operation. This input is designed to reflect real riding trajectories, speeds and manoeuvres, providing a
detailed picture of surface condition and obstacle presence along cycling corridors. The second stream consists of citizen-
generated observations collected through the crowdsourced road defect reporting app [FixCyprus, FixRiga], which
allows users to report infrastructure issues encountered during cycling or e-scooter trips. These reports extend spatial
coverage beyond instrumented routes and capture perceived safety concerns that may not always be evident from sensor
data alone.

. The embedded road
ooter itself, identifying
ear real time. This design
levant events are propagated

A defining characteristic of the Riga pilot is that initial detection occurs directly on the
defect detection algorithm for micro-vehicles processes live camera and sensor d
defects such as potholes or surface discontinuities and generating geo-tagged ris

choice reflects both privacy and efficiency considerations, ensuring thaWnly 8

upstream while raw data volumes are minimised.
The core platform components selected for the Riga workflow are therefor \

O Mountable sensory kit for micro-vehicles. This component he physical sensing capability required to
capture road condition and ride dynamics from the perspe micro-mobility users. By combining a multi-mode
3D camera, GPS, accelerometer and onboard co itM@nables systematic, repeatable observation of
infrastructure at a scale and granularity not achieva hro onventional vehicle fleets.

O Embedded road defect detection algorithm for mic ehicles. Running directly on the scooter, this algorithm
performs early filtering and detection of surfa nomalieS and obstacles. Its role is to elevate relevant events into
the platform without embedding prioritisatio lanning logic, thereby keeping onboard intelligence focused on
detection rather than decision-making.

O Crowdsourced road defect re
safety issues through geolocated

Machine-learning-based duplic
complements, rather than Qe

FixCyprus, FixRiga]. This component captures user-perceived
mages, which are processed via an integrated management portal.

O Micromobility safety These constitute a physical intervention component rather than an analytical
one. Specially de surface patterns are used to guide cyclists and e-scooter riders towards safer speeds
and trajectori cost, rapidly deployable response to prioritised safety issues identified through the
platform.

Decision-chain mappin
summarised below in Table 25.

ga). The interaction of these components across the shared decision workflow is

Table 25: Decision-chain mapping to Technologies for Riga

Riga instantiation (inputs / services / outputs)

Decision stage

Onboard sensing and embedded detection on micro-vehicles identify surface defects and

Detection " . ;
obstacles; citizen reports add user-perceived hazards and contextual detail.
Di . Aggregation and classification of detections and reports distinguish recurring infrastructure
iagnosis : . . R . )
problems from isolated events; duplicate filtering improves signal quality.
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Spatial clustering and frequency analysis highlight corridors with high exposure of micro-

Shfer e mobility users and recurring issues, supporting ranking under budget constraints.

Prioritised locations inform targeted maintenance, signage adjustments and deployment of

Intervention planning micromobility safety markings on selected segments.

Post-intervention micro-vehicle sensing and subsequent citizen reports are used to assess

N changes in detected anomalies and perceived safety along treated corridors.

Complementarity, triangulation and avoidance of redundancy. The Riga pilot demonstrates intentional assembly
through the combination of objective sensing and subjective reporting. The mountable sensory kit and embedded
detection algorithm provide repeatable, quantitative evidence of surface condition and obstacles under real riding
conditions. The FixRiga reporting app captures experiential information, such as discomfort @r perceived risk, that may
not always correspond to clear physical defects. Triangulation occurs when these two sizeaWlig converge spatially and
temporally, increasing confidence that an issue is both technically significant and oper relevant. Where they
diverge, authorities gain insight into whether a problem is structural or perception-driverf® cy is avoided by clearly
separating roles: detection is handled on the vehicle, perception capture is ha citizen engagement, and
prioritisation is handled centrally through aggregation rather than duplicate‘ ro nents.

From decisions — interventions (operational realism). Interventions ingRi e Jdesigned to be proportionate, low-
cost and rapidly deployable, reflecting municipal resource constrai the¥teed to respond quickly to emerging
micro-mobility risks. Prioritised outputs from the platform support targe tenance where defects are confirmed, but
also enable the deployment of micromobility safety markings j here behaviour guidance can reduce risk
without extensive physical reconstruction. Because the sam cle sensing infrastructure remains active after
intervention, impact assessment can be performed usin before-and-after evidence, complemented by
renewed citizen feedback. This closes the decision loop a llows the city to iteratively refine both infrastructure
treatments and prioritisation criteria.

In conclusion, the Riga pilot illustrates how the s platform can be assembled intentionally to address micro-
mobility safety challenges. By aligning onpoard Wi¥enCe, citizen participation and low-cost physical interventions within
a coherent decision workflow, the pilot d practical and scalable approach to improving safety for vulnerable
road users in dense urban environment:

4234 ALBA IULIA PI -SOURCE DEFECT DETECTION AND PRIORITISATION
FOR MUNICIP., D SAFETY

The Alba lulia pilot instanti
be achieved under

Roads platform in a municipal-scale context, where safety improvements must
constraints and where infrastructure management relies on selective, defensible
intervention. The pilot’ jectives align primarily with the Road Infrastructure and Roadside Safety Devices
categories of the EvoRoad ety criteria, with particular attention to pavement defects, surface deformation and localised
hazards that can escalate into safety risks if left unaddressed. Unlike network-scale pilots, Alba lulia emphasises early
identification and prioritisation of a limited number of high-impact locations, combining citizen input with aerial and
satellite observations to build a coherent evidence base for maintenance planning. The operational challenge is therefore
to consolidate heterogeneous observations into a small set of actionable decisions that can be implemented rapidly and
justified within municipal governance processes.

Inputs — platform services. The Alba lulia workflow deliberately combines ground-level perception, low-altitude
aerial inspection and satellite-based monitoring to address both immediacy and coverage. The first input stream is
provided by citizens through the citizen road defect helpdesk smartphone app, which allows residents to submit geo-
referenced reports and optional photographs of infrastructure issues encountered in daily travel. This channel captures
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user-perceived defects and emerging hazards at minimal cost, reflecting the municipality’s need to remain responsive to
local concerns.

A second input stream is generated through drone-based surveys, which provide high-resolution visual coverage of
selected road sections. These surveys are particularly suited for validating reported issues and for inspecting areas
suspected of deterioration but not easily observable from ground level. A third, complementary stream is derived from
satellite-based INSAR measurements, which detect subtle vertical displacements over time and highlight zones
potentially affected by subsidence, rutting or ponding. This multi-scale input strategy ensures that Alba lulia can detect
both visible surface defects and less obvious structural changes that may precede safety incidents.

The platform components selected to operationalise these inputs are intentionally specialised and non-overlapping:

O Citizen road defect helpdesk smartphone app. This component provides the primary interface for citizen
engagement and immediate issue reporting. By automatically capturing GPS coogdinates and synchronising
reports with the municipal portal via API, it ensures that citizen input is structure aceable, serving as an
early-warning mechanism rather than a standalone decision tool.

O Drone-based infrastructure defect detection and annotation module. onent processes high-
resolution drone imagery to detect and annotate defects such as pothol uriace distress. Edge-detection
algorithms accelerated through parallel processing extract defect Q 0 ntly, producing geo-referenced
annotations that can be directly mapped and reviewed by technicals | is to validate and detail defects
at locations flagged by other sources.

T InSAR Infrastructure Deformation Detection module. This xtends the temporal and spatial horizon of
detection by analysing satellite SAR data (e.g. Sentinel-1 nti illimetre-scale vertical displacements. It is
selected to reveal latent or progressive infrastructur at may not yet manifest as visible defects,
supporting proactive safety management.

O Aerial pavement defect detection and classificati odels. These computer vision models process overhead
imagery from drones, satellites and complemegiary so s to identify cracks, surface distress and other defects
at scale. Their role is comparative and diag ic, enabling consistent assessment across multiple locations and
supporting prioritisation decisions.

Decision-chain mapping (Alba lulia). ci@n of these components across the shared decision workflow is
summarised with Table 26 below.

Detection

Di . Drone-based annotation and aerial ML models classify defects and confirm severity;
iagnosis . : X )
INSAR trends contextualise whether issues are isolated or progressive.

o Consolidation of citizen input, defect severity and deformation indicators identifies a small

Prioritisation o . .

set of high-impact locations for action.

. . Prioritised locations inform targeted maintenance and inspection scheduling within

Intervention planning L

municipal workflows.
Follow-up citizen feedback, repeat drone flights or updated INSAR measurements support

UilEe e before/after comparison of treated sites.
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Complementarity, triangulation and avoidance of redundancy. The Alba lulia pilot demonstrates intentional assembly
through multi-source triangulation across scales. Citizen reports provide immediacy and perception-based insight, but
are not treated as sufficient evidence on their own. Drone-based inspection complements this by offering precise visual
confirmation and annotation, while INSAR monitoring adds a longitudinal dimension that can reveal slow-onset deformation
not captured by episodic surveys. Triangulation occurs when citizen-reported defects coincide with drone-observed
surface damage or InNSAR-identified subsidence trends, increasing confidence that intervention is warranted. Redundancy
is avoided by assigning each component a distinct role: citizen reporting initiates attention, drone and aerial models
diagnose and classify, and InSAR informs prioritisation by highlighting underlying structural behaviour rather than
duplicating surface detection.

From decisions — interventions (operational realism). Interventions in Alba lulia are necessarily selective and
proportionate, reflecting municipal budgetary and staffing constraints. The platform’s outputs support targeted
maintenance actions (such as pothole repair, surface treatment or focused inspection) atdlcations where combined
evidence indicates elevated risk. Importantly, the workflow supports defensible decision-maiki ach intervention can be
traced back to citizen input, visual confirmation and, where relevant, deformation analygjs. ssessment closes the
loop by reusing the same mechanisms that initiated detection, enabling the municipalit whether reported issues
have been resolved and whether deformation trends stabilise following interventi

Overall, the Alba lulia pilot illustrates how the EvoRoads platform can be a
infrastructure safety management. By combining citizen engagement wi
decision workflow, the pilot demonstrates a scalable approach for s
safety through evidence-based prioritisation rather than reactive re

4235 SANTA OLIVA PILOT: MAPPING PLAT MPONENTS TO A HAZARD-AWARE
SAFETY WORKFLOW

The Santa Oliva pilot instantiates the EvoRoads platf
are shaped less by long-term structural degradatio
the timely communication of hazards. The pj
Roadside Safety Devices categories of the Ev
infrastructure readiness and safety unde
limited redundancy and constrained b,
extensive physical redesign. The ove
effectively to road users, and sup

entionally to support municipal
and satellite analytics in a coherent
m-sized authorities to improve road

in a ndary and peri-urban road context where safety risks
d more by environmental conditions, roadside visibility and
ty objectives align primarily with the Road Infrastructure and
ty criteria, with particular emphasis on warning effectiveness,
pidly changing conditions. Operating in a low-density network with
tAE pilot prioritises interventions that maximise safety impact without
tent is to detect safety-relevant hazards early, communicate them
maintenance or equipment deployment on risk-prone segments.

Inputs — platform servi an liva workflow begins with heterogeneous inputs describing the current state
of the road enviro . sePelude roadside sensor data and vehicle-derived observations capturing surface
hazards, obstacles, ns and environmental conditions such as puddles or reduced visibility. Unlike pilots
focused on asset conditi ectivity planning, Santa Oliva’s inputs are characterised by temporal volatility: hazards
may emerge and dissipate rapidly, and their safety impact depends strongly on timely awareness.

The platform components selected to operationalise these inputs are:

O Artificial intelligence algorithms for road hazard detection. These algorithms apply computer vision and data
fusion techniques to identify surface and roadside hazards, such as cracks, potholes, obstacles or degraded
sighage, and to generate structured hazard events suitable for downstream processing.

O Hazard-aware infrastructure monitoring tool. This component integrates roadside sensing and vehicle-based
data streams, applying anomaly detection to distinguish safety-relevant events from background variability and to
track hazard persistence or recurrence over time.
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O On-the-edge processing and real-time C-ITS alerting module. Deployed close to the road, this module
receives raw sensor inputs, performs rapid hazard assessment and generates standardised C-ITS messages,
enabling low-latency transmission of warnings to connected vehicles and systems.

O Plastronics smart beacon system. These durable, low-cost beacons translate detected hazards into intuitive
visual warnings through dynamic light patterns and colours, providing infrastructure-level cues that do not rely
solely on in-vehicle connectivity.

J Smartphone nudging application. This application delivers contextual, real-time safety prompts directly to road
users, complementing infrastructure-based warnings and extending coverage to non-connected vehicles and
vulnerable users.

Decision-chain mapping (Santa Oliva). The interaction of these components across the shared decision workflow is
summarised below in Table 27.

Table 27: Decision-chain mapping to Technologies for Santa Oliva

Riga instantiation (inputs / services / outputs)

Decision stage

Detection Al-based hazard detection and hazard-aware gnit tify surface defects,
obstacles and environmental risks from roadsi i@ data.

Diagnosis Contextualisation of detected hazards assgsse

eve
distinguishing transient anomalies from ré 1

sks.

, persistence and spatial extent,

Hazards are ranked based on saf
determining where alerts or foll

Prioritisation , exposure and warning urgency,
are required.
Prioritised hazards trigger proport responses, including activation of smart beacons,

Intervention planning generation of C-ITS me es and delivery of user nudges.

System logs, repe ions and user interactions are analysed to assess warning

Impact assessment . .
effectivenesgand rdl response over time.

Complementarity, triangulation and of redundancy. The Santa Oliva pilot demonstrates intentional
assembly through the combination of di ction, edge processing and physical warning devices. Al algorithms
and the hazard-aware monitorin 2 complementary detection and contextualisation functions, ensuring that
-alerting. Triangulation occurs when roadside sensor data and vehicle-based

through different but comp tary channels. This separation ensures resilience and clarity in the safety workflow.

From decisions — interventions (operational realism). Interventions in Santa Oliva are designed to be selective, low-
cost and rapidly deployable, reflecting the realities of secondary and peri-urban road management. Rather than relying
on extensive reconstruction, the pilot focuses on improving situational awareness and warning effectiveness through smart
beacons, C-ITS alerts and behavioural nudging. These measures allow authorities to respond proportionally to detected
risks while preserving flexibility to escalate to maintenance or infrastructure upgrades where hazards persist. Impact
assessment reuses the same detection and communication mechanisms, enabling iterative refinement of warning
strategies and providing evidence of safety benefit without imposing additional monitoring burdens.

To summarise, the Santa Oliva pilot illustrates how the EvoRoads platform can be assembled intentionally to address
hazard-driven safety challenges. By aligning detection, prioritisation and communication within a coherent decision
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workflow, the pilot demonstrates a practical approach to improving safety outcomes on low-density networks where
responsiveness and warning effectiveness are critical.

4.2.3.6 TURIN PILOT: BEHAVIOUR-DRIVEN SAFETY DIAGNOSIS AND INTERVENTION IN
CONNECTED URBAN ENVIRONMENTS

The Turin pilot instantiates the EvoRoads platform in a dense urban context where safety performance is strongly
influenced by road-user behaviour, traffic management practices and the readiness of infrastructure to support
connected and automated mobility services. The pilot’s objectives align primarily with the User Behaviour, Traffic
Management and C-ITS / CCAM Operations categories of the EvoRoads safety criteria. Rather than focusing on isolated
defects or static hazards, Turin addresses dynamic risk patterns arising from interactions between vehicles, pedestrians
and infrastructure at critical locations such as crossings and mixed-use corridors. The intervention intent is to support
informed infrastructure adaptation and prioritisation - grounded in behavioural evidence - wilain a complex governance
environment where safety measures must be consistent with broader urban mobility strategj d regulatory constraints.

Inputs — platform services. The Turin workflow is characterised by multi-perspectiv: | observation. Inputs
are generated both from roadside sensing and from vehicles operating within the ur Roadside units equipped
with LIiDAR and high-resolution cameras capture detailed information on pgdest ements, vehicle speeds, illegal
parking and other behaviours that influence safety at crossings and along cofgglor: ementary vehicle-based inputs
are provided by on-board units installed on operational fleets, which captur % ndition, surface state and atypical
driving behaviour while in motion. These inputs are further enriched icipa¥0ry data collected through structured
surveys and feedback campaigns, reflecting user perception and acce safety measures.

To operationalise these inputs, the Turin pilot combines a set
distinct stage of the safety workflow:

O LIiDAR and camera-enhanced Road-Side Units f haviour surveillance. These units provide real-time
detection of pedestrian crossings, illegal parkin@vulnerat¥e road user interactions and mobility obstructions. Local
processing ensures timely identification of s -relevant events and supports immediate downstream actions.

O Pedestrian crossing behaviour rec orithm. Operating on roadside sensor inputs, this algorithm
detects crossing-specific events estrian presence, vehicle approach speed and rule violations,
producing structured signals that &8 warning and feedback mechanisms.

O Road user behaviour analysi hms. These Al models extend behavioural detection beyond crossings,
classifying speeding, unsa

ised platform components, each addressing a

based video and sensor, Wheir role is to provide a broader behavioural context for diagnosis and planning.
O Vision-based Al ig defect monitoring. This component analyses road-user camera images to
detect occlu signage, linking behavioural observations with infrastructure legibility and

signage condition and behavioural cues during normal operation, complementing fixed roadside sensing and
improving spatial coverage.

O Chimera data harmonisation platform. This platform preprocesses and harmonises heterogeneous
behavioural, infrastructure and perception datasets into a common reference model, ensuring semantic
consistency and interoperability with the Digital Twin and data space services.

O Road condition assessment system. By analysing up-to-date inputs from sensors, connected vehicles and the
Digital Twin, this system generates real-time infrastructure safety KPIs and ISAD levels, linking behavioural risk
to infrastructure readiness for CCAM services.

O Road risk identification and intervention support tool. This Al-enabled tool assesses and classifies road
segments based on accident risk and its evolution over time, supporting evidence-based prioritisation of safety
interventions.
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O Coney surveying toolkit. This participatory platform captures structured feedback from users and stakeholders,
supporting behavioural analysis, nudging evaluation and acceptance assessment.

O Urban safety feedback display. These roadside displays provide real-time visual feedback to drivers and
pedestrians based on detected behaviours, closing the loop between observation and immediate behavioural
influence.

Decision-chain mapping (Turin). The interaction of these components across the shared decision workflow is
summarised below with Table 28.

Table 28: Decision-chain mapping to Technologies for Turin (Piemonte

Decision stage Turin instantiation (inputs / services / outputs)

Detection Roadside LiDAR/camera units and vehicle OBUs detect pedestri
behaviours, signage defects and atypical interactions in real i

movements, vehicle

Diagnosis Behaviour recognition algorithms and harmonised dat ualise detected events,
linking behaviour patterns with infrastructure cgditi ffic context.

N ocations and behaviours by

n, signage maintenance, behavioural

Risk identification tools and ISAD-based asse
safety impact and relevance to CCAM readine

Prioritisation

. . Evidence supports targeted infrastructue a
Intervention planning

nudging strategies and traffic manag djustments.

Repeated sensing, behavioura tric ey feedback and KPI evolution are analysed
Impact assessment ; . k \

to assess the effectiveness of in ntions over time.

Complementarity, triangulation and avoidance edundancy. The Turin pilot demonstrates intentional assembly
through the combination of fixed roadside sensing; bile vehicle observation and participatory input. Behaviour
recognition algorithms at crossings and gorri pr@Vide complementary views of risk, while vehicle-based OBUs
extend spatial coverage beyond instru ns. Triangulation occurs when behavioural events detected by
roadside units align with vehicle-baseg ns and with user feedback captured through surveys, increasing
confidence in diagnosis and prioritisatio Yancy is avoided by clear role separation: detection is handled by sensing
and Al components, harmonisati a, prioritisation by risk and readiness assessment tools, and behavioural
influence by displays and i isms.

From decisions — i
governance-aware. enforcing rigid controls, the pilot supports informed adaptation of infrastructure (e.g.
signage repair or reposi rgeted deployment of feedback displays, and prioritisation of locations requiring further
investment to support connected and automated mobility services. Behavioural nudging complements longer-term
measures by providing immediate feedback to road users, while impact assessment relies on consistent before-and-after
evidence from the same sensing and analysis pipeline. This approach enables Turin to integrate safety improvements into
broader urban mobility planning, demonstrating how the EvoRoads platform supports dynamic, behaviour-centred safety
management in complex urban environments.

In conclusion, the Turin pilot illustrates how the EvoRoads platform can be assembled intentionally to support behaviour-
driven safety management in complex urban environments. By integrating roadside sensing, vehicle-based observation,
behavioural analytics and participatory feedback within a coherent decision workflow, the pilot demonstrates how dynamic
risk patterns can be detected, interpreted and acted upon in a way that aligns with both infrastructure readiness and
connected mobility objectives. The combination of diagnostic depth and operational flexibility allows safety interventions
to be prioritised and evaluated without disrupting broader urban mobility strategies. In this sense, Turin exemplifies how
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EvoRoads enables evidence-based safety improvement where behavioural dynamics, infrastructure condition and digital
readiness must be considered jointly rather than in isolation.

4.2.4 CROSS-PILOT COHERENCE AND ARCHITECTURAL REUSE

This subsection consolidates the pilot-level analyses by examining how a single EvoRoads platform architecture is reused
and adapted across diverse operational contexts. Although the six pilots differ markedly in geography, governance, safety
focus and intervention levers (summarised in Table 29 below), they do not represent six bespoke systems. Instead, they
instantiate a shared architectural and operational framework, reusing core platform components and decision patterns
while stretching them in different directions according to local needs. This cross-pilot coherence is essential to
demonstrating that EvoRoads delivers a unified, generalisable solution rather than a collection of isolated demonstrations.

Table 29: Summary of functional requirements exercised per pilot

Turin instantiation (inputs / services / outputs)

Madrid Network-scale detection, prioritisation, maintenance plangigg

Galicia Connectivity assessment, readiness classificabn, fe @
Riga Micro-mobility sensing, citizen input, low-cos N
Santa Oliva Hazard detection, alerting, behavioural n

Alba lulia Multi-scale defect detection, selegli oglisation

Turin Behaviour analysis, readiness as ment, decision support

Across pilots, several components recur as founda
Digital Twin services are used in Madrid, Galj
representations that support decision- ing.

| building blocks, even when deployed with different emphases.
rin to structure observations into network- or segment-level
etection and classification algorithms appear in multiple forms
across Santa Oliva, Riga, Alba lulia and to different sensing modalities but following the same architectural
role: converting raw observations int d safety events. Data harmonisation and KPIl-oriented assessment
components underpin pilots that require ility and justification at scale, such as Madrid and Turin, while federated
data exposure and cataloguing rovide a consistent pathway for cross-pilot learning and external reuse. The
reuse of these compone the Logical View described earlier is not abstract, but actively instantiated in
multiple contexts.

S {

At the same time, the | repeated architectural patterns with controlled variation. The shared decision chain -
Detection, Diagnosis, Pr ion, Intervention Planning and Impact Assessment - appears consistently, but pilots
emphasise different stages depending on their role. Network-scale pilots prioritise detection and prioritisation to manage
breadth and resource allocation, while urban behavioural pilots invest more heavily in diagnosis and impact assessment
to support governance and acceptance. This variation does not fragment the platform; it demonstrates that the same
logical structure can accommodate both proactive asset management and responsive, behaviour-centred safety
interventions. Importantly, the pilots also illustrate how the platform can be stretched without breaking coherence. Rural
and secondary road contexts such as Galicia and Santa Oliva push the platform towards resilience, coverage and warning
effectiveness under constrained conditions. Urban contexts such as Turin and Riga stretch it towards behavioural
interpretation, user interaction and fine-grained intervention. Municipal pilots such as Alba lulia demonstrate that the same
architecture can scale down to selective, cost-sensitive decision-making. In each case, stretching occurs through
configuration and component selection, not through architectural divergence.
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Lessons emerging from individual pilots generalise naturally because they are expressed in shared artefacts: harmonised
datasets, reusable KPIs, repeatable workflows and common interface concepts. This enables insights gained in one
context—for example, the value of multi-source triangulation or the role of post-intervention assessment - to be transferred
to others without reengineering the platform. As a result, EvoRoads supports both rural and urban safety management
within a single architectural envelope.

Taken together, this cross-pilot analysis confirms the internal coherence of the EvoRoads platform as defined in the Logical
View, while preparing the ground for the Process View that follows. The next section moves from structural and operational
intent to runtime behaviour, detailing how data and control flow through the platform to realise the safety workflows
described here in practice.

4.3 PROCESS VIEW: CONTROL AND DATA FLOW AT UNTIME

The Process View of the EvoRoads Integrated Platform Architecture describes the dypa
runtime, focusing on how logical components interact through sequences of events
flows. Building on the Logical View and the operational safety workflows introduc
observations originating from heterogeneous sources are propagated, tra
timely and accountable safety decisions. The Process View captures key
concurrency, synchronisation and latency, which are critical for handling
cases. ltillustrates how analytical services, decision-support functions
varying operating conditions, including fluctuating data volumes a m availability. Particular attention is given
to fault tolerance and graceful degradation, ensuring that the plafi ifitains consistent behaviour and traceability even
when individual components or data streams are temporagl§fun e. This view deliberately abstracts away from
physical deployment choices and software implementation ils, which are addressed in subsequent architectural
perspectives. Instead, it provides a technology-neutral@ccount ow the EvoRoads platform behaves as an integrated
system, translating architectural intent into executa afety workflows. What is more, given the breadth of components
and deployment contexts in EvoRoads, the Process ocuses on a set of representative runtime interaction patterns
that collectively cover the platform’s cor e haviours, rather than exhaustively documenting all possible data
flows.

4.3.1 EVENT-DRIVEN DA ESTION AND PREPROCESSING PATTERNS

This subsection describes the I atterns through which data enter the EvoRoads Integrated Platform and are
prepared for downstrea an® decision-support workflows. Given the diversity of data sources, operating
contexts and latency gquire ss pilots, EvoRoads adopts an event-driven ingestion approach that supports both
streaming and batch- flows. Rather than documenting all possible ingestion paths, this section focuses on
representative patterns t tively capture the platform’s ingestion behaviour under real-world conditions.

viour of the system at
rdinated control and data
ctiorr4.2, this view explains how
ined and consumed to support
erns such as event sequencing,
time and batch-oriented safety use
facing interactions are orchestrated under

At runtime, ingestion serves two closely related purposes: first, to reliably accept data from heterogeneous producers
operating under variable connectivity and performance constraints; and second, to perform initial preprocessing steps that
ensure data are time-aligned, spatially referenced and suitable for harmonisation. Ingestion is therefore not treated as a
passive data transfer step, but as an active control point where validation, buffering and basic transformation occur.
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Two primary ingestion patterns are supported, both illustrated in the sequence diagram of Figure 13. Streaming
ingestion is used for time-sensitive observations, such as vehicle-based sensing, roadside monitoring and behavioural
detection, where latency and continuity are critical. In this pattern, data producers emit events continuously or quasi-
continuously, which are received by ingestion endpoints and placed onto internal event streams. Lightweight
preprocessing is applied early in the pipeline, including timestamp normalisation, basic sanity checks and enrichment with
source metadata. Where applicable, edge-level preprocessing reduces data volume by filtering raw signals into structured
events before transmission. The ingestion layer implements buffering and back-pressure mechanisms to absorb bursts
and to prevent upstream overload, ensuring that temporary connectivity degradation does not result in data loss or
systemic failure.

Batch ingestion supports datasets that are collected or generated offline, such as historical vehicle logs, drone imagery,
satellite-derived products, survey results or periodic infrastructure inventories. In this pattern, datasets are submitted
explicitly through controlled interfaces and registered as ingestion jobs. Preprocessing steps indlude format normalisation,
spatial referencing, integrity checks and partitioning into manageable units for downstrea sing. Batch ingestion is
designed to be idempotent, allowing safe reprocessing in case of partial failure oryu puts. Although batch
workflows are not latency-critical, they are subject to the same provenance and trace quirements as streaming

data.
tasets that conform to internal
g\like ingestion layer explicitly decouples
Ive Yhdependently and allowing pilots to

e is addressed through retry strategies,

Across both patterns, ingestion outputs are expressed as pre-processed
interface contracts and are ready for harmonisation and analytical proce
data producers from consumers, enabling downstream component
introduce new data sources without destabilising existing flows. F3
persistent queues and clear failure semantics, ensuring that ing gjlures are contained and observable rather than
propagated silently. In summary, the ingestion and preproce s described here establish a robust foundation
for the EvoRoads platform, balancing flexibility with control. treattg Ingestion as an event-driven, first-class process,
EvoRoads ensures that heterogeneous data streams can be i ated consistently, efficiently and safely across diverse
operational contexts.

43.2 REAL-TIME SAFETY
COORDINATION

This subsection describes how the Evo

PROCESSING AND EDGE-CLOUD

egrated Platform processes safety-relevant information under real-time
or near-real-time constraints, and ibilities are coordinated between edge and cloud components. While the
platform supports a wide range workflows, this section focuses specifically on runtime behaviours where
timeliness, situational aw rolled latency are critical. The objective is not to enumerate all real-time use
cases, but to documept the [ ocessing pattern that governs how safety events are detected, contextualised and

Real-time safety processi voRoads, explained in detail by Figure 14 below, is organised around the principle of
edge-first responsiveness combined with cloud-level consolidation. Events that may have immediate safety
implications (such as surface hazards, behavioural anomalies, connectivity degradation or roadside risks) are detected as
close as possible to their source. Edge components, including vehicle-mounted units and roadside processing modules,
perform lightweight inference and filtering to transform raw sensor streams into structured safety events. This approach
reduces communication overhead, preserves privacy by avoiding unnecessary transmission of raw data, and ensures that
time-critical signals are not delayed by central processing queues.
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Figure 14: Real-time safety event processing and edge-cloud coordination

Once detected, safety events are forwarded to the cloud layer, where they are aggregated, enriched and correlated with
broader contextual information. The cloud does not replace edge decision-making; instead, it provides situational
consolidation across space and time. By combining events from multiple sources with digital twin state, historical
observations and network context, the platform can assess persistence, spatial extent and potential escalation of safety
conditions. This coordination allows the system to distinguish between isolated anomalies and patterns that warrant
operational attention, such as emerging risk corridors or recurring behavioural conflicts. Control flow between edge and

PU - PUBLIC
D1.3 — KPIS QUANTIFICATION METHODOLOGIES, DATA SPACE, USER INTERFACES AND INTEGRATED PLATFORM V1

* Project funded by
Funded by
* * a Schweizerische Eidgenossenschaft Federal Department of Economic Affairs, 1 23
N (1 European Union Q) S

Confederazione Svizzera Stata Secretariat for Education,
Confederzziun svizra Research and Innovation SERI

Swiss Confederation



-VONDADS

cloud components is explicitly designed to accommodate variable connectivity and partial availability. Edge
components are capable of operating autonomously when network conditions are degraded, continuing to detect and
locally act upon safety conditions within predefined bounds. When connectivity is restored, buffered events are
synchronised with the cloud, preserving temporal ordering and provenance. Conversely, cloud-generated insights (such
as updated thresholds, prioritisation parameters or contextual overlays) can be propagated back to the edge to refine local
detection behaviour without requiring redeployment. From an operational perspective, real-time processing culminates in
the presentation of actionable safety information rather than raw events. Alerts and indicators surfaced to users through
the integrated dashboard are ranked, contextualised and scoped according to role and responsibility. This ensures that
operators are not overwhelmed by high-frequency signals, while still retaining access to underlying evidence when deeper
inspection is required. Importantly, real-time processing does not bypass governance or traceability: all events and derived
signals are logged with sufficient metadata to support later analysis, validation and audit.

In summary, the real-time processing pattern in EvoRoads balances responsiveness
intelligence across edge and cloud layers. This coordination enables the platform to r
situations while maintaining a coherent, system-level view of evolving conditions. The rgs
supports timely intervention without sacrificing robustness, accountability or architectur

4.3.3 ANALYTICAL WORKFLOWS AND DECISIO§-S T LOOPS

This subsection describes the runtime patterns through which the EvoRo I ated Platform transforms harmonised
data and safety events into analytical outputs that support planning, prioriti§&tion'®hd intervention decisions. While real-
time processing focuses on immediacy and situational awareness, an orkflows operate over broader temporal
and spatial scopes, enabling the systematic evaluation of in ture condition, risk evolution and intervention
effectiveness. These workflows form the backbone of evidenc, ision-making within EvoRoads.

control by distributing
omptly to safety-critical
time architecture that

Analytical workflows are initiated through a combination o gers, including scheduled execution, operator requests
and the accumulation of sufficient new data to warrgat re-an is. Inputs to these workflows include pre-processed
datasets from the ingestion layer, enriched safety e s from real-time processing, and contextual state from the Digital
Twin. The separation between data ingestion angd ics ensures that analytical jobs operate on stable, well-defined

indicators, risk scores, connectivity rea sifications and composite KPIs. These computations may span network-
wide assessments or focus on specifi

Importantly, analytical workflows ned to preserve linkage between derived outputs and their underlying evidence,
including source datasets igurations and model versions. This linkage is essential for interpretability and
for justifying decisiongin opetgi d policy contexts. The Digital Twin plays a central role in analytical workflows by

not produced in isolatio e anchored to digital representations of road segments, intersections, roadside assets
and network topology. This anchoring allows decision-makers to explore results spatially, compare scenarios and assess
how conditions evolve over time. In addition, the Digital Twin supports the aggregation of analytical outputs across pilots
and contexts, enabling consistent comparison while respecting local variation.

Analytical outputs are fed into decision-support loops that connect analysis to action. These loops are not automated
control mechanisms; rather, they provide structured recommendations, ranked insights and explanatory context to human
decision-makers. Outputs are surfaced through role-specific dashboard views, such as Planning, Maintenance,
Connectivity or Research views, where users can explore trends, simulate scenarios and export results for downstream
processes. The platform explicitly supports “why” explanations alongside “what” recommendations, ensuring that users
understand the basis for prioritisation or intervention suggestions.

PU - PUBLIC
D1.3 — KPIS QUANTIFICATION METHODOLOGIES, DATA SPACE, USER INTERFACES AND INTEGRATED PLATFORM V1

Funded by Project funded by o . 124
the European Union O . C .

Swiss Confederation



-VONDADS

Decision-support loops also extend beyond initial planning. Analytical workflows are re-executed following interventions
or significant changes, enabling before-and-after comparison and impact assessment. This iterative use of analytics closes
the decision loop, supporting learning and continuous refinement of strategies. By structuring analytical workflows around
repeatable patterns rather than bespoke analyses, EvoRoads ensures that decision support remains coherent, auditable
and adaptable across pilots.

T T

aN an
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Figure 15: Analytical workflows and decision-support loops

In summary, analytical workflows in EvoRoads, whose blueprint is illustrated in Figure 15, provide the mechanism through
which data are converted into structured, defensible decision inputs. By integrating harmonised data, digital twin context
and traceable analytics within a consistent runtime pattern, the platform supports informed decision-making without
constraining local autonomy or operational judgement.

PU - PUBLIC
D1.3 — KPIS QUANTIFICATION METHODOLOGIES, DATA SPACE, USER INTERFACES AND INTEGRATED PLATFORM V1

- Project funded by
R Funded by
* w " Schweizerische Eidgenossenschaft Federal Department of Economic Affairs, 1 25
S the European Union 0 Contedéra . Erucatian snd Research FAER

Confederazions Stata Secretariat for Education,
Confederaziun Research and Innovation SERI

Swiss Confederation



-VONDADS

4.3.4 USER INTERACTION, FEEDBACK, AND EXTERNAL DATA EXCHANGE
PROCESSES

This subsection describes the runtime processes through which human users and external systems interact with the
EvoRoads Integrated Platform. While preceding subsections focused on internal processing and analytical coordination,
this section addresses how insights are consumed, acted upon and, where appropriate, shared beyond the platform
boundary. These processes, documented with the assistance of Figure 16, are essential for ensuring that EvoRoads
functions not only as an analytical system, but as an operational decision-support environment embedded within real-
world governance and collaboration structures.

User interaction within EvoRoads is mediated primarily through the integrated dashboard, which provides role-specific
views aligned with distinct operational responsibilities. At runtime, users do not interact directly with raw data streams or
analytical services; instead, they engage with curated representations such as ranked alerts, dition indicators, trends,
maps and comparative analyses. Interaction patterns include exploratory navigation, filteri oral playback, and the
explicit triggering of analytical workflows. Control flow is designed to be intentional a ; user actions result in

well-defined requests to backend services, and responses are scoped to the us 0 missions and geographic

context.
L 4

Feedback processes form an integral part of these interaction patterns. Ce
the platform, such as citizen reports, survey responses, validation feedbac
are captured through dedicated interfaces and reintegrated into the p
that feedback is treated with the same governance and traceability
bidirectional information flow, allowing operational experience a
decisions without compromising data integrity.

ractions generate new inputs to
wledgements of alerts. These inputs
ia controlled ingestion pathways, ensuring
ived data. In this way, EvoRoads supports
erception to inform subsequent analyses and

External data exchange is handled through a distinct runti ocess that separates internal operation from outward-
facing collaboration. Selected datasets and derived@@rtefacts Wiay be exposed to trusted external parties, such as
researchers or other data spaces, under explicit po nd access controls. This exchange is initiated either by internal
publication actions or by authorised external re is mediated through the platform’s federation and governance
mechanisms. Importantly, external exchafige d troduce coupling into internal workflows: data products are shared
as versioned, well-defined artefacts, pres | autonomy and operational stability.

Across user interaction, feedback and
provenance tracking through explj

ta exchange, the EvoRoads platform maintains consistent logging and
tation of all runtime interactions. These interaction logs are linked to the
versions, ensuring that decisions can be traced back to the evidence and
sed. Similarly, feedback inputs originating from citizens, operators or stakeholders
are ingested throug inte¥aces that apply validation, identity scoping and metadata assignment before the
information enters do cessing. This guarantees that feedback is not treated as an informal or opaque input,
but as a governed cont that can be referenced, re-analysed or excluded as appropriate. For external data
exchange, publication and access events are logged at the point of contract establishment and data transfer, recording
the scope, purpose and policy context under which data are shared.

By aligning logging and provenance mechanisms across internal interaction and external exchange, the platform enables
reconstruction of decision pathways, assessment of accountability and support for post-hoc evaluation or audit.
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Figure 16: User interaction, feedback, and external data exchange processes
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4.3.5 CONCLUSION OF THE PROCESS VIEW

The Process View has described the dynamic behaviour of the EvoRoads Integrated Platform, focusing on how its
components interact at runtime to ingest data, process safety-relevant events, execute analytical workflows and support
user interaction and external exchange. By presenting a set of representative interaction patterns rather than an
exhaustive enumeration of flows, this view has demonstrated that the platform’s runtime behaviour is coherent, scalable
and aligned with the diverse operational contexts of the pilots. The Process View complements the Logical View by
showing not only what components exist, but how they cooperate under real-world conditions, including variable latency,
partial connectivity and human-in-the-loop decision-making.

Importantly, the Process View highlights how EvoRoads balances responsiveness with control. Event-driven ingestion,
edge-cloud coordination, traceable analytics and governed interaction mechanisms collectively ensure that safety-relevant
information is processed in a timely yet accountable manner. The explicit inclusion of feedlack loops and controlled
external data exchange further illustrates how the platform integrates operational practice\@d collaboration without
introducing tight coupling or undermining governance principles.

While the Process View concentrates on runtime interactions and control flow, it delj tracts away from software
packaging, code structure and development responsibilities. These ec ddressed in the subsequent
Development View, which focuses on how the platform is realised as ? re components, services and
interfaces. The Development View therefore builds on the behavioural patt % ed here, explaining how they are
supported through modular design, clear ownership boundaries and suSi&i development practices across the
EvoRoads consortium®.

4.4 DEVELOPMENT VIEW: SYSTEI&&REMENTS AND
COMPONENT SPECIFICAT|@NS

The Development View describes how the Evo
services and deployment units, and h
heterogeneous pilot contexts. In contra
structure and runtime behaviour, the D
the principles governing their compositi

441 SCOPEA

Given the system-of;
specifications of indi

rated Platform is realised as a coherent set of software assets,
g Organised to support integration, evolution and reuse across
cal and Process Views, which focus respectively on functional
iew addresses the static organisation of software artefacts and

OF THE DEVELOPMENT VIEW

of EvoRoads, this view intentionally avoids repeating detailed implementation
nd algorithms. Such details are provided in dedicated WP EvoRoads deliverables
(notably D2.1, D2.2, D3. nd forthcoming “D2.3: Advanced infrastructure monitoring and predictive maintenance
tools” and “D3.3: Advanced tools for implementing the ‘Safe System’ approach”), where they can be treated with the
appropriate depth and technical specificity. Instead, the Development View concentrates on how these assets are
assembled into an integrated platform, how boundaries between components are defined and respected, and how the
platform can evolve without destabilising existing deployments.

A central concern of this view is the coexistence of pilot-specific development autonomy with platform-level
coherence. EvoRoads does not impose a monolithic software stack or a single development methodology. Rather, it

" The sequence diagrams of Section 4.3 have been implemented in PlantUML (code available) and visualised using the online tool:
https://www.planttext.com/ (Accessed December 2025).
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provides a set of architectural conventions - regarding packaging, interfaces, deployment boundaries and data contracts
- that allow independently developed components to interoperate reliably. This section therefore focuses on software
modularity, interface discipline, deployment alignment and extensibility, rather than on internal algorithmic design.

In addition to describing software organisation and integration mechanisms, the Development View captures a set of
system-level and non-functional requirements that apply to the EvoRoads Integrated Platform as a whole. These
requirements express quality attributes and operational constraints (such as scalability, deployment flexibility, data
protection and evolvability) that arise from integration across pilots and WPs. They are intentionally defined independently
of specific technologies or implementations, and complement the functional requirements introduced in the Logical View.

44.2 MODULAR COMPOSITION AND SOFTWARE PACKAGING ACROSS EDGE
AND CLOUD

The EvoRoads platform is composed of modular software units deployed across two primar erational environments:
edge deployments, which are pilot-specific and geographically distributed, and clou ments, which provide
shared services and cross-pilot capabilities. This separation is a foundational dev t decision, reflecting both
operational constraints and architectural intent.

regulatory considerations. These include sensor interfaces, on-board e processing modules, privacy-
preserving transformations (such as face and licence-plate blurring), an ecific preprocessing pipelines. The
precise composition of the edge environment varies across pilots, de A oN available equipment, local regulations
and safety objectives. From a development perspective, edge so nits are packaged as self-contained services or
applications that can be deployed independently, configured p updated without requiring changes to the cloud
environment. Cloud deployments host the collective and o] ces of the platform. These include the core data
acquisition and processing pipelines, harmonisation servicesN@igital Twin infrastructure, analytics engines, cataloguing
services, federation connectors, and the integrated hboard®Cloud-based components are developed to be pilot-
agnostic, supporting multiple data sources and cont through configuration rather than code duplication. Packaging at
this level favours services that can scale horiz pt inputs from multiple pilots, and expose stable interfaces to
downstream consumers.

Edge deployments host components that must operate close to data s& S latency, bandwidth, privacy or
%

Across both environments, software co organised to reflect the seven conceptual layers of the EvoRoads
architecture. Sensor-facing and acquis re aligns with the Sensor and Acquisition Layer, while edge-deployed
analytics correspond to the Edge S d Filtering Layer. Harmonisation services and data engineering pipelines
realise the Integration an Layer, and so forth up to the Interface and Application Layer. This alignment
ensures that the developm e mirrors the logical architecture, reducing cognitive load and supporting consistent
evolution.

Importantly, not all data ntical paths through these layers. Certain batch datasets - such as satellite imagery or
large historical collections -ffiay bypass edge processing and be uploaded directly to cloud environments for analysis.
The development structure explicitly supports such variations by allowing components to be composed flexibly, rather
than enforcing a rigid pipeline. This composability is achieved through clear interface contracts and deployment-level
separation, rather than through hard-coded assumptions about execution order.

44.3 INTERFACE CONTRACTS, DATA PIPELINES AND INTEGRATION
MECHANISMS

Integration within EvoRoads is achieved primarily through explicit interface contracts and data pipelines, rather than
through shared codebases or tightly coupled services. From a development perspective, this is a deliberate choice to
preserve autonomy across WPs and pilot teams while ensuring predictable system behaviour.
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Data pipelines (materialised through Task 2.1) constitute the backbone of integration between components. Sensors and
edge modules feed data into the data acquisition platform, where events and datasets are transported through streaming
or batch mechanisms. At each stage of the pipeline, components interact through well-defined input and output schemas,
ensuring that upstream and downstream services remain decoupled. Development teams are free to evolve internal
implementations, provided that external contracts are respected.

The use of intermediate data stores - both at the edge and in the cloud - plays a critical role in this structure. Raw data
repositories on the edge allow for local buffering, reprocessing and compliance with data-locality constraints. Processed
data stores on the edge and in the cloud support staged transformation and validation, enabling partial pipelines to operate
independently. From a development standpoint, these repositories act as integration buffers, reducing temporal and
functional coupling between components. This concept will be explored in detail in a subsequent subsection pertaining to
the Safe Mobility Data Space and will be visualised with a figure in Subsection 5.3.1.3.

exposing raw datasets,
indicators that can be
and decision-support
data were collected or
ment-level integration surface.

Interfaces to the Digital Twin (developed under Task 3.1) are particularly significant. Rather t
upstream components publish structured representations of infrastructure state, eve
anchored to digital objects such as road segments or assets. This abstraction allo
components to interact with a consistent conceptual model, regardless of ho
processed. The Digital Twin therefore serves not only as a modelling tool, t‘as

rs are designed to be stable and

At the upper layers, APls exposed to the dashboard and to external data spgc n
versioned. These APIs encapsulate complexity behind clear service bolglari allowing user-facing applications to
a&

evolve independently of backend analytics. From a developme ctive, this separation supports parallel
ar, unpredictably across the platform.
ABLE TO THE EVOROADS

ctional requirements that guide the development and integration
ss edge and cloud deployments and are validated collectively

development streams and reduces the risk that changes in one

44.4 SYSTEM-LEVEL REQUIREMENTS
INTEGRATED PLATFORM

The following table summarises key system and no
of the EvoRoads platform. These requirements appl

Requirement type | Sy. mrequirement (technology-agnostic)
-
e platform shall support ingestion and processing of data from multiple
pilots concurrently without requiring architectural changes.

SR-01  Scalability

Platform components shall be deployable on edge or cloud environments

SR-02 . . . .
Deploymen ibilj depending on pilot constraints and regulatory requirements.

SR-03  Modularity Com.p_onents sr_lall be independently deployable and upgradable without
requiring coordinated redeployment of the full platform.

SR-04 Interoperability The platform shall expose st_able, versioned interfaces for data exchange
between components and with external systems.

SR-05 Latency tolerance The platform shall support both real-tme and batch processing workflows
with clearly separated latency expectations.

Failures in pilot-specific components shall not propagate to other pilots or

SR-06 Fault isolation .
shared cloud services.
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SR-07 Data locality Raw sensor data subject to volume or privacy constraints shall be
processable locally at the edge.

SR-08 Privacy protection Privacy-sensitive transformations (e.g_. face or licence-plate blurring) shall
occur before data leave the edge environment.

Derived data products and decision artefacts shall maintain traceable links

SRl | Tl to source data, configurations and processing steps.

SR-10  Auditability User interactions, data exchanges and analytical executions shall be
logged in a manner supporting reconstruction and audit.

SR-11  Configurability Platform behaviour shall be adjustable through coffiguration rather than

code changes wherever possible.
e New data sources, analytics or pilot depl
SR-12 Extensibility modifying existing components. é

SR-13  Performance isolation H|gh-yolume data flows from on t degrade the performance
experienced by others.

all be integrable without

Internal operational data ha all be decoupled from external data

SR-14 i i
Governance separation exposure mechanism

The platform sha programming language or framework choices

on component d ers.

ITH WORK PACKAGES AND

SR-15  Technology neutrality

44.5 DEVELOPMENT ALIGNME
DEPLOYMENT REALITI

Although ownership responsibilities are
software organisation aligns with the sty

d glsewhere, it is important in the Development View to clarify how
of‘the project and its deployment realities. EvoRoads development is
g assets that occupy specific positions within the overall architecture.
atform vision that dominate WPs 2 and 3:

Axis 4: Proactive Safety Warning Systems
Mu"sie':’?"il:’\ir:d‘l A “ced Crow jurcing Safety-Centric Micro- Situational Aware Traffic Nudging Engin On-the-Edge V2I
Inh, “clure’ itoring Vehicle Sensory Kit Management Alerting GRS Npne Warning Platform
Monitoring
Drone-based InSAR/Satellite based Al-based Defect Smart Si £l t Behaviour Elicitation Context Sensing VRUs
Deterioration Detection Deformation Detection Identification FUAIS O STRSE SIMENTE Models Notification
Axis 2: Road Asset & Safety Management Digital Twin

Cyber Infrastructure Physical Infrastructure
ISAD Level Evaluation Connectivity Coverage Integrated Digitalised Post-Impact Assessment Dynamic Infrastructure Predictive Maintenance
bt Analyser Safety Ecosystem Analyser Black-Spot Definition and Repairs Analysis

Figure 17: The Axes of the EvoRoads platform governing WP2 and WP3

WP2 focuses primarily on data acquisition, edge processing and infrastructure-level analytics. The software assets
produced under this WP are primarily Cloud-deployed. WP 3 contributes Digital Twin models, behavioural analytics and
hardware, which are typically (though not exclusively) deployed at the edge. WP1, and in particular Tasks 1.4 and 1.5,
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provide the integration fabric: harmonisation services, data space infrastructure and user-facing applications. From a
development standpoint, this distribution necessitates careful coordination without centralisation. Integration is achieved
through shared conventions - on data formats, metadata, APls and deployment descriptors - rather than through a single
development environment or code repository. This allows each WP to progress according to its own timelines and technical
constraints, while still contributing to a coherent platform.

Deployment realities further influence development choices. Some pilots require fully local installations due to regulatory
or connectivity constraints, while others can rely more heavily on Cloud services. Development practices therefore
emphasise configuration-driven deployment, allowing the same software artefact to be instantiated differently depending
on context. This approach reduces duplication and supports gradual scaling from pilot deployments to broader operational
use.

The dashboard components, deployed centrally in the Cloud, exemplify this philosophy. They provide a unified
interaction surface across pilots, while consuming data and services that may originategigom very different edge
environments. From a development perspective, this separation allows UX design to b led from sensing and
analytics development, improving maintainability and consistency.

4.4.6 EVOLUTION, EXTENSIBILITY AND LONG-TER
A final concern of the Development View is how the EvoRoads platform can x
Yy

INABILITY

me, both during and beyond the
project lifecycle. Evolution is expected at multiple levels: new data sources roduced, analytical methods refined,

pilot deployments expanded, and interoperability requirements exten

The modular development structure described above supports s lutioh by isolating change. New sensors or edge
processing modules can be introduced by extending ingestionai sf@Without requiring modification of cloud analytics.
New analytical services can be added by consuming exisi@@ Di win interfaces, without altering data acquisition
mechanisms. Similarly, additional dashboard views or extern a products can be developed on top of stable APIs.

Schema evolution is managed through versione
coexist across transition periods. From a devel
updates and supports incremental improvgme
further aids this process, allowing reproc

a contracts and metadata descriptors, allowing components to
erspective, this reduces the need for coordinated “big-bang”
it separation between raw, processed and derived data stores
filling where necessary.

Avoidance of vendor or platform loc ther design consideration reflected in development choices. By relying
on open interfaces, modular packagi yable services, EvoRoads ensures that components can be replaced or
re-implemented without disrupti rait system. This is particularly important for public authorities and infrastructure

operators, for whom long inaB@tty and procurement flexibility are critical.

In summary, the Dev. w @emonstrates that the EvoRoads Integrated Platform is not a fixed software product,
but a structured ecos ponents designed for controlled integration and evolution. By aligning development
practices with architectur: s, deployment realities and interoperability principles, the platform establishes a credible
foundation for continued use, extension and adoption beyond the duration of the project.

447 CONCLUDING COMMENTS FOR THE DEVELOPMENT VIEW

The Development View has described how the EvoRoads Integrated Platform is organised as a modular and composable
set of software assets, and how integration, evolution and system-level requirements are addressed across
heterogeneous components. By focusing on software structure, interface contracts and deployment flexibility, this view
has established how independently developed assets can be assembled into a coherent platform without imposing
centralised implementation constraints.

The subsequent Physical View builds on this foundation by examining how the platform is instantiated in concrete
deployment environments. It addresses the mapping of software components to physical and virtual infrastructure, the
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distribution of functionality across edge and cloud resources, and the operational constraints that shape deployment
choices at pilot sites. In doing so, the Physical View complements the Development View by shifting focus from software
organisation to execution context, illustrating how architectural decisions are realised in practice across diverse
geographic, regulatory and infrastructural settings.

4.5 PHYSICAL VIEW: DEPLOYMENT CONTEXT AND EXECUTION
ENVIRONMENT

The Physical View describes the execution environment of the EvoRoads Integrated Platform, focusing on how
architectural elements are hosted, secured and made operational across infrastructure resources. Unlike the Logical and
Process Views, which abstract functionality and runtime behaviour, this view addresses tangible constraints of
computing environments, hosting models and deployment boundaries. Given the researc ed nature of EvoRoads
and the phased maturity of its technical assets, the Physical View does not currently att cribe final deployment
topologies or optimisation strategies. Instead, it documents the concrete infrastr: mptions, shared hosting
services and security foundations that enable platform operation at this stage, whj arently identifying aspects that
will be refined in later project phases and future deliverables.

451 CLOUD HOSTING ENVIRONMENT AND NED INFRASTRUCTURE
SERVICES

The EvoRoads Integrated Platform relies on a centrally manag hosting environment to provide the shared
infrastructure services required for cross-pilot integration, a ti management and user interaction. This cloud
environment constitutes the physical execution context for t platform components that are common across all pilots
and that cannot be bound to a single geographic loggtion orY@®al operational authority. It enables the integration of
heterogeneous pilot deployments into a cohere stem while avoiding dependency on any single pilot's local
infrastructure. The cloud environment hosts p, r vel services that realise the upper layers of the EvoRoads
architecture, including the data acquisitign a ation services, the Digital Twin infrastructure, analytics and
decision-support components, catalogul n pace interfaces, and the integrated dashboard. These services
require persistent availability, shared nd"consistent configuration across pilots, making a centralised cloud
deployment both appropriate and nece

4511 CLOUD PROV, INFRASTRUCTURE MODEL

At the time of writing, the ud infrastructure is provisioned using services

offered by the Hetz rovider. Hetzner provides an Infrastructure-as-a- H E Tzn E R

Service (laaS) enviro t allows the project to instantiate virtual servers,
attach persistent and ephe | storage volumes, and configure network connectivity between services.

This choice supports flexibility and scalability while maintaining clear responsibility boundaries. The cloud provider is
responsible for the physical data centres, hardware maintenance and baseline availability, while EvoRoads partners retain
full control over the configuration and operation of the virtualised resources. This model allows the platform to evolve
incrementally as integration needs become clearer, without committing prematurely to fixed deployment topologies.

2 The official website of Hetzner is accessible via this link: https://www.hetzner.com/cloud (Accessed December 2025).
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4.51.2 SHARED SERVICES AND MULTI-PILOT OPERATION

The EvoRoads cloud environment is designed to support multi-pilot operation through shared services rather than isolated,
per-pilot cloud deployments. Logical separation between pilots is achieved through configuration, access control and data
scoping, not through strict physical isolation of virtual machines.

This approach enables cross-pilot analytics, benchmarking and comparative assessments while preserving governance
boundaries. Shared services such as the Digital Twin or analytics engines can operate over multiple datasets, with pilot-
specific views enforced at the application and access-control layers. Where necessary, additional cloud resources can be
provisioned to accommodate increased data volumes or computational demand without altering the overall architectural
model.

4513 SECURITY-BY-DESIGN AT INFRASTRUCTURE LEVEL

Several infrastructure-level security measures are already in place within the EvoRoads cl vironment.
All storage volumes attached to cloud-hosted virtual machines are encrypted at rest nisms provided by the
cloud provider. This ensures that data stored on physical media remain protecte authorised access in the
event of hardware loss, decommissioning or compromise. Network access {o clo d services is regulated through
firewall configurations that restrict inbound and outbound traffic. Defa e oli@fes are applied unless specific
communication paths are explicitly enabled. This reduces the exposed atjdck ace and ensures that only authorised
users and systems can access platform services. Reverse proxy compongnts used to structure access to internal
services. Rather than exposing backend services directly, reverse pr as controlled ingress points, terminating
external connections and forwarding requests to appropriate 4 | components. This pattern simplifies service
rvice configurations to evolve without impacting

exposure, supports consistent security enforcement and allowgd
external interfaces.
4514 SECURE COMMUNICATION ANLQ IDE Y MANAGEMENT

All external communication with cloud-hosted EvoR services is performed _

over encrypted channels, typically using S. This ensures e H_OAK
confidentiality and integrity of data exo n users, services and -

authorised external systems.

User authentication and authorisatio dled centrally using an identity and access management service based
on Keycloak 3. This enables role- B85S control aligned with the personas defined within EvoRoads, such as road
safety operators, planner, na managers, researchers and public users. Centralised identity management
ensures consistent enforc cess policies across all shared services and avoids duplication of access-control
logic within individ ts¥ Role-based access control also supports the separation of operational and
administrative responsiiSiiii rs are granted access only to the views, datasets and actions relevant to their role and
geographic scope, while a trative functions are restricted to authorised personnel.

4.51.5 DEPLOYMENT MATURITY AND CURRENT LIMITATIONS

At the current stage of the project, detailed deployment diagrams mapping individual services to specific virtual machines
or defining orchestration strategies have not yet been finalised. This is a deliberate and transparent choice. During the

3 The official website of the Keycloak open-source project is available here: https://www.keycloak.org/ (Accessed December 2025).
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first phase of EvoRoads, emphasis has been placed on architectural integration, functional validation and end-to-end
workflow coherence rather than on infrastructure optimisation.

Similarly, EvoRoads does not currently operate a fully automated continuous integration or continuous deployment
pipeline for platform-level services. Integration activities are coordinated across WPs and partners, prioritising functional
correctness and architectural alignment. More advanced automation, orchestration or scaling mechanisms remain
potential evolution paths to be assessed as the platform matures and operational requirements become clearer.

In summary, the EvoRoads cloud hosting environment provides a secure and flexible physical foundation for shared
platform services, grounded in a public laaS offering and structured around clear hosting, security and access principles.
While detailed deployment topologies and automation mechanisms are intentionally deferred, the current Physical View
establishes the constraints and assumptions that govern cloud-based operation. This approach ensures technical
credibility, avoids premature commitments, and prepares the ground for more detailed deployment specifications to be
presented in subsequent deliverables, notably D71.4.

4.5.2 SECURITY, ACCESS CONTROL AND TRUST BOU

Beyond the security characteristics of the hosting environment itself, the EvoRo gr Platform defines a set of
access control and trust boundaries that govern how users, services ‘ e stems interact with deployed
components. These mechanisms are designed to support secure operation e pilots and stakeholders, while
remaining compatible with the research-oriented nature of the project and ev@ling state of deployment.

At platform level, access to cloud-hosted services is mediated th thenticated interfaces rather than direct
infrastructure access. User-facing components, including the inte ashboard and selected application services, are
exposed through controlled entry points such as reverse proxi g that internal services and data stores are not
directly reachable from external networks. This separatio its tack surface and allows access policies to be

enforced consistently across different services without requiri iform deployment configurations at pilot level.

Authentication and identity management are h d centrally using a dedicated identity and access management
service, with Keycloak serving as the primaryg_id broker. This enables the definition of distinct user roles
corresponding to the personas addressed by rW, such as road safety operators, maintenance planners, policy
users and researchers. Authentication m& applied uniformly across web-based interfaces and APls, allowing
both human users and machine-to-ma ons to be governed under the same identity framework. While full
federation with external identity provide equired at this stage, the chosen approach supports future integration
should the platform evolve beyon ecycle. Authorisation within the platform is based on role-aware access
to services and data, rat i ined per-component permissions. This reflects a deliberate design choice to

, that operational users can view and act upon safety alerts relevant to their
jurisdiction, while rese d users may access aggregated or anonymised datasets through dedicated interfaces.
Pilot-specific constraints ernance rules are respected by enforcing logical separation at service and data access
level, rather than by duplicating infrastructure.

Trust boundaries are explicitly acknowledged between the cloud-hosted platform services and the pilot-level environments
from which data originate. Data entering the cloud environment are assumed to have undergone appropriate pre-
processing and compliance checks at source, particularly where personal or sensitive information is involved.
Conversely, the cloud platform does not assume control over pilot-side systems or enforcement of local security policies.
This delineation of responsibility ensures that pilot operators retain control over their infrastructure, while the integrated
platform remains accountable for the security of shared services and exposed interfaces.

External access, including interaction with data spaces or third-party systems, follows the same principle of controlled
exposure. APIs and data exchange mechanisms are designed to support authenticated and authorised access, with
explicit governance over what data can be shared, under which conditions, and at what level of aggregation. This approach
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aligns with the broader EvoRoads data governance framework and avoids implicit trust relationships between the platform
and external ecosystems.

Importantly, the security and access control mechanisms described here are (see also Figure 18) intended to provide a
robust baseline rather than a fully automated or self-adaptive security posture. Advanced capabilities such as continuous
security monitoring, automated policy enforcement or dynamic trust evaluation are outside the scope of the current
deployment phase and will be considered only where justified by future operational requirements. By clearly defining what
is implemented and what remains prospective, EvoRoads maintains transparency while establishing a credible foundation
for secure, multi-stakeholder operation.
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jgure 18: Access control approach of the EvoRoads platform

4.5.3 PHYSICA STRAINTS, ASSUMPTIONS AND EVOLUTION TOWARDS
FINAL DEPLOYMENT

The Physical View presented in this deliverable reflects the current maturity stage of the EvoRoads Integrated Platform
and is intentionally scoped to avoid premature or speculative deployment commitments. As a Research and Innovation
Action, EvoRoads operates under evolving technical, organisational and regulatory conditions, particularly across pilot
sites with heterogeneous infrastructure and governance requirements. Consequently, certain physical deployment
aspects remain subject to refinement as implementation progresses and as integration activities mature.

A primary constraint concerns the incomplete finalisation of deployment topologies for both cloud and pilot-level
environments. While shared cloud infrastructure assumptions have been established, the exact distribution of services
across virtual machines, container runtimes and supporting middleware has not yet been fully defined. This is a deliberate
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outcome of the phased integration strategy adopted by the project, whereby component-level development and pilot-
specific validation take precedence over early consolidation of a fixed deployment model. As a result, detailed deployment
diagrams, resource sizing and orchestration strategies are deferred to a later stage.

Similarly, the physical installation and configuration of software components within pilot environments are influenced by
factors that vary across sites, including available hardware, connectivity constraints, local operational practices and
regulatory mandates. While common patterns for data ingestion, edge processing and cloud interaction have been
identified, the precise mechanisms by which these are realised in each pilot are expected to differ. The present deliverable
therefore avoids prescribing uniform installation procedures or edge deployment architectures, focusing instead on shared
principles and interfaces.

Another important assumption relates to the progressive containerisation of algorithms and services. Although many
components are designed to be containerised and exposed through APIs, the definition of these interfaces and the
adoption of orchestration mechanisms are ongoing activities. At this stage, EvoRoads does @t rely on fully automated
deployment pipelines or continuous delivery processes. Integration and deployment are d through coordinated
integration cycles, with testing and validation activities conducted collaboratively acr s pragmatic approach
reflects the research-driven nature of the project and mitigates the risk of over-en

i in y deployments.
Q explicitly in Deliverable D17.4.
t rams, clarified integration points

Looking ahead, the evolution towards a consolidated final deployment wiIQ a
That deliverable will document refined deployment architectures, including go

lea during pilot execution and system
the final deployment specifications to be

and updated security and access control configurations, based on lesso
integration. By separating the foundational assumptions documented

presented later, EvoRoads ensures transparency, technical credihj d ar progression from architectural intent to
operational realisation.

4.6 SCENARIOS VIEW: ARCHI CT&AL VALIDATION THROUGH
EVOLVING OPERATION RRATIVES

The Scenarios View constitutes the “ tiWe of the 4+1 architectural model and serves as a means to validate
and contextualise the architecture by illu supports realistic system usage. In EvoRoads, this view is realised
through a well-defined set of pilot-spec oss-pilot use cases that describe how the integrated platform supports
safety-oriented decision-making in

demonstrations and form gkey for validating both individual components and the platform as a whole.
In the context of the presen , the Scenarios View is not described exhaustively. This is not due to any deviation
from the classical int i the 4+1 model, nor to an absence or abstraction of use cases within the project. On the

contrary, EvoRoads ha ed concrete and detailed scenarios that guide pilot activities, integration efforts and
evaluation planning. Howe ese scenarios are documented in dedicated WP deliverables - most notably within WP4
- and are already introduced from a user and operational perspective in Chapter 2 of this document. Reproducing them in
full here would lead to unnecessary duplication and dilute the architectural focus of Chapter 4.

Instead, the role of the Scenarios View subsection within this chapter is to confirm that the architecture presented through
the Logical, Process, Development and Physical Views is consistent with, and capable of supporting, the defined
operational use cases. The scenarios exercised across pilots collectively span the full safety decision chain (from detection
and diagnosis to prioritisation, intervention planning and impact assessment) and involve heterogeneous actors, data
sources and temporal constraints. As such, they provide a comprehensive validation backdrop for the architecture, even
when not restated in procedural detail. The architectural views presented earlier can be directly traced to scenario needs.
The Logical View establishes the components and responsibilities required by the use cases; the Process View
demonstrates how runtime interactions realise scenario workflows; the Development View ensures that integration across
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partners and technologies is feasible; and the Physical View grounds execution within realistic deployment constraints.
Taken together, these views show that the architecture is not an abstract construct, but one that is explicitly shaped by
and aligned with the scenarios exercised in the pilots.

In this sense, the Scenarios View plays its classical role: it validates architectural choices through concrete use, without
redefining or substituting the scenario descriptions themselves. Detailed scenario narratives, step-by-step operational
flows and evaluation criteria are therefore intentionally left to the deliverables where they are most effectively addressed
and maintained as living artefacts throughout the project.

4.7 CONCLUSION

Chapter 4 has presented the EvoRoads Integrated Platform Architecture using the 4+1 mod
across structural, behavioural, developmental and physical perspectives, and confirmin
operational scenarios. Building on this architectural foundation, Chapter 5 shifts focus to
examining how data governance, interoperability and controlled data sharing are im
platform functions and interaction with the wider European mobility data ecosyste,

\
&

emonstrating coherence
ment with the project’s
Mobility Data Space,
d 1o support both internal
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5 SAFE MOBILITY DATA SPACE (SMDS)

Building upon the description of the integrated EvoRoads platform presented in the previous chapter, this chapter narrows
the focus to the Safe Mobility Data Space (SMDS), a core enabling component developed within the scope of Task 1.4.
While the overall platform brings together sensing, analytics, digital twins and user-facing services, the SMDS constitutes
the foundational layer through which data are systematically collected, harmonised, governed and made available for
advanced safety assessment and decision support. The chapter provides a comprehensive overview of the SMDS as
conceived and implemented in the EvoRoads project, situating it within the broader landscape of European initiatives on
mobility data spaces and trusted data sharing. It first reflects on the state of the art in data space architectures for transport
and mobility, highlighting emerging principles related to interoperability, federated access and secure data exchange. It
then introduces the architectural design of the EvoRoads SMDS, describing how heterogene data sources - ranging
from infrastructure monitoring and vehicle-based sensing to contextual and behavioural - are integrated into a
coherent and extensible data environment. Particular emphasis is placed on the that enable semantic
interoperability, data quality management and scalable integration across pilots . In addition, the chapter
discusses key cross-cutting concepts underpinning the SMDS, including @a g e, trust, and data sovereignty,
which are essential for ensuring compliance with European regulatory fra 0 for strengthening stakeholder
confidence in data sharing processes. By articulating both the conceptual{igu ions and the practical implementation
choices of the EvoRoads SMDS, this chapter sets the scene for a de mination of how data spaces can support
safer, more resilient and more transparent mobility systems across pean contexts.

5.1 STATE-OF-THE-ART AND EXIST, N-EUROPEAN MOBILITY
DATA SPACES

This subsection will provide an overview of existi an-European mobility data spaces, focusing on initiatives and
platforms that aim to aggregate and share mobilityzre data across Europe. It will cover key developments in the field,
discuss the integration of data from varioys so 9 ghlight the benefits and challenges these data spaces face.

5.1.1 OVERVIEW OF SELESREWFAN-EUROPEAN MOBILITY DATA SPACE
INITIATIVES

The notion of a mobility data s
mobility sector generates
fragmented across

merged in Europe as a policy-driven response to a long-standing tension: the
esYf potentially high-value data, yet the corresponding data landscape remains
, and public—private boundaries. The European Commission explicitly frames the
Common European ta Space (often abbreviated as EMDS) as an instrument to facilitate access, pooling
and sharing of transport ility data from existing and future sources, thereby supporting digitalisation and a more
interconnected multimodal system; the Commission further emphasises that fragmentation currently constrains innovation
and limits the benefits of data-driven mobility [71]. This policy trajectory is reflected in a set of complementary initiatives;
some targeting federation and governance, others providing deployment projects and technical building blocks, and others
focusing on specific data domains (e.g., safety-related traffic information). The following overview highlights how the
initiatives listed in this section collectively shape the contemporary state-of-the-art that informs EvoRoads’ Safe Mobility
Data Space (SMDS) design choices.

[

At the level of EU policy and reference framing, the Commission’s “Creating a common European mobility data space”
page [71] is particularly instructive as it articulates the problem statement and desired direction of travel. It links the EMDS
ambition to broader strategic objectives such as sustainability, competitiveness and resilience, and positions data sharing
and interoperability as prerequisites for achieving these ends. Importantly, the Commission’s framing does not prescribe
a single centralised platform; instead, it motivates a federating approach capable of connecting multiple data ecosystems
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and enabling reuse across passengers and freight contexts [71]. This is a foundational point for SMDS-like architectures:
“data space” is not merely a repository concept, but a socio-technical construct combining shared rules, interoperability
mechanisms, and trust/safeguards for controlled exchange.

From a deployment and operationalisation perspective, the deployEMDS initiative* can be read as a concrete step
towards turning the EMDS policy ambition into an implemented infrastructure and community of practice. The project
presents itself as co-funded under the EU Digital Europe Programme and explicitly states that it aims to help make the
common European mobility data space a reality by cultivating a broad European ecosystem of data providers and users
while facilitating adoption of “common building blocks”. Its public materials foreground three technical-organisational
pillars: data interoperability, data sovereignty and trust, and accessibility (discoverability and availability); which
collectively function as a pragmatic specification of the minimum properties expected from EMDS-aligned data exchange.
Additionally, deployEMDS frames the EMDS as a “framework for interlinking and federating ecosystems”, signalling that
interoperability in this context is expected to be multi-ecosystem and cross-border by d n rather than limited to
harmonisation within a single domain. For EvoRoads, this emphasis on common building nd federation is directly
relevant when positioning SMDS as an extensible layer that can interoperate with extergal s rather than compete
with them.

Where deployEMDS focuses on deployment at ecosystem scale, NAPCORE ad closely related but historically
distinct backbone: National Access Points (NAPs)%. NAPs are mandate & U ITS Directive and delegated
i

regulations as national platforms for publishing and making available mo - data, notably for travel information
services. NAPCORE identifies that NAPs have evolved heterogeneo , @&hibitihg differences in set-up, data access
e

interfaces, and the standards and formats used across Europe; pregi ypes of divergences that undermine pan-
European interoperability if left unaddressed. It therefore position@a coordination mechanism aimed at improving
t
0

interoperability of NAPs through standard harmonisation and d at expanding access and availability through
coordinated procedures and strategy. In this sense, NAPC r an institutional and technical convergence layer
for a key subset of public-sector mobility data exchange, For t oRoads SMDS, the relevance lies in two directions: (i)

leveraging NAP-aligned standards, cataloguing appr
EvoRoads data assets can be made visible and re
governance permits.

es and duality practices where appropriate, and (ii) ensuring that
ble in ways compatible with NAP-based dissemination where

A distinct, domain-specialised initiative® i
Information (SRTI) ecosystem supporti

d Safety (DFRS), which presents itself as a Safety Related Traffic
change of safety-related traffic data and information at European scale.
Its framing emphasises the need for ma ment across vehicle manufacturers, traffic information service providers,
suppliers and public authorities t critical mass of safety data required for impactful services, and it explicitly
invites partners to join an e saety-related traffic data. In contrast to broader mobility data space efforts, DFRS
aring objective” and a set of associated artefacts (e.g., multi-party agreements and
through its “Key Documents” section. Conceptually, DFRS illustrates how a mobility
as a purpose-driven data ecosystem with well-defined participants, governance
arrangements, and operati data exchange, rather than as a general-purpose data marketplace. For EvoRoads SMDS,
DFRS provides a valuable precedent: safety-oriented data exchange requires not only interoperability, but also explicit

4The official website of the deployEMDS initiative is accessible here: https://deployemds.eu/ (Accessed December 2025).

5The official website of the NAPCORE initiative is accessible here: https://napcore.eu/ (Accessed December 2025).

6The official website of the Data for Road Safety initiative is accessible here: https:/dataforroadsafety.eu/ (Accessed December
2025).

7An interactive map containing the DFRS-collected data is accessible here: https://dataforroadsafety.eu/dfrs-live-map (Accessed
December 2025).
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attention to trust, privacy, and liability considerations that are often encoded through contractual and procedural
instruments alongside technology.

In parallel, initiatives such as MobiSpaces? illustrate the research and innovation strand of the European data space
movement. MobiSpaces explicitly labels its mission as developing “new data spaces for green mobility” and characterises
its platform as an ecosystem spanning the lifecycle of mobility data. It further contextualises its contribution through
multiple real-life use cases across urban and maritime mobility domains, thereby illustrating how data space principles
can be applied to heterogeneous operational environments rather than a single modal context. While the detailed technical
scope differs across projects, the salient state-of-the-art contribution for SMDS is methodological: MobiSpaces exemplifies
the coupling of data space concepts with edge-to-cloud data processing, modern data management practices, and a
validation strategy grounded in concrete use cases (a pattern increasingly common across EU-funded data space
projects).

Finally, the Mobility Data Space community?® is illustrative of a data space as an operatio
environment, explicitly convening organisations that “need data” and those who seek to
positions itself within the Gaia-X context', and highlights institutionalisation aspects ng company structure
and the link to a public-sector platform for exchanging digital information, esta 25). For SMDS, this is a
reminder that “data space maturity” is not solely measured in software cQmpo tainable data spaces typically
require governance bodies, onboarding processes, and community mecha pport both public-interest and
market-oriented participation. In aggregate, these initiatives provide the im &umpean state-of-the-art backdrop for
EvoRoads SMDS: a federated, standards-aware and governance-led roggh toYnobility data sharing, with sovereignty
and trust treated as first-class design constraints rather than option

5.1.2 DATA-SHARING MODELS IN
INITIATIVES

A defining characteristic of contemporary mobility dat

community and service
data assets. Notably, it

G MOBILITY DATA SPACE

paces I¥the manner in which data sharing is organised across
organisational, national and sectoral boundaries. E European initiatives reveal a spectrum of data-sharing models,
ranging from relatively centralised architecture federated and decentralised approaches. These models are
not mutually exclusive; rather, they refl i e-offs between governance control, scalability, data sovereignty
and ease of access. Analysing these trade i tial for positioning the EvoRoads Safe Mobility Data Space (SMDS)
within the European state of the art a suring technical and semantic alignment with established mobility data
ecosystems.

Historically, centralised da Is have played a prominent role in European transport data policy, particularly
through the establishment derthe ITS Directive [72]. In this configuration, datasets are published and accessed
via a single national ring a clear point of responsibility and a uniform access mechanism. However, as the
volume and heterogen ility data have increased, the limitations of strict centralisation have become evident.
Central platforms often s to accommodate heterogeneous data lifecycles, real-time streams and evolving access
policies, while cross-border interoperability remains dependent on sustained harmonisation efforts across multiple national
systems.

The NAPCORE initiative directly addresses these challenges by focusing on convergence rather than replacement of
existing NAP infrastructures. A cornerstone of this effort is the harmonisation of metadata through the adoption and

8The official website of the MobiSpaces initiative is accessible here: https://mobispaces.eu/ (Accessed December 2025).

9The official website of the Mobility Data Space initiative is accessible here: https:/mobility-dataspace.eu/ (Accessed December
2025).

0The official website of the Gaia-X initiative is accessible here: https://gaia-x.eu/ (Accessed December 2025).
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refinement of the mobilityDCAT-AP profile'!. mobilityDCAT-AP provides a common semantic framework for describing
mobility datasets, enabling consistent discovery, interpretation and reuse across national and European platforms. By
standardising dataset descriptions rather than enforcing centralised data storage, NAPCORE supports a decentralised
yet interoperable ecosystem in which data remain under the control of their original providers. This metadata-driven
approach is highly relevant to EvoRoads SMDS, as it underscores the importance of semantic interoperability as a
prerequisite for federated data sharing. Building on this foundation, EvoRoads (through T1.4, T6.4) has developed an
extension of mobilityDCAT-AP tailored to the specific characteristics of its pilot environments and safety-oriented data
assets. While mobilityDCAT-AP provides a robust baseline for dataset description, it does not natively capture several
attributes critical for EvoRoads use cases, such as dynamic safety indicators, infrastructure condition assessments,
sensor-derived features or links to composite safety KPls. The EvoRoads extension addresses this gap by introducing
additional metadata elements that preserve compatibility with the core profile while enabling richer semantic annotation of
pilot-generated data. This approach ensures that EvoRoads datasets can be seamlessly exposgd to external mobility data
spaces while retaining the expressiveness required for advanced safety analytics.

Beyond metadata harmonisation, federated data-sharing models are increasingly recognis
pattern for European data spaces. In federated configurations, data remain at_so d are accessed through
standardised interfaces governed by shared trust and governance frameworks aradigm aligns closely with the
European data strategy’s emphasis on data sovereignty, allowing data pro S aillcontrol over access conditions,
usage rights and revocation. Federated models also enhance scalability a ic[Y¥88¥as participation does not depend
on integration into a single central infrastructure. The TN-ITS (Traffic and Nj#liga Information Services) framework?
provides a concrete example of decentralised data exchange in pr -ITS enables road authorities to publish
authoritative traffic and regulation data directly, while service provi trieVthis information through agreed interfaces
and specifications. This model prioritises data freshness, leg gl and traceability, attributes that are particularly
important for safety-critical information. At the same time, it o) that decentralised publication can coexist with
pan-European interoperability, provided that governance r and technical specifications are clearly defined. For
EvoRoads SMDS, TN-ITS offers a relevant refergfice poin®for the decentralised dissemination of authoritative
infrastructure and safety-related data.

preferred architectural

In practice, many European initiatives adopt h a haring models, combining centralised coordination functions
with decentralised data storage and SS | services often include catalogues, identity management and
governance coordination, while datase s remain distributed. NAPCORE'’s metadata catalogue strategy,
grounded in mobilityDCAT-AP, exempl ybrid approach, as does the broader vision of the Common European
Mobility Data Space. Such model nce discoverability and ease of access with respect for sovereignty and
organisational autonomy.

The EvoRoads SMDS con
through interoperabl

opts this federated—hybrid paradigm. Data generated across pilots are exposed
escribed using mobilityDCAT-AP and its EvoRoads-specific extension, and governed
by explicit access an licies. This design ensures alignment with existing European mobility data-sharing
practices while extending to accommodate novel safety data types and analytics outputs. By embedding metadata
harmonisation, decentralised control and clear governance mechanisms at its core, SMDS positions EvoRoads as a
technically and conceptually coherent contributor to the evolving European mobility data space ecosystem.

"The technical specification and documentation of the mobilityDCAT-AP - Version 3.0.0 and specifically its unofficial draft 02 April
2025 is accessible here: https://mobilitydcat-ap.github.io/mobilityDCAT-AP/drafts/latest/index.html (Accessed December 2025).
2The official website of the TN-ITS platform is accessible here: https:/tn-its.eu/ (Accessed December 2025).
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5.1.3 CHALLENGES AND GAPS IN CURRENT MOBILITY DATA SPACES

Despite the significant progress made through European initiatives on mobility data spaces, a number of persistent
challenges and structural gaps remain. These challenges span technical, organisational, economic and temporal
dimensions, and they have direct implications for projects such as EvoRoads that seek both to align with existing data
space ecosystems and to deliver a self-contained, research-driven technical proposition. Understanding these limitations
is essential not only for contextualising the EvoRoads Safe Mobility Data Space (SMDS) within the current state of the art,
but also for articulating its added value and realistic pathways for integration or long-term interoperability.

A first major challenge concerns temporal misalignment and sustainability [73] [74] [75]. Many European mobility data
space initiatives (including those funded under Horizon Europe, CEF Digital or Digital Europe) are constrained by fixed
project lifecycles, typically spanning three to four years. While these timelines are sufficient for architectural design, piloting
and early deployment, they are often insufficient for achieving stable integration with long-runnigig operational ecosystems.
In practice, data spaces mature over longer periods, requiring sustained governance, onb of participants, iterative
refinement of standards, and trust-building between public and private actors. For Evo is creates a structural
tension: the SMDS must demonstrate alignment and interoperability within the projec jorT, while recognising that
some target initiatives may evolve on different timelines or reach operational matug a voRoads has concluded.

iglling [76] [77]. Certain initiatives,

Me ents, defined membership models
emé¥ typically requires not only technical
and sustained commitments that extend
into these ecosystems during the project lifetime
to governance and commercial realities. This

they can align architecturally with operational
n strategies rather than on technical readiness alone.

A related gap arises from asymmetries in organisational maturity and m
such as DFRS, operate as established ecosystems with long-term contract
and strong involvement from major industry players. Entry into such_gco
compatibility, but also formal agreements, compliance with operationa
beyond the scope of a research project. For EvoRoads, direct inte,
may therefore be constrained, not due to technical incompatihii

highlights a broader challenge for research-driven data
initiatives, full integration often depends on post-project explo

From a technical perspective, heterogeneity of d
While initiatives such as NAPCORE and mobili
data spaces focus primarily on dataset disco
analytical data. EvoRoads SMDS, by ¢
indicators, composite KPIs and outputs
both compliant with existing metadata s
and mappings that are not yet uni
semantic interoperability, i

models and semantic depth remains a significant barrier [78].
P have advanced metadata harmonisation, many operational
cess rather than on deep semantic integration of derived or
ages complex safety-related data products, including derived
anced analytics and digital twins. Exposing these assets in a way that is
wend sufficiently expressive to preserve their meaning requires extensions
ported. This creates a gap between baseline interoperability and meaningful
moving beyond raw or observational datasets.

Another challenge liegin go an iversity and fragmentation [79] [80]. Current mobility data spaces vary widely in
their governance mo from public-sector-led coordination (e.g. NAPs) to consortium-based ecosystems and
market-oriented platform odel defines its own rules for access control, liability, data quality assurance and dispute
resolution. For EvoRoads SMDS, operating across multiple pilots and national contexts, aligning with all these governance
regimes simultaneously is not feasible. Instead, SMDS must adopt a flexible governance-by-design approach, capable of
interfacing with different external regimes while maintaining internal coherence and compliance. This reinforces the need
for SMDS to function as a stand-alone data space that can selectively interoperate with external initiatives without being
structurally dependent on any single one.

Trust and data sovereignty mechanisms also represent an area where gaps persist [81]. While the principles of data
sovereignty are widely endorsed at policy level, their concrete implementation varies considerably across initiatives. Some
ecosystems rely heavily on contractual trust, others on technical enforcement mechanisms, and others on institutional
authority. EvoRoads SMDS must operate in this fragmented trust landscape while managing sensitive safety-related data
that may have legal, ethical or reputational implications. Ensuring that data providers retain control over their assets, while
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enabling controlled sharing for cross-pilot and cross-domain analysis, is a non-trivial challenge; particularly when
interoperability with external data spaces may require additional assurances or certifications not fully defined at present.

A further gap concerns scalability and transition from pilot to operation [82]. Many existing data spaces are still in pilot
or early deployment phases, with limited numbers of participants and datasets. Conversely, initiatives that are already
operational often prioritise stability over experimentation. EvoRoads SMDS occupies an intermediate position: it must
support experimental, research-oriented use cases while also being credible as a foundation for future operational
deployment. This dual role complicates both direct integration into mature ecosystems and alignment with early-stage
initiatives whose architectures may still be evolving.

Taken together, these challenges suggest that a binary choice between direct integration and isolation is neither realistic
nor desirable for EvoRoads SMDS. Instead, SMDS is positioned as a stand-alone yet interoperable data space,
designed to align with European standards, principles and reference architectures, while remaining autonomous in
governance and operation during the project lifecycle. This approach allows EvoRoads to\@ontribute technically and
conceptually to the European mobility data space landscape, even where immediate full i n is not feasible. At the
same time, it preserves the flexibility required for post-project exploitation, whethe ective integration into
established ecosystems, alignment with emerging initiatives, or continued inde ration. In this sense, the
challenges and gaps of current mobility data spaces are not merely constra"s fo ds, but also key design drivers

shaping the SMDS as a resilient, future-facing technical proposition. \

5.2 OBJECTIVES, METHODOLOGICA
PRINCIPLES OF THE EVOROAD

Building on the preceding analysis of the state of the art, this ion introduces the Safe Mobility Data Space (SMDS) of
EvoRoads by focusing on its core targets and the hodolo | approach adopted to achieve them. The SMDS is
conceived not merely as a technical infrastructure, b a strategic enabler for trusted, interoperable and safety-oriented
data sharing across heterogeneous mobility doagi rdingly, this section outlines the objectives guiding the design
of the SMDS, the methodological princigles t hiCh these objectives have been translated into concrete design
decisions, and the alignment mechanism ensure consistency with European mobility data space initiatives
and stakeholder requirements. Togeth spects provide the conceptual framing necessary for understanding the
EvoRoads SMDS, before subsequent s dress its architectural and technical implementation in detail.

5.2.1 OBJECTIVES EVOROADS SAFE MOBILITY DATA SPACE

The Safe Mobility D ) of EvoRoads has been designed with a clearly delimited set of objectives that
respond directly to th organisational and temporal challenges identified in the current mobility data space
landscape. Rather than replicate or replace existing European initiatives, the SMDS is conceived as a project-
level data space that enables coherent data integration, controlled sharing and analytical reuse across all EvoRoads pilot
sites, while remaining interoperable with external ecosystems. These objectives are grounded in the practical
requirements of road authorities, infrastructure managers and technology providers involved in the pilots, and they guide
concrete technical deployment decisions.

ACH AND ALIGNMENT

A primary objective of the EvoRoads SMDS is to provide a common data integration layer across heterogeneous
pilot environments. EvoRoads pilots span urban, peri-urban and rural contexts, multiple countries, and diverse sensing
and data acquisition setups. The SMDS therefore aims to ingest, describe and expose data from infrastructure monitoring
systems, vehicle-based sensing, environmental sources and contextual datasets in a uniform manner. This does not imply
homogenisation of raw data, but rather the establishment of a shared integration framework through harmonised
metadata, common access patterns and explicit documentation of data provenance and update cycles. By doing so, the
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SMDS ensures that data produced in one pilot can be understood, compared and reused in others, addressing
fragmentation issues highlighted in subsection 5.1.3.

A second objective is to support safety-oriented data products rather than only raw datasets. EvoRoads generates
derived outputs such as infrastructure condition indicators, behavioural metrics and composite safety KPIs that are central
to decision-making by road operators. The SMDS is therefore designed to manage both primary data and derived
artefacts, exposing their relationships, assumptions and dependencies. This objective directly responds to gaps in existing
data spaces, which often prioritise dataset discovery while offering limited support for analytical outputs. For infrastructure
and mobility specialists, this approach ensures that investments in data collection and analytics translate into actionable
information rather than isolated data silos.

Closely related is the objective to maintain decentralised control while enabling project-wide access. Data ownership
remains with the organisations operating the pilots or providing the data, reflecting legal, cgntractual and operational
realities. The SMDS does not impose central data custody; instead, it enables controlled acces§ihrough agreed interfaces
and access policies. This design choice aligns with the sovereignty concerns discussed ction 5.1.3 and avoids
dependencies on long-term contractual commitments that would be incompatible with duration. At the same
time, it allows EvoRoads to function as a coherent analytical environment during itggl

Interoperability with European mobility data space initiatives constitutes a@ h objective. The SMDS adopts
established metadata practices, notably mobilityDCAT-AP and its EvoRoads tension, to ensure that datasets
and data products can be exposed to external catalogues and platforms n opriate. This objective is not framed
as immediate full integration into ecosystems such as NAPs or DFR echnical readiness for interoperability.
In practical terms, this means that the SMDS produces data asset re turally compatible with external initiatives,
even where governance or timing constraints prevent direct integ hin the project timeframe.

Another key objective is scalability beyond the initial pilot hile MDS addresses all EvoRoads pilot sites equally,
it is explicitly designed to be adaptable to additional cities, regi and road networks. This includes the ability to onboard
new data providers, accommodate different sensing nologieS, and reflect local infrastructure characteristics without
re-engineering the data space. This adaptability is p ularly relevant for rural road contexts, where data availability is
often lower, infrastructure assets are more dis safety risks are less visible through traditional monitoring. By
lowering the technical and organisatio ar tegrating rural road data, the SMDS supports more systematic
safety assessment and prioritisation for are typically underrepresented in data-driven mobility initiatives.

Finally, the SMDS aims to support co
diverse data sources and derive

e decision-making for road authorities. By consolidating access to
ators, the data space reduces duplication of data collection efforts and

facilitates evidence-base i i interventions. For infrastructure managers, this means that investments in
sensing, analytics and dat ent are aligned within a single framework, improving transparency and reducing
uncertainty in maint fety planning.

Taken together, these position the EvoRoads SMDS as a focused, technically grounded data space that
addresses known gaps in current mobility data ecosystems, supports both urban and rural road safety needs, and provides
a credible foundation for future extension beyond the project’s initial scope.

5.2.2 METHODOLOGICAL APPROACH FOR THE DESIGN AND DEVELOPMENT
OF THE EVOROADS SMDS

The methodological approach followed for the design and development of the EvoRoads SMDS is grounded in an iterative,
evidence-driven process that combines state-of-the-art analysis, stakeholder engagement and cross-task technical co-
design. During the first reporting period, Task 1.4 focused primarily on establishing the conceptual and methodological
foundations of the SMDS, ensuring alignment with European data space initiatives while addressing the concrete data
needs emerging from the EvoRoads pilots. This work was led by FRONT, with substantial contributions from consortium
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partners ERTICO and CEFRIEL, whose involvement in European mobility data ecosystems provided critical insight into
operational practices and interoperability requirements.

A significant methodological step during the first period consisted of a structured review and analysis of existing European
mobility data space initiatives and related frameworks. While the outcomes of this activity are synthesised in Section 5.1,
the methodological relevance lies in how this analysis informed design decisions rather than in the descriptive results
themselves. Through systematic comparison of architectures, governance models and data-sharing practices, Task 1.4
identified constraints that are particularly relevant for project-level data spaces, such as temporal misalignment with long-
running initiatives and the limited feasibility of formal integration during a research project’s lifecycle. These findings
directly shaped the decision to position the EvoRoads SMDS as interoperable but operationally autonomous.

This analytical work was complemented by direct engagement with selected initiatives. Contacts and bilateral meetings
were organised with representatives of initiatives such as the Mobility Data Space, while others - such as deployEMDS
and TN-ITS - were presented to the consortium by ERTICO based on first-hand involvem of their experts. These
exchanges served a dual methodological purpose: they validated assumptions derived fr research and exposed
practical considerations related to onboarding, governance and technical prerequisite Iways visible in public
documentation. For the SMDS, this translated into a pragmatic focus on technica and semantic alignment
rather than on premature institutional integration. ‘

In parallel, Task 1.4 adopted a co-design methodology tightly coupled { chnical tasks. The SMDS was
not developed as an isolated data layer, but in continuous interaction with 2 ata Acquisition and Processing) and
Task 3.1 (Digital Twin). Methodologically, these three tasks form a f pyramid: Task 2.1 defines how data are
collected, cleaned and structured; Task 3.1 defines how data are e exploited within digital representations of
road infrastructure; and Task 1.4 defines how these data an products are exposed, governed and shared.
Regular coordination meetings ensured that assumptions ab ts, update frequencies and semantics remained
consistent across tasks, avoiding retrofitting at later stages.

A cornerstone of the methodological approach was
FRONT, LINKS and the KIOS Research and Innovat
meetings with targeted offline exchanges,
implementation-oriented levels. Rather #

concrete data flows observed in the pilo

patterns. This approach was instrumen

sensing technologies, organisatio

To ground architectural dgsi al reality, Task 1.4 also relied heavily on integration workshops with data
providers and pilot leade ed in collaboration with Tasks 1.5 and 6.2. These workshops mapped end-to-end
data pipelines from urces through processing components to user-facing services. Methodologically, this
ensured that the SMD by actual data dependencies and interfaces rather than by assumed workflows. It also
enabled early identificatio nstraints related to data ownership, access rights and update responsibilities, which are
critical for the definition of data-sharing mechanisms.

co-design of the three-tier SMDS architecture, led jointly by
enter of Excellence (UCY). This work combined online technical
itectural decisions to be debated at both conceptual and
m abstract reference models, the architecture was derived from
at the SMDS reflects real acquisition, processing and consumption
essing the heterogeneity of EvoRoads pilots, which differ significantly in
d infrastructure contexts.

Interoperability and data management considerations were systematically incorporated through close collaboration with
CEFRIEL, particularly in relation to mobilityDCAT-AP and its EvoRoads-specific extension. CEFRIEL’s role as Data
Manager of EvoRoads and leader of Task 6.4 ensured that methodological choices in Task 1.4 were consistent with FAIR
principles, ethical considerations and European interoperability guidelines. Rather than treating metadata and data
governance as an afterthought, the methodology embedded these aspects early, influencing how datasets and derived
artefacts are described and exposed within the SMDS.

Looking ahead, the methodological focus in the remaining project period will gradually shift from conceptual alignment to
progressive operationalisation and validation. Building on the established architecture, Task 1.4 will work closely with
Tasks 2.1 and 3.1 to deploy the SMDS components in pilot environments, refine data-sharing interfaces, and test
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interoperability pathways with external initiatives where feasible. Continued engagement with European data space actors
will support this phase, particularly to assess how EvoRoads data assets can be exposed beyond the project. Throughout
this process, the methodology will remain iterative, using pilot feedback to adjust data models, access mechanisms and
governance assumptions, ensuring that the SMDS evolves coherently until the end of the EvoRoads project.

5.2.3 ALIGNMENT THROUGH DESIGN-TIME COMPLIANCE AND SELECTIVE
ADOPTION

The alignment of the EvoRoads Safe Mobility Data Space (SMDS) with European mobility data space initiatives is primarily
achieved through design-time compliance rather than runtime coupling, in line with the scope and objectives of a
Research and Innovation Action (RIA). Rather than pursuing live technical or institutional integration during the project
lifecycle, EvoRoads internalises key European data space principles at the point of architectural and semantic design.
This includes the adoption of recognised metadata standards, catalogue-oriented dig@gvery mechanisms, and
decentralised access assumptions that reflect prevailing European practices. By embe ese elements from the
outset, the SMDS ensures that its data assets and interfaces are structurally compatiblegai I mobility data spaces,
without presupposing their operational readiness, governance timelines or contract ks. This approach directly
mitigates the temporal and organisational constraints identified in Subsectigm 5. remaining consistent with the
exploratory and validating character of an RIA.

At the same time, EvoRoads applies a principle of selective adoptio h gaging with European data space
practices. As an RIA, the project prioritises the investigation, valig@ii nd demonstration of technically feasible
approaches over the establishment of permanent operational ogs | arrangements. Accordingly, EvoRoads
adopts those elements that can be realistically implemented sessed within the project - such as metadata
harmonisation, interoperability readiness and decentralised d - while deliberately excluding mechanisms that
presuppose long-term institutional commitments, fixed bu s models or stable governance entities. This selective
approach ensures that alignment does not come at thegexpens technical agility or pilot relevance. Instead, the SMDS
is shaped as a coherent, self-contained data spa at remains open to future integration pathways. In this sense,
alignment in EvoRoads is expressed not thro diate connectivity, but through the conscious avoidance of
architectural, semantic or governance degisio limit interoperability beyond the project’s duration.

5.3 ARCHITECTURE Q, EVOROADS SAFE MOBILITY DATA
SPACE

This section presents th tur the EvoRoads Safe Mobility Data Space (SMDS), describing how its core
components are structure they interact to support data ingestion, modelling, sharing and reuse across the
and methodological choices outlined in Section 5.2, the architecture is organised into a
layered design that sep engineering and ingestion processes, digital twin—based data structuring and analytics,
and secure data exchan chanisms. Particular emphasis is placed on the upper data-sharing layer, where the
adoption of International Data Spaces Association (IDSA)-compliant Eclipse connectors'® aligns the SMDS with the
federated data exchange principles promoted by deployEMDS and the Common European Mobility Data Space. The
section introduces these layers and the supporting services that enable dataset discovery, versioning and controlled
access, notably through the use of a common catalogue. Together, these elements define a coherent architectural
framework that underpins the operation of the SMDS across all EvoRoads pilot sites and establishes a technically credible
pathway for interoperability with EMDS initiatives.

BEclipse Dataspace Components is available here: https://projects.eclipse.org/projects/technology.edc (Accessed December 2025).
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5.3.1 ARCHITECTURAL OVERVIEW AND DESIGN PRINCIPLES OF THE
EVOROADS SMDS

This subsection presents a consolidated architectural overview of the EvoRoads SMDS and articulates the design
principles that underpin its structure. The architecture has been conceived to accommodate heterogeneous data sources,
diverse pilot constraints and evolving interoperability requirements, while remaining aligned with EU mobility data space
principles. Rather than prescribing a single deployment pattern, the SMDS provides a modular and layered framework
that supports different operational configurations across pilots, without compromising coherence at project level.

5.3.1.1 OVERVIEW OF THE THREE-LAYER ARCHITECTURE

At a high level, the EvoRoads SMDS is organised into three functional layers: (i) a data engineering and ingestion layer,
(i) a digital twin layer, and (iii) a secure data exchange and federation layer. Each one cgtresponds to a distinct set
of responsibilities and is associated with specific tasks, ensuring clear ownership and trac within the consortium.

The data engineering and ingestion layer is primarily realised through Task 2.1 and is r collecting data from
heterogeneous sources, performing initial processing, and transporting data acro undaries. The digital twin
layer, developed under Task 3.1, provides structured representations of rc? infl re, context and state, enabling
data interpretation and analytical exploitation. The upper layer, designe 1.4, implements secure data
exposure and exchange mechanisms based on IDSA-compliant Eclipse ¢ , acting as the interface between the
EvoRoads data space and external ecosystems. Together, these layers Y@km oherent stack that supports the full
lifecycle of data within the SMDS, from acquisition to controlled shari concept of the three-layer architecture is
illustrated in Figure 19. '

w Data Engineering & Ingestion Task 2.1

T R
Data Acquisition Initial Processing Data Transport

)

el g -
‘0 Data Acquisition ‘ Initial Processing = Data Transport

Data Acquisition Road Context State Monitoring

Collect and process data from heterogeneous sources

" From Data Acquisition to Controlled Sharing

Figure 19: The three distinct layers of the EvoRoads SMDS architecture and correspondence to tasks that develop them
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5.3.1.2 RATIONALE FOR A LAYERED ARCHITECTURE

The adoption of a layered architecture is driven by the need for separation of concerns in a complex, multi-stakeholder
system. Data acquisition, semantic modelling and data sharing impose fundamentally different technical and
organisational requirements. By isolating these responsibilities into distinct layers, the SMDS avoids tight coupling
between components, reducing integration complexity and allowing each layer to evolve independently.

From a scalability perspective, this separation enables the system to accommodate varying data volumes and processing
demands. For example, high-frequency sensor streams and video data can be handled at the ingestion layer without
imposing constraints on the digital twin or data-sharing components. Similarly, changes in data-sharing protocols or
federation mechanisms do not require modifications to upstream acquisition pipelines. This design choice directly
addresses challenges identified in Section 5.1.3, where rigid architectures and premature coupling were shown to hinder
adaptability.

Interoperability is another key motivation. By defining explicit interfaces between layers, th can align with external
standards and initiatives at the appropriate level. The digital twin layer can focus ongo antics and analytical
relevance, while the upper layer can align with European data space protocols and goyer ameworks, such as those
promoted by deployEMDS, without forcing these concerns into lower-level comp

5.3.1.3 DATA PLANES: EDGE, CLOUD AND PAN-EURO OSURE

Complementing the layered architecture, the SMDS operates across
edge plane, the cloud plane and the pan-European plane. These plané
deployment and operational considerations rather than logical re ilities.

of data storage and processing: the
ogonal to the functional layers and reflect

At the edge plane, data are collected directly from sensors, v I cal monitoring systems. Initial processing takes
place as close as possible to the data source, including filte frame selection and privacy-preserving transformations
such as the blurring of faces and vehicle licence plates g his ap ch reduces data volumes, addresses legal and ethical
constraints, and enables pilots with limited connectyi§¥ or strict data localisation requirements to participate fully in the
SMDS.

The cloud plane hosts the main data prg@essi nalytics activities, including algorithms developed under WP2 and
WP3 for infrastructure assessment, behds is and safety indicator computation. Here, data are aggregated,
enriched and analysed at scale, pro lerived artefacts that feed into the digital twin. Importantly, several

configurations of the Task 2.1 and ponents have been prepared, allowing this plane to be deployed either

ropean initiatives. This plane is realised through the federation layer based on IDSA
d catalogue services. It represents the point at which the SMDS interfaces with the

broader European mobili space landscape, without requiring full centralisation of data.

Figure 20 below illustrates a conceptual abstraction of the EvoRoads data flows across the aforementioned three planes.
Further it illustrates data transformation to the data schemas proposed by the initiatives discussed in Subsections 5.1.1
and 5.1.2.

PU - PUBLIC
D1.3 — KPIS QUANTIFICATION METHODOLOGIES, DATA SPACE, USER INTERFACES AND INTEGRATED PLATFORM V1

Funded by Pmieifundmby i . economic it 149
the European Union ~ © & e nd e EATE

Research and Innovation SERI

Swiss Confederation



=VONDADS

Dataflows in EvoRoads = o [

Local Plane (a conceptual abstraction) Global Plane ] EU Plane
a.'u. ‘Q‘__ ﬁ.u, P
Connector to 5
T ] N ] _ caAuz:gSg?ii::{ml
L o rapicre Apps
Cloud-Based CaiEsag ] —
I&' > 4’0 ‘ﬂ' Storage for Cuun:;Z National C“A”"m":;s"";ﬁi':?i" E——]
—» Datex Il Access Point ?_

Compliant Data napoore

m‘ N Cloud-Based Connector fo Country3 National
e a Storage for TN- C“A“c'fc"gs':,‘z‘i'g{'“' Access Point
B  1TS Compliant
Data napiore -
Eﬁ Cloud-Based y
Dy Processed Data Cloud-Based \f“;;n ""t;fnal Country4 National
E % Cloud-Based Storage Storage for st Access Point

Raw Data NeTEx-
Storage Compliant Data \

tor to Data
pace X

iz
Funded by Proiect funded by
m the European Union & : e

§ = cleaning, anonymi

Figure 20: Conceptual abstraction of the EvoRoads data fl

5.3.1.4 DATA ENGINEERING AND INGESTI AYER

The data engineering and ingestion layer, implement nder Task 2.1, forms the foundation of the SMDS. It is responsible
for ingesting data from diverse sources, includi ide sensors, mobile platforms, UAVs and external datasets.
Apache Kafka' is employed as the core ba ONtata streaming and pipeline management, enabling reliable,
scalable and asynchronous data transpd ponents and across planes.

Edge, Global (Cloud) and pan-EU planes

This layer supports both streaming and arkflows, reflecting the diversity of data types involved in EvoRoads pilots.
It also acts as the primary mechanism G g data between the edge and cloud planes, enforcing data quality checks
and ensuring consistent data p . BY centralising these functions within a dedicated layer, the SMDS avoids

duplicating ingestion logi wnS@eam components.
5.3.1.5 DIGIT R

The digital twin layer, under Task 3.1, provides a structured and contextualised representation of road
infrastructure and its operational state. Rather than serving as a mere visualisation tool, the digital twin acts as an
intermediate semantic layer that links raw and processed data to infrastructure entities, spatial contexts and temporal
states.

Within the SMDS, the digital twin exposes data and derived indicators through well-defined interfaces, enabling
downstream services and users to access information in a meaningful and consistent manner. This layer is central to the
generation and interpretation of safety-related insights, as it connects analytical outputs from WP2 algorithms to concrete

“Documentation of the open-source Apache Kafka ecosystem of technologies is available here: https://kafka.apache.org/ (Accessed
December 2025).
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infrastructure elements and operational scenarios. By positioning the digital twin as a distinct layer, the architecture
ensures that analytical logic and data semantics are decoupled from both acquisition mechanisms and data-sharing
protocols.

The first version of this layer has already been documented in detail in the EvoRoads “D3.1.
5.3.1.6 DATA SHARING, CATALOGUING AND FEDERATION LAYER

The upper layer of the SMDS, realised under Task 1.4, implements secure data exposure and federation mechanisms.
Internally, Comprehensive Knowledge Archive Network (CKAN)'5, an open-source data management system, is employed
as a data lake and catalogue service, supporting dataset storage, search, versioning and access through its API. CKAN
is used strictly for internal project purposes and does not constitute a public-facing platform. The metadata profiles
collected and managed within CKAN are subsequently used to feed the OpenAIRE Argos platform', which is employed
for the preparation and publication of the project’s final DMP under Task 6.4. All datasets and @&ta products are described
using mobilityDCAT-AP and its EvoRoads-specific extension, ensuring consistent and facilitating future
interoperability.

For external data sharing, the SMDS adopts IDSA-compliant Eclipse connectors, r controlled data exchange
based on usage policies and sovereignty principles. This design aligns with‘e fe ata exchange model promoted
by deployEMDS and the Common EMDS, positioning EvoRoads as technicali@ico e with emerging European data

space infrastructures. The use of Eclipse connectors allows data to be shard@sel€@hively and securely, without transferring
ownership or requiring centralised storage.
D

5.3.1.7 DESIGN PRINCIPLES AND ALIGNMENT A SPACE CONCEPTS
Across all layers and planes, the SMDS architecture em data space principles, including federation,
decentralisation and data sovereignty. Data remain un e control of their original providers, reflecting the legal,
organisational and operational realities of the EvoRoadg pilots. ess to data and derived products is mediated through
explicit technical mechanisms rather than implicit a ptions, allowing providers to define how, when and under which
conditions their assets may be used. Interoperabilj jeved through standardised interfaces, shared metadata models
and agreed data exchange patterns, rather t he aggregation of data into a single central repository. This

approach ensures that participation in es not require the relinquishment of ownership or control, a
consideration that is particularly relevan thorities and infrastructure operators.

The architectural separation betwegq i , digital twin and federation layers further reinforces these principles. By
decoupling data acquisition and i om data exposure and sharing, the SMDS enables different components to
evolve at different paces nt governance constraints. This is especially important in a multi-pilot project
where legal require itivity and technical maturity vary significantly across sites. The use of flexible
deployment planes - nd pan-European - allows the architecture to accommodate these differences without
fragmenting the overall e, ensuring that all pilots are supported within a common framework. By combining a
layered architecture with ible deployment options and federated exchange mechanisms, the EvoRoads SMDS
provides a technically grounded and adaptable framework for safety-oriented mobility data sharing. It supports diverse
pilot configurations, including urban and rural road contexts, and enables the integration of heterogeneous data sources
and analytical outputs into a coherent environment. At the same time, the alignment of the upper data-sharing layer with
IDSA-based federation concepts establishes a credible pathway for interoperability with European mobility data space
initiatives. Within the scope of a Research and Innovation Action, this architecture balances ambition with feasibility,

5The official documentation of CKAN is available here: https://ckan.org/ (Accessed December 2025).

8The official website of the OpenAIRE Argos technological proposition is available here: https://argos.openaire.eu/portal/ (Accessed
December 2025).
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delivering a coherent and manageable data space that is compatible with European practices while remaining responsive
to the practical constraints of real-world deployments.

5.3.2 DATA INGESTION, ENGINEERING AND DIGITAL TWIN LAYERS

The data engineering, ingestion and digital twin layers together form the operational core of the EvoRoads SMDS, linking
raw data acquisition to meaningful, safety-oriented information products. While their detailed technical implementation is
documented extensively in the deliverables of WP2 and WP3, this subsection provides a high-level view of their role within
the SMDS and clarifies how they jointly enable controlled data entry, structuring and analytical exploitation.

kafka.

d for periodic uploads of

The data engineering and ingestion layer, developed under Task 2.1, defines how data enter
the SMDS in a controlled and traceable manner. Its primary role is to handle heterogeneous
data streams originating from a wide range of sources, including roadside and embedded
sensors, mobile sensing platforms, UAVs, infrastructure inventories, environmental services
and selected external datasets. The ingestion pipelines are designed to support b
streaming and batch data flows. Streaming pipelines are employed for time-sensitive oigai
frequency data, such as sensor measurements or video feeds, while batch proce

inspection results, inventories or contextual datasets. Apache Kafka congtitute ckbone of this layer, enabling
asynchronous, scalable and resilient data transport across system compon a yment planes.

A key function of the ingestion layer is data validation, pre-processing and Sgiiich t prior to downstream use. Validation
mechanisms ensure that incoming data conform to expected for basic quality constraints, reducing the
propagation of errors. Pre-processing activities include filtering, a a d transformation of raw data, as well as
privacy-preserving operations such as the blurring of faces or ve ce plates at the edge. Enrichment may involve
the attachment of spatial, temporal or contextual attributes t uired for subsequent analysis. Through these
mechanisms, Task 2.1 ensures that data entering the SMD technically consistent, legally compliant and fit for further
processing.

The digital twin layer, implemented under Task 3.
contextualised representations of road infrastr

ilds upon these prepared data streams to provide structured,
operational state. Within the SMDS, the digital twin does not
mantic and organisational layer that links data to infrastructure
entities, locations and temporal contexts. 388 elled in relation to road assets, network segments and operational
conditions, enabling consistent interprei@ oss pilots and analytical components. This structuring is essential for
integrating heterogeneous data t pr maintaining coherence between raw observations and higher-level
assessments. A central role of th win layer is its interaction with analytics and KPI generation processes developed
in WP1, WP2 and WP3. i tpU¥€ - such as infrastructure condition metrics, behavioural indicators or risk-related
features - are anchor ital twin, ensuring that derived artefacts can be traced back to specific assets and
contexts. These outp the computation of safety indicators and composite KPIs, which constitute the primary
decision-support produc Roads. By mediating between ingestion pipelines and analytics, the digital twin layer
ensures that data become meaningful and actionable for road authorities and infrastructure managers, while remaining
accessible to the upper SMDS layers for controlled sharing and interoperability.

5.3.3 DATA ACCESS, CATALOGUING AND EXPOSURE THROUGH CKAN

This subsection describes how CKAN'” is employed within the EvoRoads Safe Mobility Data Space (SMDS) as the central
internal mechanism for dataset discovery, cataloguing, versioning and metadata management. CKAN is not positioned as
a public dissemination portal, but as an enabling service that supports structured data exchange, governance and reuse

"The official documentation of CKAN is available here: https://ckan.org/ (Accessed December 2025).
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across tasks, pilots and technical components of the project. Its role is therefore architectural rather than presentational,
forming a bridge between data production, analytical exploitation and controlled exposure to external systems.

5.3.3.1 CKAN AS A CATALOGUE AND INTERNAL DISCOVERY SERVICE

Within the SMDS, CKAN functions primarily as a dataset catalogue, providing a unified view of the data
assets generated and managed across all EvoRoads pilot sites. Each dataset - whether raw, processed

or derived - is registered as a first-class entity, accompanied by rich metadata that describe its scope,
provenance, spatial and temporal coverage, update frequency and access conditions. This catalogue-
oriented approach ensures that datasets remain discoverable across the consortium, even when Ckan
physically stored or processed in different deployment planes (edge or cloud).

CKAN'’s API-centric design is central to this role. All interactions with the catalogue -dataset creation,

update, querying and retrieval - are performed programmatically, allowing other component the SMDS and the user
interfaces to integrate seamlessly with the catalogue. This enables analytical workflows, yali n processes and data-
sharing mechanisms to reference datasets consistently, avoiding ad hoc or undocumenjed hanges. In this sense,
CKAN acts as the authoritative inventory of SMDS data assets, supporting internal y and traceability.

5.3.3.2 VERSIONING AND DATASET EVOLUTION X 2
h
o

A key requirement of the EvoRoads SMDS is the ability to manage datase OIVE over time, either through periodic
updates or through the refinement of processing and analytics. CKAN s is requirement by enabling explicit
e

versioning of datasets, allowing multiple versions to coexist while their relationships. New versions may
correspond to updated data captures, reprocessed datasets usin d algorithms, or revised analytical outputs.

ability of results. Analytical outputs and safety

they were derived, reducing ambiguity when results are

compared across pilots or over time. CKAN'’s support fgr datas etadata updates and resource-level granularity allows

changes to be documented clearly, while older vegl@ns can be retained or deprecated in a controlled manner. This
approach avoids silent overwriting of data and prgyid clear lifecycle for each dataset.

5.3.3.3 CKAN AS A METAD R
Beyond dataset listing, CKAN serves a

Within EvoRoads, versioning is used to ensure reproducibilj
indicators can be linked to the exact dataset versions from

etadata registry of the SMDS. All datasets registered in CKAN are
described using structured metadata pr ring consistency across pilots and tasks. The adoption of metadata-as-
infrastructure is a deliberate desj etadata are not treated as documentation artefacts, but as operational
elements that drive discoy, i jlity and governance.

fully addressed in the c e, such as links to infrastructure assets, references to derived safety indicators, and
relationships between primary data and composite KPIs. CKAN’s extensibility allows these additional fields to be
integrated without breaking compatibility with the underlying DCAT-AP model.

By enforcing the use of harmonised metadata at dataset registration time, CKAN ensures that all data assets are
semantically aligned from the moment they enter the SMDS. This reduces the burden of later interoperability mapping and
supports automated discovery and filtering based on spatial, temporal or thematic criteria.

5.3.34 DATASET LIFECYCLE MANAGEMENT

CKAN plays a central role in managing the lifecycle of datasets within the SMDS. This lifecycle encompasses dataset
creation, update, versioning, potential deprecation and eventual archival. Lifecycle states are reflected through metadata
attributes and version relationships, enabling users and systems to distinguish between active, superseded and
deprecated datasets.
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For EvoRoads, lifecycle management is particularly important given the iterative nature of data production across pilots.
As sensing configurations evolve, algorithms are refined and analytical methods mature, datasets may be replaced or
updated. CKAN provides a structured environment in which these changes can be managed transparently, ensuring that
downstream users are aware of dataset status and suitability for reuse. This approach directly supports the project’s
emphasis on traceability and controlled data reuse.

5.3.3.5 ENABLING DISCOVERY AND REUSE ACROSS THE SMDS

The combined use of cataloguing, versioning and harmonised metadata positions CKAN as the primary mechanism
through which data are discovered and reused within the SMDS. Researchers, analysts and system components can
query the catalogue to identify relevant datasets, assess their applicability and retrieve them through standardised
interfaces. This reduces duplication of data collection and encourages reuse of existing assets across tasks and pilots.

allowing datasets to be
public. This aligns with
ile external exposure

Importantly, CKAN supports fine-grained access control and integration with external servi
selectively exposed to other SMDS layers or external systems without making the catalo
the project’'s governance model, where internal sharing is prioritised during the projec
is mediated through the federation layer based on IDSA Eclipse connectors.

5.3.3.6 INTEGRATION WITH OPENAIRE ARGOS AND D@TA

EMENT PROCESSES

Finally, CKAN acts as a feeder system for the OpenAIRE Argos platform'& & ed for the

preparation and publication of the project’'s DMP under Task 6.4. Metadata\@kofil ollected and

maintained in CKAN are reused to populate Argos, ensuring consis ween operational

data management practices and formal reporting obligations integration reduces manual effort, minimises
discrepancies between declared and actual data assets, and rgin sflje role of CKAN as the single source of truth for
dataset metadata within EvoRoads. (

:
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Figure 21: CKAN positioned within the EvoRoads data cataloguing and sharing services

80penAIRE Argos technological proposition is available here: https://argos.openaire.eu/portal/ (Accessed December 2025).
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In summary, CKAN is leveraged within the EvoRoads SMDS as a multifunctional internal service that underpins data
discovery, version control, metadata governance and reuse. Its position within the context of EvoRoads SMDS and the
manifested dependencies with the Eclipse infrastructure are summarised below through Figure 21. By embedding CKAN
into the architectural fabric of the SMDS, EvoRoads ensures that data assets remain accessible, traceable and
interoperable throughout the project lifecycle, while maintaining flexibility for future alignment with external mobility data
space initiatives.

5.3.4 SECURE DATA EXCHANGE AND FEDERATION THROUGH IDSA-
COMPATIBLE ECLIPSE CONNECTORS

This subsection describes the secure data exchange and federation layer of the EvoRoads SMDS, which enables
controlled data sharing beyond the project boundary. This layer is implemented using IDSA-compatible Eclipse
Connectors, specifically leveraging the Eclipse Data Connector (EDC) framework, and is al@ged with the architectural
propositions promoted by deployEMDS for the Common European Mobility Data Space. It to ensure that data can
leave the SMDS in a secure, policy-driven and sovereign manner, without compromisi , governance or legal
constraints established at pilot or organisational level.

5.3.4.1 FEDERATION REQUIREMENTS AND DEPLOYEMBS ENCE COMPONENTS

The deployEMDS initiative identifies a set of core building blocks required t Ne erated data exchange at European
scale (especially by NAPs), notably: Data Exchange APIs, Trust Segyica8 Idewtity Management, and Marketplace

services. Together, these components, depicted in Figure 22 below minimum functional capabilities needed
for participants to publish, discover, negotiate and consume cross organisational boundaries. Importantly,
deployEMDS does not prescribe a single implementation, bu t of interoperable roles and interfaces that can

be realised using different technologies.

Within EvoRoads, the secure data exchange layer hasdaeen de ed to cover these functional requirements through the
adoption of IDSA-compatible Eclipse Connectors. EDC provides a modular, extensible framework that implements
the core concepts of the International Data Sp iation, including sovereign data exchange, usage control and
federated trust. By aligning with this frame oRDads ensures that its SMDS is technically compatible with
deployEMDS-aligned ecosystems, while ployable and manageable within the scope of a Research and

Data Data Spaces

Value Creation Governance
) Data, Services and Q Business
Offerings descriptions Agreements
Publication & / \ Operational
2 CXC) Discovery Services @ Agreements
Provenance & Access & Usage Marketplaces & Usage Organizational
Traceability E Policies Control Accounting Agreements

Y/
Technology Building Blocks\__-—/

Figure 22: The building blocks NAPs are expected to maintain as recommended by the deployEMDS initiative
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5.3.4.2 ROLE OF IDSA-COMPATIBLE ECLIPSE CONNECTORS IN EVOROADS

In the EvoRoads architecture, Eclipse Connectors constitute the gateway through which data exit the SMDS. They sit
above the internal cataloguing and data management services (notably CKAN) and mediate all external data exchanges.
Rather than exposing datasets directly through open APls, the SMDS requires that any external access is negotiated and
enforced through connector-to-connector interactions.

Each organisation participating in EvoRoads may operate one or more connectors, depending on its role as a data
provider, consumer or both. This decentralised deployment model reflects the federated nature of the SMDS and avoids
the need for a central data broker. The connectors interact using standardised protocols to advertise data offers, negotiate
contracts and transfer data, ensuring that exchanges are auditable and policy-compliant.

5.3.4.3 TECHNICAL BUILDING BLOCKS AND CONNECTOR ARCHITECTURE

From a technical perspective, the EDC is built as a set of loosely coupled services that c
and configured to suit different operational contexts. Key components relevant to EvoRoa

deployed independently
e'9:

o Data Plane components, which handle the actual transfer of data between praside
communication channels. g
i

e Control Plane components, which manage contract negotiation, pol Xf
ste

consumers using secure

t and lifecycle management of
data exchanges.
e Extension mechanisms, which allow custom integration with integnal
or analytics platforms.

such as CKAN, digital twin services

Within the SMDS, connectors are integrated with the internal cat reference datasets and data products that are
eligible for external sharing. Metadata describing these asse from mobilityDCAT-AP—compliant records into
connector-compatible data offers. This separation ensures internal dataset management remains decoupled from

external exposure, while still enabling automated discqaery an otiation.
5.34.4 DATA EXCHANGE APIS AND TROLLED ACCESS

The Data Exchange API provided by thegonn fifes how data consumers can request access to specific datasets
and how providers respond to such requ | ads, this APl is not publicly exposed; instead, it is accessible only
to authenticated and authorised counter, ectors. This design ensures that data exchanges occur exclusively within
a trusted federation.

Data transfer may involve djrect agfe datasets, provision of data snapshots, or access to derived products, depending
on the negotiated agreem nnettors support both pull- and push-based exchange patterns, allowing flexibility in
how data are shared, i a Exchange API enforces the outcome of contract negotiations, ensuring that only
permitted operations

5.3.4.5 TRUST S CES AND IDENTITY MANAGEMENT

Trust and identity are foundational to federated data spaces. In EvoRoads, the Eclipse Connectors integrate with identity
management and trust services that establish the authenticity and legitimacy of participants. Each connector is
associated with a verifiable identity, which can be validated using certificates or other trust anchors aligned with IDSA
principles.

9For more information developers may consult the “Developers Handbook” published by Eclipse: https://github.com/eclipse-
edc/docs/blob/main/developer/handbook.md (Accessed December 2025).
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This identity layer enables participants to verify who they are interacting with before initiating data exchange. It also
supports fine-grained access control, where different organisations - or even different roles within the same organisation
- may have different permissions. By embedding identity verification into the exchange process, the SMDS avoids ad hoc
trust assumptions and supports scalable federation.

5.3.4.6 USAGE CONTROL, ACCESS POLICIES AND DATA SOVEREIGNTY

A defining feature of IDSA-compatible EDC is their support for usage control policies, which extend beyond traditional
access control mechanisms such as authentication and role-based authorisation. Within the EvoRoads Safe Mobility Data
Space (SMDS), these policies provide a formal and enforceable way for data providers to define the conditions under
which their data may be accessed and used by external parties. Rather than granting blanket access, providers specify
constraints related to purpose of use, temporal validity, data scope, and restrictions on onward sharing. This capability is
essential in a safety-oriented context, where data may carry legal, ethical or operational sensiivities.

From a technical perspective, Eclipse Connectors implement usage control through machi
that are associated with data offers published by a provider connector. These polici
policy language aligned with IDSA and Gaia-X concepts and are interpreted by the
data consumer requests access to a dataset, the request triggers a contract heg
and provider connectors. During this process, the provider’s policies are eva‘ ingthe consumer’s declared usage
intent and credentials. Only if the conditions are satisfied is a contract ablished, explicitly binding both
parties to the negotiated terms. Once a contract is in place, policy enfor en ntinues throughout the entire data
exchange lifecycle. The Eclipse Connector’s control plane ensures transfers are initiated only in accordance
with the agreed contract, while the data plane enforces technic tral on how data are delivered (e.g. one-off
transfer versus continuous access). Policies may include time- traints, allowing access to expire automatically,
or purpose limitations that restrict use to predefined categorij uc search, validation or infrastructure assessment.
In addition, policies can prohibit redistribution, ensuring tha a cannot be forwarded to third parties without explicit
authorisation [83] [84].

able policy definitions
lly expressed using a
's policy engine. When a
rocess between the consumer

Figure 23 summarises the concept of policy-driven u control with Eclipse Connectors:
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Figure 23aPolic| sage control with Eclipse Connectors

An important aspect of this approach is t
agreement, together with associated pl

orcement does not end at the point of data transfer. The contract
ains active and auditable, allowing providers to track how their data

have been shared and under whic Eclipse Connectors support logging and monitoring mechanisms that can
be used to demonstrate cogpli pect that is particularly relevant for public authorities participating in EvoRoads.
In cases where access iti hafge, contracts can be revoked or allowed to expire without requiring manual
intervention or renegggiati -level permissions.

From a technical persp
24 [83)]):

cies are ODRL serialized as JSON-LD. Thus, an example would look like this (Figure
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{
"@context”: {
"edc": "https://w3id.org/edc/v@.8.1/ns/"
s
"@type": "PolicyDefinition™,
"policy™: {
"@context™: "http://www.w3.org/ns/odrl.jsonld",
"@type": "Set”,
"duty™: [
{
"target”: "http://example.com/asset:12345",
"action™: "use”,
"constraint™: {
"leftOperand”: "headquarter_location”,
"operator”: "eq”,
"rightOperand”: "EU™

Figure 24: Sample data access policy as %
For EvoRoads, this policy-driven approach to data sharing is centr erving data sovereignty. Infrastructure
ewl

operators and public authorities can participate in federated data out relinquishing control over their assets,
while still enabling meaningful reuse of safety-related data ding usage control into the connector-based
federation layer, the SMDS ensures that data leave the em r explicitly defined and enforceable conditions,
supporting trust, accountability and long-term interoperability European mobility data space initiatives.

5.3.4.7 MARKETPLACE CONCEPTS DISCOVERY BEYOND THE PROJECT

While EvoRoads does not operate a standal r lace during the project, the connector-based architecture is
compatible with marketplace-style di§@ave e@hanisms promoted by deployEMDS. Data offers published by
connectors can, in principle, be indexed talogue or marketplace services, enabling discovery by authorised
participants beyond the consortium.

This positioning ensures that the
be exposed post-project towi
technical hooks are alrea
publication.

5.3.4.8 OWARDS EXTERNAL DATA SPACES

Through the adoption of IDSA-compatible Eclipse Connectors, the EvoRoads SMDS positions itself as a federated node
within the broader EMDS ecosystem. Rather than acting as a central hub, the SMDS participates as one data space
among others, capable of both providing and consuming data under agreed conditions.

re proof with respect to EMDS developments. Should EvoRoads datasets
ities (such as academic researchers or European stakeholders) the necessary
Importantly, this exposure can be selective and policy-driven, avoiding wholesale

This approach directly addresses the challenges identified in Subsection 5.1.3, where full integration into long-running or
market-driven ecosystems may not be feasible within a project lifecycle. By focusing on technical compatibility and
sovereign exchange, EvoRoads ensures that its data can be shared safely and credibly, while preserving autonomy during
the RIA.
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5.3.4.9 SUMMARY: SAFE DATA EGRESS BY DESIGN

In summary, the secure data exchange and federation layer of the EvoRoads SMDS ensures that data leave the system
safely, transparently and under the control of their owners. The use of IDSA-compatible Eclipse Connectors provides a
concrete implementation of deployEMDS-aligned principles, covering data exchange APIs, trust and identity, usage
control and future marketplace integration. By embedding these mechanisms into the architecture, EvoRoads delivers a
technically robust and governance-aware pathway for external data sharing, without compromising the integrity or
autonomy of the SMDS.

5.4 OPERATIONAL AND INTEROPERABILITY ASPECTS OF THE
SMDS

This subsection describes how the Safe Mobility Data Space (SMDS) operates in practi EvoRoads pilot sites
and how it interacts with external ecosystems. The focus is on deployment patterns, o i les and interoperability
pathways, clarifying how the architectural choices described in Section 5.3 transl day®0-day operation. The intent
is to demonstrate that the SMDS supports all pilots in a consistent @nn i€ remaining flexible enough to
accommodate local constraints and future integration scenarios.

5.4.1 DEPLOYMENT ACROSS EVOROADS PI

The SMDS is instantiated across EvoRoads pilot sites following

specific configurations. Core services - such as metadat @7
mechanisms - are defined at project level to ensure consis Y, ata acquisition and processing components are
deployed according to local technical and legal conditions. proach ensures that all pilots are treated equally from
a data space perspective, even when their operationajg@nviron ts differ significantly.

From an operational standpoint, the SMDS supports centralised and distributed deployments. Where feasible, data
processing components associated with Tas a .1 are deployed on shared cloud infrastructures, enabling
economies of scale and simplified manad&in iIBs with stricter data localisation requirements or limited connectivity,

equivalent components can be deployed r at the edge (consult Figure 20), with the same interfaces and data
models. This dual deployment strategy gmentation while respecting local constraints.

5.4.2 COMMON SE D PILOT-SPECIFIC COMPONENTS

A clear distinction is mainta en common SMDS services and pilot-specific services.

rchitectural blueprint combined with pilot-
ent, data governance logic and federation

Common services in rnal catalogue, metadata profiles, interoperability interfaces and federation logic, which
are uniform across all p ese services provide the backbone of the SMDS and ensure that datasets and data
products can be discovered, accessed and interpreted consistently.

Pilot-specific components relate primarily to data sources, ingestion pipelines and local processing configurations.
Differences in sensing technologies, infrastructure assets and organisational workflows are accommodated within the data
engineering layer without affecting the higher layers of the SMDS. As a result, pilot-specific diversity is contained where it
belongs, while interoperability and governance remain harmonised at project level.
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5.4.3 ILLUSTRATIVE USE CASE: END-TO-END DATA DISCOVERY,
PROCESSING AND EXTERNAL SHARING

To illustrate how the SMDS operates in practice, this subsection describes an end-to-end use case drawn from an
EvoRoads pilot scenario, focusing on dataset discovery, processing and controlled external sharing. The scenario is
representative of both urban and rural deployments and demonstrates how the different SMDS layers interact in an
operational workflow.

The use case begins with a pilot user accessing the EvoRoads dashboard provided under Task 1.5. The user requests
an overview of available datasets relevant to a specific road segment or area of interest, for example to assess recent
safety conditions or infrastructure performance. Rather than querying raw data repositories directly, the dashboard issues
a structured request to the digital twin layer (Task 3.1), which acts as the semantic entry point to the SMDS. The digital
twin contextualises the request based on spatial extent, infrastructure assets and temp scope, and forwards a
metadata query to the internal catalogue.

The CKAN service is then consulted to retrieve the relevant dataset catalogue entries®
of datasets and dataset versions that match the query criteria, described usin
extension. This catalogue response is passed back through the digital twin ‘the
with a structured and intelligible list of available data assets, including their

itSAPI, CKAN returns a list
ity T-AP and the EvoRoads
d, where the user is presented
pdate status and applicability.

The user selects a specific dataset for further analysis. This triggers the@lask§2.1 data acquisition and ingestion
platform, which retrieves the selected dataset and initiates the appro cessing pipeline. Depending on the pilot
configuration, this may involve streaming or batch ingestion via afka. The data are then processed in the cloud
plane by algorithms developed in WP2 and WP3, for exampl ple updated infrastructure condition indicators or
safety-related metrics.

Once processing is completed, a new derived data . This dataset is registered in CKAN as a new version

setjs pro
or as a linked analytical output, with metadata th plicitly relate it to the original input data. The digital twin layer
it relevant infrastructure entities and contexts, making them
h

incorporates the results by associating them
immediately available to the dashboard. The u visualise the results, inspect indicators or use them to support

decision-making.

In the final step of the scenario, the res
Rather than exporting the data m
compatible Eclipse Connector
established with the ext
discovery and procesging to
the SMDS architectu

5.4.4 RURALA BAN DEPLOYMENT CONSIDERATIONS

The operational design of the SMDS explicitly accounts for the differences between urban and rural road contexts. Urban
pilots often generate higher data volumes and benefit from existing digital infrastructure, enabling near-real-time
processing and richer contextual data integration. Rural pilots, by contrast, may rely on sparser sensing, intermittent
connectivity and lower-cost monitoring solutions. The SMDS accommodates these differences by supporting
asynchronous data flows, local pre-processing at the edge and flexible update cycles.

gset is designated for external sharing with an academic stakeholder.
gldataset is exposed through the SMDS federation layer using an IDSA-
onditions are defined by the data provider, and a controlled data exchange is
way, the use case demonstrates how data move seamlessly from internal
licy-driven sharing beyond the project, highlighting the practical interoperability of

In

Importantly, the data space does not prioritise one context over another. Safety-related data from rural roads are
integrated, described and exposed using the same mechanisms as urban data, ensuring comparable visibility and
analytical treatment. This is a key factor in enabling evidence-based safety assessments for road networks that are
traditionally underrepresented in data-driven mobility systems.
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5.4.5 INTEROPERABILITY AND INTERACTION WITH EXTERNAL
ECOSYSTEMS

In operational terms, interoperability with external data spaces within EvoRoads is achieved through selective exposure
rather than continuous or hard-wired integration. The SMDS interfaces with external ecosystems exclusively through its
federation layer, where datasets and derived data products can be shared under explicitly defined technical and
governance conditions. This approach allows data providers to determine what is shared, with whom, for which purpose,
and for how long, without exposing internal services or disrupting ongoing pilot operations. Depending on stakeholder
needs, exposure may concern raw datasets, processed outputs, or higher-level analytical artefacts such as safety
indicators, enabling interaction at different levels of granularity. Importantly, this model avoids the need for synchronised
lifecycles or permanent coupling between EvoRoads and external initiatives, a constraint that has been identified as a key
challenge for research-driven data spaces.

Operationally, this means that pilot deployments remain self-contained and stable, while i
boundary of the SMDS through standardised interfaces and policy-driven exchange
are therefore additive rather than intrusive, preserving the integrity of local da
organisational constraints that may vary across pilots. At the same timegthe ommon metadata profiles and
federated exchange protocols ensures that exposed datasets are intelli 1s@ble by external parties without
bespoke adaptation.

ability is realised at the
. External interactions

To conclude, this operational design allows the EvoRoads SMDS to
while remaining adaptable to diverse local conditions and evolving
services with decentralised operation, the SMDS establishes
collaboration during the project and provides credible pathw.

s a coherent data space across all pilots,
space ecosystems. By balancing shared

evolved and extended beyond its initial i Atighy, and outlines the future steps planned during the remainder of the
project. The focus is on ensuring that th ivers long-term value by remaining adaptable to new stakeholders,
new contexts and evolving technical red

5.5.1 TRANSITION F,

During the first 18 manths
requirement elicitatio

IGN TO FULL DEPLOYMENT

oads project, SMDS-related activities concentrated on state-of-the-art analysis,
t selection, architectural design and systematic mapping of data sources across pilots.
This period also includ ial definition of end-to-end data pipelines, validated progressively through integration
workshops and continuous raction with pilot leaders and data providers. The remaining project period will shift the
emphasis towards full development, deployment and operational validation of the SMDS components. This includes
completing data pipelines from edge to cloud and federation layers, stabilising interfaces between Tasks 2.1, 3.1 and 1.4,
and validating operational workflows across all pilot sites.

5.5.2 ONBOARDING NEW DATA PROVIDERS

A core requirement for long-term sustainability is the ability to onboard new data providers with minimal overhead. The
SMDS architecture supports this through well-defined ingestion interfaces, standardised metadata requirements and
decentralised deployment options. New providers can be integrated by configuring ingestion pipelines within the Task 2.1
layer and registering their datasets in the internal catalogue using the established metadata profiles. Crucially, onboarding
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does not require changes to the overall architecture or to existing pilot deployments, ensuring that growth can occur
incrementally and without disruption.

5.5.3 EXTENDING TO NEW CITIES AND REGIONS

Beyond the initial EvoRoads pilots, the SMDS is designed to be adaptable to additional cities, regions and road networks.
This extensibility is achieved through the separation of common services from pilot-specific configurations. New locations
can adopt the same architectural blueprint, selecting deployment options that match local legal, organisational and
technical constraints. This approach is particularly relevant for rural and secondary road networks, where digital maturity
and data availability may differ significantly from urban contexts, yet where the need for systematic safety assessment
remains high.

5.5.4 MANAGING SCHEMA AND DATA MODEL EVOLUTION

Schema evolution is an inherent challenge in data-intensive systems, especially wher
sources evolve over time. The SMDS addresses this through explicit dataset versionin

ical methods and data
driven documentation

and controlled lifecycle management within the internal catalogue. Changes to data.scC or derived data products
are introduced as new versions rather than as breaking updates, presging rd compatibility and analytical
reproducibility. This approach allows the SMDS to evolve while maintaining i folexisting users and workflows.

5.5.5 AVOIDING VENDOR AND PLATFORM LOCRal

Long-term viability also depends on avoiding dependency on proptie nologies or single vendors. The SMDS
architecture deliberately relies on open standards and open- mponents and exposes functionality through
documented interfaces rather than embedded integrations. e choice allows individual components to be
a

replaced or upgraded as technologies evolve, without req lete redesign of the data space. It also ensures
that future adopters can deploy and operate the SMDS using | tructures and providers of their choice.

5.5.6 OUTLOOK AND CONCLUDINg REMARKS

In summary, the EvoRoads SMDS is cogceiv tatic project artefact, but as an evolving data space that can
grow in scope and relevance over time. gical groundwork laid during the first half of the project provides a
stable foundation for full deployment ang the second half, while the architectural choices support extensibility
beyond the project’s duration. By add Phboarding, geographic expansion, schema evolution and technology
independence, the SMDS offers fthway towards sustained impact. This concludes the Data Space chapter,
situating the SMDS as a ti da le and future-oriented component of the EvoRoads technical framework.
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6 CONCLUSIONS

The present final chapter draws together the main findings, highlighting conclusions, lessons learnt, challenges
encountered, and the alignment of the deliverable with European transport safety goals, while outlining the steps foreseen
for the next project phases.

6.1 SUMMARY OF KEY POINTS

This deliverable has presented a comprehensive account of the conceptual, methodological and architectural foundations
of the EvoRoads platform, reflecting the work undertaken during the first phase of the project. Its overarching contribution
lies in articulating a coherent framework that connects user needs, safety criteria, data-dgliien analytics and system
architecture into a unified proposition for infrastructure-focused road safety improvement.

Chapter 1 established the scope and objectives of the deliverable, positioning it within
clarifying its role as a foundation-setting document rather than a final system specij
adopted throughout the work emphasised traceability, cross—work—pac‘ge

recognising the research and innovation character of the project.
Chapter 2 addressed the user-facing dimension of EvoRoads by introacin e five planes of UX. This chapter

EvoRoads project and
. methodological approach
tion and iterative refinement,

demonstrated how strategic objectives, user personas and operational re progressively translated into interaction

concepts, functional views and interface designs. Rather than tre e r interface as a downstream concern, the
work positioned UX as a structuring element that informs pla nality and decision-support logic across roles
such as road operators, planners, maintenance managers o) eholders.

Chapter 3 focused on the development of dynamic KPls, viding a structured pathway from safety criteria to

measurable, actionable indicators. By grounding KP, a shared safety framework and explicitly considering temporal
resolution and decision context, the project establis mechanism for transforming heterogeneous data into insights
that can support both operational and strategi nti@rs. This work forms a critical bridge between raw observations
and evidence-based decision-making.

Chapter 4 presented the integrated plati@fm a@@hitecture using the 4+1 architectural model. Through the Logical, Process,
Development and Physical Views, the % ple described the structure, runtime behaviour, integration strategy and
deployment assumptions of the platform. The inclusion of an operational perspective highlighted how
architectural components, riented workflows across diverse pilots. Importantly, the chapter balanced

Chapter 5 examined the obility Data Space as a central enabling element of the platform. It detailed the design
principles, metadata models and interoperability mechanisms that allow EvoRoads to manage data sovereignty, controlled
sharing and alignment with EMDS initiatives. This chapter positioned the data space not as an isolated technical artefact,
but as an integral part of the platform’s ability to operate across organisational and national boundaries.

Taken together, the deliverable demonstrates that EvoRoads is progressing towards a coherent, user-driven and safety-
focused platform architecture. The work carried out so far establishes a solid conceptual and technical baseline upon
which further development, integration and validation activities can build, while maintaining alignment with European
priorities in road safety and data interoperability.
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6.2 LESSONS LEARNED AND CHALLENGES

The work documented in this deliverable has yielded a number of lessons that are characteristic of large-scale, multi-
partner research and innovation projects operating across heterogeneous technical and organisational contexts. These
lessons are closely linked to the challenges encountered during the initial project phase and have informed both
architectural choices and methodological approaches.

One of the primary challenges has been managing heterogeneity across pilot sites. EvoRoads operates in
environments that differ significantly in terms of infrastructure characteristics, governance structures, data availability and
operational practices. A key lesson has been the importance of defining common conceptual frameworks (such as shared
safety criteria, decision workflows and architectural layers) while allowing sufficient flexibility for local adaptation.
Attempting to enforce uniform solutions too early would have risked misalignment with pilot realities and reduced the
relevance of the platform outputs.

A second challenge relates to integration across WPs and technical domains. The p rings together sensing
technologies, data engineering pipelines, digital twins, analytics, user interfaces a ce components, each
developed by different partners with distinct expertise. The experience to date ha n architectural coordination
and continuous dialogue are as critical as technical interfaces. Clear archite@ral d shared artefacts have proven
essential for avoiding fragmentation and ensuring that components evolve in e manner.

The treatment of deployment and operational aspects has also present &ges. While there is a strong need to
demonstrate technical credibility, premature specification of depl pologies, orchestration mechanisms or
automation pipelines would have introduced risks and potentially ¢ ine ovation. A key lesson has been the value
of explicitly documenting assumptions and constraints, rather ting to present an artificially complete picture.

This approach supports transparency and allows the architeglife e in response to evidence gathered during pilot
execution.

From a data perspective, balancing innovation wit
The need to support advanced analytics and cross-p
sovereignty requirements. The work on the
governance considerations into technica i

vernan€e and compliance has required careful consideration.
earning must be reconciled with data protection, ownership and
ity Data Space highlighted the importance of embedding
e outset, rather than treating them as an external constraint.

Finally, the iterative nature of user g has underscored the importance of maintaining a feedback loop
between conceptual design and practicd on. User needs and expectations evolve as prototypes become available
and as stakeholders gain a clear ding of platform capabilities. Capturing these insights without destabilising

the architectural baseline ar ring challenge, reinforcing the need for modularity and composability.

Overall, the lessons
continuous alignmen
EvoRoads, supporting
subsequent iterations.

s phase emphasise the value of architectural discipline, transparent scoping and
nical and organisational boundaries. These insights will inform the next phases of
used integration, validation and refinement as the platform progresses towards its

6.3 ALIGNMENT WITH EU GOALS

The EvoRoads project is closely aligned with the strategic objectives and policy directions set by the European Union in
the domains of road safety, smart mobility and data governance. At its core, EvoRoads responds to the EU’s long-term
commitment to reducing road fatalities and serious injuries, while supporting the transition towards more data-driven,
coordinated and preventive approaches to infrastructure safety management.
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A central point of alignment is the Vision Zero ambition [85], which underpins the EU Road Safety Policy Framework
2021-2030. Vision Zero establishes the ethical principle that no loss of life or serious injury on Europe’s roads is acceptable
and calls for a systemic approach to safety that goes beyond individual behaviour. EvoRoads contributes to this objective
by focusing explicitly on infrastructure-related safety risks and by enabling early detection, prioritisation and evaluation of
interventions. Rather than treating accidents as isolated events, the platform supports continuous monitoring of
infrastructure condition, connectivity and operational readiness, thereby reinforcing the Safe System approach promoted
at EU level.

EvoRoads also aligns with the EU’s intermediate target of reducing road deaths and serious injuries by 50% by 2030
[86]. The project addresses a critical gap identified in EU policy discussions: the limited availability of consistent,
comparable and timely data on secondary, rural and peri-urban road networks, where a disproportionate share of fatal
accidents occurs. By enabling scalable data collection, harmonised indicators and cross-pilot learning, EvoRoads
strengthens the evidence base required for targeted interventions on precisely those parts he network where safety
challenges are most acute.

Beyond road safety, the project supports broader EU objectives related to smart a le mobility [87]. The
platform architecture and operational workflows are designed to integrate hetero u sources, including those
related to connectivity and emerging mobility services, thereby supportingggfor jsion-making in contexts where
digital readiness and safety are increasingly interdependent. This is particularkfse! policies addressing connected
and automated mobility, where infrastructure quality, network performanc ty assurance must evolve in parallel.

A further dimension of alignment with EU policy objectives lies in Evo plicit focus on rural and secondary road
networks [85] [88], which remain a persistent safety challenge acr ro U road safety statistics consistently show
that a disproportionate share of fatalities and serious injuries occ -motorway roads, particularly in rural and peri-
urban areas, where infrastructure quality, maintenance S igital coverage are often uneven. EvoRoads
addresses this gap directly by prioritising sensing, analytics ecision-support mechanisms tailored to these contexts,
including large-area monitoring, connectivity-aware safigty ass ent and scalable prioritisation of interventions under
resource constraints. By enabling road authorities t tter understand degradation patterns, connectivity limitations and
risk concentration on secondary networks, the ports more targeted and equitable safety improvements. This
focus complements Vision Zero and SafefSyst ipl€s by extending data-driven safety management beyond primary
corridors and urban centres, contributing nced and inclusive approach to road safety across the European
road network.

From a data policy perspective, Ev ned with the EU’s ambition to establish common European data spaces
ility Data Space [71]. The Safe Mobility Data Space developed within EvoRoads
, interoperability and controlled sharing, ensuring that data providers retain control
d cross-border reuse. This approach reflects the EU’s emphasis on trusted data

in the European Data Strategy and related legislative initiatives.

adopts principles of data
while enabling crossy

The project also contribu EU goals on digitalisation of public services and infrastructure management. By
providing decision-support tools that are usable by public authorities with varying levels of digital maturity, EvoRoads
supports the uptake of advanced analytics and digital twins in everyday infrastructure management. This aligns with EU
efforts to modernise public administration, improve transparency and enable evidence-based policymaking at local,
regional and national levels.

Importantly, EvoRoads does not pursue alignment through abstract policy mapping alone. The platform’s design explicitly
incorporates EU-relevant standards, safety criteria and governance principles, ensuring that alignment is realised in
technical artefacts and operational practices rather than remaining declarative. The focus on interoperability, comparability
of indicators and scalability across contexts positions EvoRoads as a practical contributor to EU objectives, capable of
informing both future deployments and policy refinement.
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In summary, EvoRoads supports the EU’s road safety and mobility agenda by operationalising Vision Zero principles,
strengthening the data foundations for infrastructure safety management and contributing to the development of trusted
mobility data ecosystems. Through its integrated platform and data space approach, the project provides a concrete
pathway from European policy objectives to actionable tools and methods that can be adopted and extended beyond the
project’s lifetime.

6.4 FUTURE STEPS AHEAD OF VERSION 2

The work documented in this deliverable establishes the conceptual, architectural and methodological foundations of the
EvoRoads platform. The next project phase focuses on consolidating these foundations into a fully integrated and
operational system, informed by real pilot data, iterative validation and cross-work-package cpordination. The transition
from architectural baseline to Version 2 of the platform will therefore be driven by targeted gration, refinement and
deployment activities rather than by the introduction of new conceptual layers.

Afirst priority is the finalisation of the full integration blueprint across the platform.
interfaces, data flows and harmonisation rules that connect data acquisition and ing activities in WP2, analytical
and digital twin components in WP3, and the Safe Mobility Data Space. O e nt deliverable has established

4
clear architectural roles and interaction patterns, the next phase will formali S complete, end-to-end pipelines
that are exercised consistently across pilots.

e

As pilots progress into operational phases with live and batch data
empirical feedback. Real data volumes, latency characteristics r interaction patterns will inform adjustments to
dependencies, module interactions and KPI computation pat hi§Jrefinement process is expected to be iterative,
ensuring that architectural decisions remain grounded in ob ed viour rather than static assumptions.

es detailing the remaining

architecture will be refined based on

In parallel, user interfaces will be finalised and vali

ed acr pilots. This work will ensure that dashboard views and
companion applications remain consistent with piloi@Becific needs, with the semantics and constraints imposed by the
Safe Mobility Data Space, and with the overall oach introduced in this deliverable. Particular attention will be
given to clarity, interpretability and alignrgent ndlytical outputs and decision-making contexts.

The next phase will also place emphasisg tation and demonstration readiness. Technical documentation,
integration guides and demonstration ill be prepared to support external showcases during the second pilot
round and during the project’s di and clustering events. These materials will translate architectural and
technical achievements intg ac idence of impact for stakeholders beyond the project consortium.

A central milestone will be tion of the full Safe Mobility Data Space implementation. This includes finalising
ingestion and expos ipeli metadata mappings and semantic transformations across all pilots, ensuring that data

products can be govern i red and shared in a controlled and interoperable manner. The deployment of additional
architectural components ch as identity management services, sovereign data-sharing modules, marketplace
elements and a unified data-exchange API - will further strengthen the platform’s readiness for interaction with external
ecosystems.

These activities are closely aligned with the project’s forthcoming deliverables. At component level, “D2.3: Advanced
infrastructure monitoring and predictive maintenance tools” and “D3.3: Advanced tools for implementing the ‘Safe System’
approach”, both due in September 2026, will provide mature technical capabilities feeding into the integrated platform. At
platform level, “D1.4: KPIs quantification methodologies, data space, user interfaces and integrated platform V2", due in
February 2027, will document the consolidated architecture, refined KPIs, completed data space and validated user
interfaces.

The first verification phase in pilots will conclude in March 2026, providing early evidence to guide integration and
refinement, while the second verification phase will run until March 2027, supporting full validation of Version 2. Together,
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these steps ensure a structured progression from architectural foundation to operational maturity, positioning EvoRoads
for sustained impact beyond the project lifetime.
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ANNEX

ANNEX 1: Al ACT COMPLIANCE IN THE EVOROADS PROJECT

To guarantee the responsible development and use of Al, the European Union has defined the concept of Trustworthy Al
based on three fundamental pillars: compliance with existing laws and regulations (Lawful), adherence to fundamental
human values (Ethical) and technical security and resilience against risks (Robust). As outlined in the Ethics Guidelines
for Trustworthy Al?°, these principles have been translated into practical requirements, such as transparency, human
oversight, data protection, and fairness.

The Al Act?' is a European regulation that integrates the Ethics Guidelines for Trustworthy
framework, establishing concrete rules, classifying Al-based systems, and imposing stringen
applications. The regulation introduces a risk-based classification system for Al-based s
main categories:

into a binding regulatory
quirements for high-risk
dividing them into four

e Unacceptable risk: Prohibited systems, such as those employing gubli nipulative techniques or social

scoring;
e High risk: Applications impacting critical sectors (e.g., healthcare, |S\ure, mobility) that are subject to strict
as

compliance requirements;

o Limited risk: Systems that require transparency obligatio atbots or deepfakes;

e Minimal risk: Unregulated systems, such as spam fil - ered video games.

The Al Act seeks to balance technological innovation with the ection of fundamental rights, promoting the responsible
use of Al. Itincludes human oversight, data security, a on-dis ination provisions while supporting Al-based research
and development in strategic sectors.

EvoRoads Project is committed to fully compl EU Al Act, its core principles, and the Trustworthy Al criteria,

ensuring that all developed Al-based te r@awful, ethical, robust, and respectful of human rights and values.
The EvoRoads project involves multiplg meaning any subject (company, individual, or public body) engaged in
developing, distributing, or using an_Al ystem. Depending on their role, each entity has specific obligations and
responsibilities to ensure compli dropean Al regulations. The key entities involved in the EvoRoads Project
include:

e Provider: A ntity, or individual that develops an Al-based system or a general-purpose Al model

t or into service under its own name or brand;

o Deployer: Any enti
non-professional use.

sing an Al system under its authority (e.g., companies, public bodies), except for personal,

To correctly classify the role of each EvoRoads beneficiary and the characteristics of the Al-based systems being
developed, used, or distributed, the project will leverage the EU Al Act Compliance Checker?? .

20 Ethics guidelines for trustworthy Al, European Commission, accessed October 2025.

21 Regulation (EU) 2024/1689 of the European Parliament and of the Council of 13 June 2024 [Al ACT], European Union, accessed
October 2025.

22 EU Al Act Compliance Checker, Future of Life Institute, accessed October 2025.
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By answering a series of questions, this tool will support EvoRoads beneficiaries in identifying the risk level of EvoRoads
Al-based system and being informed about specific articles of the Al Act to be considered to be fully compliant with
trustworthy Al principles. The results provided by the tool will be documented in project deliverables dedicated to the
EvoRoads Al-based solutions.

By leveraging the EU Al Act Compliance Checker, the EvoRoads project will ensure full compliance with European Al
regulations, fostering the development and adoption of safe, ethical, and reliable Al-based systems in road transport.

\
&
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ANNEX 2: DELIVERABLE CONTEXT MAPPING

The purpose of this section is to map EvoRoads’ Grant Agreement (GA) commitments, both within the Deliverable 1.3
content and Tasks 1.3, 1.4 & 1.5 descriptions, against the project’s respective outputs and work performed.

Table 31. Adherence to EvoRoads GA Deliverable & Tasks Descriptions

RESPECTIV
EVOROADS GA E
COMPONENT EY"?EI%EDS EGELHLIZT DOCUMENT | JUSTIFICATION
TITLE CHAPTER(S
)
DELIVERABLE
D1.3 KPIs
quantification Chapter gssesethe development of dynamic
methodologies, The first release of the KPIs ,d 4 e process through which safety-
data space, user P ; Chapter 3 re SQil€iaddre transformed into measurable
. quantification methodologies, ... R~ S -
interfaces and ipdic aPable of supporting interventions at
integrated re poral resolutions.
platform V1
D1.3 KPIs
quantlflcatlo_n Chapter 5 focuses on the safe mobility data space,
methodologies, e . e
. describing its design principles, data models, and
data space, user ... the mobility data space, ... ter . e -
. role in ensuring interoperability and trust across
interfaces and
. heterogeneous sources.
integrated
platform V1
D1.3 KPIs
quantlflcatlo_n Chapter 2 presents the design of the user-facing
methodologies, ;
elements through the five planes of user
data space, user Chapter 2 : . .
) experience, showing how the interfaces were
interfaces and 2 ) .
- shaped from strategic intent to final surface design.
integrated
platform V1
D1.3 KPIs
quantification Chapter 4 then turns to the technical architecture of
methodologies, the platform, adopting the 4+1 methodology to
data space, user the platform with Chapter 4 present the system from multiple perspectives and
interfaces and compo s from WP2 and WP3. including a discussion of access control and
integrated security mechanisms.
platform V1
D1.3 I_(_Pls_ The first release of the KPIs Chapter 6 draws together the main findings,
quantification PP ; SR .
. quantification methodologies, the highlighting conclusions, lessons learnt, challenges
methodologies, L . ) .
mobility data space, the mobile and encountered, and the alignment of the deliverable
data space, user S Chapter 6 . .
. web applications and with European transport safety goals, while
interfaces and . . - .
- the integrated platform with outlining the steps foreseen for the next project
integrated
components from WP2 and WP3. phases.
platform V1
TASKS
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The outcomes of T1.1 and T1.2 will be
exploited as the cornerstone of this
task’s activities, which will involve the
investigation and development of
methodologies for the dynamic
quantification of safety criteria and
related KPIs. A large focus is on
criteria/KPlIs that can be updated and
changed in real-time to allow for fast
adaptation of the traffic system to
enhance the safety level, but also post-
processing of data and KPIs are
considered. Correlations between
traditional traffic safety KPIs and road
attribute KPIs are considered to
propose new safety KPIs that combine
both safety measurements and road
attribute safety levels. Further, new
data collection methods for detecting
unsafe behaviour, such as video-
detection, probe vehicle data etc. are
assessed for proposing and quantifying
enhanced traffic safety KPI's. The
approaches are based on, but not
limited to mathematical, ML and
statistical methods, and traffic flow
theory-based methodologies to (a)

(ﬁ te di@8ses the development of dynamic
K a mechanism for translating

ty ed criteria into measurable, actionable
i hts. BUlilding on the user needs and safety
works introduced in Chapter 2 and on the

b ne safety criteria defined in Deliverable

T1.3 assess the influence of road attributes Cha D1.1, the chapter describes a structured process
' collected through new technologies ar; dJ through which heterogeneous safety signals are
data sources (with a special focus on transformed into indicators capable of supporting
dynamic road attributes that can be operational, tactical and strategic interventions.
updated and change frequently or i The chapter focuses on methodologies that allow
real-time) on the severity and freq KPIs to evolve over time, reflecting changes in
) infrastructure condition, network performance and
of road crashes. Road crash p i contextual factors
models, including also other '
contributing factors (e
volumes, road congest/8
geometries and othe,
attributes), will be de
tested, based al and ML
e the model
(b) identify
vary depending on
. dountry, type of road,
volved in accidents etc.)
integrate the impact of
newly cted road attributes in the
evaluation of infrastructure safety
ranking; (c) establish procedures for
road network monitoring and road
attributes KPls collection (e.g.
frequency of monitoring, best
technologies for data collection) to
guarantee an appropriate update of
road safety levels.
T1.4: Safe This task will be responsible for the Chapter 5 focuses on the design and role of the
Mobility Data development a Safe Mobility Data Chaoter 5 Safe Mobility Data Space (SMDS) within the
space and Space (SMDS) aggregating the P EvoRoads platform. The chapter positions the
knowledge EvoRoads data sources while providing SMDS as a key enabling element that supports
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discovery
services

methodologies to fuse, combine and
integrate, harmonize multidisciplinary
safety databases and assessment
frameworks and sensor data.
EvoRoads foresees to provide a
comprehensive and extendible EU wide
data space including able to host static
and streamed heterogeneous data,
ranging from structured connected
vehicles data to semi-structured video
streams of traffic to variable-size
unstructured qualitative data from
social innovation instruments. An initial
set of sources of data to be included
have been described in Section 1.2.8.
For processing and storing the
corresponding safety related data, a
big-data architecture will be
established, also relying on and
extending the work of the International
Data Spaces (IDS) association. The
EvoRoads approach will ensure high
degree of interoperability, data
trustworthiness and secure sharing with
the use of IDS Connectors. Data
integration and harmonization will rely
on smart data models in the form of
multi-dimensional and semantically
coded data structures capable of
supporting representations for various
data to be generated and utilised by the
EvoRoads platform. Moreover, a
pipeline mechanism for the creati
pre-processing steps focused
data quality will be designed,

e

containerized softwa
easy deployment at

include the use of external ontologies,
statistical properties (modes) of data
and/ or temporal characteristics of data.

The aim of this task is to develop the
EvoRoads detailed use cases and to
conceptualize the EvoRoads framework
architecture and design approach to be
followed by WP2 and WP3 for
implementing integrated and
interoperable safety services for all
road users. The resulting architecture
will provide a conceptual and non-

Task 1.5:
EvoRoads
integrated
platform for safer
urban and rural
environments

secure data integration, interoperability and
controlled data sharing across heterogeneous
sources, stakeholders and geographic contexts. It
situates the EvoRoads SMDS within the broader
European mobility data space landscape,
identifying both alignment opportunities and
existing gaps.

The chapter outlines the architectural principles
underpinning the SMDS, including federation,
decentralisation, data sovereignty and governance
by design. It describes how data are ingested,
catalogued and exposed using harmonised
metadata models, including mobilityDCAT-AP
extensions tailored todevoRoads pilot
characteristics. Partic emphasis is placed on
and analytical data
ty indicators and

ain discoverable and

f semantic meaning.

digital twin
reusabl

By r vernance, interoperability and
h efforcement mechanisms together,
pte emonstrates how the SMDS enables
oads to function as a stand-alone yet

erable data space.

&

Chapters 2 and 4 together articulate the central
design principle of EvoRoads: that technical
architecture and user experience are not
developed independently, but co-evolve as

Chapters 2 mutually reinforcing elements of a single platform.

and 4

Chapter 2 establishes the user-facing foundations
of the project by identifying personas, operational
contexts and user requirements through the five
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technical specification of the solutions:
actors and roles, process models
showing interactions, conceptual
information models and open services
that support interoperability between
loosely coupled systems. Existing
frameworks and models, where
appropriate, and interoperability and
information demands will be considered
to develop the necessary service
interfaces. Moreover, this task will
undertake the required activities for the
integration of the various EvoRoads
solutions as a single technological
offering. Models and tools developed
within the frame of WP2 and WP3 will
be integrated, where applicable, in the
form of software services in the context
of this task. Software testing and
evaluation will be based on a method
such as STEP (Systematic Test and
Evaluation Process), a well-established
industry methodology for testing and
evaluating activities in software
projects. It should be mentioned that
within this task testing will be performed
to verify the proper functioning and
performance of the integrated
EvoRoads Platform. Lastly this task will
provide the various client interfaces for
smartphones and web applications,
which will provide the users of the
platform the entry point for acces
the various services. The Evo §
applications will be tailored t

needs for VRUSs, dri
operators, policy ma

planes of user experience, ranging from strategic
intent to concrete interface interactions. This work
ensures that the platform addresses real decision-
making needs of road safety operators, planners,
maintenance leads, policy stakeholders,
researchers and other actors involved in
infrastructure safety management.

Chapter 4 translates these user-driven insights
into a coherent technical architecture. The Logical
View defines components and responsibilities that
directly reflect user needs, such as real-time
monitoring, prioritisation support, impact
assessment and data governance. The Process
View demonstrates hgfly runtime interactions
support user workflo nsuring that safety-

ain compatible with the diversity
and user environments identified

together, these chapters demonstrate that
EvoRoads is designed as a user-centred, safety-
driven platform in which architecture serves
decision-making needs rather than dictating them.
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