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Abbreviations& Terms

Abbreviation or Term

Definition

AD Automated driving

ADAS Advanced Driver Assistance System

ADF Automated Driving Function

ADS Automated Driving System

CBA CostBenefit Analysis

CCAM Connected, Cooperative, aditomated Mobility

CCAM project

A project that tests, evaluates or implements CCAM

CCAM system

Technology or service that enables Connected, Cooperative, and Automated M

GITS Cooperative Intelligent Transport Systems

COD Current Operational Domain

Data owner Partner in possession of data needed for evaluation

EE European Commission

EU European Union

EUCEM European Common Evaluation Methodology for CCAM

Evaluation Systematic process to research the amount, value, qualitggoosequences of at

aspect related to a CCAM system and its use

Evaluation area

Highlevel category for topics addressed under evaluation activities

Evaluation level

The viewpoint of evaluation: (single) vehicle, (single) human, transport systei
society

Evaluation team

Partners responsible for the evaluation in the project

FOT Field Operational Test
GDP Gross Domestic Product
GDPR General Data Protection Regulation
GHG Greenhouse Gas
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HMI HumanMachine Interface
ICT Information andCommunications Technology
Impact area Field of study addressed under impact assessment activities
Impact assessment | Evaluation addressing the broader implications of the CCAM systems and their
people and society
ITS Intelligent Transport Systems
MCA Multi-Criteria Analysis
oD Operational Domain
ODD Operational Design Domain
PKT Passenger Kilometres Travelled
Project team All partners in the project
RQ Research Question
Technical team Partners responsible for implementing the CCaydtem
Test site team Partners responsible for setting up and performing the field experiment
TKT Tonne Kilometres Travelled
TRL Technology Readiness Level
VKT Vehicle Kilometres Travelled
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Executive Summary

This European Common Evaluation Methodology-CBM) for Connected, Cooperative, and Automated
Mobility (CCAM) isvritten for professionals planning and conducting evaluations for CCAM projects, as well as
for project coordinators and proposal evaluatoEJCEMprovides guidance for establishing a solid foundation

for successful evaluation already in the project preparation phase with an evaluation plan that is feasible to
execute. The objective is to ensure highality evaluations that provide reliableput for decision and
policymaking in both the public and private sectors.

The EWCEM Handbook aims to provide guidelines and best practices for planning and conducting CCAM
evaluations, particularly impact assessments:EE&M can be applied in three types of activities: (ambe

impact assessments, where it can help to prepsor CCAM deployment and uptake, or to identify unintended
outcomes that may require mitigation; (2) @ost evaluations, to assess the impacts of already implemented
CCAM systems; and (3) the design and deployment initiatives of CCAM systems, witlicamakimise societal
benefits. The EUCEMHandbook provides guidelines for three different phases of a profposal writing,

the starting phase, and the ending pha#tes important to recognise thahis handbook is not a substitute for
expertise.

CCAM can have impacts on the level of (1) single vehicles ahdni&ns on (3) the transport system, and on

(4) the society overall. This handbook covers all four levels of evaluation, totalling 18 evaluation and impact
areas. To be applicable for different CCAM evaluationsCEM leaves room for projects to adapt it acaogd

to their specific scope and needs.

Chapterl YhtroductionCof the EUCEM Handbook provides the background and scope feCEM. In scope of

the methodology is highertdomation in road transporof people and goodsTo claim compliance with EU

CEM, the project must meet certain minimum requirements, such as including impact assessment activities,
preparing an evaluation plan, and providing an explanation if any guideline in H@&ERJHandbook could not

be followed.

Chapter2 Buidelines for the project preparation phade 2 ¥ -QEK Ban@bpok focuses on the essential steps

for preparing the evaluation in a CCAM project, particularly during the proposal preparation phase and the
beginning of the project. The guidelines emphasise the importance of scoping the evalwatiosure that the
commitments made in the proposal can be executed effectively. This involves understanding the overall project
goal and the state of the art of CCAM, and being realistic about what can be tested within the project.

The chapter also highlights the need for a weltjanised project structure and governance to manage the
complexities of large, mukpartner projects. This includes defining clear roles and responsibilities, ensuring
effective communication, and settingpuprocesses for conflict resolution. The guidelines stress the importance
of collaboration between the evaluation, technical, and test site teams to ensure alignment and successful
project outcomes.

Chapter 3 Buidelines for developing an evaluation pfan LINE A RS& RSGFAE SR 3IdzA RSt Ay
evaluation plan in CCAM projects. The process begins with a clear description of the CCAM system under
evaluation, including its operational design domain and service concept. This is followed by fornagatiifig,

answerable, and relevant research questions that align with the evaluation scope and project objectives.

The chapter emphasises the need for setting up an iterative process of refining research questions, evaluating
their feasibility, and prioritising them based on relevance, importance, and resource availability. It also covers
the selection of appropriate aluation methods, data specification, and experimental design. The goal is to
ensure that the evaluation plan is feasible, realistic, and capable of providing reliable input for detiny.
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Chapter4 Bvaluationareaspecific guideline® 2 ¥ -GCEKI $lanBbpok supplements ChapdeiChapter4 is
divided into four main evaluation levels, each containing several impact areas:

1 Vehicle Level: This section focuses on the techfucationing and driving behaviour of CCAM systems.
It includes guidelines for assessing software and hardware functionalities, performancesegbeiy,
YR NBtAFOAfAGED S5NAGAYI O0SKI PA2dzNI SOl f dadnd A2y O2¢
with the environment and other road users.

1 Human Level: This section addresses interaction of people with CCAM systems, including user opinions,
expectations, and awareness. It also covers people mobility, examining the effects on availability,
access, quality, suitability, and affordability of nildl options. Additionally, it includes quality of life,
considering individuals' physical, mental, social, and financialbeallg.

1 Transport System Level: This section addresses impacts of CCAM on the broader transport system,
including services and operation, logistics, transport activity and fleet composition, traffic safety, traffic
flow efficiency, energy and environment, and agsibility. It provides guidelines for assessing the
impacts of CCAM on business models, logistics processes, total amount of travel and transport, number
of accidents, collective traffic patterns, emissions, the potential to reach destinations, and so on.

1 Society Level: This section covers the societal impacts of CCAM on land use, liveability, economic activity
and employment, soci@conomics, equity, and sustainability. It provides guidelines for assessing the
spatial and functional implications of CCAMyetquality of living in studied areas, economic
development, societal outcomes, and the fairness and inclusivity of CCAM impacts, and the
sustainability perspective of different impacts.

/ K I LJiGuN&limes foW reporting evaluation outcomes and-EEM feedbad® O 2 @ EeNditingiokHe
evaluation and impact assessment in CCAM projects. Reporting should be seen as an opportunity to reflect on
the entire evaluation cycle, document lessons learned, and share insights with the different stakeholders.
Requirements for reporting the evaition methodology and its outcomes can vary depending on the study
commissioner.

In conclusion, the E@GEM Handbook provides a comprehensive framework for planning and conducting high
quality evaluations in CCAM projects. By offering detailed guidelines for various phases of a project and covering
multiple evaluation levels, EGEM ensres that evaluations are wetloordinated, feasible, and impactful. The

use of ELCEM not only supports the preparation and execution of evaluation for CCAM projects, but it can also
maximise societal benefits of CCAM and improve the usefulness of thea&wea results for decisioimaking in

both public and private sectors.

The first complete version of the HELEM Handbook was published in 2025. The methodology is planned to
evolve over time, incorporating new learnings and experiences. The next update is expected in 2028.
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1. Introduction

This European Common Evaluation Methodology-CBM) for Connected, Cooperative, and Automated
Mobility (CCAM) is intendefr professionals planning and conducting evaluations for CCAM prbjestsvell

as project coordinators and proposal evaluatd&}CEMprovides guidance for establishing a solid foundation

for successful evaluation already in the project preparation phase with an evaluation plan feasible to execute.
The objective is to ensuf@igh-quality evaluations that provide reliable input for decisiamd policymaking in

both public and private sectors.

1.1.Background

In 2020, the European Commission defined the Sustainable and Smart Mobility S{tHtegith the policy
ambition oflarge-scale CCAM deployment by 203@. support the testing of CCAM systems, the Horizon Europe
programme funded the FAMEproject to establish &uropean framework for the testing of CCAM on public
roads(Figurel). EUCEM is a part of this framework, providing guidance in the form of a handbosktting

up and conducting evaluatiors§ CCAM.

European Framework for Testing on Public Roads

CCAM Test
Data Space
Software &
tools :
Test description E.thlcal. Sustainability
Templates for considerations Metadata . .
. & approval impact overview
documenting & approval
CCAM testing
activities
Best practises & Harmonised Common
recommendations conditions & Ethical annotation models,
. regulation incl. recommendations data formats &
Methodologies,

mutual recognition exchange
frameworks & J g

inventories

Taxonomy for CCAM
Taxonomy
Classification, consistency and coherence tool
to common terminology

Figurel. Components of the European framework for testing on public roads.

1 The term€CAM projecefers to anyproject that tests, evaluates or implements CCAM in road transport.

2FAME (202€2025).Framework for coordination of automated mobilitygaropgEU HEU CE2D21-D6-01-06, RIA, Project
No. 101069898). Horizon Europetps://cordis.europa.eu/project/id/101069898
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The FAME project supported stakeholder collaboration regarding knowledge sharing, consensus building, and
facilitating data sharing in European CCAM projects. It built on previous projects: thad@tdl Coordination
and Support Actions ARCADEARTREVRA, FONet®, and FESTA

Common evaluation methodologies have previously been developed for driver support systems and driving
automation. The most weknown is the FESTA methodology, developed for field operational tests (FOT) of
advanced driver assistance systeifAS) and other vehicle information and communication technologies
(ICT). The FESTA methodology was written for systlemi€an be used by ordinary drivers in their daily lives
over long periods of time. It has been successfully used in-Ergle FOTs in Europeandamational projects.

The handbook describing the methodology has been updated several times (most recently to version 8 in 2021
[2]) and remains a valuable resource when setting up and evaluating FOTS.

With CCAM, a new approach for evaluation was needed, particularly where low technology readiness could not
support such testing. Gagsve been identified in FESTA concerning its applicability for evaluation of CCAM.
There are high expectations about the benefits of CCAM, including wide societal impEicseme concerns
remain related to its uselherefore, it is important to estimate the potential impacts of CCAM, even if FOTs are
not yet feasible. EACEM was designed to evaluate CCAM systems at any stage of technological readiness.

A few methodological frameworks specifically for CCAM evaluation existed befaC&EUThe Trilateral Impact

Assessment SuBroup for Automation in Road Transportatigd made the first effort to harmonise approaches

and vocabulary in impact assessment globally. However, as advighframework, it does not cover all

SOIFtdzr A2y aGSLIAP® t NRr2SOGa dzy RSNJ GKS 9! Q& | 2NRT 2y HAt
methodologies, adapting the FESTA methodology for laogée automated driving pilots (e.g. L3Pil6}).

However, these methodologies were tailored for the specific project needs and are not generally applicable to

all projects.

These frameworks include several good practices. At the start a2 development, CCAM projects were
interviewed to identify successful practices, shortcomings, and lessons learned, beyond what was documented
in their reports. Based on thanderlying reasons for the challenges faced, topics for guidelines and the project
phases requiring methodological support were identified, forming the structure fe€EM. In addition, project
specific best practices were generalised to be applicabé! forojects. Thus, the insights and practices from the
previous methodological frameworks and CCAM evaluations were adapted to establish the foundation for the
common, generalised evaluation methodology ofEEM.

3 ARCADE (2088022).Aligning research & innovation for connected and automated driving in E(Eipéi2020 DART
2018, CSA, Project No. 824251). Horizon 2020s://cordis.europa.eu/project/id/824251

4 CARTRE (2048018).Coordination ofautomated road transport deployment for EurofieU H2020 ARTO06, CSA, Project
No. 724086). Horizon 2020ttps://cordis.europa.eu/project/id/724086

SVRA (20182016).Support action fovehicle and road automation netwo(EU FPTCTF201310, CSA, Project No. 610737).
Seventh Framework Programntetps://cordis.europa.eu/project/id/610737

6 FOTNet (200&2010).Field Operational Tests Networking and Interac{igld FPTCF2007-2, CSA, Project No. 224088).
Seventh Framework Programmettps://cordis.europa.eu/project/id/224088and followup Actions: FONet 2 (201¢%
2014).Field Operational Tests Networking and Methodology Promdtitih FPTCF2009-6, CSA, Project No. 269983).
Seventh Framework Programméittps://cordis.europa.eu/project/id/269983and FOINet Data (20142016). Field
Operational Test Networking and Data Sharing Sup(itist FPTCF201310, CSA, Project No. 610453). Seventh Framework
Programmehttps://cordis.europa.eu/project/id/610453

" FESTA (20Q2008). Field opErational teSts supporT ActiElJ FPTCTF2007-1, CSA, Project No. 214853), Seventh
Framework Programméattps://cordis.europa.eu/project/id/214853
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The first draft of ELCEM was published for public consultation one year before its final version. Over 30 external
experts provided feedback on the draft. To test the handbook with its target audience, a summer school was
organised for junior members ofGAM evaluation teams. This feedback played a crucial role in finalising the
handbook.

1.2.Scope of EACEM

1.2.1.0Overall objective and scope

The primary objective of the EOEM Handbook is to provide guidelines and share best practices for planning
and conducting CCAM evaluation, especially impact assessment. Within the hanebalakftionis defined as

¢the systematic process to research the amount, value, quality or consequences of an aspect related to a CCAM
system and its useandimpact assessmernascdthe evaluationaddressing the broader implications of the CCAM
systems and their use on people and soéiety

The overall scope of ECEM is the evaluation and impact assessment of CCAM systelmsgever, it is also
beneficial for the development or deployment of CCAM when decisions between available alternatives are made
based on their potential impacts. It is important to note that in such cases, clear objectives should be defined to
allow rankng of the alternatives. This ranking is a political decision and falls outside the scope&C&NEU

The following objectives were set fRtJCEM:

Ensurehigh quality evaluationof CCAM.

Providecommon vocabulary and a common basa CCAM evaluation in different projects.
Allow all CCAM projects to benefibm methodologicalessons learned and best practices.
Supportcomparabilityand complementarity of evaluation activities.

Ensureexploitation of resultsof CCAMorojectsfor future research and development.
Ensurehigh quality input fodecision and policymakingsupporting both industry and authorities.

=A =4 =4 A -4 A

EUCEM puts particular emphasis on helping projects make robust and feasible evaluation plans in collaboration
with those responsible for implementing the CCAM system in the project (referred to &scthaical teamin

this handbook). Thorough planning and effective collaboration set the foundation for successful evaluation and
project outcomes overall.

It is important to recognise thabis handbook is not a substitute for expertise. Evaluation partners must possess
the necessary (multidisciplinary) expertise in evaluation. This is also recommended for evaluation work package
leaders.A common vocabulary is needed to ensure a shared understanding of the evaluation focus and
objectives, the applied methodology and the results and conclusions drawn. To meet this objectizE,Gld
Handbookis supplemented by th&éaxonomy for CCAN#], which contains the key terminology used in-EEM

and CCAMnN general. At the time of publication, the terminology of-EEM was aligned with the online
taxonomy, which is regularly updated. For the latest definitions, it is recommended to refer to the key
terminology from theTaxonomy toolprovided inthe Connected and Automated Driving Knowledge Base

Five higHevel principles were developed for ELEM Theyare related tosetting the minimum requirements

for evaluation Guiding star principlegharingbest practices and lessons learn@bllaboration principle), using
harmonised approaches (Comsy-explain principle), encouraging agile ways of working (Agility principle), and
being adaptable to projeespecific needs (Flexibility principle). These principles are presentedune2.

8 CCAM system may include a service conoepemote management
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Guiding star principle

The EU-CEM provides a common evaluation methodology for CCAM,
setting minimum requirements for evaluation

Collaboration principle

The EU-CEM provides evaluation guidance inspired by lessons learned
and best practices of CCAM projects

Comply-or-explain principle

The EU-CEM provides guidance which should be followed,
or the motivation for different choices should be explained

Agility principle

The EU-CEM encourages agile ways of working in developing
an evaluation plan for the project

Flexibility principle

The EU-CEM allows for flexibility in adapting it to each project’s specific
evaluation needs

Figure2. Core principles of EACEM.

1.2.2.Type of projects and CCAM use cases within the scope-GHAMU
EUCEM can be applied in three types of activities:

(1) Exante impact assessments conducted before the full deployment, where it can help to prepare for
CCAM deployment and uptake or to identify unintended outcomes that may require mitigation

(2) Expost evaluations to assess the impacts of already implemented CCAM systems

(3) Design and deployment initiatives of CCAM systems with an aim to maximise societal benefits.

EUCEM is designed for large mygrtner projects but can also be applied to smaller ones. These projects may
be funded by a customer, or they could be internal activities within companies or instituteSEEUis most
useful for projects where a techraétteam, separate from the evaluation team, is responsible for collecting (at
least part of the) data in a field experiment, and especially if this is done at multiple sites.

EUCEM includes guidelines for projenternal communication, which is fundamental to creating a feasible
evaluation plan that aligns with available resources. In smptigects, differing objectives among partners are
less problematic, simply because there are fewer partners and communication is easier.
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EUCEM is mainly intended for projects addressing CCAM systems with the following focus:

1 Automation in road transporbf people and goods, covering all motor vehicle categories (specifically
cars, trucks, shuttles, buses) and private, shared, and public transport

1 Higherlevel driving automation (SAE] level 3 and higher), with and without connectivity

1 Use cases on public roads, automated driving systems with a specified operational design domain
operating in mixed traffic.

Additionally, ELCEM is suitable for projects that include, for instance, testirgatety-critical scenarios on test
tracks to supplement omoad testing, or driving in confined areas where the automated vehicle interacts with
humans or norautomated vehicles.

Projects focusing on technical testing or usability can utilise the basic guidelines for building a robust evaluation
plan. Yet, it is good to acknowledge tHA:CEMaddresses technical functioning and user aspects only from the
perspective of providing necessary input for successful impact assessment.

EUCEM does not focus on the following use cases: assisted driving izieMelMdriving automation (SAE levels
1¢2), automation of rail, aircraft and watercraft transport, and Cooperative Intelligent Transport Systéi$)(C
without driving automationHowever, it is worth noting that most components of-EBM are not directly linked
to a specific use case but can provide valuable input for CCAM evaluation cases beyond its core focus.

1.2.3.Evaluation areas covered

CCAM caltead to different effects on the level of (1) single vehicles antd§&)ans on (3) the transport system
and on (4) the society overall. This handbook covers all four levels. Fa&EHandbook provides evaluation
areaspecific guidelines for areas grouped under théser evaluation levels as described Tablel. In this
handbook, anevaluation areaA & R S ¥F A& fii§hevell categdry for topics addressed under evaluation
activities ® ¢ K &éhSicallewBation, user evaluation aimipact assessmenfnimpact areais defined as:

¢a field of study addressed under impact assessraetitities @

Tablel. Evaluation and impact areasovered by the ELCEM Handbook and their scope.

Level of Area Scope

evaluation

Vehicle Technical Software and hardwardunctionalities of CCAM systems, especially
functioning terms of performance, cybesecurity, and reliability.

Drivingbehaviour | Driving dynamics of a single vehicle, its longitudinal and lat
movements, and interactions with the environment and other ro

users.

Human User Interaction of people (CCAM users and agers) with CCAM systen
their opinions, expectations and awareness of the technology, and
they use it.

People mobility Individuals' potential and actual mobility choices; availability, acc

quality, suitability, and affordabilitgf mobility options.

Quality of life Individuals' physicamental, social, and financial wdiking.
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Transport | Services and Business models and operation of vehicle fleets and transport serv
system operation effectson the operation of traffic management of the network.
Logistics Efficiency, effectiveness, and adaptability of the logistics proce
changesin freight transport, and material flows in supply cha
processes.
Transport activity | Total amount of realised travel and transport; number and types
and fleet vehicles used.
composition
Traffic safety Number of accidentsand injuries of different severities.
Traffic flow Collective traffic patternstravel times and throughputon a road
efficiency network.
Energy and Energy use and emissions of vehickgsquality and noise pollution.
environment
Accessibility Potential of population groups to reach destinations and service!
different times of day; the potential of businesses, facilities, and ot
activity centres to receive people and goods.
Society Land use Spatial and functional implications, land utilisation patterns, incluc
infrastructure development
Liveability Suitability or quality of living in the studied area(s).

Economic activity
and employment

Economic development and labodynamics, overall economic vitality
evolution of businesses and the job market, and skill requirements of
workforce.

Socieeconomics

Economic and societal outcomes of CCAM, benefits and costs, so
and economic value.

Equity Fairness, impartiality, and inclusivity, how impacts are distributed ac
different population groups, regions generations.
Sustainability Environmental integrity, social wedeing, and economic vitality, capaci

to meet current needs while n@ompromising resource and opportunit
availability for future generations.

% puring the writing of this handbookt was notedthatthe i SN a Wl  ONJ & K Ofted dskdyhterci@ggeablk a A 2 Yy Q 4
withWl y | OO pétiSeyiyincraptalhléd usa any of thesterms.
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1.3. Structure of the EXCEM Handbook

The EUCEMHandbook provides guidelines for three different phases of a project:

1. When writing the project proposalChapter2 provides guidelines for laying the ground for successful
evaluation in the proposal preparation phase. It includes guideliréten for the partners responsible
for the evaluation in the project (referred to &be evaluation teamin this handbook)coordinators,

and proposal evaluators.

2. When the project startsChapter3 provides guidelines for setting an evaluation plan that is feasible to
execute, regardless of the evaluation areas in focus (technical evaluation, user evaluation, impact
assessment)Chapterd describes evaluaticareaspecific guidelines to support this planning. Chapters

3and4 are intended for the evaluation team.

3. When the project endsChapter5 provides guidelines for reporting evaluation outcomes, and for
providing lessons learned, new best practieesl feedback for future EGQEM updatesChapters is

intended for the evaluation team

The role of each chapter and their outputs are describefigiure3 below. The outputs include the project plan
(Description of Action), an agreement on what data to collect and how, the evaluation plan, and feedback for

future EUCEM updates.

Chapter 2
Guidelines for
the project
preparation phase

Chapter 3
Guidelines for how to
set an evaluation plan

Description of Action Agreement on

what data to
collect and how

e Scope and objectives
e Approach(es)
e CCAM system(s)

Chapter 5
Guidelines for reporting
evaluation outcomes

Process for setting an evaluation plan

Chapter 4
Evaluation-area-specific
guidelines

Evaluation plan

Feedback for future
EU-CEM updates

Figure3. Role of different chapters of the EGEM Handbook (light green) and their outputs (dark green).
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1.4.Compliance with EACEM

EUCEM is intended for the evaluation of CCAM use cases in road transport with-legéledriving automation.

One of the principles that guided the development work was flexibility. To be applicable for different CCAM
evaluations, ECEM must leave rooffior projects to adapt it to their specific scope and needs. This raises the
guestion of how to determine whether a project is compliant with-EEIM. To claim compliance, the project
must meet these minimum requirements:

1 The project includes evaluation activities, specificatipact assessmentas defined in the EGEM
Handbook (see the first paragraph of Chapte?.1).

1 The evaluation plars preparedby the evaluation teanfollowing the guidance in Chapt&r alongside
the planning of all other project activitieat the beginning of the projecHighlevel planning is already
conducted during the project proposal preparation phase, in accordance with ChapSgecifically,
the evaluation planning is not left until after the planning of potential field experiments, nor is it carried
out by anyone outside the evaluation team.

1 Theguidelines of the EACEM Handbookre followed. Ifa specific guideline cannot be followeat)
explanation for the deviatiois given (comphpr-explain principle).

1 A line of communicatiometween the evaluation team and other project partners is established (and
dziAf AASR RdzNAy3I GKS LINR2SOGQa fAFSGAYSOO®

I The results are analysed from a sustainabpigyspectivein accordance with Chapter4.6

The project utilises th&axonomy for CCAM

1 The project contributegnput andfeedbackfor future updates of the EACEM Handbook and provides
recommendations for future research needs in the evaluation report.

=

1.5. Outlook

The first complete version of the EEEM Handbook was published in 2025. The methodology is intended to
evolve over time, incorporating new learnings and experiences. The next update is expected in 2028.
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2. Guidelines for the project preparation phase

Thischapter provides guidelines for preparing the evaluation in a CCAM project, focusing primarily on the

LINRPLI2 &I £ Q& LINBLI N} GA2y LIKF&aSs odzi Ffaz2 2y GKS

LINR 2SO

foundation for successful evaluation. hhspecifically address topics that have proven challenging in previous
CCAM projects. General project management issues that are not specific to CCAM evaluation are not covered,

as information on these topics is available in many other publicationaddition to the evaluation team, the

guidelines below are also useful fowordinators and project proposal evaluators.

2.1.Scoping of evaluation

The expected impacts of CCAM are widaging. As it is not possible to assess all potential impacts, scoping and

prioritisation are necessary. Finding agreement already in the proposal phase etisargsoject partners

share a common understanding on how to address project goals.

Scoping ensures that theommitments made during the proposalphasecan beexecuted That is, that the

consortium & SELISNIA &S |theRINE2ROERIOAR A@KS 6Aa0KLIS fA3dya sAGK

expertise and toolsScoping is first required for the project as a whole and thecificallyfor the evaluation,
ensuring consistency with the overall scofdéne project proposal must clearly demonstrate hewaluation

activities align with the overall project scopehe guidelines below cover the followitapics

1 How to set the overall scope of the evaluation
I How to choose impact areas for evaluation
1 How to build a consortium fit for the evaluation scope

Guideline 2.1. How to set the overall scope of the evaluation

Theoverall evaluation scopeshould align with the overall project goal and the overall project scope. Scc
of evaluation requiresuinderstanding the overall project goal and scope, the state of the art of CCAI
potential benefits and adverse effects, and being realistic about what can be tested within the project.

Both the overall project goal and scope are derived from the call text by extracting the essence of tl
from the objectives that the client has for ithese objectives may include obtaining information for pol
and investment decisions, facilitating and stimulating the learning process and knowledge exchan¢
paving the way towards deployment of CCAM.

b2GS GKIG Ay GKAcalteE YRBFSNBRIGKS ($BY RaOdzySy i
actions to be carried out in the project. This may incladé&U research and innovation programme call te
any request for a proposal, or any other expressed wish of the client.

Define thekey terminologyin the proposal. Misunderstandings related to the interpretation of the call t
or the scope of the project and evaluation are hard to resolve afterwards. For clarity, define what is ex
from the scope to leave less room for ambiguity, even if theesgusions are not included in the proposal.

The scoping of evaluation starts by specifyingttrgeted level of evaluatiorin the proposal: will it focus or
the level of single vehicles and humans, the transport system, or society? The scope may extend beyc
world testing capabilities. For example, if the project conddigkl tests of CCAM vehicles in limited u
cases, the scope of evaluation can still include broader impacts, such as regional effects.

The evaluation scope can be structured aroundmeric targets expectedkey impacts or societal
challenges depending on the call text. Whehe call textallows flexibility in scopingtakeholder analysis o
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consultation can help refmit. Ensuring alignment with a clear demand for new knowledge will maximise
LINEP2SOGQa AYLI OG yR NBfS@GlIyOSo

The evaluation scope can also build upon earlier evaluations by addressing identified knowledg:
unresolved challenges of earlier projects, or expanding previous evaluations to new impact areas, sc
or stakeholder groups. Additionally, the scopmy include repeating certain evaluations to improve t
validity and reliability of important impact estimates. This can be achieved with systems of |
technological readiness, larger or bettguality datasets (e.g. improved evidence from the fiekhhanced
tools or increased resources for evaluation.

In some cases, call texts may setealistic expectationsegarding the impacts of CCAM. When this occt
a balance must be found between responding to the call and making realistic commitments.

Example

/HEt GSEGY a¢KS 20SNItf 2062800 m@ductianfof higklyladitonmated
RNAQGAY3I aeaitSvya @2l NRa {!9 fS@St no¢

The consortium sets the following overall goal for the projéca {1 S RNRA @Ay 3 | dzi 2 Y
by taking intelligent vehicles technology to conditions and scenarios neither extensively teste
RSY2yaidNI GSR SIFENIASNI AYy[BROdzZNBLISIY YR 2@0SNESI &
In practice, the high frequency of talkeer requests was identified as one of the main challenges in achie
GKAA 20SNItft 202SOGAGS 2F GKS O t t ddeffagmestaion dakl
extension of the operational design domains (OBI&) by introducing technology enablers to suppc
automated driving.
¢CKS 2@SNIff

f a LS 2F AYLI OG |
6KFG Aa GKS O

2 a YSyid o1 &
YONROdziAZ2Y 2F HAKS K

A 5 ¢
iSOKy2tz238 Sy

Guideline 2.2. How to choose impact areas for evaluation

The details of the evaluation will be defined in the evaluation plan (Ch&)tédowever, it is important tc
determine already during the project preparation phase which impact areas (overvi€abiel, full details
in Chapter 4) will be covered and the main approaches for their assessment.

This early decisiomaking ensures sufficient resources are allocated for evaluataspecially for expensivi
or time-consuming approaches like field experiments, driving simulators, or extensive traffic simulati
and enables the formation of a consontiusuitable to the task (seBuideline 2.3 Once the consortium ani
budget are fixed, flexibility in choosing the impact areas becomes more limited. Balancing what impac
to cover and what resources to allocate to evaluation with other project activities is an iterative prc
Prioritising impact areas based on their importance in addressing the overall scope of evaluation a
potential for impact allows researchers to allocate their resources and efforts more effectively. This hi
ensure theevaluationis efficient and the findings are relevant and impactful.

To choose which impact areas to covengeck the call text to see if it specifies impact areas directly or
impacts or indicators that must be assessed. Then, assess whether théewjlscope set for evaluatio
determines the impact areas (s&uideline 2.1

Both top-down and bottomup approaches should be used when determining relevant impact areas:

Topdown: If the call text explicitly sets requirements for impacts that should be addressed,
corresponding impact areas should be included in the evaluation. This often means incorporating
impact areas from which input is required for the evaluatiothofse areas set by the call. For example, tra
safety impact assessment requires input from driving behaviour evaluation. If addressed, start wi
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societylevel impact areas, working towards the impact areas included in the transport system, hume
vehicle levels.

Bottom-up: If the call text does not specify impact aretiss selection process can start from the CC/
system itself by considerirtgpw it directly affects road users and drivibghaviour, and how these change
might affect traffic and transport and, ultimately, how they impact the whole society.

Drafting impact pathways, from aspects directly affected by CCAM to the impact areas in the eva
scope, can help in this process by identifying linkages and dependencies between impact areas and
evaluation. Use theories and literature totablish these connections. The illustrations in Chagteray be
used as supporting materiaPrioritise the areaswhere substantial impactshenefits and burdens are
expected These pathways are a good tool to check against unrealistic expectations and ensure tt
chosen evaluation scope produces outputs that can be delivered.

It is good to acknowledge that the impacts of CCAM can be sedahing that no single project can addre
them all. Therefore, itis advisable tadfocuson fewer topics and evaluate them thoroughlyThe availability
of resources for evaluation should align with the choices made and the estimated resources needed.

The impact areas described in this handbook (see Cha@ptelate to one or more pillars of sustainabilit
economy, society, and ecologyr people, planet, profit. Understanding how CCAM systems ai
sustainability is important. Regardless of the chosen impact areas, all projects are strongly encour:
reflect on their results from austainabilityperspective Guidelines for this are provided in Chapie4.6

Example
Top-down approach:

The call text mentions the following topics that the project should addiRsad safety, energy use, pollutar
emissions, traffic congestion, equifijhe corresponding impact areas @meluded in the evaluation.

Next, the pathways to the listed impact areas are drawn. For example, to see how the impacts are dist
among different population groups (impact arejuity), it is important to know the most potential users ar
non-users, in other words, acceptance and possibilities for CCAMuge for different groups. Therefore
all these aspects should be studied separately.

Bottom-up approach:

CCAM influences comfort of travel and value of travel tinnge{. This leads to changes in travel patter
(people mobility, and consequently in vehicle kilometres travelled (Vidnsport activity and fleet
composition. The impact on total VKT influences the total impact of CCAM oerteegy and environmen
at transport system level.

Scaling up effects at single vehicle level (emissions per distance driven) to traffic flow impacts usually |
simulations, which need information on changesliiving behavioufor proper model calibration.

Finally, the impacts of CCAM sustainabilitywill be assessed he sustainability perspective provides a w
to draw overall conclusions of the impact across all results.

In summary, the impact areas chosen in this example, usinG@HBW terminology, areDriving behaviour,
user, people mobility, traffic safety, energy and environment, traffic flow efficiency, equity, sustainabili
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Guideline 2.3. How to build a consortium fit for the evaluation scope

It is important to ensure that the partners on the evaluation team have the necessary expertise f
planned evaluation and impact areas.

Ideally, the evaluation scope and impact areas are defined first, followed by forming a suitable consor
carry out theevaluation However, in practice, this process is typically iterative, with adjustments ta
project plan while building the consortium, to create a plan fit for the consortium and a consortium fit fc
plan.

Including multiple partners with expertise in specific topics of the evaluationgithancests resilienceand

promotesin-depth collaborationRelyingon a single partneto deliver an outcome means there igiak of

not being able to execute the platt.is recommended to consider alternative approaches alreiutyngthe

project preparation phase if the plasependson a method or tool being developed by a partner during
project.

The evaluation team should collectively possessetkgertise necessarfpr all impact areas and complemet
each other in skills and available tools.

Ensure key stakeholders are included in the consortium or consulted, for example, through an advisory
if their input is essential to the success of the evaluation.

Example

The following list of requirements was identified for the evaluation team to address the planned scc
evaluation:

9 Driving behaviour evaluation

I Understanding of scenaribased evaluation

1 Tool scripting skills

1 Expertise in driving data analysis
I Traffic safety impact assessment

1 Access to accidetitdatabases
Availability of simulation tools specialised in safetifical situations
Knowledge of injury risk functions
Expertise irmapping accident types to simulated scenarios
Understanding of indirect impact mechanisms on safety

= =4 —a -1

Partners are matched to these requirements. It is verified that at least one, preferably two, partners
each requirement and are willing to contribute, and whether expertise is concentrated in single experts
these partners. If the selected padrs seem insufficient for a specific requirement, additional partners
sought to fill the gap. If this is not feasible, the plan must be adjusted accordingly.

10 pyring the writing of this handbogkt was notedthatthe i S NIya Wl  ONI & K @fte hskdYnterciamgéably a A 2 y Q ¢
withWl y | OO pétiSeyiyincraptalhléd usa any of thesterms.
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2.2.Project structure and governance

An effective and welbrganised project structure and governance are important in CCAM projects, as these
projects are often large and complex, involving numerous partners and long durations and increasing the
likelihood of personnel changes during the prajethe involvement of multiplgartners in preparing and
conducting experiments, as well asdata collection and analysis, adds to the complexity of the evaluation
process. Even if different evaluation activities do not share the same precise fangl their results should

align to support a cohesive narrative. well-structured project and effective governance help ensure this
alignment.

CCAM is oftestudied in innovation projects with immature technologies tested in the real world. Data
collection can be complex and costly, willata flows between partners raising security and confidentiality
concerns. These issues require attention already during the project preparation phase. Additionally, permits for
testing on public roads are necessary and impose specific requirements enebetion of the experiments.

Theproject structuredefines the framework for project execution. It outlines work packages, their timelines,
activities, milestones, and interconnections. A logical and -téasyderstand project structure facilitates good
governance and project managemehit.

However, even with a suitable project structure, ineffective governance can lead to difficulties. Failures and
delays in activities that provide input for evaluation and misunderstandings between partners can disrupt the
evaluation. These issues may ariiee to:

Unrealistic targets within the project timeframe

An overcomplicated evaluation plan

Poor execution of key activities

Weaknesses in project structure or partner capabilities
Lack of commitment from partners

Insufficient or infrequent communication.

=A =4 =4 A -4

During the project preparation phase, the project structure and governance should be desigaédw for
necessary adjustments while ensuritigat the evaluation remains feasible withithe time and budget
constraints, without overburdeninthe evaluationteam membersProject governance also involves managing
expectations and balancing the perspectives and interests of partners, clients and other stakehidigeagn

is to deliver higkguality evaluations with impactful outcomes.

The following guidelines cover key aspects of project structure and governance:

How to plan evaluation activities for the proposal

How to create a project structure that supports evaluation

How toassign responsibilities across work packages and activities
How to ensure information exchange sopport the evaluation of CCAM
How to enable adaptivity of the evaluations

How to ensure the quality of the evaluation

=A =4 =4 4 -4 A -4

How to set up a process for mediating conflicts

1 Project management aims to deliver projectesults on time and within budget, and therefore focuses on planning,
organising, and managing resources. This handbook doesprmtide guidance on what constitutes good project
management.
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Guideline 2.4. How to plan evaluation activities for the proposal

The description of the evaluation work packages (Wmust be written by evaluation experts. It would k
good to involve them from the beginning of the proposal preparation phase. Experience from previous
projects is recommended.

There are multiple options for structuring evaluation activities within the projaitevaluation activities car
be consolidated into one dedicated evaluation WP, or they can be distributed across other WPs, for e
by test site (seé&uideline 2.5 However, it is strongly recommended to at least dedicate a specific WF
common evaluation methodology.

Partners preparing the evaluation WP must be in regular dialogue with partners responsible for othe
of the proposal. This dialogue ensures that:

1 Evaluation partners can provide expertise and experience to maintain realistic commitr
particularly when describing the project's expected impacts.
1 Evaluation partners understand the technology readiness level (TRL) of the tested systems
feasibility of different testing opportunities. This is particularly important in CCAM projects, w
GKS aeaitasSyQa c¢w[ Isofmetimésdetedtiyiaied.LJ2 G Sy GA L | NJ
Clear communication during proposal writirgnecessaryo ensure alignment ithe scope and contenof
WPs contributing tdhe evaluation Thisincludesidentifying potential risks to the evaluation aadreeing on
mitigation strategies especially fordelays in data collection aother evaluationinputs. Suchdelays are
common, especially in projectgith extensive field experiments.

WP descriptions should specify the impact areas to be covered@a&keline 2.2 and provideexamples of
possible approaches, methods, indicators, and data sources, aligned with available resources. E
projectlevel basic principles for collecting and sharing data for evaluation.

¢CKS LI FYyyAy3a Ydzad SyadaNB GKFd GKS LINRp2SOGQa S
budget, timeline, duration, and partner expertise.

Example
Estimating a realistic effect size to avoikercommitmentof the expected impact:

1 A project provides easip-use CCAMbased firstand-lastmile transport to a public transport hub.

9 Identified theoretical basis for impacts: The service reduces the generalised travedfqmsblic
transport by increasing its accessibility, thereby leading to a higher mode share of public tran:

f 9FFSOG &aAT S FYR SELRA&dINB S&GAYIGA2YY LT wm
and 20% already use public transport, the maximum increase in users cannot exceed 8% of
population (10% * (100%20%)).

I Comparable data: In a similar city, the new user adoption rate for a comparable service wa
indicating a similar increase could be expected here.

Accounting follimited possibilities for realworld testingin the evaluation activities:

1 If only professional test drivers are permitted to operate the test vehicles, the evaluation shoul
rely on observing the drivers, as their behaviour will not reflect the behaviour of future users
drivers follow strict safety protocols, limitirtheir ability to mimic real user behaviour in automate
driving.

0S dvari®Rottag SNB Zdz&#S R F2NJ aAYLIX AOAGed
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1 Instead, the evaluation could be based on vehicle data collected during automated driving, exc
take-over events.

Ensuringalignmentof plans:

f Evaluationrelated milestones (seGuideline 26 | NB Ay O2NL1J22 NI} 6§SR Ay
ensuring alignment with the timing of other project activities.

Risk mitigation measures

1 To mitigate the risk of evaluation delays, tteehnical team agrees to provide realistic assumptic
for the parametrisation of CCAM in simulations. This ensures that Hweddl testing is delayec
beyond the muststart date of simulations, lack of realorld data will not become a bottleneck
allowing simulations to proceed using the provided assumptions.

Guideline 2.5. How to create a project structure that supports evaluation

The project structure must be designed to support the evaluation work. To achieve this, decisions n
made to ensure théollowing:

1 Key personsesponsible for conducting evaluations must also be involved in setting the evalu
plan from the beginning.

1 The work package (WP) structuraust facilitate the necessary interaction between the followi
teams:

0 Technicateam ¢ partners responsible for implementing the CCAM system.

0 Test site teamg partners responsible for setting up and performing the field experimer

o0 Evaluationteam ¢ partners responsible for data analysis and impact assessment.
It must also facilitate internal coordination within the evaluation team to ensure alignment ac
different evaluation areasmpact areas, and evaluation approaches. (Se@eline 2.y

I Theevaluation WPcan be organised in different way$or example, by:

0 Main research questions

0 Levels of evaluation (vehicle, human, traffic and transport, society)

0 Impact areas

0 Test sites
Regardless of the structure, sufficient aficequent interaction between these organisation
elements must be ensured. It is highly recommended to dedicate a WP to developing the eval
plan and methodology across all sites, as well as among evaluation and impact area partners
any strucure, it is important to ensure coherence of the overall evaluation plan.

1 Project milestonesare important for planning and monitoring progress within the project beyc
the start and end dates of WPs. Thus, milestonglated to evaluation and any activities tr
evaluation depends on (such as data delivenyst be incorporated into the project timeline. Belo
is a list of proposed milestones.

1 Timelinesmust show that evaluation activities begin at the start of the project to allow for tin
discussions and coordination between the technical, test site, and evaluation teams. Sufficier
must be allocated for preparing and implementing the evaluafien, drawing conclusions, an
reporting.

Recommended milestones related to evaluation:

1. A firstdraft ofresearch questiongarly in the evaluation planning to allow sufficient time f

developing the evaluation plan with all necessary iterations.

2. Agreement on the experimental desidpetween the evaluation, technical, and test site teams
ensure alignment with evaluation needs.
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3. Agreement on the data provigiobetween the evaluation team and data owners on the test ¢
team. Includes timing and details on the provided data, its format, how it is shared, and the
provision milestone Bitem below).

4. Evaluation plan completeahd communicated to the consortiumith detailed information provided
especially tahe technical and test site teams. This should be completed before thetenid review
of the project.

5. Data provision for evaluatioompleted ¢ KA a YAt Sad2yS akKz2dzZ R o
timeline to allow some flexibilitjor delays. After this milestone, no new data will be accepted
the evaluation.

6. Presentation or delivery of interim evaluation resultsese should be presented before publishi
them or progressing to the next evaluation phase. These presentations serve as an internal va
of the approaches and results, ensuring consistency and allowing for necessary reviews.

A common challenge in CCAM projects is the focus on technology at a low readiness level. This often
prolonged preparation phases for reabrld tests due to the time required to obtain permits and resol
technical issuesSevere delays are not uncommon during test preparation, which can reduce the
available for the evaluation phase or necessitate extension of the project.

Monitoring project progress is therefore essential. To ensure that the evaluation team has sufficient ti
analysis and reflection, it is recommended to setoff datesafter which no new data from experiments w
be accepted for the evaluation, as noted in tHergilestone above.

Example
The task structure in an evaluation work package:

I Task 1Methodology ¢ jointly for all evaluation areas tensure alignment.

Task 2Vehicle level impactg for analyses using field experiment data.

Task 3Human level impactg for evaluation using user experiment data.

Task 4Transport system level impactsfor evaluation mainly using simulations.

Task 5Societal impacts; for evaluation using findings from other evaluation levels and addres

them at society level.

I Task 6Conclusiong; jointly for all levels of evaluation and all test sites to address the-leigél
research questions

= =4 —a -1

Guideline 2.6. How to assign responsibilities across work packages and activities

Once the overall project goal and general approach are established, the consortium must assign cle
to partners and define their responsibilities within different work packages. Evaluation activities re
active commitment also from partners beyd the evaluation team. For example, the process of collec
and processing data from field experiments typically involves multiple work packages, partners, and te:
including at a minimum the technical team, test site team, and data owners @arin possession of dat
needed for the evaluation).

From the evaluation team perspective, it is important to identify key dependencies and establish
agreements on the related responsibilities to ensure the availability of the necessary inputs for evall
Work package leaders must be aware of tlependencies between work packag€dearly defined processe
and roles help ensure that all relevant partners understand their responsibilities.

For cohesiveevaluationand integrated results outcomes no singl@artner could achieve individuatly
overall coordination of both the planning and execution of evaluation is crucial. If evaluation activitie
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distributed across multiple work packages, consider appointing an evaluation manager to oversee the
evaluation process.

In very large or longerm projects, leadership of different stages of the evaluation process can be ass
to different persons. Responsibilities should be clearly defined, with a structured handover process ir
For example, the person responsilita evaluation planning could transfer leadership to another per:
responsible foexecuting the evaluation.

Example

Consider a proposal for a largeale, collaborative CCAM project involving multiple partners. The follo
steps give an example of the process for identifying and distributing key responsibilities withi
consortium:

1. Identifying key dependencies between evaluation, data collection, and transfer

1 Theconsortium mapsiependencies betweervaluation activities and related work packag
and taskgo clarify linkages

I The mapping establishes that the evaluation team will require data from multiple
experiments conducted at different test sites.

2. Establishing requirements for data generation and transfer

I To ensure the effective use of all data in the evaluation, the consortium agrees that
experiments will be conducted in a harmonised manner. The evaluation team comm
including support for specifying the experimental design in their work plan.

I The test site and evaluation teams agree that data will be provided in a common data fc
which must be confirmed by the data providers and users, along with related procedure
handling data.

3. Distributing specific responsibilities to all relevant partners

1 The consortium identifies the relevant partners for each test site and evaluation work pac

1 The respective work package leaders assign specific roles to each partner on these
ensuring that:

1 Each partner has a clear, wdkfined role, whether related to data collectior
processing, transfer or evaluation.

1 All relevant processes are assigned to clearly responsible partners, incli
harmonising test procedures, converting data, and managing secure data transfe

Guideline 2.7. How to ensure information exchange tsupport the evaluation of CCAM

Throughout the project, partners must make joint decisions related to evaluation proc@sséilitate this,
the main structures for active dialogue and collaboration within the evaluation team and with other par
should be agreed upon during the project preparation phase.

The aim is to ensure direct communication between relevant partnergfi&ntive project structure support:
this by keeping communication lines short. While online collaboration tools facilitate efficigmrtnation
exchange and storage, they cannot replace direct interaction. Regular virtualp@rson meetings are
important for resolving complex issues and fostering alignment across teams

An important component of information exchange is expectation management regarding evaluation.
The evaluation lead must have expertise to:

1 Understand technical and evaluation aspects of the project.
1 Support collaborative work.
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1 Communicate effectively with partners to align expectations in light of feasibility, timeline,
resource constraints.
1 Addresspotential misunderstandings about the evaluation process early on.

Example

To ensure continuous alignment, a structured information exchange between work packages is estal
Biweekly meetings are scheduled from the start of the evaluation planning phase until all data ha:
analysed. These meetings facilitate:

1 Dialogue between the evaluation team and related activities, such as technical and test site 1
as well as within the teams.

1 Ashared understanding of the overall project, enabling stakeholders to respond to plans and u
effectively.

1 Regular updates on the progress of data collection or analysis.

Discussions on any technical issues affecting evaluation.

1 Alignment of expectations, monitoring the progress of milestones, identification of risks.

=

Guideline 2.8. How to enable adaptivity of the evaluations

CCAM and related regulations evolve rapidly, sometimes necessitating adjustments to CCAM test
and execution during the project. As such changes may affect the evaluation, the evaluation sco
structure must be designed with adaptivity in mi(mke the example foGuideline 2.1 In practice, the high
level project plan outlined in the proposal will be elaborated into an evaluation plan early in the pr
Revisions may be required during the project due to changing needs, possibilities, and chal
Fundamental adaptations require approval from the consortium leader and the client.

Start evaluation planning early in the project and adapt to what is feasible at test site€ (saeline 2.5or
milestones and timeline). Feasibility may change, so work in close collaboration with test sites until tf
experiments are completed. In practice, this will be an iterative process (see CBaptexduction).

When preparing the project proposal, it is important to recognise that iterations will be required durin
LINE2SOiGQa tAFSGHAYS 0ST2 NBensuf Sat S@dévaludeion tkahyhas Isiffficig
time to complete their tasks, a cuiff date should be established, after which major adaptations can no lo
be accommodated. The cufff date should be set based on experience regarding the time requinethé
planned key approaches and methods, as outlined in MilestoneGuideline 2.5

Example

An example of ensuring adaptivity to changes in test site plans is to extend the evaluation methodolo
until the planning phase of the field experiments is completed, or until successful data collection ¢
reasonably verified.

Guideline 2.9. How to ensure the quality of the evaluation

Each project strives to deliver higjuality results. Several project governance mechanisms help ensur
quality of evaluation activities, and these should be discussed duringribject proposal phase and include
in the work plan:

1 Monitoring the quality and validity of the evaluatiomplan by members of the evaluation team wit
the most experience of CCAM evaluations. The evaluation manager or evaluation work packa
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should assign these responsibilities. The plan should be communicated to all relevant stakel
in the consortium. Identify and communicate key decisions in the evaluation plan (e.g. assum
made in the evaluation). Early communication with projeattners ensures that everyone is awa
of critical decisions and has the opportunity to seek clarifications or suggest changes. Failure
regard can lead to inconsistencies that may only become evident after the results have
finalised.

Testing allsteps of the evaluation procesbeforehand should be facilitated by the project plar
ensuring that initial data collection and analysis can begin as early as possible. Clearly desc
plans for this in the project proposal.

W9 @I f dzk G A 2 y (seelthdlExghiId BEidelidd @ 1Bcan be used for discussing interi
results and identifying missing, unlikely or unexplainable results, especially when analysin
world data. Allow sufficient time for these collaborative reviews to check for potel
inconsistencies and to interpréte results accuratelyThese partnerships can also assist in planr
the reporting of results, defining both the desired content and the presentation format.

Example

In the proposal for a CCAM project, the evaluation team ensures the quality of the evaluation as follo\

1

Experienced experts are involved in the evaluation work packages both for developmer
execution of the evaluation plan. The proposal explicitly requires that an experienced expert r
the evaluation plan early in the project, with necessary revisiorade based on their feedback.
The proposal includes a phase for testing the evaluation process using preliminary data from t
sites. Insights from this will be used to refine the evaluation plan and tools before thecéld
evaluation begins.

The proposal explicitly requirdaterim result reviews to discuss the preliminary findings. Th
reviews are both internal and external to the work package.

The proposal allocates sufficient time at the end of the project for comprehensive-pamkage
internal and-external reviews of the reports. An internal milestone is set, requiring the reports t
finalised at least one month before the submission deelto allow for these reviews.

Guideline 2.10. How to set up a process for mediating conflicts

CCAM evaluations typically involve multiple project partners working together towards shared goals. |
large, multipartner or complex projects, conflicts may arise despite robust information exchange proci
These conflicts often stem from differences in expectations, goals, values, perceptions, and knowledg
among team members and organisation&o effectively manage such challenges, a conflict resolu
mechanism should be incorporated into the project preparation phase.

A welldefined dispute resolution mechanism improves the ability to manage potential conflicts wit
compromising project objectives or causing significant delays. Common dispute resolution mech
include, for instance:

f
f

Negotiation: Direct discussion between conflicting parties to find a mutually agreeable solutiol
Mediation or conciliation: A neutral third partyfacilitates discussions between conflicting parties
reach a voluntary resolution.

Arbitration (non-binding or binding) A third party reviews the dispute and provides a decision.-N
binding arbitration offers a recommendation, while binding arbitration is a final decision the pz
must accept.

Conflict resolution mechanisms are needed for situations where conflicts cannot be resolved within or
SOlLfdzZ GdA2y (GSFYd ¢KAA Ay@2ft@Sa RSaAdaylrdAy3a |
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leader, the project coordinator or a specifically appointed person, to liaise with the project coordinato
work package leaders.

Unclear communication lines often contribute to conflicts. Defining and actively using struc
communication channels minimises this risk. This is WAZEM specifies necessary lines of communica
for the planning of evaluations (see Chap®rin addition, ensure that all project partners are aware of th
designated points of contact for conflict resolution and the steps involved in escalating unresolved iss

Example
1. Conflictwithin the evaluation team:

An evaluation partner does not adhere to the agreed societal scenarios, making it impossible for
evaluation partners to use their results as inputthesework package internal issues, the conflict resolve
the evaluation work package leader.

A practical way to address this issue is by organising workshops to define the societal scenarios, .
partners to indicate essentiainusthave) and desirableniceto-have) features from the perspective of the|
activities. This collaborative process helps build consensus on setting the societal scenario or este
several alternative ones. Once consensus is reached, all evaluation areas can proceed with detadé&dre\
planning, ensuring alignment across the project.

2. Conflicbetween different work packages:

The evaluation team requesspecific data from the test site team. Initially, the data providers agree to de
the requested data. However, later in the project, they report that providing the datet possible due tc
technical challenges.

For the evaluation team, the lack of necessary data undermines the validity and completeness
evaluation outcomes. For the test site or technical teams, challenges related to data collection may
the available resources or may have arisen framexpected technical limitations.

As multiple work packages are affected project level conflict resolver, such #ee project coordinator,
should facilitate finding a solution.

For effective mediation, private discussions between the confissties and the resolver are preferred t
more public disputes or confrontational messaging. Close and continuous dialogue between the eva
team and data providers can help prevent such conflicts.
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3. Guidelines for developing an evaluation plan

This chapterprovides guidelines for developing an evaluation plan in CCAM projects. When mutual
understanding and agreement among the project team has been reached on the characteristics of the CCAM
system to be evaluated, the iterative process for developing the p&gins. If new information on the CCAM
system is acquired, the evaluation plan must be adjusted accordingly, leading to iterations.

The main elements of the evaluation plan are:

Description of the CCAM system under evaluation (Chaht@r
Research questions (Chap®g)

Evaluation methods (Chapt8&r3)

Data specification and tools (Chap&Hd)

Experimental design (Chaptgrs).

=A =4 =4 -4 =

These elements are interconnected, making the evaluation inherently iterative. Adaptations are often needed
for each of these elements based on feedback or requirements identified during the development of the others.
This process continues until the evalion plan is finalisedzigure4 below describes these iteration&uideline
3.28in Chapter3.6 describes how to compile the evaluation plan once a feasible solution has been found for
each step.
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description
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Research
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Evaluation methods
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& related for methods
requirements & tools

. Data
Experimental

design

specification

& tools

Figured. Workflow and iterations in setting the evaluation plan until a feasible plan is established.

3.1. CCAM system description

The first step in developing an evaluation plan is to clearly describe the CCAM system that will be addressed in
the evaluation, along with any related service concept where relevarprojects addressing multiple CCAM
systems or service concepts, each must be described individually. This chapter provides a common system
description for alkevaluation areas.

Itis important to recognise that assessing the wider sedonomic impacts of CCAM tested in field experiments

may not be meaningful if these experiments involve low technology readiness level (TRL) systems. Instead,
evaluation, especially impact assesst) may focus on a high&rRL version of the system when implemented

at scale.
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Therefore, two descriptions may be needed: onetfoe CCAM system tested in field experimeatsl another

for a highefTRL version of the systewhen CCAM is fully deployeld.is important to understand and clearly
document the differencebetween these two descriptions. Due to the diversity of CCAM systems, each project
must determine the relevant aspects to describe, using the guidelines below as a starting point.

These system descriptiormgiide the development ofesearch questions, the establishment efperimental
design, andthe planning of data collectiomhey also provide context when forming conclusions from
evaluations and help external stakeholders understand and interpret the study aresbitks.

The guidelines below cover the following topics:

How to describe the CCAM system

How todescribe the ODD @fn automated driving system

How to describe th&€CAM service concept

Howto describethe gap between the CCAM system tested in fiekgheriments and the system used
for the impact assessment

= =4 =4 =4

These steps may be linked and require iterations; they are not hierarchical steps done in sedNmBciat
the best chronologicabrder of tasks mawdiffer from the sequence of guidelinebelow, depending on the
project.

Guideline 3.1. How to describe the CCAM system

Describe the CCAM systemterms of the following elements, withdditional elements added when relevai
to the specific projectThe descriptions should be short but precise.

I Vehicle category: passenger car, shuttle or minibus, tousk, etc.

1 Level of automatiofSAE levdb]): If the system does not align perfectly with any SAE level, des:
the closest match and explain any discrepancies.

I Automated driving system type: e.g. highway chauffeur

Connectivitye.g. communication technology, communicated information

I Capabilitiesof the automated driving system, covering for example:

I Dynamic driving tasks that the vehicle is able to perform and is not able to perfor
automated mode (e.g. lateral and longitudinal vehicle control, monitoring the dri
environment, object and event response execution)

Type of sensors installed, sensor ranges and operating angles

Target speed range

Target time headway, possible time headway settings

Humanmachine interface (HMI), for example related to takeer requests when and
how they are directedo the driver; and activation and deactivation of the automat
driving system how the mode status is indicated, and what is required from the driver

1 Minimal risk manoeuvres, such as coming to a standstill on the side of the road
1 Technology Readiness Level (TRI): I case of low TRL, whethsafety drives or other recessary

safety procedures (e.g. remote monitoring) is required specifically due to low TRL
1 Traffic management andperation required for the CCAM use cas®luding physical, digital, an
operational infrastructure

=
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Example

An automated driving system for passenger c@dapted from[11]):

Motorway Automated Driving System

Vehicle Passenger car

category

Level of SAE level 3

automation

Automated Highway chauffeurADSs capable of driving onraotorway in the current lane.
driving

system (ADS
type

Connectivity | Vehicleto-vehicle communication (ETSI MCS)
Capabilities | Dynamic In automated mode, the system is able to keep the vehicle within its |
of the driving and maintain a safdistance to vehicles ahead while in automated mot
automated tasks It is not able to perform overtaking manoeuvres in automated mode.
driving
system Sensors, Mid- and longrange radar, shortand longrange camera, LIiDAR

ranges and 200 m

operating

angles

Target Speedimit up to 120 km/h

speed range

Target time| 1.6 s

headway

HMI: The driver activates the ADS by pressing a button on the steering whe
Q;tlljvsaetlron Signature auditory sound that automated driving mode is activated.
HMI: Thedriver deactivates the ADS by pressing a cancel button on the ste
Deactivatio | wheel or through steering input or pedal operation.

m o} Ueer Signature auditory sound that automated driving mode is deactivated.
HMI: Automated driving mode status is shown in the instrument cluster, on
Automated | steering wheel and on the centre display.

driving

mode status
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Takeover If the system needs to deactivate automated driving mode, the ADS i<
request a takeover request to the driver.

Therequest shows in the instrument cluster, on the steering wheel anc
the centre display together with signature auditory sound indicating t
the driver should take over.

The belt tensioner tugs on the driver's seatbelt if the driver does
respond to a takeover request.

Minimal risk | Safe stop, safety driver to take over control.
manoeuvres

Technology | Low TRL. The driver must be a trained safety driver.
Readiness
Level

Traffic No dedicated traffic management required.
managemen
tand
operation

Guideline 3.2. How todescribe the ODD ddin automated driving system

The operational design domain (ODDR S & O NJ Gofediatingl €oSditicins under which a given drivi
automation system is specifically designed to functidhis includes, but is not limited tenvironmental,
geographical, and timef-day restrictions, anfdr the requisite presence or absence of certain traffic
roadway characteristicB[é 2]

Specify the conditions under which the A& and cannot operate, considering for example:

A Road type type of public roadglosed areas or dedicated corridors

A Traffic rules and controlspeed limit, traffic signs, traffic lights, overtaking allowed

A Infrastructure elements intersection types, railroad crossings, separation of driv
directions/lanes, slope of road, tunnelsiidges, presence of roadside parking or roadwor
connectivity, availability of space for minimum risk manoeuvres

A Quality of infrastructure lane markings (e.g. fadedaffic sign readabilityroad surface (potholes
longitudinal ruts), quality of digital infrastructure

A Weather and road conditions precipitation, temperature, road surface condition (e.g. stand
water, snow, ice), fog

A Traffic conditions traffic volume, presence of pedestrians and cyclists in lane

A Lighting conditions daylight, darkness, road lighting

Describe other relevant aspects as needed, such as abilities for border crossing.

Example

Example of the ODD specified for an urban automated driving system (ADS) for passenger cars (adar
[13]):

TheADS operates on main public streets with separated driving directions and speed limits up to 50 k
is capable of navigatingignalised intersectiondut nonsignalised intersections and all redlad crossings
are outside its ODORoadworks, temporary lane changes, and construction zones are also outside its
The ADS requires visible lane markings or a curb on at least one side

Funded by

39 European Common Evaluation Methodoldggndbook foitConnectedCooperative and the European Union

Automated Mobility




The ADS operates in good weather conditions and in lightoomal rain (up to 7.3nm/h). Heavy rain
(>7.5mm/h), snow, fog, and extreme weather conditions, as well as icy or snowy road surfaces, are (
the ODD.

The ADS operates in all traffic conditions. It works in daylight and at night, with and without road lighti

Further reading

ISO (2023). ISO 34503:2023 Road Vehiclest scenarios for automated driving systamSpecification for
operational design domairinttps://www.iso.org/standard/78952.html

SAE International (n.d.J3259 (WIP) Taxonomy & Definitions for Operational Design Domain (ODD) for |
Automation SystemgIntegrated in the ISO standard above)

Koopman, P., & Fratrik, F. (2019). How Many Operational Design Domains, Objects, andIafe{62019
AAAI Workshop on Artificial Intelligence Safety, Jan 27,.20003://ceur-ws.org/\Vot2301/paper_6.pdf

Guideline 3.3. How to describe theCCAM service concept

The description of the CCAM system under evaluation should include a description of the service col
terms of the following, where relevant:

I Type of serviceprivate transport, public transport, taxi, esremand transport with fixed (flexible
schedule and fixed (flexible) route, freight transport services

I Vehicle ownership modelvehicles owned privately, by a company or by a public entity

Vehicle use modelprivate use, shared uses or shared rides

1 Area of operation, sizecity centre, builup area, ruralarea, interregional operation, size in term
of area (km) or length of routes (km)

1 Fleet operation and managementemote operation, remote supervision, vehicle routing

1 ServiceRSaONRK LIi A2y FNER Y what adzidh Nefuiiemeds fokuséSaddithe BtSps
using or travelling

9 Business modelincluding costs for the user: as part of local public transport, subscription bz
payment per ride/km

9 Target population All, older adults, disabled people, schoolchildren, etc.

=

Describe other relevant aspects as needed.

Example

A service description for an automatethuttle service providing lasghile connection to and from a metrt
station:

Type of service Public transport, fixed route, fixed schedule
Ownership model Owned by the regional public transparperator
Use model Shared rides
Area of operation Lauttasaari area in Helsinkiki?2
Fleet operation and Remote supervision of the fleet, centralised routing
management
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Description of service | The user can board the shuttle at one of the predefined stops alor
from the user's predefined routethrough a residential area, leading to a metro station.
perspective shuttle departs from the tram stop every 10 minuté& driver or operator is
present on the shuttle, but it is connected to a remote operation centre t
users can contact via a screen in the gleut

Business model The public transport operator receives a normal public transport fee from
users; the service receives the same subsidies as the local public transpt

Guideline 3.4. Howto describethe gap between the CCAM system tested in fi@dperiments and the
system used for the impact assessment

Field experiments in CCAM projects typically involve low technology readiness level (TRL) systems the
additional safety measures, such as safety drivers. However, impact assessment focusesi@tisygtems
that are widely adopted and used by the general public as drivers or passengers

Therefore, the fully developed CCAM system envisioned in impact assessment needs to be defined se
from the one tested in field experiments, using the instructions of the previous guidelines. Here, theil
differencesand the resulting implications of these differences must be specified. This should consider:

1 Capabilitiesof the CCAM systemfor example in terms of target speed and spédiadit, headway,
humanmachine interface (HMI), and dynamic driving tasks.

1 Operational design domaiandoperating domain compare the conditions under which the CC/
system is designed to operate, is tested, and is assumed to functiampaict assessment.

I Safetyprocedures for example how fallback procedures differ.

91 Infrastructure support or requirements, covering physical, digital, and operational ro
infrastructure, traffic management.

I Service conceptsuch as being part of public transport,-damand transport, robotaxi, share
vehicles for private use.

Clarify the implications for impact assessment by explaining how these differences affect the evalllatc
should allow determining:

1 Which field experiment data can be used in impact assessment and for which research topics
1 Where adjustments are necessary to account for the differences.
I Which parts require additional modelling or assumptions due to the gap.

Example

This example illustrates how to identify and describe the gap betweestad system (lowl RL automatec
passenger car) and the assumed system @Bl automation for impact assessment).

Aspect Testedsystem Assumedsystem | Differences and implications
in impact
assessment
Dynamic Safety driver All dynamic Gap: The characteristics and frequency of
driving tasks | performs lane driving tasks are | lane changes in the tests does not represe
changes manually| automated. true automated behaviour.
other dynamic Implications: Data related to larghange
driving behaviour cannot be used directly i
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driving tasks are impact assessment. Thus, additional data
automated. sources or assumptions are required
regarding lanehanges

Speed and Speed up to Speed up to Gap: Substantial difference in the maximu

headway 20km/h and 50km/h and speed and minimum headway
minimum minimum Implications: If used in impact assessment
MEERITEY O 2, headway 018 | the test data may underestimate effects or

n u.rban for example, congestion or safety.
environments.

ODD Streets up to All speed limits up| Gap: Difference in the maximum speed lin
50km/h speed to 60km/h with (likely reflected also in street
limit, no signalised any kind of characteristics), exclusion of signalised
intersections, intersections, all | intersections, and good weather is the onl
high-quality road | weather subset of weather conditions of the high
markings, only in | conditions except | TRL system.
good.\{veather heavy §nowfa||, Implications:Limited generalisability. Safet
conditions. 21t €10 (1657 O and performance in intersections or adver:

snowy roads. weather cannot be inferred from the field
data and require simulations or data from
other sources.

Driver type Only professional | Vehicles operated| Gap: Safety drivers are part of the safety
safety drivers by ordinary protocol and trained to anticipate and
allowed. drivers. mitigate risks, unlike typical users.

Implications: Data on frequency of conflict:
or driver interventions likely
underestimates realorld risks. Non
driving related activities cannot be
addressed. User behaviour studies are
necessary for a more accurate assessmer

HMI Activation and Activation by a Gap: The HMI itself might be different in
deactivation by a | button on the prototype vehicles versus widely used
button on the steering wheel. products. Safety driver interactions do not
steering wheel. Deasivaan v reflect ordinary driver behaviour.

cancel button on | Implications: HMI results are not applicabl
steering wheel, Separate user testing is needed.

steering input, or

pedal operation.

Safety Safety driver Automated safe | Gap: In field tests, safety

protocol serves as fallback| stop manoeuvre | drivers handle fallback scenarios, whereas
mechanism. on the roadside. | in highTRL systems, automated response:

are expected.
Implications: Data from field tests on
fallback mechanisms do not generalise an
cannot be used in impact assessment.
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Separate experiments or simulations are

required.
Infrastructure | High-definition Highdefinition Gap: The tested system lacks the
support map only. map combined connectivity assumed in the highRL
with connectivity, | system.
Pro"'d'”g Implications: Navigation through roadwork
informationon sites cannot be evaluated based on field
roadworks, for experiments.Connectivityrelated impacts
example. need to be addressed separately.
Service No service Vehicle used as | Gap: Field tests provide no data for
concept concept. part of shared car | evaluatingthe service concept.

fleet.

Implications: Impacts related to the service
concept cannot be assessed directly from
test data. These impacts require additiona

methods or assumptions.

Further reading

Innamaa et al. (2020). L3Pilot Deliverable 3.4: Evaluation plan. Chapter 2.2.
https://I3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update 07102021/L3P4BBD3.4

Evaluation plarvl.0 for website.pdf

3.2.Research questions

Formulating and selecting specific, answerable, and relexasgarch questionsefinesthe evaluationscope
established during the project preparation phase (see Ch&®mnda LIS OA A Sa

K2¢g (KS

LINR 2SO

will be addressedResearch questionare the primary inquiries the study aims to answer, directing every step
from planning to conclusionThey providea foundation for planning subsequent evaluation steps, such as
method selection, data specification, and experimental design (see Ch&o8drs3.5).

When the evaluation scope is broad, a hierarchical structure of research questions is recommehided.
involves organisingesearch questionsn a structured manner that reflects their level of detail and scope,
breaking down large, complex topics into smaller, more precisegsi@stions.

For research questions in CCAM projects to be effective, they should be:

1  Specific Clearly defined and focused on a particular aspect of CCAM, its use or impacts.
1 Measurable:Designed to yield qualitative or quantitative results.
1 Relevant:Aligned with the evaluation scope and project objectives.

Research questiorshould address knowledge gaps, challenges, or key issues in CCAM. Their development must
be based on a thorough understanding of the technology and its operational scale, the deployment (ssrext
Chapter 3.1), and the potential and expected users and impacts.

Developing a practical evaluation plan is inherently iterativénvolves repeated cycles of refining research
questions and incorporating feedback basedfeasibility checls for methods, experimental design, and data

collection. This process continues until the evaluation plan is ready for execution (see MiléstoBeideline

2.5.
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Evaluating the feasibility of research questicaral prioritising them are essential to ensure the evaluation is

realistic and achievable. Feasibility checking is not a quick or superficial process. It requires substantial
groundwork across multiple evaluation plan components before it can be condusdedntially drafting a full

SOlFtdzr A2y LI IFyd ¢2 RSGESN¥YAYS 6KSGKSNI I NB&aSI NOK I dzS;
the following elements of the evaluation plan must be checked forrtfessibility (seeGuideline 3.8or the

complete set of instructions):

1. Availability ofnecessary datgsee ChapteB.4)
2. Possibility to implementrequired experimental desigr(see ChapteB.5)
3. Availability of appropriate tools and methods(see ChapteB.3)

Only after significant progress in the evaluation methodology planning can a proper feasibility check be
conducted. This structured process ensures projecel commitment to realistic and achievable research

guestions by engaging the entire project teamdiscussions. However, theséepsare interconnected and

iterative rather than strictly sequential, and the order may differ from the sequence of guidelines given below,
RSLWSYRAY3I 2y GKS LINR2SOiQa O2YLX SEAGes ad2LSz yR 321

Research questions may originate from a variety of soarsesh as brainstorming sessions, collaborative
workshops or individual expert contributiongesulting in a diverse and sometimes extensive list. Two
complementary approaches can guide the refinemperdcess:

9 Prioritisation first: If the initial list is extensive, it may be effective to first prioritise the questions based
2y ONRGSNRAI &dzOK a NBfSGFryOSs AYLI OGS FyR FEfAIYY
with planning of the methodology and feasibility checkisTétep helps to focus attention to the most
promising questions.

1 Preliminary feasibility screening firstlf a significant number of questions are suspected to be
impractical, an initial screening can filter out unworkable ones, before proceeding with prioritisation
and more detailed planning of the methodology. This is less intensive than full feastiddlicg but
ensures that only questions with a reasonable chance of being answered proceed to prioritisation.

In practice, whether to prioritise or screen first depends on the nature of the input. Often, a hybrid approach
iteratively alternating between prioritisation and feasibility screeningorks best. The list of research questions

will undergo multiple iterabns before the evaluation planand the final, feasible, focused, achievable, and
aligned set of research questiongs finalised. Thus, it is important to be prepared for this in the planning
process.

The guidelines below cover the following topics:

How to elaborate the scope of evaluation

How to formulate and organise research questions
How to prioritise research questions

How to check the feasibility of research questions
How to set hypotheses

=A =4 =4 A A

Guideline 3.5. How to elaborate the scope of evaluation

Elaborating the evaluation scope begins with the initial, ovenadlluation scope defined during the proje
preparation phaseGuideline 2.1 This process involves further refining the understanding of knowle
gaps, opportunities or concerns related to the CCAM system under evaluatienaim is to reassess tt
relevance of the initial evaluation scopad propose adjustments, if necessary, to the consortium and cli
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This process is iterative and requires continuous alignment with the overall project goals to ensu
evaluation stays focused, feasible, and impactful.

Key steps in elaborating the scope:

1. Review the project proposal or work plarEnsurethat the project goals and evaluation scope,
agreed with the client, serve as the foundation for drafting research questions. Also, check
(hightlevel) research questions have been specified in the proposal.

2. Analyse the state of the artAnalyse the current state adhe CCAMechnologyunder evaluation
guided by the system description of Chap®&4f. Leverage insights from CCAM industry partn
involved in its development.

3. ldentify knowledge gapsand key research topicsThe aim is to find areas needing furth
exploration and questions that remain unansweréiilise existing evaluation expertise, experien
from previous projects, and literature related to the impact arésseGuideline 2.2

Example

This example continues from the one presentedundeline 2..vhere the project proposal set the scope
AYLI OG0 aaSaaxXSydyvYir OidEa @2ada Ka 3 &ntl &hatlisdhé SoMtlibtiSnRof thi
technology enablers on the impag{d0]. The impact areas are selected for evaluation as outlined in
example ofGuideline 2.2 included driving behaviour, user, people mobility, traffic safety, energy
environment, traffic flow efficiency, equity, and sustainability.

To further refine this scope, the evaluationte@m . JS OA FA S& G KI G { K Sspécifics@mado
and on European level after their market introducé@t0]. In addition, it isR S & S NI A yirSalditidnKad:
the direct impacts, the aim is also to assess the indirect impacts which cover the broader effects of in
direct impacts and result from a chain of impacts, often with complex interactions and external§gbdjrs

A literature review is then conducted to understand the existing research on the impacts of sel
technology enablersThis review reveals a lack of systematic assessment that combines these enable
high automation. Key topics that should be addressed in relation to the selected impact areas are ide
from the literature, including:

1 CQ emissiong(relevant for theenergy andenvironmentimpact area).
1 Valueof travel time (important forpeople mobility.

This refined focus on specific research topics and impact areas fornedattverated scope for evaluation

Guideline 3.6. How to formulate and organise research questions

Research questions (RQ) must dpecificand answerableusing qualitative or quantitative methods an
relevantto the evaluation scopelhey should be articulated giear and precise language

The phrasing of RQs affects the type of information the evaluation will provide. Here are examples ti
how wording shapes the scope of responses:

1 What is the impact of CCAM on [X]? Answer: Result indicator and effect size.

1 How does CCAM affect [X]? Answer: Result indicator and effect size, or a list of impact mech
1 What are the main factors influencing [X]? Answer: A list of factors.

1 Will CCAM halve the number of [X] compared to [Y]? Answer: Yes or no.

When the evaluation scope is broad,hg&rarchical structureof RQs is recommended. This structt
organises them to reflect their level of detail and scope. This helps break down large, complex topi
more specific and precise swjuestions.
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! Highlevel RQ¥ ¢KSaS KI@S | gARS ao02LIS | yR awhati
the effect of CCAM on traffic safeyZHowidoes CCAM affect equigy?

1 Medium-level RQsThese explore specific dimensions of the broader topic. For example, undi
traffic safety RQ, amediwin S @St  |j dzS & Hawedges ORANrafRRCt acSdent rates in urt
environmentsg

1 Lowlevel RQ¥Y ¢KSasS GFNBSG S@OSy Y2NB RSl WhaSiRthel
change in reaend collision frequency at intersections with CCAM compared to the ba:
without?

This way, a clear hierarchy is created: Hig\el RQs set thenain themes, mediuntevel RQs break the
themes into more focused topics, and ldewel RQs dive into the specifics. The answers to thddoel RQs
should collectively provide a comprehensive answer to their respective higherones.

Identifying relevant RQs involves combining a-tlmevn approach, starting from the chosen impact are
with a bottomup approach that begins from the tested CCAM systems and their expected direct im
working towards the impact area level RQke purpose is tensure that the RQ list is complete and cowv:
all relevant aspects.

Aimfor few highlevel RQs, even in large, comprehensive projects. Ensure that each impact area con
has at least one higlevel RQ and avoid grouping multiple impact areas under one question.

RQs are inherently scenafimund (seeGuideline 3.1(and Guideline 3.11 The societal scenarios defir
the population, timeframe, and geographical context for the impact assessment. This contextual inforr
does not need to be explicitly specified in the RQs but should be reflected in their interpretation.

The development of feasible RQs starts with drafting an initial list of RQs as a basis for discussions.
are finalised through multiple cycles of:

1 Formulation and organisation of R@ujdeline 3.%.
1 Prioritisation of RQY3uideline 3.7.
1 Feasibility checking of R@8uideline 3.3

Welkstructured andwvell-formulatedRQs form a solid foundation for building the rest of the evaluation p
They also help draw comprehensive conclusions from the evaluation results by showing the relatic
between different evaluation topics within an impact area.

Example

A CCAM system is expected to improve equity within and between rural and urban areahdnycing
accessibility for underserved people and regions. There is also a knowledge gap on how travel mot
do not require driving affecravel mode choices. Based on these considerations, the following three

level RQs are drafted, along with their corresponding lelegelquestions andgcenariaypesin whichthey

will be addressed

1 RQ1: How does CCAM affect accessibility in urban and rural areas?
Scenario Societal scenarios and service scenasiisfor urban and rural areas.
1 RQ1.1: What is the impact of the robotaxi service on the number of reachable activi
different areas?
1 RQ1.2: How doethe robotaxi servicaffect the affordability of mobility for different
population groups?
1 RQ2: How does the CCAM system affect people mobility?
Scenario User scenarios in bothrban and rural contexts, including public transport users,
owners, different age groups. These match the context set by the societal scenaria above
1 RQ2.1: What is the impact of the robotaxi service on mode choice?
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1 RQ3: How does the CCAM system affect equity?
Scenario Same societal scenarios as above
1 RQ3.1: How does acceptance of the CCAM system differ between different pop
groups?
1 Addressing differences between user scenarios.
1 RQ3.2: How does CCAM affect accessibility for different underserved population gri
rural and urban areas?

An example of how the phrasing of RQs influences the scope of results:

1 Does CCAM affect accessibility?
I Answer Yes.
1 What is the impact of CCAM on accessibility?
1 Answer TheCCAM system increases the number of reachable destinations by X% fo
carowners in [specific area].
I How does CCAM affect accessibility?
1 Answer The CCAM systenmproves accessibility by offering an alternative means
transport inareas with poor public transport coverage, particularly benefiting pers
gAGK2dzi I RNAGSNRE tA0SyOSo

Further reading

1 High and mediumlevel RQs:
Metz et al. (2023). HDrive Deliverable D4.1: Research Questioiigs://www.hi-
drive.eu/app/uploads/2023/05/HDrive-SP4D4.1-Researcklyuestionsvl.0 for websitel.pdf

1 High, medium, and lowlevel RQs:
Innamaa et al. (2020).3Pilot Deliverable D3.4: Evaluation Plan.
https://I3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update _07102021/L3Pilot
SP3D3.4Evaluation_plar1.0 for_website.pdf

Guideline 3.7. How to prioritise research questions

The process of definingesearch questios may raisenore questiors than the project has resources 1
address properly. To develop a feasible and focused evaluation plan, prioritisation is essential. This
that the selectedesearch questios align with the project goals and available resour8sse prioritisation
on:

1. Relevance
Ensurethat each research question aligns with the project goals and the agreed evaluation ¢
t NA2NRAGAAS ljdzSadAazya GKFG FAEE AYLRNIIyYG
requirements.

2. Importance:
Focus on questions that relate to the expected main impacts of the CCAM system or that he
potential to produce highmpact findings. These could be related to societal priorities, regula
requirements or technological breakthroughs. Stakeholdergside the consortium may be
consulted if it is otherwise difficult to determine the importance.

3. Dependencywithin the hierarchy
Prioritise questionsvhose outcomescontribute to answering other highegriority questions. For
example, foundational questions odriving behaviourmay be necessary to answer broad
questions ortraffic flow efficiency
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https://www.hi-drive.eu/app/uploads/2023/05/Hi-Drive-SP4-D4.1-Research-questions-v1.0_for_website-1.pdf
https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-Evaluation_plan-v1.0_for_website.pdf
https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-Evaluation_plan-v1.0_for_website.pdf

4. Feasibility:
t NA2NARGAAS ljdzSadAazya GKFEG NS NBFEAAGAON ¢
timeline, experimental design, and datésee Guideline 3.8 Consider the complexity an
development needs of the required research methods.

Example

Consider a CCAM project focused on the impacts of automated driving on urban mobility. Initiall
consortium proposed 15 research questions. However, due to limited resources, it uncertain whethe
them could be properly evaluated. Thtise evaluation team followed the four steps outlined in the guideli
to prioritise the list and exclude research questions of low priority:

Step 1: Relevance.

1 Theteam brainstormed the research question for all impact areas within the evaluation scope
the example inGuideline 2.2
1 Research questions that did not directly align with the project's goal of assessing impact on
mobility were deprioritised.
I Example Questions focused on rural areas were deprioritised, as the project specif
targeted urban environments.

Step 2: Importance.

I Through a literature review and experience with past projects, the evaluation team identifie
most likely impact mechanisms related to CCAM on urban mobility.
I Example Research indicated that automation in privatelyned cars could increase ci
GNF ¢Stz FTFFSOGAYyI 02y IS HIW QgsECCANK affdct urbk
congestion patterns? ¢ SNX LINA2NRAGAASRO®

Step 3: Dependencwithin the hierarchy.

1 The team mapped interdependencies between research questions based on the impact pat
(see Chapted).
1 Example Questions ondriving behaviourand interactions between different vehicl
categories in traffic were seen as necessary for evaluataific flow efficiency
1 ¢KdzAX TF2dzy Rl (A 2Howfdoedj C2BM influéngai-following haviour in urban
settingsZ ¢ SNB LINA2NRGA&ASRT Fa (GKSe& adzZJJ2NISR
questions.

Step 4: Feasibility.

1 The evaluation team assessed available resources, tools, and data collection and analysis

91 OK 1jdzSaidiArz2yQa NBa&2 dahEriSed agBinstderN S YSy a 6 SNJ

1 ExampleSome questions required resourggensive tool development or extensive ne

RFGF O2ttSO0GA2ys 6KAOK SEOSSRSR GKS LN

f vdzSadAizya GKIG O2dzZ R y2d 6S IyasSNBR gAlK.

list.

After applying these prioritisation steps, the evaluation team had identified eight research question:

were relevant, important, and feasible given the resources. The rest were documented but not pursued
0KS LINPp2SOGQa S@ltdzZ GA2y LI Fyo
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Guideline 3.8. How to check the feasibility of research questions

Once a draftevaluation plan is ready, it is essential to check teasibility of each research questior
CSraAoAftAte OKSOlAy3d SyadNBa (GKFG GKS S@If dz (
timeline, and technological constraints. If changes to the project plans occur at later stage, such as du
testing phase, the feasibility of the planned research questions should-bealeiated. This process involv
assessing several critical components:

1) Daa provision(see ChapteB.4):
Verify that all required data fogvaluation are covered by the datharing agreements. Ensuiteat
the planned external data sources are available, accessible, and appropriate, and that the pr
guantity of data is sufficient for the methods foreseen. Confirm the required inputs for rele
methods and tools, their calibration and validati@nd proper contextual data.

2) Experimental designsee Chapte8.5):
Ensurethat the experimental design meets the minimum requirements of the envisioned meth
including the type and number of participants, as agreed with the test site teams. fhibek
technological readiness level of the tested system is sufficient for the envisioned testing.

3) BEvaluation tools and methodgsee ChapteB.3):
Confirm that the necessary tools are available to the responsible evaluation team members.
development is required, verify that the planned development timeline and resource alloc
(time, funding, personnel) are reasonable.

4) Timeline alignment(see ChapteB.6):
Verify that the time allocated for each element of the evaluation process is realistic. Consid
dependencies between different stages of the evaluation and how they align with the o
proposed project timeline.

5) Resource availabilitsee ChapteB.6):
Check that evaluation team partners are available for evaluating each research questor
sufficientresources(time, researchers, budget).

If important research questions are deemed unfeasible, check the following adaptations:

9 Isitpossible to adapt the data collection (see Chaptéy? For example, by acquiring additional de
sources or modifying the existing data collection process to meet the requirements.

I Isit possible to adapt the experimental design (see Che&h®?

1 Can the team develop new methods or tools or adapt the existing ones (see CB&yter

1 Canthe research question be reformulated (s€aideline 3.%?

If no feasible solution calne found, the research question should be removed from the evaluation plan.
To build a resilient evaluation plan, prioritisggh-level research questiorthat:

I Have a feasible plan for execution.
1 Do not depend on a single researcher, data provider, or unique tool.
1 Require minimal development of new evaluation tools.

Higher risks and more uncertainties can be tolerated for-level RQs unless they are vital to answerin
higherlevel RQ.

Example

These examples illustrate how a CCAM project conducted feasibility checks from the five persg
outlined in the guideline, along with examples of solutions to overcome different barriers to evaluation
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Data provision

 Challeng¥ ! NBXaSkNOK ljdzSatAizy F20dzaSR 2y GKS
varying weather conditions. However, no weather or road condition data were available from th
sites, preventing the evaluation of this research question.

1 Solution An external source for road and weather condition data was identified, allowing
research question to remain in the evaluation.

Experimental design

1 ChallengeA research question addressed user acceptance of the CCAM system with the inten
dGdzRe dzaSNBRQ 2LIAYyA2ya FFGSNI SELISNASYOAY I i
safety drivers employed by the developer of the system were @tbt operate the test vehicles
Their experience does not reflect that of ordinary users.

1 Solution The experimental approach wasljusted to place the participant in the passenger s
instead of the driver seat. This change retaingtt research question, and limitations froi
experiencing the system as a passenger rather than as a driver were planned to be addresse
evaluation report.

Evaluation tools

1 Challenge A research question focused on traffic safety required simulabiased evaluation.
However, one partner lacked validated safety simulation software.

1 Solution The partner committed to investing resources (time, funds) into validdtieg in-house
simulation tool. Two backup plans wedeveloped in case the validation failed: it was ensured t
another partner also had the means to conduct these simulations and thattemative tool could
be used for the evaluation.

Timeline

I ChallengeA research question requirdte results of other research questions for its evaluation
even begin, and also several months of execution time. This would exceed the total time allc
for evaluation in the project, meaning this research question was deemed unfeasible.

9 Solution The timeline was adjusted by scheduling the assessment of the other research ques
few months earlier.

Resources

I Challenge A research question required accessatdriving simulator, which was costly and n
included or budgeted in the original project plan.

I Solution The project coordinator reallocated the budget through an amendment to the prc
agreement, allowing the research question to remain in the evaluation plan.

Guideline 3.9. How to set hypotheses

Hypotheses are statements about the state of the world and about the causal relationships be
variables.

Sientific hypotheses should be both falsifiable and testable. Falsifiability means that the hypathebis
proven false, while testability means that the hypothesis canebealuatedbased on collected dat#
hypothesis supported by evidence is typically accepted as true until new evidence potentially refutes |

Hypotheses should describe what will be measured and estimate the magnitude of the impact. The
can be either quantitative (e.g. percentage change in travel time) or qualitative (e.g. increase, decreas
effect). The expected magnitude migh@irg f @S LINSOA &S @I fdzSazx tA1S al
GNBYR&az a4dzOK Fa aly AYONBlIAS Ay dza S Ndsdiilbe tha coriditioDs
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under which the impact is expected and the causal mechanisms that explain why the anticipated im
expected.

Hypotheses can be derived from previous research or propose entirely novel ideas. In both cases,
between existing knowledge and the current hypothesis should be explained to position the evaluation
the broader scientific context.

Deriving hypotheses camontribute tothe development anghrasingof research question#\ single researct
question maygive rise toseveral hypothesedNeltarticulated hypotheses help desigxperiments (Chaptel
3.5), structure data collection (Chapt8rd) and analysis methods (Chap&B8) to answer research question:
though they are not mandatoripr CCAM evaluation. They are valuable when the goal is to test specific ¢
relationships or quantify how independent variables (e.g. CCAM implementation) affect dependent va
(e.g. travel time, number of accidents). However, hypotheses may nouitebte for purely exploratory
questions or for research focused on describing properties, phenomena, or simply measuring values'
establishing causal links. Ultimately, whether to use hypotheses depends on the goals of the evaluati

Hypotheses can be evaluated using null hypothesis significance testing, where the null hypothesis ¢
y2 STFSOG 2N y2 RAFFSNBYOS o6Sd3ad a4/ /! a Kla y?2

Fy STFFSOG 6aSPId N&NMASY Od & ORNE w & S Valkiel RoSasastaiFical
significance. A palue below a chosen threshold suggests that, assuming the null hypothesis is tru
observed effect (or one more extreme) would be unlikely to occur due to random vVayia the data. This
result typically leads taejecting the null hypothesis. While very prevalent in scientific research,
hypothesis testing is not the only method for evaluating data in CCAM projects. Depending on the ¢
alternative approaches such as constructing confidence intervals,usiag on effect sizes, or using Bayes
analyses may be more appropriate.

Example
Highlevel research question:

What is the impact of the CCAM service on people mobility?
This can be refined into specific hypotheses:

1. / /!'a &aSNIWAOS dza SNA Q timéasydd averhige, 24 IdwezShanio® theludkls
conventional humardriven vehicles.

2. The average number of trips per week is 10% higher for CCAM service users than for a comr
group of nonusers.

3. The average trip distance for CCAM service Use28% greater than that for a comparable group
non-users.

4. Within the operating area of the CCAM service, 50% of the trips that would otherwise have
undertaken using private cars are instead completed using the CCAM service.

In practice, the drafters of the hypotheses should provide a justification for the specific percentage:
based, for example, on theoretical reasoning or pilot data.

Further reading

FESTA. (2021 HESTA Handbo@¥ersion 8). Chapter 6.1.1.
https://www.connectedautomateddriving.eu/methodology/festa/
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3.3. Evaluation methods

This chapter provides guidelines for selecting methods and tools to assess the impacts ofTGE pkmary

goal of impact assessment is to estimate the magnitofdeffects onspecific indicators when a CCAM system is
introduced or in usetfeatment), compared to the situation before its introduction or when it is not in use
(baseling. An effect refers to the relative difference in an indicator value that results from the use of CCAM.
Effects can be expressed in quantitative terms (£1§%) qualitative terms (e.g. 'more’, 'less’, 'higher’, 'lower'),

or absolute terms (e.g. 100 injury accidets1000 vehicle kilometres travelled, 20 tons ofCO

Careful planning is required to define what is being compared and under which conditions. Since the evaluation
F20dzaSa Ay (KA GCCAM syseem thdirQse and rekat8d irdpycts, it is important to isolate the
changes caused by CCAM from other simultaneous changes and parallel trends, such as fleet electrification or
transport service digitalisation. Thereforthe baseline and treatment conditions must be comparable and
specified such thathe assessment reflects only the effects of CCAM.

It is also important to understand the differencestween the CCAM system tested in field experiments and the
CCAM system addressed in the impact assessment (see ClRapteMany CCAM field experiments involve
systems with low technology readiness level (TRL), making it less meaningful to study the broader socio
economicimpactsof these earlystage implementations. Instea@npactassessments should focus bigher

TRL versions of the systems, often assuming widespread adoption with a significant share of transport or
mobility. These differences impose certain requirements on method selection, particularly in considering what
can be directly measured from fielexperiments and how to bridge the gap between tested-loRL systems

and highTRL systems targeted in the impact assessment.

Once the research questions are established (see Cha@gmdicatorsare defined to answer them. Indicators
translateresearch questions into concrete, measurable metrics that can be evaluatad different methods.

They bridge the gap between theoretical research questions and the practical, measurable dimensions of what
those questions aim to capture. If hypotheses have been formulated, they may also influence the selection of
indicators.

The next step involves selecting suitabilethods and toolsfor estimating the indicator values. Tlegaluation

method specifies how each research question will be addressed after data collection from CCAM experiments.
While some research questions might be answered using indicators that can be directly measured or calculated,
others may require several stages with intexdiary indicators before the primary indicator of interest can be
assessedzach step in this process may involve different methods, (@old datasets to derive or assess interim

and final outcomes.

Scenariosare usefulfor structuringevaluations, as they enable detailed scoping and provide reference points
for ensuring systematic coverage. In-EBM, a scenario is defined astructured depiction, specified by a set

of predetermined conditions and variables, representing actual or theoretical states, situations, or interactions
All evaluation and impact areas require scenario setting, though the scope and detail of scenarios may differ
across areas.

Bt is acknowledged thahe i S NI¥a WONJI a K Qoftenyused i chanfekrkiy Wiy @ OANIS v ihaydse t NR 2 SO &
any of thesdgerms.
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EUCEM defines seven distinct scenario categories for evaluationGsételine 3.10and Guideline 3.1for
more details):

1 Societal scenariodescribe the broader societal context, including the envisioned CCAM system and its
usage.

1 Service scenariodescribe a single CCAM service or a chain of transport services that CRakMofs
such as logistics services, public transport services, and shared mobility services.

1 Traffic scenariosepresenttraffic characteristics and road infrastructure on specific road segments or
networks. Vehicles in a traffic scenario are involved in different;m@uefined driving scenarios.

91 Driving scenariodepict short, specific periods of driving defined by primary driving tasks (e.g. car
following, lane change) or triggered by specific events (e.g. an obstacle in th§llah&hese describe
smaller, more focused traffic contexts compared to traffic scenarios. They cover shorter periods of time
and fewer road users. For example, interaction between two vehicles over a few seconds. In contrast,
there may be hundreds or thousasaf vehiclesn an hourlong traffic scenario.

1 Test scenarioslescribesequencs of triggers, eventsand actions amongoad userge.g.egovehicle,
adjacent vehicles, pedestriants) achievea specific testingyoal. This scenario type relates only to the
evaluation of technical functioning (see Chapdet).

1 User scenariodescribe population segments and their state related to CCAM, such as mobility
behaviour, attitudes, and socidemographic characteristics.

1 User behaviour scenariodescribe the direct or indirect interaction between different users and the
CCAM system.

While other scenario classifications exist (e.g. ISO 3fzE)and ASAM OpenSCENARIg)), the one presented

here is tailored to describe the diverse perspectives necessary for impact assessment of CCAM. In this handbook,
traffic, driving, user, and user behaviour scenarios are considered aslevatiscenarios ansbcietal scenarios

as highlevel scenarios.

It is important to recognise that the scope of scenarios directly determines the scope of conclusions drawn from
the results. Narrow scenarios, or a narrow set of scenarios, will only yield specific, ebatextconclusions.
Broader societal conclusions require correspondingly broad societal scenarios.

Field experiments typically address lowevel scenarios, such as driving or user scenarios, on a particular road
section or within a limited arear based on a limited group of participants. However, broader societal impacts
of CCAM require assessing them withatietal scenariothat cover entire networks and all trips made in them,
including norautomated vehicles and nemotorised travel.

Depending on the impact areas and research questions, it may be necessary to scale up the impacts from lower
level scenarios to broader societal contexts reflected by the societal scefbrorequires a method facaling
up results to a societal leveleflectinga broader spatial and temporal frame than the lowevel scenarios

In addition to direct impacts, it is important to consider cascadiniyect and possibly unintended impactsf

CCAM These includéncreased car usage due to improved comfort and behavioural adaptations amorg non
users. These indirect impacts can be difficult to detect and quantify, as they may result from gradual processes.
For example, behavioural adaptations among CCAM users amdigers can take months or years to fully
manifest. Neverthelesgjualitative considerations of these impacts are recommeshd

In summary, this chapter guidéise development of methods for answering defined research questions within
GKS LINRP2SOiQa GAYSEAYS YR @At o0fS NBaz2dzNABsd L
fully exploited during evaluation. Developing robust evaluation methods invalaesful selection of suitable
indicators, methods, and tool3his process is iterative, requiring coordination between the different elements

of the evaluation plan described @hapter3 (seeFigured). Once these iterations are complete, the final method

is documented in the evaluation plan (séeideline 3.28
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Further guidance, specific to each evaluation and impact area, is provided in Chaptés includes terminology
definitions,background overviews, recommendations for result indicators, different methods and approaches,
and best practices to avoid common pitfallhese guidelines should be used alongside the general ones given
here.

The guidelines below cover the followitapics

=

How to describetie societal scenariofor impactassessment

How to define mid and lowlevelscenarios: traffic and driving scenarios, user and user behaviour
scenarios

How to define relevant indicators for impact assessment

How to set a method for answeringrasearch question

How to consider the scaling up of results in the methodology

How to consider intended direct impacts, indirect and unintended impacts, andhpacts on non
users

=

=A =4 =4 =

These steps are interconnected and nmaguire iterations; they are not strictly hierarchical or sequential. Note
that the best chronological order of tasks may also differ from the sequence of guidelines below, depending on
the project.

Guideline 3.10. How to describe lhe societal scenariofr impactassessment

The societal scenarios define theoader context and settinpr impact assessment. They specify the reg
and timeframe of interest and describe how CCAM systems relate to existing transport infrastructul
supply. A societal scenario must Ilestablished for all baseline and treatment conditions planned

assessment(see Guideline 3.2y, When defining societal scenarios, it is important to considérat

requirements the research questions place on them. Evaluation can focus on one societal scenario or
alternative ones.

Even if soci@conomic or other broader societal impacts are not within the evaluation scogfning a
societal scenario is beneficial. Using shared societal scenarios across all evaluation and impact at
foundation for developing more relevant, targeted scenarios (€egdeline 3.1)1 ensures consistency.

ensures that results from different areas complement rather than contradict each by aligning assum
across different evaluatiostepsor areas.

If societallevel impact areas (see Chapter) areplanned the societal scenarios used in those assessmi
form the basis for the scenarios across all impact areas. The assessment of-leveietsnpactsrelies on
results from other impact areas, which must align. To ensure feasibility across all impact areas, s
development should be a joint activity. While maintaining consistency with the overarching societal sc
is essential, other impact aas include additional scenarios of specific interest.

To define a societal scenario, $ieé characteristics of thhightechnology readiness level (TRL) CCAM sys
for which the impact assessment is made (see Chapigrthe transport system it operates within, the CCA
users, and the targeted scope of evaluation in terms of time, place, and population.

The process starts with the research questionsthesr phrasing can specify the necessary scope of
societal scenario. If they do not specify all aspects, these must be agreed upon at this phase. The |
RSTAYSR &02L)8 asSia GKS 3ISYySNIt 02yl SE iy s dzOK
The following table provides key elements to consider when defining societal scenarios. These el
provide a starting pointbut are not exhaustiveand additional aspectssuch as economic activity, politic
factors or sociecultural trends may be relevant. In the impact assessment, the impact of C&#duld be
isolated from other changes in these elements.
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Element of societal
scenario

Examples otonsiderations

Temporal scope

CCAM introduced into current transport system

Specific future year targeted (e.g. 10 years from now)

Specific period (e.g. from now until 2050)

Specific deployment milestone (e.g. 50% CCAM penetration raf
vehicle fleet)

= =4 A4 =

Spatial scope

Specific city, region or country; all motorways in the EU

Transport system and
role of CCAM

1 Travel and transport service offerings and usage patterns
1 CCAM as a complementary service or disruptive replacement
1 Impacts on other transport modes
I Fleet composition and vehicle characteristics
1 Systematic differences between CCAM and other vehicles, e.
CCAM vehicles being electric
1 Penetration rate of CCAM vehicles in traffic flow or vehicle sto

CCAM target users

91 Car drivers, personsithout a driving licence, certain demographic or soc
groups

1 Service and fleet operators, traffic management operators, professii
drivers

Other road users

9 Car drivers, public transport users, pedestrians, cyclists, micromol
users, certain demographic or social groups

I Service and fleet operators, traffic management operators, professi
drivers

Dedicated
infrastructure for
CCAM

1 Dedicated lanes
1 Pickup and dropoff zones
1 V2X and telecommunications equipment

Regulations and
policies

1 Need for adriving licence
9 Policies promoting shared mobility, electric vehicles or other
I Taxation and insurance policies

Example

The project addresses one societal scenario with the following characteristics:

Element

Description

CCAM system

High technology readiness level as defined in Guideline 3.4 for the sy:
addressed in impact assessment

Temporal scope

The current transport system (year 20xx with latest statistics available)
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Regulation and As in the temporal scope year

policies

Dedicated Infrastructureto-vehicle connectivity available on motorways of the Trans

infrastructure to European Transportation Network (THINto support temporary routing (e.g.

CCAM roadworks)

Transport supply Privately owned SAE Level 3 automated passenger cars replacing current
privately owned conventional cars. Vehicteplacement occurs randomly, an
the automated vehicles maintaiime samesize and powertrain as the replace
vehicles.

No changes to public transport supply or freight transpmtnpared to
situation without automated vehicles.

Targeted area All motorways in E{27.

Penetration rate of 10% (shorterm realistic)

ADS among i 50% (longterm realistic)

passenger cars in

traffic 100% (theoretical maximum potential)

Guideline 3.11. How to define mid- and low-level scenarios: traffic and driving scenarios, user and user
behaviour scenarios

The previously defined societal scenario serves as a basis for defining tievelidervice, traffic, and use
scenarios, as well as lewvel driving and user behaviouscenarios (see scenario definitioms the
introduction to Chapteg.3).

The midlevel scenarios must align with the conditions set in the societal scenario, and tHevelscenarios
with the midlevel scenarios. These scenarios add necessary detail for the impact areas that use tr
evaluation, and several parallel s@ios can be used to study various conditions of interest.

Theselected mid and lowlevel scenarios together should represent exposure (e.g. travel activity, ve
kilometres travelled), road network, traffic patterns, fleet composition, as well as CCAM usenssersnand
their interaction with CCAMithin the societal scenario.

Although different evaluation areas focus on various impacts, their results should be compleme
Consequently,ite chosen scenarios should not contradict one another across impact areas.

The required number of scenarios depends on the evaluation scope, research questions, context adc
and available resources. When balancing the depth of analyses with resources, the estimated effect ¢
exposure should guide scenario settingisliadvised to includscenarios where both positive and negati
effects might occur.

Relevant aspects to describe per scenario type include:

i Traffic scenarios:
1 CCAM penetration rates, at least those required by the societal scenarios
1 Road environment and layout (intersection types, length of sections, number of l:
speed limits)
1 Features of digital infrastructure (coverage and features of connectivity, etc.)
9 Traffic volumes
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1 Fleet composition in traffic (size, category, age of vehicles, engine and fuel 1
pedestrians, cyclists)
1 Service scenarios:
1 Service concept
9 Business or funding concept
1 Vehicle category
1 Operating environment
9 Driving scenarios:
1 Vehicle whose behaviour is being addressed (ego vehicle)
1 Another vehicle or object to interact with
1 Road environment
1 Userscenarios:
1 Mobility behaviour (motorised and nemotorised travel modes)
1 Attitudes
I Sociedemographic characteristics
1 User behaviour scenarios:
9 User interacting with the system
1 Nonuser affected by the system
1 Interaction with CCAM
1 Context for interaction (e.g. where it happens, in which conditions)

Within one traffic scenario, several driving scenarios typically take place. Within one traffic scenario,
parallel service scenarios may also take place. One user behaviour scenario mayp applpr several use
scenarios.

If use of lowlevel scenario results is planned to address higbeel scenarios, it is advisable to plan it at tl
stage.This may involve scaling up to regional estimates or societal scenarios. Scaling up refers to es
the impacts over a broader region and a longer time period compared to the {@wvel scenarios. See th
separate guideline on scaling up.

If scaling up from lovlevel scenario results to highégvel scenarios is considered, this should be planne
this stage. Scaling up refers to estimating impacts over broader regions and longer periods compare:
lower-level scenarios (seBuideline 3.1

Example
Example of the process for definitrgffic scenarios:

One impact assessment objective was to estimate the impacts of automated passenger cars on err
The societal scenario covered the European motorway network with 50% autompassenger cars in traffic
which included passenger cars and heavy goods vehicles. The baseline was the traffic and vehicle
today.

Traffic simulations and an emissions tool were chdeerestimating impacts. The societal scenario speci
European motorways, passenger cars and heavy goods vehicles, and the penetration rate of aut
vehicles among passenger cars. Representative traffic scenarios were derived to align with the
scenario by:

1 Analysing the whole European motorway network to idensfyeed limitand number of lanes
combinationscovering at least 1% of the network length, resulting in 10 different combinations

1 Determining traffic volumesy calculating motorway capacitig®2250 vehicles/hour/lane) anc
dividing the volume range into fousimulation input flows (500, 1000, 1500, and 20
vehicles/hour/lane).
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1 Determining the share of heavy goods vehicles from traffic data. It was found to vary with
volume.

1 Including baselind0% CCAM) and treatment (50% CCAM) conditions, the process resulted
traffic scenarios (2 penetration rates * 10 motorway types * 4 traffic volumes).

Example of &raffic scenaria A 5 km section of afdne motorway with an entrance and exit, 130 km/h spe
limit, 1500 vehicles/hour/lane, and 8% of heavy vehicles.

Vehicles irtraffic scenario simulations can perform variairéving scenario$16], such as following a vehicl
motorway merging or performing a lane change. Example of a driving scenario description of a discre
lane change

The ego vehicle is
changing lane. The lane
change does not need

to be performed but it
optimises speed,
comfort etc.

Examples o$ervice scenarias

1. Robotaxi servicéshared and singtaser rides), fully automated passenger cars, operating within
boundaries

2. Public transport service (shuttle buses), integrated with tourism tickets, operated between tran
hubs and tourist sites

3. Logistics service (autonomous delivery robots), part of online delivery system, operating withir
of a supermarket

Examples ofiser scenarios

1. Regular car commuter, low new technology acceptance, good income, older adult, suburban re
2. Regular public transport user, multimodal mobility, high technology acceptance, low inc
younger adult, urban resident

Examples ofiser behaviour scenarios

1. Relevant for User scenario 1: Car commuter using automated driving system:
1 Activating the system when entering a motorway
I Taking over control when approaching an exit ramp
2. Relevant for User scenario 2: CGAbsed ordemand public transport user:
1 Request a ride via app
1 Locating and entering the vehicle
1 Exiting the vehicle in an unfamiliar area
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Guideline 3.12. How to define relevant indicators for impact assessment

There are two primary types of indicators: result indicators, which directly answer the research que:
and intermediary indicators, whicire necessary for deriving the resirtlicators Some research questior
mayrequire several intermediary indicators, while others can be directly determined through result indic
without intermediary indicators.

Bvidence of the changes induced by CCAM is gathered by comparing indicator values under th
scenarios for both baseline and treatment conditiolmlicators can be assessed either quantitatively
qualitatively, dependingn the available methods, tools, data, and resources.

In some impact areas, defining result indicators is straightforward. Specific indicators may already be s
in the project proposal and must be included in the evaluation plan. Policymakers may have set clear
or policy goals for certain impac | NS 48X &dzOK & GKS 9! Qa 202S0
from transport. Therefore, if environmental impacts are within the evaluation scope, a suitable indicat
their assessment would be greenhouse gas emissions.

Result indicators should be contextualised with a denominator that clarifies the temporal and spatial :
such ager year in the EQr per kilometre drivenThisenables meaningful comparisons of indicator valt
between treatment and baseline conditions or across different scenarios. The choice of denominator dt
on the research question and the nature of the indicator. The denominators can be aeayeeity, country
or the EU)a specific road section or type, the total vehicle kilometres eéttmd (VKT), a specific user

population group, or a combination of thedexamples of result indicators include greenhouse gas emis
per VKT on motorways in the EU or number of passenger car trips per day pefaseéntermediary
indicators, the method usually provides the context.

In cases where identifying indicators is more complle&,following steps can be useful:

1. Break down each lowevel research question into key concepts and dimensions to identify v
needs to be measured. Note any information on scopeetgvant user groups within the questior

2. For each key concepigentify indicators that effectively measure or describe the phenomen
Choose indicators relevant to the project and consider those used in other studies for compar:
Expertisen the evaluation and impact area is essential, as is reviewing the recommended indi
for each impact area in Chaptér

3. From theidentified indicators,select those that are measurable with the available data, methc
tools, and resources. This requires iteration with other evaluation planning stepsa feasibility
check ofthe overall evaluation plan.

4. Contextualise the indicator with suitable denominatgrsuch as emissioqer VKT on motorways i
the EUor passenger car trigser day per user

See Chapter 4 for recommended result indicators for each impact area.

Example

Research questionwhat are the impacts of the CCAM system on the number of accidents?
Result indicatorNumber of prevented accidents per year in E($pécified based on project scope).
Setting intermediate indicators:

1. Key concepts identifiediumber of target accidents, accident risk, exposure, severity.

2. The evaluation wasased onthe number of target accidentsyith changes in risk, exposure, ar
severity reflected in this number.

3. Safety simulation software was chosen to estimatident risk in simulated driving scenari
leading tothe intermediary indicatoraccident risk per driving scenario.
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4. Intermediate indicators were similarly defined also for exposure (@@l VKTor frequency of
relevant conflictsand severity.

5. The result indicators defined in step 2 were calculated based on the intermediate indicators
steps 3 and 4.

Guideline 3.13. How to set a method for answering gesearch question

Each research question needs a method that can provide an answer. Selecting suitable methtmtsdsa
requires considering: a solid theoretical background, validity for the intended purpose, and feasibility
available resources.

For each evaluation and impact area, begin by drafting an overview of the evaluation process steps, ir
data sources and relevant tools and methods, to assess the required indicator values and effects. En:
overview covers allesearch questionwithin the area. Setting up this process and identifyogential gaps
is iterative,continuouslyelaborated throughout the evaluation planning phase.

A single method or tool can answer oaemultiple research questioswith overlapping needs. Conversel
some research question may require multiple methods and tools.

The scope of each research question can guiggortant considerations, such as spatial extent or relev.
user groups. For eadfuestion, start by conducting an overview of suitable evaluation methods and -
available to the project team. Describe the input requirements and output indicators of each tool. Then
whether these outputs match the input needs of subsequent eatadun steps.

Describe thdimitations and assumptionof each method and tool, verifying their suitability for address
the indicators to be evaluated. For example:

I Macroscopic traffic simulation can assess regional impacts but may lack sufficient det
assessing specific changes in traffic flow le(sde Chapter4.3.5 for more on simulation
approaches).

I Microscopic traffic simulation can assess traffic flow impacts but may not be suitable for ac
analysis unless it aligns with the modelling of safeitical situations.

1 Conventional driver models in microscopic traffic simulations, describing human driving behi
in normal traffic, may not accurately modalitomated driving in conflict situations.

1 Expert assessment can provide qualitative insight but may lack precise and accurate quan
estimates. The complexitgf scenarios assessed by experts should not exceed their abili
reasonably employ pattermatching based on past experiences.

Estimatethe required resourceshman resources, timeand budget) for applying eaghethod or tool and
producingindicator values. Check the feasibility of external data needs, incladiggisition of the required
data, its costs, and processing requiremenbgesignate responsible partners for each impact area .
research question to ensure proper coverage.

Ensure the validity, meaning thatdicators measure what they are supposed to measure, and reliab
meaning thatthe methods produce consistent results under consistent conditions, for all indicagtnod
combinations.

Prepare alternative plans for methods with potential uncertainties (e.g. in terms of success o
development, availability of input data, or sufficiency of resourcels}.plans may also change after feasibil
checking (seeGuideline 3.3 If direct inputs for a methodire unavailable or unreliable, consider pro
indicators from other measurements or literatutmsed estimates, or use qualitative assessments
estimate the magnitude and direction of changes.

It is recommended to test the methods as early as possible to verify that they function as intended a
feasible within the resource constraints. Chaptgarovides further details on methods applicable to differe
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research questions fodifferent evaluation and impact areas, as well as their strengths, limitations,
requirements.

Example

The impacbf a CCAM system on €€missionss planned to be estimated using an emission calculation ti
which has been found valid for this purpose if the evaluation team has sufficient resources to use it. T
requires output from microscopic traffic simulationsed in the impact assessment of traffic flow efficien
Adjusting simulation parameters requires input on the driving behaviour of automated vehicles, such ¢
derived from the analysis dield-experimentvehicle data.

The societal scenario sets the temporal scope to the year 2023. The emission calculation tool needs
on the vehicle fleetand it®O K NI OG SNRA aGA O& FNRBY H - Henmbssiong fer KR =
vehicle categoryt, f A3y a gAGK (GKS LINRP2SOGQa ySSRao

This process is illustrated graphically below, presenting data sources and steps in chronological ordel

Analysis of field Driving behaviour

: of ADS
experiment
data Parameters for

Traffic
simulation
tool

CO, emissions

traffic simulation per VKT per
LS Emissions vehicle type
calculation
—> tool

Guideline 3.14. How to consider the scaling up of results in the methodology

Scaling up is necessary when estimating impacts on the societal scenario based on results freleviey
scenarios. Different methods can be applied for scaling up of CCAM impacts, with theddymeceling on
the impact area and available tools. The main approaches include statissesl and macroscopic modellin
based upscaling.

The statisticsbased approach uses available dafeom statistics or other datasets to scale up impa
observed in lowetevel scenarios. For example, data on vehicle kilometres travelled (VKT) by roac
vehicle category, and traffic conditions, on the frequency of certain events, or on the digtribait people
across user population segments.

When using this statistidsased approach, it is recommended to set up lovesrel scenarios that are
representative of the region and timeframe targeted in the societal scenario. Defining represen
scenarios requires determining the prevalencesath scenario, such as the frequency of a single scenar
the broader context.
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Microscopic simulation can serve as an intermediary step when using VKT for the prevalence o
scenariosThe effecteof CCAM observed in the simulations of the traffic scenarios can then be scaled
the region targeted in the societal scenario by weighting the prevalence of these scenarios across spar
and population Identifying the necessary external data or statistics early is important to ensure suffi
time for sourcing, accessing, collecting, and formatting the data if required.

If a macroscopic models available for the region targeted in the societal scenario, it can directly prc
results on CCAM impacts, provided that the implications of CCAM can be adequately representec
model. However, this approach requires the availability of a slétaindel for the area of interest, and suc
models can be difficult to develop or obtain.

Both statistical and modelling approaches can require substantial effort if no existing dataset or mi
available. However, they provide insights that field experiment data and expert judgement alone ¢
achieve. Often, the evaluated scenarios dot ramver the full societal scenario spectrum, requiri
assumptions to fill in the gaps. Basic sensitivity analyses are recommended to estimate the influence «
assumptions, and all assumptions must be transparently reported along with the resuhie sensitivity
analyses.

Example
Examples of data needs for scaling up CCAM impacts:

1 Traffic safety impact assessmenbatais needed on the frequency, type, and severity of accide
within the CCAM operational domaguring the period of interest. Scenargpecific effects can b
weighted using the share of target accidents per scen&wicscale them up.Official accident
databases, such as national ordapth accident databases, are valuable data sources.

I Traffic flow impact assessmenData on typical traffic volumes in the target region and networ
required to weigh and scale the traffic scenasioecific effects to regional level. This data can
obtained, for example, from national or regional road operators.

1 People mobility impact assessmentData on travel patterns and needs of different sec
demographic groups in thiarget region is needed to scale the user scenapecific effects to the
entire population of interest. Regional or national travel survasescommon data sources.

Guideline 3.15. How to consider intended direct impacts, indirect and unintended impacts, and iim@acts
on norrusers

Ensuring a comprehensive evaluation of the effects of CCAM requires considering intended and unin
direct and indirect, shorterm and longterm impacts, as well as impacts on both users and-users. The
evaluation process should incorporate thenai impact mechanisms identified for CCAW7]. It is
recommended that these mechanisms are ugedll impact areasf CCAM studies:

1. Direct modification of the driving task, driving behaviour or travel experience
2. Direct influence of infrastructure
3. Indirect modification of CCAM user behaviour
4. LYRANBOG Y2RATAOIGAZ2Y 2F y2yndzaSNJ 6 SKI @A 2dz
5. Modification of interaction between CCAM systems and other road usersisers of CCAM)
6. Modification of exposure/amount of travel
7. Modification of modal choice
8. Modification of route choice
9. Moadification of consequences due to different vehicle design
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The evaluation team should explicitjentify in the evaluation plan which mechanisoen beaddressedn
the project, specifically:

1 The impacts of which mechanisms can be measured in the field experiment.

1 The impacts of which mechanisms can be addressed by simulation or by other data col
methods.

1 The impacts of which mechanisms are relevant for the CCAM system under evaluation but sh
addressed by other means.

If some mechanisms cannot be addressed quantitatively, a qualitative assessment of likegriommpacts
could be feasible. This can involve expert insights from system developers and testers or findings fi
literature. Even if a study cannot address each mechanism, acknowledging all relevant impact mecha
advised. By combining quantitative asseesits with supporting evidence from the literature, it is possil
to estimate the implications of all mechanisms, at least on a qualitative seaje direction of impact:
increase, decrease or no change; estimated magnitude: small, medium or large).

Example

Theevaluation team of a largscale project on automation of passenger carapped how the nine impac
mechanismg17] were considered in traffic safety impact assessment. Some mechanisms were add
through simulations or driving simulator studies, while others were covered by results of other impact
or external literature. These results were thgualitatively analysed for the direction of the imparttdrease,
no change, decreayand its sizesfnall, medium, large

Further reading

Innamaa, S., Smith, S., Barnard, Y., Rainville, L., Rakoff, H., Horiguchi, R., & Gellerman, H. (201
mechanisms. Irilateral Impact Assessment Framework for Automation in Road Transportation: Versi
(pp- 1%;24). Trilateral Impact Assessment Saioup for Automation in Road Transportation Working Gro
https://www.connectedautomateddriving.eu/wp

content/uploads/2018/03/Trilateral IA_ Framework April2018.pdf

Bjorvatn, A., et al. (2021). L3Pilot Deliverable 7.4: Impact Evaluation Results. Annex
https://I3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update 14102021/L3PHBD7.4
Impact Evaluation Resuitd .0for website.pdf

3.4.Data specification and data tools

The guidelines for data specification and data tools outlined in this chapter facilitate alignment of the data
collection and processing with the requirements of the evaluation. The outcome of this planning phase provides
guidance on:

What data needs to be collected
Why the data is collected

How data is processed and stored
Who are theactorsinvolved.

=A =4 =4 =
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https://www.connectedautomateddriving.eu/wp-content/uploads/2018/03/Trilateral_IA_Framework_April2018.pdf
https://www.connectedautomateddriving.eu/wp-content/uploads/2018/03/Trilateral_IA_Framework_April2018.pdf
https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_14102021/L3Pilot-SP7-D7.4-Impact_Evaluation_Results-v1.0-for_website.pdf
https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_14102021/L3Pilot-SP7-D7.4-Impact_Evaluation_Results-v1.0-for_website.pdf

This ensures that the collected datavill support the evaluation.
The data specification and data tools guidelines in this chapter are relevant if any of the cases below apply:

1. Anevaluation method has specific requirements for its input data to be collected within the project,
and the evaluation partner is not directly collecting that data.

2. ltis planned that multiple partners will collect comparable data.

3. Data is shared between partners.

The data specification and data tools step may not be as relevant when a dataset is collected by an evaluation
partner to support their own work and is not shared among multiple partners, as the data harmonisation aspect
is less critical in these cases.

Data specificatiordescribes what kind of data the projemtllects,how it is formatted, and how it is storett.

ensures that data can be exchanged and used seamlessly among project partners. While data specification does
not describe theexperimental design of the data collection (see Chaptsy, it should describe contextual data

that facilitate correct understanding of the design and usage and interpretation of the data. This includes
whether the data was collected under baseline or treatment conditions, and situational variables relevant for
the planned method (see Chapt8r3). The data specification is the basis for a common data fofmhatich is

used for storing and processing the data with common tools.

Data collectiontools refer to devices and programs used for data collection, such as data loggers installed in
vehicles. In some cases, partners magteeon using common tools and how they are calibrated and configured
to ensure comparable results. In other cases, simply harmonising the data format may be sufficient.

Data processing toolsefer to a chain of scripts or programs used to process the data. Processing includes
converting logged data into the common data format and calculating derived mea¥ufeproject may also

need to agree owlata storage and exchange toosxamples of data storage tools ¢federated)databases and

data spaces which facilitate the exchange of data between stakeholders. Interfaces for uploading and
downloading data may also be part of the tools.

It is recommended that data specification atowls are clearly documented, either as part of the evaluation plan

or in a dedicated data management documeviérsion control systems are highly recommended to ensure that
every partner is using the same version of the specification and tools at all times. A documented data
specification and a description of data tools is essentially an agreement between th@maiders and the
evaluation team on the technical characteristics of the data.

The guidelines in this chapter do not mandate apgcific data formats or data handling methods, leaving it for
each project to decide. THBCAMData Sharing Framewofk8] gives detailed advice on data sharing, both from
technical and contractual perspectives.

1 Collected data: Data collected with sensors, questionnaires or by other means. Also called acquired data. The collected
data is also often referretb as 'raw data’, but the term might be misleading, because some data processing might be
performed by the sensors or other devices collecting the data.

15 Common data formatProvidesthe data specificationin a manner that allows for computerreadable and writable
implementation It defines variablegheir units, data typesnd other relevant specificatior(seeGuideline 3.1y

18 Derived measuredvieasures not directly collected but calculated from the collected data.
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The guidelines below cover the following topics:

How to set up a process for defining data specification and data tools
How to define common data formats

How to define the roles and access rights related to data

How to define the data flow in the processing chain

How to overcome common pitfalls related to data

=A =4 =4 A =4

These steps may be interconnected and require iterations; they are not necessarily hierarchical or sequential.
Note that the best chronological order of tasks may differ from the sequence of guidelines below, depending on
the project.

Guideline 3.16. How to set up a process for defining data specification and data tools

A documented data specification and a description of data tools is essentially an agreement between tl
providers anddata userson the technical characteristics of the data. To ensure that all perspective!
included, it is recommended that the evaluation team establishes a working group with representative:
partners responsible for providing, processing, and using the.dEt& group must also include partne
working on the evaluation methods, not just data owners. Thus, the members obasgatification working
group include:

I Data user(evaluation team): Specifies the data needs of evaluation and understands depend:
between methods and data.

9 Data provider:Assesses the feasibility of providing requested data and under which condition:

1 Data processorDevelops or uses scripts to process shared data into an agreed format.

I Database developertmplements and maintains a database for storing the agreed data.

The process of defining data specification and tools is likely to be iter&ise version control to track a
changes, ensuring every partner is aware of what has been agreed upon, when, and by whom.

Data specification and tools must be aligned with the evaluation plan. Therefore, the starting poi
defining data specification is the data requirements identified for the planned evaluation methods (Ct
3.3). It is important to:

1 Determine the data required (including combinations of data) anddbetextual data (metadata
needed.

1 Engage in iterative discussions to balance what data providers can collect with what is requi
calculating indicatorand conducting evaluations.

1 Be flexible and open to alternatives if specific data is unavailable. On the other hand, som
available data collection or processing technologies may inspire new evaluation approaches.

I Facilitate continuous dialogue between the technical team and evaluation team throughou
project to mitigate risks of failing to deliver suitable data for evaluation. Early dialogue helps
expectations and clarify data needs between providerscpssors, and users.

Request that data providers share an example dataset irc¢tmemon data format to the evaluation team ¢
early as possible. This ensures a shared understanding and verifies that the workflow functions cc
Likewise, the evaluation team should provide example of the preferred data format. Early conversior
collected data into the common data format can help identify inconsistencies between collected and re
data.

Harmonisation and agreement on the common data format and test data help data processing and eve
partners to better anticipate what is achievable with the collected data. Therefore, test the data flow as
as possible.
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It is essential that the agreed data specification and tools are also communicated to all data providers,
outlining the requirements and providing the rationale behind specific data formats. For each data prc
identify the operational point ofcontact, ensuring someone familiar with the data collection proce
specifications and tools is available to address issues. Once the agreements are established, any d
from the agreed specifications should be documented and communicated.

Example
Data specification process:

1. Specificationof data requirements Identification of the necessary data for the planned evaluat
methods, translation of the needed indicators and related contextual data into a list of signals
collected, specification of the preferred data format.

2. Explanation of data requirementetailing what will be evaluated with the requested data and"
consequences of missing data.

3. Discussion on feasibilityAssessment of whether the collected data and relevant contextual
can be shared in the specified format and under what conditions.

4. lteration if needed Return to step 1 if data cannot be provided (e.g. due to a lack of suitable se
or critical data sensitivity).

5. Communication of agreementsSharing of the final data specification and tools with all data own
allowing for questions and feedback.

6. Refining if necessaryRevisit step 1 if critical issues are identified.

7. Provision of sample dataSharing data samples in the agreed format to verifgerstanding and
functioning workflow, and to spot inconsistencies between collected and required data.

8. Maintaining dialogue Ensuring continuous communication between data providers and ut
documenting any deviations from the agreements until all data has been provided.

Guideline 3.17. How to define common data formats

A common data format provides the data specification in a manner that allows for comprgeessable
implementation. Various file formats can be used, including ASAM MDF, HDF5, XML or CSV, sc
referred to as data formatdn EUCEM, the file formais only one aspect of the common data format.

The definition of the common data format includes at least the following:

1 File format

Name of variables

Description of variables

Data types of variables (e.g. integer, floating point number, text), size (if applicable)
Unit, frequency, and resolution of variables

Upper and lower limits of possible values of variables

Coordinate systems in which the variables are to be interpreted (e.g. the version of GPS coorc
ego-centric or allocentric, direction of axes)

I Timestamps used

1 Coding of missing values (e.g. Naly,

1 Coding of categorical values (e.g. response options in a questionnaire, 1 = Yes, 0 = No)

= =4 —a —a -8 -2

Establishing common file namirpnventions is recommended to facilitate data usage. File names n
include identifiers such as experiment identifications (IDs), driving scenarios, use cases or vehicle 1Ds

The common data format may also include details such as calibration values used in data collec
interpolation methods for handling missing values (e.g. zeder hold, linear interpolation). For comple
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data processingt is advisable to develop and share common data processing tools (e.g. as scripts) to
consistency in data handling.

Multiple common data formats may be necessary within a project. For example, one format may be u:
collected data and another for the derived measures used in evaluation after the data processing ch
been applied.

The CCAM Data Sharing Framewdf gives recommendations on the file formats.

Example

An example is the L3Pilot Common Data Forfb8}, which includes the following elements:

=

Top Level (name)

Second Level (hame)

Datatype

Size [byte]

Size on top level [byte]

Description (written description, explanation for the coding, e.g. 0 = baseline, 1 = treatment)
Unit

Frequency (Hz)

Resolution

Lower limit (minimum value)

Upper limit (maximum value)

n/a (coding of the missing values, e.g. NaN1gr

Interpolation (the method which should be used to replacissing values, e.g. zeovder holdor
linear)

= =4 & -8 & a8 _a _a _9a _a _9a -2

The L3Pilot Common Data Format can be implemented, for example, using the HDF5 file format.

Guideline 3.18. How to define the roles and access rights related to data

Defining the actors involved in the data flélelarifies responsibilities and ensures everyone knows edes
what and who has access to the data. Typically, at lbase roles are defined:

1 Data providerscollect the data, for example through field experiments, participant interviews
simulations.

1 Data processorgonvert the collected data into usable formats for evaluation, such addaning
the dataand calculatig derived measures.

1 Data userautilise the data within the project; these may be members of the evaluation team.

A single partner may take on multiple roles, but not all stakeholders need aqoess rightssven when the
data is stored in a common databas@r example, data providers, and possibly a specified-paiaessing
partner, may only have accegstheir own data

Some data may be too sensitiveghare with the datgorocessing partners or data users. For example, ¢
containing personal information may be subject to data protection regulations such as the Genera
Protection Regulation (GDPRYD]. Additionally, data may affect the business interests of partners if
commercially sensitive and enables benchmarking the tested system against competitors.

Y Data flow The processvhere collected datare transformedfor and within theevaluationprocessthrough a chain b
processing scripts utiing common data formats.
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The CCAM Data Sharing Framew@fq provides detailed guidance on establishing agreements betw
stakeholders in a project and on ensuring the privacy of the data.

Example
The roles assigned in a project with confidential d2Gj:

Each dategproviding partner selected aedicated data processofrom the evaluation team Each data
processor had full access to the data from the respective data provider. This arrangement allow
development and testing of common data processing scripts without requiring the data provid
repeatedly run the scripts on behalf of theaduation team.

The dataprocessing partners converted the collected data into the agreed common data format. B
sharing the data with the evaluation team, all processed data were pooled across data providers to [
benchmarking between them. This role assignmemsured that the data were reviewed by someone ott
than the data provider without revealing potentially confidential data across all partners.

In projects with norconfidential data, data providers can directly upload their data to a data sharing plat
for processing and evaluation.

Guideline 3.19. How to define the data flow in the processing chain

The data flow process may include multiple processing and storage steps, and it should be thoi
documented and reproducible.

A key principle is ensuring that all analyses can be rerun easily if the original data are updated. In
this means all processing steps should be implementesbtig/are scripts avoiding manual modifications ¢
interventions. Scripts should be maintained in a version control repository (e.g. GitLab) to ensure 1
developers and users work with the same versions. Common databases or collaboration platforms
used for déa exchange among partners.

It is recommended to split the processing into a series of modular scripts with clearly defined inpu
outputs, rather than using one large script. This simplifies maintenance, allows parallel developmet
facilitates the creation of alternative spts if necessary. If different partners are responsible for differ
parts of the data processing chain, intermediate outputs and inputs should be included in the
specification, with a common data format to ensure compatibility.

Quality checksshould be integrated into the data flow. These can include:

{ Dataqualitychecks a dzOK | & @Aadz t Ay alLlS Ol audyaticchedks @
ensure that values fall within expected ranges and that the amount of missing data remains
acceptable.

9 Script quality checkssuch as unit tests for individual script functions and integration tests for
combined modules, using both test data and real project data.

These checks should flag any issues with the data or with the data processing before the data is t
evaluation.

Filtering, such as signal smoothing, is often necessary during data processing and must be clearly
within scripts, as it can significantly affect results. Consistent filtering criteria should be applied across
sources, and data users mube informed of any filtering performed on the data to ensure corr
interpretation.

In some projects, additional processing steps before data sharing, such as anonymisatio
pseudonymisation, may be required to avoid exposing the origin of the data or personal information
participants. This step can be performed by data provddar by dedicated datprocessing partners unde
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appropriate nondisclosure agreements if needed. Sometimes this is only necessary when data is
externally. The Data Sharing Framew[dr&] gives detailed guidance on this.

Example

A dedicated working group maps the whole data flofthe project, detailing each step from data collectit
and conversion into a common data format to quality checks, filtering, annotation, caficlilation of
indicators. The indicator data are then stored in a cloud database accessible to all relevant partne
appropriate access rights.

Next, each step of the mapped flowchart is established as a project in Gitlab, enabling the creation o
manageable, and modular scripts to automate the data flow. Inputs and outputs of each script are ex
defined, and version control ensurésat only data processed with the latest script versions are acceptet
subsequent steps. Quality checks cover both data and scripts, with unit and integration tests ve
functionality.

Clear documentation for each script details its purpose, functionality, and usage instructions
documentation is stored both as README files within the version control system and in a collab
document management tool accessible to all projecttpers.

This approach enables partners to apply the scripts regardless of their involvement in software develo
ensuring data are shared in a harmonised format and processed in an automated, transparer
reproducible way. The final processed data are etioin a cloud database, allowing the entire evaluati
team to access them for evaluation purposes.

Guideline 3.20. How to overcome common pitfalls related to data

CCAM projects often encounter specific pitfalls related to data collection, processing and usage:
1) A derived measure required for evaluation cannot be calculated from the collected data.

Involve the evaluation team early in the data specification process to allow them to specify what col
data or derived measures they need. The data providers should assess whether they can mee
requirements. Flexibility from both sides is reaqdrif adjustments are needed. S€aiideline 3.16or how
to handle this situation.

2) Collected data lack sufficient contextual information on the data collection conditions for corr
interpretation.

Data specification must include contextual data such as weather conditions, road and infrastr
characteristics, traffic conditions, and user groups involved. This information is essential for selecting r
data, understanding variability in thesults, and determining the extent to which they can be generalise
other contexts.

Document any deviations from the data specification and unexpected events during data collection, ¢
may influence data interpretation. For example, minor deviations from a designated route may not r
the data unusable, but determination of thisquires documenting the deviations.

3) Data collected or processed by different partners is not comparable.

Ensure that all partners follow the agreed experimental design (see Chapjeuse a commormlataformat
(see theGuideline 3.1Y, and apply shared, versiecontrolled processing scripts.
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Example
Gommon pitfalls and solutions:
Pitfall: The érived measure cannot be calculated from ttalected data
 Examply ¢KS S@Ifdzr iA2y GSFY NBljdzANBa I RSNAC
lane-keeping performance, but the field test vehicles do not detect lane markings and instead 1
a predetermined centre line from aigh-definition map.
f Solutony ! FGSNJ RA&A0OdzaaAz2yas GKS RIFEGF LINPOARS
centre line. With an assumed lane width, the evaluation team estimated the distance to the
markings from this information.

Pitfall: The conditions under which the data were collected are not sufficiently known to ensure acc
interpretations when calculating a derived measure.

1 Example: Speed measurements show significant differences between days, but without conte
data (e.qg. traffic conditions during the experiments) it is unclear whether the differences result
vehicle behaviour or external factors like congestion. Theretbeemeasurements are less valuak
for evaluation purposes.

I Solution: Collect and document contextual data to ensure accurate interpretation of collected

Pitfall: Data collected by different partners are not comparable.

I Example Data was collected on roads with different speed limits, or one experiment collected
only in free flow situations and another in congestion.
1 Solution: Harmonise experimental design and document all variations to ensure comparability

Pitfall: Data processed by different partners are not comparable.

1 Examplez KSy FAf GSNAyYy3I 2dzif ASNBEZ 2y S LI NIy SN |
FY20KSNJ FAf GSNR 2yfeée GKS Of SFNXIeé aoNRy3AE
1 Solution: Agree on standardised data processing protocols and filtering criteria across all part

3.5. Experimental design

This chapter provides guidelines for designing appropriate experiments to collect the data needed to answer
each research question. Selecting methods for data collettishether through field experiments, simulations

or other approaches requires careful @nning to ensure the validity and reliability of data. Key considerations
include defining treatment and baseline conditions, determining sample sizes, selecting participants, and
structuring data collection phases.

Agreement on theexperimental desigris important for the feasibility of the evaluation plan execution in CCAM
projects. Realvorld testing opportunities are often limited to systems of low technology readiness level (TRL),
making it impossible to accommodate every preference of the evanaiam. Some experimental design
elements may have been established during the project preparation phase, particularly if they are also key
project characteristics. This chapter focuses on selecting suitable design elements thatl dendstermined

during the project.

The experimental design must support ttata collectionrequired for each research question. If not, iterative
adjustments to the evaluation plan are necessary (Bepire4 and Guideline 3.8 For example, if a research
guestion requires data from ordinary drivers but regulations prohibit such testing on public roads, alternative
sources, such as test track experiments, should be considered.
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A single CCAM project may involve multiplgeriments each potentially involving several teams, such as a
technical team, a test site team, and an evaluation team. Early and consistent communis&gégro ensure a
feasible evaluation plan and efficient use of resources, and to avoid a mismatch between evaluation needs and
the practicalities at test sites. Establishing standardised working procedures with clearly defined roles,
responsibilities, gals and schedules early on is highly beneficial. Aatditly, ensuring a common understanding
through test site visits or direct discussions between evaluation and test site teams is recommended.

The experimental design must specify theseline and treatmentonditions. In some cases, the baseline may
reflect future rather than current conditions. Factors such as demographic shifts (e.g. aging population or more
non-motorists), increased adoption of automation, and vehicle fleet electrification can sigtificalier the

results if unaccounted for. Predicting these shifts when defining a future baseline helps ensure that the
experimental design captures the emerging impacts caused by CCAM only.

The guidelines below cover the following topics:

How to choose the experimental approach for a research question

How to consider the elements of the experimental design in the evaluation plan
How to plan the experimental design of field experiments

How to plan the experimental design for virtual environments with participants
How to select participants for your experiment

How to provide participants with the most realistic user experience possible
How to define the treatment and baseline conditions

=A =4 =4 =4 -4 A -4

These steps may be interconnected and require iterations; they are not necessarily hierarchical or sequential.
Note that the best chronological order of tasks may also differ from the sequence of guidelines below, depending
on the project.

Guideline 3.21. How to choose the experimental approach for a research question

Evaluating a single research question may utilise data from several approaches. CCAM projects typi
several approaches for data collection, including:

1 Field experimentgfrom limited to full CCAM system experiefjce
0 On testtracks
o0 In confined zones
0 On public roads
9 Virtual environments, such as virtual reality or (mechanised) driving simulators.
1 Modelling and simulationsncludingmicrosopicor macroscopic traffic simulations, activitased
modelling, enissions models, andir quality and noise models
I Subjective approachesush aswritten descriptions, user studies, expert consultations, and citi
engagement.

Field experiments can be complemented with other approaches like virtual environments, modellin
subjective studies to assess the potential impacts at higher CCAM penetration rates than currently p
AY FTASEtR SELISNAYSyGa 2N G2 O020SNJF 6ARSNI N} y3
results must be understood. Fieldkgeriments can also complement other approaches, for example
offering input for impact assessment simulations or other virtual environments to improve their realisn

Ideally, field experiments would use CCAM systems of high technology readiness level imwoeal
conditions. This includes testing on public roads or in an environment where the future systems \
deployed, with potential future users of the system. However, since thisés ofbt yet possible, alternative
like controlled environments, test tracks, simulated environments, oraad tests withsafety drivers or
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operators are used. If local regulations permit public road tesiinig, possible to collect data on drivir
behaviour and automated vehicle interaction with other road users in real traffic. Still, acknowledge
safety drivers are part of the safepyotocol and have a different role and behaviour than future CCAM us

If reatworld CCAM testing with real users is not possible, alternatives like test rides with vehicles dri
safety drivers, use of tedtacks, or in extreme cases use of storyboards, videos or written description
be used to describe the system participants, with opinions gathered through interviews, questionnaire:
focus groups.

¢KS SELISNRYSyi(lf RS&AIYy &K?2dzZ Ropdratichal tiesign d@rifGDR)
with sufficient variability in conditions. At minimum, it should cover key parts of the ODD relevant t
societal scenario addressed by the research questibnsomprehensive coverage is not possible, 1
evaluation plan must clarify which ODddnditions were included in the experiment and how the d:
collected reflect those conditions.

See Chapted for details on different approachgser impact area.

Example
Example research questiowhat is the impact of CCAM on the accident risk?

The consortium initially considered collecting reairld data from automated passenger cars on public roe
However, due to the safety protocols of the data providers, only safety drivers were permitted, and- s
critical situations had to be avoided@hus, the field experiments alone would not provide sufficient data
a thorough assessment of the impacts on accident risk.

To overcome this, simulation of the safetyitical events was identified as the main method to complem
the field experiments. Field data would provide information on incident frequency in regular di
conditions and support the parameterisation avalidation of the simulation model, which would then asst
accident risk across various driving scenarios.

Guideline 3.22. How to consider the elements of the experimental design in the evaluation plan

The experimental design consists of several elemerdsh of whichmust be considered during evaluatic
planning. Research questions and data needs determine the essentiakijave)and desirable r{iceto-
have)requirements for each element, alongside external constraints such as:

I Local and national regulation related to location, driver type, timing, bewmlessing, permissions
insurance constraints or data protection

I Ethics and safety procedures

1 Available resources, including equipmebtidget, time, people, and skills

I Technology readiness of the CCAM system

Each element should be optimised to fulfil the research question requirements within these consti
Backup plans should be developed, and the impact of alternative choices on results validity and appl
must be assessed and document&scribethe norrideal factors and how they affect the results in tl
report that describes the evaluation method.

Iteration between experimental design, evaluation methods, and data specification is necessary
suitable evaluation plan is achieved.

The table below lists the elements of the experimental design and their consequences on the evaluati
experimentis a Field Operational Test (FOT) when all its elements are on the more complex or larger
the range.
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Element

Range

Consequences on evaluation

Sample size

Small to large

Smaller sample sizes terms of e.g. number of participants,
observations, vehicles, test environments, or scenarios, all
in-depth analysis of complex interactians

Larger samplegrovide more generalisable results and
statistical power. Power analysis can determine appropriat
sample size.

Sample
demographics

Limited to diverse

Limited demographics allow focusing @pecificuser
segmentsDiversedemographics enablpopulatior-ievel
estimates.

Nature of Subjective to objective Subjectivedata are often qualitative, more open to

data interpretation, and timesensitive, but can provide rich
insights.Objectivedata are often quantitative, consistent,
and repeatable. They can be more constrained by CCAM *
than subjective data.

Data Proxy to direct Directmeasurementsare preferable, buproxy

measurement measurements can be used when direct data are unavaila
or unreliable. Proxy methods must be waticumented (see
Chapter 3.4).

Degree of Written description to | Higher realism (e.geal-world tests) improves reliability but

realism of the | reallife experience of | depends on technology readined4rtual environments

experience CCAM use (simulators, virtual reality) can mimic reality but have
limitations in participant responseVritten descriptions
offer lowest realism but can be easily provided to large
populations.

User Single demonstration | Safety protocols limit testing possibilities. Ideally, participa

experience in
field
experiments

ride to nonsupervised
automated vehicle use

would use CCAMnNsupervised over longer periods
However, sometimes it is only possible to proviiegle
demonstration rides.These offer limited but valuable
insights.

Experimental
environment

Short fixed test route
to extensive road
network

Short, fixed test routdimit generalisabilityExtensive road
networks provide broader insights under varied conditions.

Technology | Low to high TRL Low TRLmay not fully reflect the future system but can offe
readiness preliminary insights.
Bz (R Gradual testing by incremental pilot phases caitigate the
gapbetween lowTRL technology tested in the real world at
a high TRlassumed for impact assessment. Likely requires
sequence of projects.
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Duration Short to long (e.g. Longer durationgrovide more depth and can capture
from single drives to | changes in user behaviour over time and more varying
several months or conditions.Shortdurationsare more coseffective but less
more) comprehensive.

Baseline and | Multiple alternatives | Baselineandtreatment conditions are required for impact

treatment (seeGuideline 3.2y assessment. Without them, impacts cannot be determined

condition Other evaluation areas, such as technical functioning and
user evaluation, do not always require baseline data.
Example

Decisions for an experimental design and the reasoning behind the choices, to answer research qt

addressing subjective experience of CCAM use:

Element Decision Reasoning

Sample size | At least 100 Power analysis indicates this sample size is sufficient for
observations per topic| statistical power.

Sample Three age categories | Novice, experienced, and older drivers are important for th

demographics

with a similar number
of participants

evaluation scope. Thus, representative groups are include

Nature of Combination of Objective CCAM measurements on interaction are collecte
data objective and and, to address limitations in field user studies, focus grou
subjective data are used to explore reasons behind the observed behaviol
Data Proxy Mental challenges with CCAM interaction cannot be
measurement measured. Thus, time needed for different activities during
CCAM use is used as a proxy for ease of use.
Degree of Reailworld CCAM A largescale FOT is beyond available resources, but a
realism of the | vehicle but not used ir] smallerscale realworld experience is provided to assess
experience | a reallife situation LI NOHAOALI yGaQ AYGSNY OGAzy
User Single demonstration | Maximises the number of participants while providing direc

experience in
field
experiments

rides

CCAM exposure.

Experimental
environment

Short fixed test route

Harmonises the experience across participants. Supports
comparability in focus group interviews.

TRL Medium TRL Fairly realistic experience, sufficient for planned evaluatior
focus.
Duration Short Costeffective.
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Baseline and | Treatment only FaStAyS RIGEFE Aa y20 ySSRS
treatment without CCAM. Participants reflect directly on the differenc
conditions between their CCAM experience compared to their current

mobility.

Guideline 3.23. How to plan the experimental design of field experiments

The test site team responsible for field experiments and the evaluation team should engemetiimuous
dialogueto define the experimental conditions and assess how much these can be adjusted to provid
suitable for evaluationbalancing the evaluation needs with test site practicalities. Research question
[/ 1'a aegadcsSyQa 2LISNIGA2ylFE RSaA3dy R2YIFAY 0O0h550
field experiments, while the scale of the field experiment elegls on factors such dise resources available

at the test site.

The evaluation team should prepare for this dialogue by:

9 Collecting preliminary plans from the test sites early.
1 Defining musthave and nicgo-have requirementgor evaluation.
1 Identifying methodological challenges if the optimal design cannot be implemented.

This preparation helps balance evaluation needs with the practical constraints of field testing.

Hements of the experimental design for field experiments and related guidelines:

Element

Description

Guidelines

Geographical
location/size

City or region, shuttle route,
typical journeys, operational
domain, number of kilometres

The test location should represent the
operational domairof future CCAM use. A
limited test area may affect the
generalisability of results.

Road types

Road category, such as
motorway, single carriageway
road, oneway road, urban road
rural road

Road classifications differ between countrie:
no standards exisA map and a database
with harmonised descriptions should be
established for the roads included in the fieli
experiments.

Traffic conditions,
interactions with
other road users

Congested/free flow/ sparse
traffic; vehicle categories and
non-motorised road users
present in the test area

Traffic conditions should represetypical
CCAM operating conditions. Document any
changes or unusual events to ensure correc
data use.

Road/infrastructure
features

Pavement condition, signage,
lane markings, intersection

types

Record roadcondition and other
infrastructure features to ensure similar
conditions in analysis. Define boundaries fol
intersection and other elements.

Weather conditions

Precipitation, cloud cover,
visibility, temperature; road

If specific weather conditions are required b
research questions or ODD, consider their
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surface condition (snowy, icy, | likelihood when planning experiment timing

wet) and location.
Temporal Date, time, day of week Temporal conditions should represent the
conditions envisaged CCAM operation (e.g. operation |

peak hour conditions).

Baseline and SeeGuideline 3.27 Both conditions should ideally occur under
treatment similar conditions.
conditions

If user testsare planned, participants should ideally use CCAM frequently or over extended pericahs
operational domain as close as possible to the intended future useniie characteristics of reavorld
experiments are oftemetermined during project preparation.

In field experiments not all conditions can be controlled; some must lbggedand considered during
analysis (see Chapté&.4). The experimental design should control for the moslevant conditionsper
research question

The elements above also apply test track and confined spacexperiments, but some elements may t
dictated by the restricted environment. Experiments should represent the intended use case as clo
possible.

Securingoermissions for public road testinf2] is often timeconsuming but can be streamlined with eat
preparation. Identify and contact the municipal, regional or national authorities responsible for gra
permits. Prepare a concise but thorough description of the test procedure, safety meaantes)surance
coverage. Engage in early dialogue with the authorities to reducemasite surprises. Conduct ris
assessment of potential system failures and user hazards.

Example

Elements considered during the planning of the experimental design:

Element Specification Rationale
Geographical location/| Medium-sized city with Represents expected CCAM operational
size mixed urban and suburban | environment. Sufficient size for capturing varie

areas. ~50 km of test routeg traffic conditions and infrastructure.

Road types Urban and rural roads, Reflects the ODD, which includes different roa
urban motorway segment | types.
with on/off-ramps.

Traffic conditions, Data is collected during botl Captures relevant varying traffic conditions.
interactions with other | peak and offpeak hours.
road users

Roads/infrastructure | Good lane markings (urban| Mapped with detailed coordinates for map
features roads), missing lane matching during data processing and alignmer
markings (suburban roads),| with the ODD.

various traffic signs and
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intersections, bike paths an
bike lanes

Weather conditions Experimentsun on sunny, | Allows evaluation under varied weather
rainy, and foggy days. conditions, aligned with the ODD.

Temporalconditions Tests conducted during Covers peak and offeakhours, constrained by
weekdays, at different times personnel work hours.
of day butoffice hours only.

Guideline 3.24. How to plan the experimental design for virtual environments with participants

Driving simulators and virtual reality offer a safe and controlled environment for studying road
interaction with infrastructure, other road users, and CCAM systdigy can also help evaluate us
acceptanceandbehavioural adaptation. Field experiment observatiaas guide virtual environment desig
by incorporating reaorld driver, pedestrian, and cyclist interaction behaviour.

The realism of virtual environments depends on the available tools, resources, and the fidelity of the
system representation. It is important to consider the level of fidelity required for meaningful results. In
as many elements of the operatiohdesign domain (ODD) as possible in the virtual environment.

While many considerations for virtual experiments are similar to those for field experiments, v
environments also have unigue elements, as shown in the table below.

Element Description Guidelines

Scenario Virtual Consider test area size, road types, traffic conditions, road

authoring environment infrastructure, weather conditions, lighting conditions, etc., in
conditions accordance witlGuideline 3.23

Use established scenario formats (e.g. OpenDRIVE, OpenSCEN/
or consistent naming conventions to facilitate data exchange and
scenario reruns.

Scenario Critical events in | Include critical events unfeasiblelieatworld situations, such as

control scenarios take-over control or safetycritical situations.

Repeatability| Consistent Simulators offer the ability to reun identical scenarios. Expose
participant participants to identical scenarios and control for variability.
experience

Replicability | Reaiworld Virtual environments do not neet perfectly replicate the real
fidelity world but should provide sufficient fidelity for findings to be

validated through realvorld testing.

Peripheral Eye trackers, Augment experiments with peripheral data collection devices, like
devices biometric eye trackers or biometric sensors; enrich the data, provided they
sensors not create unrealistic operating conditions for the participant.

Funded by

77 European Common Evaluation Methodoldggndbook foitConnectedCooperative and the Evronsan Unlon

Automated Mobility




Example

Example specification for thexperimental design of a virtual experiment. The experiment was designe
address a research question on the driving performance of human drivers during sudden eve
motorways.

Element Specification Rationale

Scenario Model of a 20 km segment of a real Replication of a realvorld motorway

authoring motorway. Three lanes, two speed limits] environment for increased realism and
low to high traffic volumes. relevance.

Scenario Sudden lane closure, following a vehicle| Controlled safetycritical events that can be

control that performs a harsh braking manoeuvr¢ challenging for a CCAM system.

foggy weather conditions.

Repeatability| All participants exposed to the same Ensures consistent and comparable data
scenarios under the same conditions. across participants.
Replicability | Highfidelity environment (textures, Balances realism with simulator capabilitie

vehicle dynamics, traffic behaviour) but | and resource constraints.
not an exact replica.

Peripheral Headtracking and steering force Data gathering for control precision and
devices feedback. reaction times. Resource constraints did n
allow for other equipment.

Limitations | Lack of eye trackers, limited motion Focus on core aspects of the research
simulation, limited set of safetgritical question without compromising the validity
events. of the results.

Guideline 3.25. How to select participants for your experiment

Determine the expected future users of the CC&Mtent ordinary drivers, passengers, professional driv
(e.g. truck drivers) or specific user segmenénd ensure that participant recruitment covers these us
profiles. Research questions may specify particydarticipant groups, such as older adults, mobili
impaired, general population, people living in a certain area, or truck drivers. Recruit participant:
represent these relevant characteristics. If it is not possible to recruit participants from thess target
groups, select those with elnacteristics as closely aligned as possible.

For specific user groups, such as people with disabilities, involve representatives during the plannin
to ensure their needs and constraints are reflected in the experimental design.

Ensure that the sample is representative of the expected future CCAM users in terms of demograpt
socieeconomic status, gender, and age. Alsonsider whether other road usepotentially affected by the
CCAM system should participate in the experiment. They could be observers of the experiment or parti
in qualitative studies on acceptance, expectations, and perceived impacts.
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Balancethe number of recruited participants with the sample size needed for the planned evalu
methods and the available resources. Include an attrition rate a@qgipants may withdraw from the stud:
before it concludes.

Maintain open dialogue with test sites to assess tifedsibility of recruiting the desireplarticipants.Initiate
recruitment planning early, including outreach methods, media coverage, participant remuneration
inclusion/exclusion criteria.

Example

The CCAM shuttle service project aimed to provide-fastl lastmile access to a train station, encouragi
mode shifts to public transport on worlschool, errand, and leisure trips. Participants were recruitec
represent the general population of the region, ensuring diversity in terms of age, gender, anésocmnic
status to reflect the future user base of the shuttle service.

Guideline 3.26. How to provide participants with the most realistic user experience possible

Providing a realistic user experience of the CCAM system can be achieved through various methods, i
realworld experiments, driving simulators, virtual reality, re@arld demonstrations, videos, storyboard:
and written descriptions. The aim is to provide sufficient context for user evaluation while adhering to
regulations. Provide users with an experience that is as immersive and contextualised as possible, av
realworld experiments are not feasible.

The most realistic user experience is achieved when the participants drive or ride irnor&Ehexperiment,
ideally with the participants seated in their intended role within the automated vehicle. However, s
regulations may require a safety drivgacing the participant in the passenger seat. In such cases, the ¢
driver should not assist or converse with the participant, as the aim is full immersion of an automated v
This also applies to public transport vehicles intended to be dessrand operatorless. Consider the scc
and detail of instructions and information provided to the participants before the experiment, to ensure
are sufficiently prepared without introducing bias.

Achieving full realism is challenging for systems with low technology readiness level or constrainec
road testing. In such cases, controlled experiments can offer a realistic experience. One approac!
Wizard of Oz method, where a hidden drig@tJS NI S8 GKS GSKAOfES 6KAf S
seat, believes the vehicle is driving itself. This can provide preliminary user feedback while the techn
under development.

More details on the pros and cons of different approaches in user evaluation can be found in Ghagter

Example

A project aimed to evaluate user performance during taker control situations in automated vehicles b
was not granted permission to perform this experiment on public roads with automated vehicles. The
team considered using a test track or avilig simulator but prioritised the presence of reabrld traffic.
Thus, they opted for the Wizard of Oz approach.

Participants were seated in the driver's seat with the safety driver concealed behind a partition, le
participants to believe they were in an automated vehicle. During the drive, participants were instruc
perform a secondary task and respondadie-over alerts presented via inehicle displays and auditory clug
designed to mimic those in automated vehicles.

Before the experiment, participants were briefed on automated vehicle concepts, includingoveke
procedures and secondary tasks. They were not made aware of the safety driver.
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Guideline 3.27. How to define the treatment and baseline conditions

The baseline serves as the reference point for comparison with the treatment condition during it
assessment. Defining both conditions and determining indicator values for them is essential. The tre.
condition refers to the CCAM system operatingairdefined environment or context, while the baselil
condition refers to the situation against which the impacts of CCAM are assessed, such as a situation
the CCAM system.

Baselines can be established in several ways:

1 A baseline without CCAM compared to a treatment with CCAM.
1 A current operational design domain (ODD) baseline compared to an extended ODD treatme
1 Multiple baselines for comparing different levels of automation.

Treatment conditions can be set in several ways, such as varying CCAM penetratioor natéss multiple
CCAM service variants.

The experimental design should ensure that the planned differences between treatment and ba
conditions are the only differences present, avoiding other systematic differences which might bi:
results. In field experiments, the baseline and treatrh periods shoulddeally be of equal lengtand in
similar conditions. This allows the baseline period to capture the same variations that occur duril
treatment period. These variations could concern seasonal effects, time of day or inexperighectest
subjects.

Collecting more data for both baseline and treatment conditions strengthens result robus@esducting
a statistical power analysis prior to data collection helps determine the required volume of data for re
detecting a specified minimum detectabéffect size. Rough estimation of the effect size can be base
prior studies, preliminary data or domain expertise.

Pre-existing data, like naturalistic driving studies from prior projects, might serve as viable baselines il
specific instances. However, ensuring that the existing data is comparable to the treatment data colle
field experiments requires cangff consideration of the vehicle, traffic environment, environmen
conditions, driver population, data logging details, and so on.

There are several ways to set the baseline and treatment conditiossodétal scenariosMultiple alternative
baselines may be suitabl€hoosing an appropriate baseline and treatment conditions for societal scen
requires balancing between realism, workload, available resources, and the uncertainties involved.

A presentday societal scenario requires that both baseline and treatment conditions reflect the cu
aAlGdzZ GA2y Ay Ffft NB&aLSOGa SEOSLII F2NJ / /! a LINB
vehicle fleet usingtatistics, travel surveys, and other similar sources. Althougguming widespread CCA
adoption today may be unrealistic, it eliminates the need for uncertain predictions.

Societal scenarios employing a future baseline can be more complicated, as they require forecast
development of traffic systems and travel patterns for the specified future period. Be aware o
consequences of the baseline choice. For exampleglipting future baseline conditions adds workload
suitable predictions are not available from existing sources.

Each impact area and data type may require specific baseline definitions, such as:

1 Accident data Number of accidents in traffic without automated vehicles.

9 Traffic data Total vehicle kilometres travelled in the region by the current vehicle fleet

1 Energy and environment impact are&ngine types for emission calculations as predicted for
20xx.

1 Mobility impact assessmentPublic transport service offering in the area before the introductior
CCAM.
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A baseline may not be required when only observing behaviour or technical performance, likerii
evaluation or technical functioning Expertise is required to select the relevant elements of baseline
treatment conditions for each research question and impact area.

Example
Case #1Automated shuttle bus service in city centre

1 Treatment Automated shuttle bus service transporting people between public transport hubs
points of interest in the city centre.
1 Baseline Current mobility services in the area.

Case #2Automated shuttle bus service in a ngviduilt business park

1 Treatment Automated shuttle bus service in a ngviduilt business park.

9 Baseline No direct aselinecan be collected from the business park, as it is new and has had (
since its completionAlternatives include performing observational studies or finding comparz
data from similar business pak

Case #3SAE L4 motorway automated driving for passenger cars

I Treatment Passenger cars with motorway ADS of SAE L4 at 10% penetfatiaffic flow.
1 Baseline ATraffic flow of humasdriven cars, no automation.

1 Baseline BTraffic flow of humasdriven cars with adaptive cruise control (ACC).

I Baseline CTraffic flow 0fl0% AC@quipped and 90% neautomated cars.

Case #4Societal scenario: Automated passenger cars

I Treatment 20% automated cars in traffiprojected10 years into the future.
1 Baseline Traffic prediction or same periodvithout CCAM.

3.6. Evaluation plan compilation

This chapter provides guidelines for compiling an evaluation plan, vifitiegratesall the steps of the planning
phase CCAM system description (Chapset), research questions (Chapt8r2), evaluation methods (Chapter
3.3), data specification and tools (Chap8ed), and experimental design (Chap®&b).

Given the multiple iterations involved in the planning process, it is recommended to compile the formal report
on the final evaluation plan only after completing the iterative process and establishing a feasible plan. This
prevents unnecessary revisions &hmaking adjustments during the planning phase.

The evaluation plan serves as a guide for the evaluation work throughout the project. It is recommended that
the evaluation plan be published as a public report of the projgoecifying the final list of research questions
and the methods for answering them. This facilitates dissemination of the planned evaluations and allows for
concise method descriptions in the evaluation results report.

Despite thorough planning, adjustments to the methodology may be necessary during its execution. It is
important to document any changes and the rationale behind them in the evaluation results report, particularly
if the evaluation plan has already beenhtished. This ensures thdhe final methodology is accurately
documented for future use and correct interpretation of the resuitshe evaluation plan is included in the final
results report, only the executed methodology is published.

Anydeviations from the EACEM guidelines, along with their justifications, should be specified in the reports.
Additionally, explain the reasoning behind the selection of evaluation and impact areas.
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The guidelines below cover the following topics:

1 How to compile the evaluation plan
1 How todescribe the linkages between different evaluation and impact areas
1 How to ensure resilience of thevaluation plan

Note that the bestchronological order of tasks may also be different from the sequence of guidelines below,
depending on the project.

Guideline 3.28. How to compile the evaluation plan

Describe the decisions and outcomes of all elements of the evaluation plan (Chayiters3.5) in a concise
and coherent report. Briefly explain the rationale behind decisions and assumptions, including refe
used or expert assessment made within the project.

Below is a suggested outline for the evaluation plan report:

I Overall aim and scope of evaluatigmcluding impact areas covered and a description of the C(
system under evaluation (see Guidelines 3.1, 3.2, 3.3, 3.4).
1 Experimental design(3pplied.
Societal scenariog both baseline and treatment conditions (see Guidelines 3.10, 3.27).
I For each evaluation and impact area
1 Overall approach and how the common scope is applied in this context (see Guidelin
3.13, 3.14, 3.15).
I Research questions and indicators used to answer them (see Guidelines 3.6, 3.7, 3.¢
9 Evaluation methods for each research question, including tools, experimental design,
data, and the scenarios addressed (see Guidelines 3.11, 3.13, 3.14, 3.15, 3.17, 3.2
3.25, 3.27).

=

It is advisable to draw a timeline of the different evaluation phases, such as a Gantt chart for internal |
use, though it does not need to be published.

Since developing the evaluation plan involves iterative refinement, the report should include only th
specifications and their justifications. When reporting the results of the evaluation after its implement:
document any changes made to theéginal plan and the reasons behind them (see Chapi#);, especially
if a separate evaluation methodology report was published earlier. Final methodological details are
refined during implementation and must be included in the evaluation results report.

Example
Example outline of an evaluation plan report:

1 Overall scope of evaluation and impact areas covered
1 Description of the CCAM system(s), ODD, and service concept
I Common societal scenarios in baseline and treatment conditions
1 For each evaluation and impact area (where relevant):
o0 Overall approach and scope, including what impacts are in and out of scope.
0 Research questions and indicators used to answer them
o Experimental design per research question
o Evaluation method per research question, including tools, input data, and relevant tr
driving, user, and user behaviour scenarios
o Data formats used
1 Comply or explamn describe deviations from the ECEM guidelines and their justifications.
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Further reading

Innamaa et al. (2020). Evaluation plan. L3Pilot Deliverable D3.4.
https://I3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update 07102021/L3P4BBD3.4
Evaluation plarvl.0 for website.pdf

Vater et al. (2023). Effects evaluation methodsDirve Deliverable D4.5ttps://www.hi-
drive.eu/app/uploads/2023/09/HDrive-SP4D4.5Effectsevaluationmethodsvl.0.pdf

Guideline 3.29. How to describe the linkages between different evaluation and impact areas

Each research question requires its own evaluation, but synergies often exist within or across impac
Multiple research questions may rely on the same input data, while some require outputs from other ii
areas as input. Identifying and accoumgirfor these interdependencies early ensures consistency
evaluation results and a coherent, timely evaluation process for all impact areas and research questic

Begin by listing the necessary input data and expected output indicators for each evaluation and impa
considering all relevant methods and toofsvisual sketch of these linkages is recommended to help illusi
the processes and dependencies

For eachimpact area specify whether the required inputs come from within the projeeither directly
produced or collected or from outputs or interim results of other evaluation and impact areas. ldentify
external sources if applicable. Clearly define the expected dmritons from each partner and the tool
involved.

When compiling the evaluation plan, consider the time required for each step in the methods used to pi
results for each evaluation and impact area. Allocate sufficient time for each step, especially wt
evaluation area depends on outputs from ahet area. Both areas need adequate time for tool setup, d
collection and processing, analysis, validation, and feedback loops.

Avoid overly tight scheduling to accommodate potential delays or adaptations in methods or tools. Ic
critical steps early and set additional internal milestones for their completion. These internal mileston
complementary to projectevel milesbnes and serve to monitor progress.

Example
Linkages between impact areas:

9 Driving behaviour impact assessmertEvaluates the impact of driving automation on the average
headway during car following.

0 Analysis of headway differences between manual and automated driving using field
experiment data.

1 Traffic flow efficiency impact assessmertEvaluates the impact of different headways on total delay
in a region.

o Simulations estimate the impact of headway differences on traffic flow at high penetratior
rates, using headway results from driving behaviour assessment when setting up the
simulations.

I Socieeconomic impact assessmenitonetises total delay impacts for use in chsnefit analysis.

o Trafficflow impact results are monetised and used as input in-testefit analysis.
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https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-Evaluation_plan-v1.0_for_website.pdf
https://l3pilot.eu/fileadmin/user_upload/Downloads/Deliverables/Update_07102021/L3Pilot-SP3-D3.4-Evaluation_plan-v1.0_for_website.pdf
https://www.hi-drive.eu/app/uploads/2023/09/Hi-Drive-SP4-D4.5-Effects-evaluation-methods-v1.0-.pdf
https://www.hi-drive.eu/app/uploads/2023/09/Hi-Drive-SP4-D4.5-Effects-evaluation-methods-v1.0-.pdf

Driving

behaviour:
Difference in Traffic flow .

S . Socio- Ratio between
headway efﬁuenc.:y. economics: costs and
between Total delay in the ; ;

fand : Cost-benefit monetised
manual a region, based on el benefits
automated micro-simulation ¥

vehicle, based
on field data

Micro- Unit costs for
simulation tool delay

Guideline 3.30. How to ensure resilience of thevaluation plan

Resilience of the evaluation plan refers to its ability ithetand minor changes during the project withot
requiring sigificant adaptations. Aesilient plan minimises reliance on single experimedé&yelopment of
new tools individual team members, or tools availakite only one partner. Feasibility and resilience a
distinct concepts: a plan can be feasible without being resilient, or resilient without being feasible.
should be assessed separately.

The evaluation plan should be designed to accommodate unforeseen challenges, including issues w
collection, changes in project personnel, and timeline adjustmérrdsstrengthen resilience:

f

Involve multiple team members in each topic area, even if one plays a smaller role, to €
continuity in case the primary responsible person leaves the project.

Establish contingency plans for all new developments, using existing tools and methods as |
even if they yield less reliable results or require adaptations, such as reducing the num
scenarios or altering result indicators.

Additional recommended measuréxclude:

f

Assigning clear responsibilities early on, ensuring that all partners can plan necessary resou
method and tool development.

Appointing responsible persons for each evaluation and impact area, research questions, anc
of the evaluation. Assign them the task of timely plan development and execution.

Verifying that all partners have sufficient resources (time, budget, tools) to meet their commitm
and conducting risk analysis of method and tool development to assess different levels of s
and consequences of failure.

Piloting the methodology in advance to confirm that each step works as intended, that outputs
with subsequent needs, and that all required data sources are verified.

Agreeing on the priority of research questions and scenarios, while ensuring thabtgity items
are addressed first in case the project runs out of time and evaluation cannot be completed.
Presenting the methodology to the consortium, especially the research questions and data |
and finding solutions to any potential disagreements. Maintain dialogue throughout the proces:
ensure that discussions take place before finalising the evaluation plan.
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1 Ensure that necessary ethical approvals, legal requirements, and risk assessments are i
Although this may be the responsibility of the test site team, ¢ékialuation team should verify this
Example

Context The project aims to study the impact of automated driving on car sickness using driving simu

Potential risks identified Reliance on a single partner for simulator adaption; the motion sicki
measurement tool might break or provide noisy data; a single data source for physiological measure
limited time for data collection and analysis; high variability in partitipaisceptibility to car sickness.

Measures implemented

il

=

The consortium selected two partners with access to a driving simulator, with three addil
LI NIHySNBR O2fft 62N GAYy3 Ay FTRFELGAY3I GKS &A°
take over if another faced delays.

Critical tasks were identified and backup partners assigned, and deadlines for the main task
set. Linkages within the project were explicitly established.

A questionnaire was developed as backup for measuring car sickness if the primary tool faile
Additional physiological measurement devices were installed as proxies for car sickness.

An early pilot test identified and addressed issues before the main data collection, en:
adherence to the tight schedule and allowing for better control of simulator settings and partic
variability.
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4. Evaluationareaspecific guidelines

This chapter expands the generic guidelines for the development of the evaluation plan (see Chapter 3) with
evaluationareaspecificguidelines. These 18 areas cover evaluation at the level of a vehicle, a human, a
transport system, and the entire societyigure5). For each evaluation area, the following is provided:

1 Introduction
o Definition for theevaluation area and scoping of the chapter.
o Background with explanation of the key concepts, how CCAM relates to these impacts and a
short overview of the theory where applicable.
1 Guidelines
o Recommendations for common result indicators to be calculated by all CCAM projects. (A full
list of recommended indicators is provided in Appendix with links to the corresponding
chapters.)
o Impact pathways that show the linkages with other evaluation areas.
o Overview of different approaches and methods with their pros, cons, and requirements.
o Pitfalls related to the methods and approaches and actionable best practices to address them.

The linkages between different evaluation areas are visualised in the impact pathways, which show aspects
leading to the impacts of CCAM in each specific evaluation area.

4.1.1. Technical functioning
Vehicle g

4.1.2. Driving behaviour

4.2.1. User

Human ﬁﬁnnti 4.2.2. People mobility

4.2.3. Quality of life

4.3.1. Services and operation

4.3.2. Logistics

4.3.3. Transport activity and fleet composition

Transport 4.4.6

4.3.4. Traffic safet . e
system ﬁ:‘h a i Sustainability

4.3.5. Traffic flow efficiency
4.3.6. Energy and environment
4.3.7. Accessibility

4.4.1. Land use

4.4.2. Liveability

Society 4.4.3. Economic activity and employment

4.4.4. Socio-economics

4.4.5. Equity

Figureb. Evaluation areas addressed in Chapter
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Sustainability is placed under other impact areas as a atoswin figure5) whichtakes a holistic look at the
impacts found for the environment, society and the economy, as mogteimpact areas described in this
handbook relate to it. EACEM makes a strong recommendation that all the projects reflect on their results from
the viewpoint of sustainability, regardless of the impact areas chosen for evaluation. The guidelines for
sugainability impact assessment can be found in Chagtéra

4.1.Vehicle

4.1.1.Technical functioning

4.1.1.1. Introduction

Definition and scope

EUCEM defines technical evaluation as follows:
Technical evaluation addresses the functioning of the software and hardware of a CCAM system.

In EUCEM, technical evaluation is distinct from the technical validation and verification of CCAM systems and
testing processes, such as data logging. Validation and verification are assumed to have been completed by the
system developer or a third partyripr to technical evaluation in EQEM. It is also assumed thae CCAM

system has been built, tested, and is either deployed or deploymesudy before its use in the project.

In this chapter, CCAM system refers to either a vehicle or a system installed in or used by a vehicle. Consequently,
the primary focus of the technical evaluation is the vehicle itddtiwever, technical evaluation may be
conducted in stagasinitially evaluating individual components and later expanding to evaluate the entire
system as an integrated whol&Vhenever this chapter references the evaluation of a CCAM system, it
simultaneously pertains to the evaluation of its individual components.

Thus, the technical evaluation focuses on:

1 CCAMsystemsnstalled invehicles For example, a newly developed and tested system integrated into
a commercial or prexisting vehicle.
1 CCAMvehicles themselvesForinstance,a new entire vehicle prototype.

Where relevant, the evaluation also includes the functioning of veliciafrastructure connectivity and
vehicleto-vehicle cooperationUserrelated considerations are excluded from technical evaluation and are
addressed in Chaptet.2.1 Although technical functioning may have implications on driving behaviour, such
aspects are addressed in Chapdet.2

Therefore, the scope of this chapter includes:

9 Evaluation of a built, tested, and deployed or deploymezady CCAM system.
I Objective and quantitative measures of technical parameters that address specific research questions.
1 Guidance for evaluating technologglated aspects.

The scope of this chapter does not include:

Predeployment verification and validation processes.

Subjective or qualitative measures on perceived technical functioning.
Drivingbehaviourrelated measures (see Chapter.2

Userrelated evaluation, such as user interaction with the technology or service (see CAahtigr

= =4 =4 =4

Funded by

87 European Common Evaluation Methodoldggndbook foitConnectedCooperative and the European Union

Automated Mobility




Background

Technical evaluation focuses on the technology that makes the CCAM system functionafunttilenal
evaluaionSEI YAy S&d (KS &aeadsSvyQa loAftAadGe G2 LINRBRIzOS GKS
specified inputs. Additional perspectives may include performaetated evaluation, which investigates:

w
P

1 How effectively the system produces the expected result.
f ¢KS aeéaiSs Y asabilityxd génedaty’ doiistent results under varied conditions.
1 Its sensitivity, that is, the degree to which changes in input affect the output.

Given the variability in complexity and technological readiness among CCAM systems, technical evaluation
employsdiverse approaches and methodologies. Ideally, it assesses objective indicatoesher numerical,
categorical, or otherwise that quantify a certain amount, value, quality or consequences of the system relative

to the research question. Overall, technieadaluation is understood as a series of structured and systematic
tests.

Technical evaluation shares conceptual similarities withv/érdication and validation[23] processes in systems
development, yet there are subtle but notable differences:

9 Verificationis an internal process conducted by the system developer during the development phase,
with the goal to evaluate the accuracy, robustness, and other technical aspects of the system.
+SNATFAOLFGA2Y 2F0Sy NBaL2AeRvé buildig tielsyStenRrigtES £ 2 LIS N A  |j d:
91 Validationis an external process carried out during the testing phase by the system consumer, with the
32Kt 2F S@Grtdza GdAy3a GKS @GrtaARAGE 2F (GKS aeadsSy | 3
i dzS & (Ake/ol Duilding the right systdfré
1 Technical evaluatioin EUCEM is an external process conducted during the operational use of a built,
tested, and deployed or deploymentady CCAM systetn evaluate the value, performance or other
objective measurements of the systém L i NBalLl2yRa (2 HwWBPesIiBLSAMNIOK | dz
system perforrK €

Although the purpose of technical evaluation of-EBM differs from that of verification and validation, similar
approaches and concepts can be applied. Without going into the specifissftafare hardware or other
servicelevel processes, common evaluation approaches include

1 Scenariebased evaluation The preparation of specific, manually created, purpbeét or pre
produced definitions of the environment, actors, expected sequence of actions, triggers, conditions,
and other contextual information that constrains the evaluation to a controlled damahese test
scenarios may be derived from expert knowledge, accident databases (e.g. accidentology or dedicated
scenario databases) or other documental sources.

i Datadriven evaluation The utilisation of data generated during the operational execution of the
system, or from an equivalent reference system, to evaluate its technical functioning.

Each approach has advantages and limitations. {deteen evaluation tends to be more reflective of rewbrid
conditions, since it captures live operational data; however, it may fail to capture infrequent but critical edge
cases. Such edge cases cantmdlenging to encounter in realorld conditions due to their rarity, the expense

or danger associated with replicating them, or ethical and legal constraints, implying unreasonable risks for the
test site team or participants, especially pedestrians dreotvulnerable road users. In these cases, scenario
based tests can efficiently target these edge cases, albeit with simplified representations of reality.

A combined approachintegrating both scenaribased and datalriven evaluations may balance these
benefits and drawbacks. Nevertheless, no single approach can entirely eliminate or fully quantify the gap
between the evaluation stage and reabrld functionng. Edge cases, by their very nature, are often unknown
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because they have not occurred before, are difficult even for experts to imagine, or are too complex or rare to
be thoroughly represented in current models.

Thetesting methodused in the technical evaluation is an important consideration. In both scebased and
data-driven approaches, various testing methods can be applied to achieve the same goal. Current verification
and validation approaches often combine the followitygpes of test methods either sequentially or in a
customised manner:

9 Virtual testing Tests are conducted on a simulated system that employs virtual environments, virtual
models of vehicles, and simulated actors. Virtual components may run independently or be integrated
into a single simulation framework. In the latter, the tests follomethod or test definition procedure
that establishes all the contextual information and captures the expected output variables to produce
test results.

1 Xin-the-Loop The generalisation of specialised test methods such as Modké-Loop, Softwaren-
the-Loop, Hardwarén-the-Loop, Driveiin-the-Loop, and Vehicln-the-Loop [24]. Xin-the-Loop
implies that part of the evaluation is virtual while other parts are real (e.g. physical or in their final
form). This requires specialised equipment or facilities that connect the virtual andvirtoal
components. Representative testsrfoalidating technical functioning require their natural -co
existence. For instance, Vehigtethe-Loop systems connect real physical vehicles to a mechanism that
mimics the road, environmental conditions or other aspects the vehicles may encounterlity.rea
Similarly, Hardwarén-the-Loop connects a physical device to interfaces for receiving simulated data,
mimicking its actual deployment environment (e.g. an electronic control unit in a veftiélg)

1 Proving ground Controlled realvorld settings where CCAM systems can be technically evaluated
without facing live traffic situations. Controlled test tracks are closer to reality than virtual testing or X
in-the-Loop, but the tests are limited by the test track capiéie#. Proving grounds can be prepared to
emulate varied environmental and contextual conditions. These include different types of roads,
dummies simulating real pedestrians, effects of water, rain and dedicated wireless communication
networks.

1 Realworld testing: The ultimate testing method for CCAM systems prior to their |lasge
deployment in the real world. Realorld testing implies dedicated pilots or field operational tests
(FOTSs) that require careful preparation of permissions, analysis of routesyénvet of other actors,
traffic conditions, and so on.

One or more of these testing methods may be necessary depending on the research question. Harmonisation of
results across different methods is a challenge, as the results may vary per method, reflecting the gap between
the testing method and the expecte@dhnical functioning of the system in reality. The harmonisation should
address these gaps, either by trying to decrease them, trying to understand and interpret them, or at a minimum
being aware of their magnitude.

Finally, technical evaluation can also be framed within the context of different technology development models:

1 V-Model: Often associated with waterfall approaches, where user needs guide the requirements and
specifications for development. This is followed by testing, including unit and system tests, and
validation of user needs. IEBUCEM, the system is assumed to be already built and tested, so-the V
Model may be applied to produce technical evaluations by developing and verifying the required
components.

1 Adgile (iterative):A cyclical or iterative approach without beginning or end, with cycles of continuous
development, testing, deployment, and monitoring phases, which can accommodate rapid adjustments
and iterative improvements.

Funded by

89 European Common Evaluation Methodoldggndbook foitConnectedCooperative and the European Union

Automated Mobility




Five main factors are identified for the technical evaluation of CCAM systems: connectivity, data, security,
hardware and software, and operational design domain (ODD)Rggpee6). These factors are influenced by
several external elements:

1 Environment Weather conditions and the characteristics of both the physical and digital infrastructure
in which the CCAM system operates.

1 Vehicle Features and functions of the vehicle, the automation level associated with each function,
equipped sensors, and overall system setup.

1 Society Regulations and technology acceptance letres define rules and requirements for the CCAM
system.

1 Road usersThe behaviour of other road users, traffic patterns, and unexpected events within the
operational area, such as road works and personnel, emergency vehicles, and special events.

Technical functioning ::

Environment N Connectivity
Data
Vehicle
N
d
Security
Society

v

Hardware and software

Road users

\ 4

Operational design domain

Figure6. Main components of the technical functioning evaluation area.

4.1.1.2. Guidelines

Indicator recommendations

The indicators recommended to be evaluated by every project addressing technical functioning are listed in
Table2 below. They aim to cover general aspects of any technical evaluation process, such as latency, reliability,
availability or cybersecurity. If producing some of the indicators is not possible, the reasons for this should be
NB L2 NI SR LISNJ (i KAS/ QW QaN IEERA IrdanlitiGREPLtIiese indicators, each project should
define its own indicators in line wituideline 3.12The table below may provide only absolute units, but to
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communicate the results effectively and to allow for better compatibility between studies, it is recommended
to calculate the indicators in relative units, such as percentages and values per vehicle kilometre travelled (VKT).

Table2. Indicators recommended to be evaluated by every project addressing technical functioning.

Indicator short
name

Definition

Unit

Frequency of
system failures

Number of system failures per 100 km (i.e. errofskystem
failureis any malfunction that prevents the automated drivir]
system (ADS) from reliably performing a component of the
dynamic driving task.

Count per km driven
and description (i.e.
report on the failure
and possible causes)

Disengagemen
rate

Disengagementefers to situations where the ADfansfers
control to the driver. These systems cannot adapt to all
circumstances and challenging situations, usually leading t
vehicle systentisengagement, which could result in a traffig
safety issue. The transfer can be initiated either by the vehi
or the human driver.

Count per km driven (or
inverse,km per
disengagement, e.g.
10km between
disengagements)

Frequency of

Number of MRMs per 100 km. MRM involves the vehicle

Count ger km driven

minimal risk taking action to minimise risk when it determines that the | and description (i.e.
manoeuvres system cannot perform adequately. This includes bringing t{ report on the possible
(MRM) vehicle to a safe stop or moving to a less risky position on t cause)

road. This indicatodescribes the frequency when the norma

expected disengagement failed.
Current Success rate with which the CCAM system correctly identif| % of km driven
operational whether the COD is within the ODD (%). The current

domain (COD)
success rate

operational domain is expressed as a temporal sequence 0
ODD attributes, enabling determination of whether the CCA
system is within its ODD.

Disengagement is an intended behaviour of the ADS when the vehicle exits its ODD. In such cases,
disengagement indicates proper system performance, and the disengagement rate reflects the fragmentation

of the ADS' operational design domain.

Impact pathways

The technical functioning evaluation area is not directly influenced by factors addressed in OH@ENEU

evaluation areagrigure7 shows the output indicators.
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Frequency of system failures
d

Disengagement rate

A\ 4

Frequency of
minimal risk manoeuvres

A\ 4

Technical

Current operational

functioning domain success rate

A\ 4

Figure7. Output indicators of technical functioning.

Overview of approaches and methods

¢CSOKYAOIt S@Ffdzr GA2Y I LIIINRBIF OKS& INB aAYATIN G2 @FftARI
Therefore, the suggested methods for technical evaluation lean on testing methods, but with the specific
purpose of addressing specific resela questions. The different approaches and methods are described in the
introduction to this chapter above.

Selecting the right method for evaluating technical functioning ensures relevant and reliable results. The choice

Ad AYyTfdzZSyOSR o0eé GKS LINR2SOiQa 202S8S0GA0Sa FyR (KS NB:
tools and data shape the dsibility and effectiveness of different approaches (see Chapigfor further

details).

Table3 provides an overview of various approaches used in technical evaluations. It highlights the strengths,
6SI1ySaasSas FyYyR NBIdzANBYSyGa 2F SIFIOK YSGK2RX KSft LAYS3
objectives, resources, and specific evaluatiaspects. It is important to note that even when the cons

outnumber the pros, one pro can outweigh multiple cons.

Table3. An overview of approaches and methods for evaluation of technical functioning.

Approach/method | Pros Cons Requirements
Virtual testing Cost and timeefficient. | Limited realism; may | Simulationsoftware and
Enables larascale omit unpredictable real | validated models for
: ge world factors like functions, vehicles, other roac
scenario coverage .
unexpected human users, sensors, environments

(including edge cases)

. behaviour. May lead to | scenarios, etc.
relatively fast.

bias in evaluation. Sufficient computing

May require substantial| resources.
computing resources.

High flexibility; easy to
modify parameters like
vehicle speed. Skilled personnel for

Model development modelling, setting up the

Provides a safe and . .
can be labouiintensive.

controlled environment.

Funded by

92 European Common Evaluation Methodoldggndbook foitConnectedCooperative and the Evronsan Unlon

Automated Mobility




Facilitates detailed data
capture and
measurement.

Potential modelling bias
if insufficient realworld
data for calibration.

simulations, and maintaining
the computing infrastructure.

X-in-the-Loop

Same pros as virtual
testing, but with
increased realism as
one or more real
components are
incorporated into the
loop.

Testing can progress
e.g. from Softwareto
Hardware to Driver to
Vehiclein-the-Loop.

Complex physical setup
that require special
testing equipment.

Integration challenges
in interfaces with virtual
and nonvirtual
components.

May not represent real
world conditions
accurately.

Mechanism to interface the X
(Software, Hardware, Driver o
Vehicle) with the evaluation
loop. Usually as a physical
setup to immerse the X into
the simulation.

Specialised testing facilities ol
platforms.

Proving ground

Higher realism than
virtual testing and »n-
the-Loop due to real
vehicles and physical
environment.

Can be used taentify
effects of reality not
included in the virtual
models.

Safe environment
compared to public
roads.

Allows for controlled
tests and iterative
testing.

Expensive and time
consuming to organise
and operate.

Coordination
challenges, logistical
complexities,
specialised setups
(dummies, simulating
slippery conditions).

May not be feasible to
replicate all virtual
scenarios or public roac
situations.

Test track or physical
environment where the CCAN
system can operate,
representing the road type
(i.e. motorway, urban, rural).

Resources if the proving
ground must be rented,
travelling with all equipment if
the test track is not close by.

Physical simulated elements
(e.g. dummies, environment).

Trained staff to operate
vehicles and set up the test
track.

Complex orchestration of test
execution. Can be affected by
weather if the test track is
outdoors.

Data collection
instrumentation.

Realworld testing
(on public roads)

Maximum realism with
minimal bias.

Exposure to new
situations that cannot
be simulated or
controlled or that might
be unknown.

Necessary for large
scale deployment.

Expensive and time
consuming, especially
when collecting data in
rare but challenging
scenarios.

Elevated risk compared
to controlled situations.

Complex regulatory anc
ethical constraints.

Data and results are
hard to obtain.

Permissions to operate on
public roads.

Definition of privacy, ethical,
accountability and other
aspects related to conducting
the experiment in the real
world with the potential of
affecting people and goods.

Comprehensive
instrumentation and logging
to gather data for evaluation.

Contingency plans for
unexpected situations.
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Pitfalls and best practices related to different methods

Evaluation of technical functioning requires consideration of the methods and approaches used, as these can
significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed
conclusions, misinterpretatioof findings or unintended biases. By proactively addressing the pitfalls these can
be avoided.

Table 4 provides some common pitfalls déchnical functioning evaluation and presents actionable best
practices toaddress them.

Table4. Pitfalls in evaluation of technical functioning and best practices to avoid them.

Topic Pitfall Related best practice

I Assess model realism and match wi
simulation engine capabilities, use
realworld data to calibrate and
validate models.

9 Interoperate modelwia standard
interfaces.

9 Adopt criticatanalysis methods to

Virtual 1 Using insufficiently realistic models, n

testing validating models.

1 Oversimplifying environments or
contextual systems.

9 Ignoring critical scenarios, potentially
biassing towards overly favourable

U, address or find edge cases within
simulations.
Xdin-the- I Simulated components are not T US? reaonrId_ data to calibrate and
. S validate the simulated components.
Loop sufficiently realistic.

9 Anticipate integration issues and
perform pretesting, use standard
protocols fordata exchange.

I Plan for expected measurement
outcomes to notice anomalies and
possible issues.

I Nonstandard interfaces between real
and virtualcomponents might cause
delays.

9 Insufficient calibration of sensors can
lead to biased results.

1 Specify relevant ODD conditions tha

Provin Oversimplifying or narrowin . . .
9 T . i . 9 the proving ground will replicate.
ground environmental conditions and driving i . .
S 9 Establish consistent datllection

mechanisms and protocols across
testing methods.

1 Document and log environmental
conditions and test scenarios.

9 Evaluation data differ in format, mode
scope or other properties with respect
to virtual testing or other methods,
making harmonisation or comparison

difficult.
1 Partial or inconsistent scenario
coverage.
Reaiworld 9 Focusing on normal driving and missif T Ziltes C;g;gg?\%:?ﬁf;gﬂg: %r;dsplaar:"
testing (on edge cases or critical situations. conditions > 48YS,
public 1 Oversimplifying open world conditions . ' ' o
roads) by running evaluation on favourable T Identity and define ODD conditions

under which the evaluation is valid.

I Conduct ethical, legal, and privacy
reviews prior todata collection.

i Extend testing duration if feasible to
allow collecting rare events or edge
cases or combine with targeted
provingground or simulatiorbased
tests.

environmental or system conditions.
1 Insufficient attention to privacy,
accountability or other ethical aspects
leading to unnecessary risks.
1 Limited test duration that fails to
capture a representative range of
events.
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9 Enforce utilisation of standards or
common procedures and formats,
with certified equipment if possible.

I Implementprocessing pipelines that
are aware of possible data format
heterogeneity. Include converters
where needed.

I Maintain comprehensive
documentation of each test to ensur
traceability from results to test
conditions.

All 9 Diverse set of sensors, data sources,
locations, and formats make it difficult
to merge and analyse data.

91 Poor reutilisation of processing
pipelines.

1 Unclear traceability of results to
specific test conditions.

4.1.2.Driving behaviour

4.1.2.1. Introduction

Definition and scope

EUCEM defines the driving behaviour impact area as follows:

The driving behaviour impact area addresses the driving dynamics of single vehicles with and without CCAM
system by examining their longitudinal and lateral movements and their interaction with the environment
and other road users.

Driving behaviour evaluation focuses on the driving dynamics of the vehicle under(dtaadgo vehicle)These
dynamics are the product of how the vehicle and driver intexgith the environment and other road usens
other words, driving behaviour evaluation observes how a vehicle moves on the road within the traffic flow.

An automated driving system (ADS) may partly or completely replace the human driver. The vehicle may be
driverless, or, whempartially substituted, the human driver may take or be given back control of the vehicle. In

0KA& OdiveBdi IN®E NBFSNI SAGKSNI G2 | KdzYky 2N 2 GKS ! 5{
RSOARAY3 (KS @SKAOftSQa f2y3aAlddzRAYIE IyR tFGiSNIf Y2@8°
vehicles operating in automated mode it is the ADS.

Driving behaviour can be observed in the real wandield experiments and, to some extent, witlriving
simulators and microscopic traffic simulationdrtual methods allow for analysis of driving scenarios that are
difficult to test in realworld conditions, such as safetyitical situations, platoons of automated vehicles, or
near-capacity traffic flows. It is essential, however, to validate the exterwhich the simulation accurately
reflects the vehicle's real behaviour.

Often, the driving behaviour of automated vehicles is compared to thafullf humandriven vehicles.
Additional comparisons can be made between the driving behaviours in different environments, including when
entering and exiting the operational design domain, under varying sensor configurations, or with and without
vehicleto-everything communication. Finally, the evaluation can include both how the automated vehicle
affects nearby road users and how the driving behaviour of other road users infludratesf the automated
vehicle.

Within the scope of this chapter are:

1 Ego vehicle and how it drives through traffic: vehicle trajectories, speed and acceleration, lateral
movement including lane change, position in lane, following behaviour, interaction with other road
users and objects nearby.
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1 Frequency of and duration spent in specific driving scenarios: how often and for how long the
automated vehicle engages in certain driving scenarios. For example, whether the vehicle makes fewer
lane changes, more cims occur, or the vehicle spends mdime following a lead vehicle.

Not within the scope of this chapter are:

 9@Lfdzr A2y 2F GKS aeaidsSyq#.lhaoOkevahdle is expedrgd@dibe 2 y A y 3
functionally working as intended.

1 Evaluation of human driving behaviour except as a baseline, or human driver states and traits (see
Chapter4.2.1).

1 Interaction between the automated vehicle and entities beyond its immediate vicinity, including
vehicles and other road users.

1 Trafficflow efficiency (see Chaptdr3.5.

1 Accident®investigation following an incident during reabrld testing.

Background

Driving behaviour is often described as the result of interactions between the driver, the vehicle, and the
environment (sed-igure8). In automated vehicles operating in automated mode, the driver is the automated
driving system, and in manual vehicles, the driver is a human. Automated driving systems are anticipated to
exhibit different driving behaviour compared to human driverstiffermore, different systems may vary in their
characteristics or requirements, such as the operational design domains (CldEshated vehicles may also

differ from manually driven ones in terms of dimensions, mass, and equipment such as sensors and actuators.
Relevant environmental aspects inclugtdrastructure requirements and driving conditions, such as weather
and traffic flow status.

18 puring the writing of this handbogkt was notedthatthe i S NIya Wl  ONI & K @fte hskdYnterciamgéably a A 2 y Q ¢
withWl y | OO pétiSeyiyincraptalhléd usa any of thesterms.

Funded by

96 European Common Evaluation Methodoldggndbook foitConnectedCooperative and the European Union

Automated Mobility




Driving behaviour

Human driver traits and states

v
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Characteristics of the
automated driving system R
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Vehicle dimensions, mass, Vehicle
actuactors
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Operational design domain,
infrastructure, traffic, weather Environment
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Figure8. Main components of the driving behaviour impact area.

Longitudinal and lateral movements of vehictem be observed in the real world, or in virtual environments
such as driving simulators. Determining the context around the movements is necessary for correct
interpretation of the indicators and for justified comparisons. For example, comparing mergingeuvres

from a ramp onto the motorway with other mandatory lane changes on the motorway might be misguided due
to different contexts in terms of urgency of the manoeuvre, even though both feature a mandat@yghange

to the left.

The contextualisation requires examining trajectories, calculating indicators, and collecting data on vehicle
properties, surrounding objects, and the environment (e.g. road infrastructure, weather). The data should allow
for segmentation of driving scenias. This can require knowing, for example, the road type, prevailing speed
limit, traffic state (free flow vs. congestion), and weather conditions. In addition, the data can include human
driver traits and states, but this is not covered by this chapter.

It is necessary to log the mode of the vehicle at every moment: manual driving, manual driving supported by
ADAS, automated, ozonnected andautomated (e.g. using vehicte-everything) or transitioning between
these modes. These variablgisould also béogged in simulations, depending on the simulation complexity and
availability of data and models.

Automated vehicles cainfluence the behaviour of othepad usersfor example by leaving larger gaps for other
vehicles to cut in to due to minimum headway settings. The implications of these interactions for traffic flow
efficiency are considered in ChapteB.5 but they are not limited to changes in efficiency. For example, changes
in the frequency of very short gaps can affect the number of critical situations. Note that for setting the driver
models for the simulations in other impact areas, input is likeguired from driving behaviour analyses.
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4.1.2.2. Guidelines

Analysing and explaining field observations of driving behaviour requires understanding of the context around
the observations. This includes the technological readiness level of all systems, the technical functioning of the
CCAM system (see Chapted.]), considering the type of participants involved (e.g. are participants in the
vehicles professional safety drivers or members of the general public?) and the openness or restrictions of the
environment.Determine who is in control at each moment during atrifne human or the ADS. That is, log
whether the vehicle is in automated or manual mode at each point in time. In addition, identify the moments
when control shifts between the modes. If remote opeoatiof the ADS is involved, its status should be logged

as well.

In virtual environments, it is important to know the limitations of all driver models. Determine which parameters
are defined already in the automated vehicle model, and which parameters can be assessed in the virtual
environment. For example, identifyintpe target headway of an automated vehicle duriogr following by
simulation is redundant when the headway is a parameter in the simulation configuration. Rather, evaluate
aspects arising from the changed parameter settings of the simulated velsalgsgs the frequency of cdns

and lane changes in different traffic compositions.

SNAGAYy3I aOSylI NA2a akKz2dz R 6S RSSO0 S RIorgittdtnalaiierdly G SR
movements and its surrounding objects. Driving scenarios can be predefined or staged in controlled and virtual
environments, or they can result from triggering events or interactions. Examples of events are harsh braking of
a preeding vehicle, a request for tal@ver of control, an obstacle ahead, and a vehicle cutting in. An event can
also be an interaction between the automated vehicle and armancy vehicle or a human traffic controller
overriding traffic signals or signs. These events can be predefined, generated or occur naturally during an
experiment. When using real traffic data, the events and, thus, the driving scenarios need to bed eteing
post-processing

Indicator recommendations

Table5 lists the indicators recommended to be evaluated by every project addressing driving behaviour. They
cover the main features of driving behaviour needed for simulations (speed and headway) and proxies for energy
and environmental (acceleration sum) andffic safety (harsh breaking) impacts, as well as other changes in
traffic flow dynamics, such as frequencies of different driving scendriaddition, each project should define
indicators of their own in accordance withuideline 3.12Indicators should be calculated, when relevant, as
both absolute and relative values (e.g. per vehicle kilometre). Impacts are differences or changes in these
indicators between the baseline and treatment. Distinguish each indicator per relevant ca®gbsituational
variables, such as road type, traffic state, and weather conditions. For example, studying the average speed per
speed limit can additionally focus on calculating it under different weather conditions. The “comply or explain
principle ofELCEM necessitates reporting reasons when some indicators are not evaluated.

Tableb5. Indicators recommended to be evaluated by every project addressing driving behaviour.

Indicator short Definition Unit

name

Average speed per| Average speed of the ego vehicle during free driving, m/s or km/h
speed limit categorised by speed limit.

If privacy is a concern (e.g. the speed limit may reveal th
GSKAOEf SQa t20FGA2y 0% (KS
GSKAOf SQa aLISSR IyR GKS a
instead.[21]
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Median headway | ¢ KS YSRALFY @I fdzS§ 2F GKS S| Secondsand%
during car to the preceding vehicle in cdiollowing situations.
following

Acceleration sum | Sum of positive longitudinal and lateral accelerations per m/s?vehicle-km
vehiclekm, measured separately per driving scenario.

Longitudinal accelerations allow studying forward motion
behaviour, such as acceleration or deceleration patterns
Lateral accelerations help evaluate, for example, lane
keeping during free driving and car following and handlin
and stability during sidéo-side manoeuvres like lane
changes or intersection driving.

Frequency of harsh Number of ego vehicle decelerations exceeding a thresh, Number/vehiclekm or

braking events of 5 m/s2, measured per distance driven. number/h
Frequency of Both frequency and distance driven are relevant for seve Number/vehiclekm or
and/or % of driving scenarios. For example, for lane change scenariq % (of distance) per

distance driven in | the frequency (number of occurrencesr distance driven) | driving scenario
driving scenarios | is applicable. For prolonged driving scenaf®.g. car
following), the proportion of distance driven in that drivin
scenario provides more value.

Data is assumed to be available on the automated driving mode status and whetheptaigtion occurred.
Additional indicators relevant for specifiriving scenarios mainclude the number of takever requests,
position in lane, number of unscheduled or unnecessary stops, speed variation, and other indicators of
longitudinal and lateral driving behaviour.

For more dynamic driving scenarios (e.g. a braking lead vehicle or when approachingtsfiegrrecording
conflict measures such as minimum TheCollision (TTC) may be appropriate. Traffic conditions (e.g. free flow
vs. congested traffic) affect many of the indicators and should be considered when known or obtainable.

Selfreported observational data can provide further valuable insights, while being less resoteunsive to
obtain, compared to vehicle data analysis.

Impact pathways

The driving behaviour impact area is not directly influenced by factors addressed under otO&NEBvaluation
areas.However, the technical functioning of the system should be known (see Chagtdy. Figure9 shows
the output indicators of the driving behaviour impact area.
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Average speed

Median headway
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Acceleration sum

Frequency of harsh
braking events
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Driving
behaviour Frequency of
driving scenarios

A4

A\ 4

Figure9. Output indicators of driving behaviour.

Table6 provides examples of output from driving behaviour evaluation that serve as inputs for other impact
areas. Some of these outputs overlap with the recommended indicators above, while others need to be added.
Please note that the required input needs must §pecified in detail, as they are unique to each project. The
table below is not exhaustive.

Table6. Outputs from driving behaviour evaluation required as input for other impact areas.

Impact area Needed input Impact area
requiring input requiring input
User Longitudinal and lateral drivingpehaviour related to comfort ol User

driving.

Frequency of tak@ver requests.

Traffic safety Longitudinal and lateral driving behaviour, new types of situation| Traffic safety
(e.g. minimal risk manoeuvres) that did not occur before the
introduction of ADS.

Trafficflow Longitudinal and lateral driving behaviour. Trafficflow
efficiency efficiency

Overview of approaches/methods

Selecting the right method for evaluating driving behaviour ensures relevant and reliable results. The choice is
AYFEdzSYyOSR o6& (KS LINP280(Qa 20280i0A08a yR GKS NBa2d
and data shape the feasibifibnd effectiveness of different approaches (see Chaptefor further details).

Table7 provides an overview of various approaches used in driving behaviour evaluations. It highlights the
strengths, weaknesses, and requirements of each method, helping to identify those that best align with the
LINE2SOGQa 202S0uA JSaluatiorNdSpedsdiNsingpariant to yofe that LG OWhEntie codsd
outnumber the pros, one pro can outweigh multiple cons.
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Table7. An overview of approaches and methods for evaluation of driving behaviour.

Approach/method

Pros

Cons

Requirements

Observing driving behaviour
of the egovehicle (real
world)t Objective
measurement®f the
movements of the ego
vehicle andhe interaction
with nearby road usens
from the ego vehicle or from
fixed locations.

True, realworld data
representing actual

system behaviour in
traffic.

Limited variety of traffic
situations in small field
experiments.

Extensive data
collection required.
Timeconsuming and
costly data processing
(especially camera
data).

Lateral movement adds
complexity, like lane
line detection, for
collecting enough
context and for
processing.

Extensive and high
quality data
collection and
logging capabilities.

Access to vehicle
data in an agreed
format.

Segmenting the driving data
into distinct driving scenarios
(e.g. approaching a vehicle,
cutin, lane change, etc.)
allows targeted comparisons
between similar situations
under different conditions.

Driving scenario
segmentation allows for,
more precise, fair
comparisons and easiel
indicator calculation for
relevant events. It also
makes combining data
from different test
routes easier.

Scenario segmentation
can be complicated,
especially when
analysing sequential
scenarios. Precise
definitions and
thresholds are
necessary.

Advanced data
processing pipeline.

Collection of driving
scenarios with
precise definitions
[16].

Observing driving behaviour
of the ego vehicle (real
world)t Selfreported
measurementse.g. the
Driver Behaviour
Questionnairg26].

No need for monitoring
equipment.

Avoids timeconsuming
and costly data
processing.

Allows collection of
subjective insights.

Entirely subjective data
depends on participant
accuracy and honesty.

Only certairtraffic
situations and
indicators can be
surveyed.

Less accurate than
quantitative
measurements.

A welldesigned
questionnaire or
interview protocol.

A trained
administrator or
clear instructions if
selfadministered.

Ideally combined
with objective data
for validation.

Observing situational
variables (supplementary
activity, part of other
methods} Measured by in
vehicle or roadside sensors (
derived from external
databases.

For connected automated
vehicles, it can be relevant t¢
collect information on
incoming messages.

Collecting situational
variables allow for:

- avoiding bias in the
results due to different
conditions

- contextualising the
observed vehicle
movements

- defining proper
comparisons (e.g. only

Costly to collect and
process, especially
situational variables.

Matching data to
external sources can be
difficult.

Roadside or in
vehicle data logging
capabilities.

Accurate
synchronisation of
timestamps and
geolocation.

Procedures to match
vehicle movement to
situational factors,
including
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compare under similar
weather conditions).

Useful for assessing
whether the vehicle is
driving within or outside
its ODD, if that is not
logged.

(map)matching with
external databases.

Compatibility
between data
formats.

Observing driving behaviour
of the ego vehicle (in a
driving simulatorj to
investigate how the user
influences the vehicle
dynamics, including in
potentially dangerous
situations, and to analyse the
transfer of control

Allows studying the
impact of the user on
0KS @SKAOf S
behaviour in a
controlled environment.

Safe testing of rare or
dangerous traffic
situations that are
difficult or unsafe to
replicate in field
experiments (e.qg. if the
user takes over control
of the vehicle in a
critical situation).

Repeatable staged
scenarios in a controlle
environment allow for
consistent data
collection and
comparison.

Emotional or cognitive
responses of the users
may differ from real
world driving,
particularly in
dangerous situations.

A limited number of
situations can be
tested.

Simulator fidelity can
limit analysis of high
frequency, finegrained
driver behaviour (e.g.
low-level control
actions like steering
corrections).

Learning effects can
invalidate repeated
tests if not carefully
designed.

Some indicators equal

simulator settings and

are thus not meaningfu
to analyse.

A realistic, high
fidelity driving
simulator (and
scenarios) with
realistic automated
driving functions and
user interface.

Thorough and
validated study
design to ensure
validity of results.

Human factors and
vehicle dynamics
expertise for
interpreting results
and adjusting
simulator
parameters.

Traffic scenario simulation

Allows for analysis with
higher or variable
penetration rates,
mixedHraffic, and
different traffic
conditions.

Substantial data can be
generated quickly.

Good supplement to
limited field
experiments.

Costly to develop,
calibrate, verify, and
validate a model that
realistically simulates
automated and manual
vehicle interaction.

Indicators that match
simulation settings
provide no new
insights. For example,
setting a 1.6s target
headway and analysing
the data to find a
median target headway
of 1.6s.

Extensive traffic
simulation
knowledge.

Realistic models for
both automated
driving and manual
drivers (especially if
take-over-control
processes are
simulated).

Proper calibration
with realworld data.

Smulation with Hardwareor
Softwarein-the-Loopg using
' WNBFfQ ! 5¢{

Realistic usage of the
actual ADS in a
simulated traffic
environment.

Challenging to integrate
real ADS into the
simulation.

Team with extensive
traffic simulation
expertise and
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built into an automated
vehicle.

Tests how the system
performs in a variety of
scenarios without
risking safety in the real
world.

May require support
from the ADS develope
that understands its
internal workings.

thorough knowledge
of the ADS.

Integration of the
real ADS with the
simulated traffic (e.g.
object detection
needed).

May require large
computational power.

Sufficient
computational
capacity.

Pitfalls and best practices related to different methods

Evaluating driving behaviour requires consideration of the methods and approaches used, as these can
significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed
conclusions, misinterpretation offiings, or unintended biases. By proactively addressing the pitfalls, these can
be avoided.

Table8 provides some common pitfalls dfiving behaviour evaluation and presents actionable best practices

to address them. Many of the pitfalls could be avoided if the guidelines in Chaptercarefully followed.

Table8. Pitfalls in the evaluation of driving behaviour and best practices to avoid them.

Topic Pitfall Related best practice
Measuring Unsuitable logging system. For examp| Reserve sufficient resources and planning for :
driving insufficientresolution or frequencyor suitable logging system.
SIS U IS (g Pilot-test the logging early to confirm data
quality.
Undecipherable data from CAbuUS, Agree on the data format, content, and sharinc
automotive Ethernet, ROS messages, | protocol from test site to evaluation, in line witt
etc. For example, due to proprietary recommendations in Chapt&.4.
gncodmg, nqnstandard Reserve sufficient budget and expertise for dat
implementation, complex data !
. analysis.
structure, and safety measures like
encryption orobfuscation.
The logging system is not piloted, Develop and follow a good piloting plan.
Iead!ng 13 [E113 CISEDVER] @ Ee0r i) Adapt the project timeline if necessary to allow
quality. .
for pilot tests.
Unclear whether automated mode was| Log automation mode status explicitly, includin
active, or which automated driving transition of control: e.g. takever requested,
functions were in use. take-over completed, initiated by driver, at ODL
border, within ODD, and so on.
Verify correctness of the logging during piloting
Incompatible test routes with Collect baseline and treatment data from all te:
substantial differences in conditions an routes under similar conditions.
characteristics.
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This makes combining data from all tes
routes difficult and comparison of
calculated indicators misleading.

Segment the driving data into distinct, well
defined driving scenarios with accurate
contextual metadata.

Calculate indicators for the driving scenarios a
find similar scenarios across the combined dat

Compare the treatment and baseline indicators
from similar scenarios. They should reflect the
driving behaviour rather than the conditions
around the vehicle.

Comparing data of different lengths. F¢
example, one cafollowing scenario can
be very long, another very short, leadir]
to e.g. incomparable variances.

Standardise scenario lengths.

Split long scenarios into multiple ones of
standardised lengths. For example, -taltowing
scenarios of 40 s are split into two 20 s ones.

Analysing
video data

Unclear video data annotation process
no video annotation tools, or insufficien
resources for annotation.

Specify annotation requirements in advance.
That is, what should be labelled, how, and why
per research question. Note what kind of videa
is required (internal, external, viewing angles,
frame rates).

Reserve sufficient resources for planning and
performing the annotation work, including
potential lane marking detection.

Adhere to privacy requirements. For example,
blur faces or licence plates and note restriction
for filming in sensitive areas.

Ensure that appropriate software tools for vide
annotation are available and compatible with
required input and output formats.

Traffic
scenario
simulation

Inaccurate vehicle models (both humar
and ADSlriven)

Calibrate, verify, and validate models using re¢
world data. Use data from pilots and/or existing
datasets.

Collaborate with ADS developers to configure
parameters that cannot easily be calibrated.

Inaccurate or unrealistic driver,
passenger or pedestrian models

Calibrate, verify, and validate models using fe¢
world data. Supplement with literature for best
fit parameters.

Insufficient time and resources for
calibration and validation.

Include calibration and validation in the work
plan with a dedicated budget and milestones.

No data available for calibration and
validation.

Plan reference data acquisition to be included
the agreement of data that the project will
provide forevaluation.

Formalise data sharing agreements early (see
Chapter3.4).
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4.2. Human

4.2.1.User

4.2.1.1. Introduction

Definition and scope

EUCEM defines the user evaluation area as follows:

User evaluationaddresses the interaction of people with the CCAM system: their opinions, expectations, and
awareness of the technology, and how they use it.

Interaction with the CCAM system is understood broadly here. Users can be drivers interacting directly with the
CCAM system, for example when taking over control of the vehicle when the ODD conditions are no longer met.
Users can be passengers interactivith a CCAM system, for example via an app or screen, or even by just sitting
in the vehicle. Users may also be receivers or senders of goods being delivered by CCAM §jstems.
evaluation may also address "naisers’; namely people who are affected byZ8M but do not directly use it;

for example, other road users (both motorised and nuontorised) and residents of an area where CCAM
operates. User evaluation provid@mportant input to many impact areas, such as people mobility and traffic
safety.User evaluatiomesultscan also be used for further development of CC&tems or for developing
business cases and marketing.

The user evaluation chapter has the following scope:

1 User behaviour with a CCAM systerfor example ake-over control situationsréaction time take
over time, changes in driving behaviour like sudden deviation in speed or position in lane), use of time
in thevehicle(non-drivingrelated activities), bservation or measurements of interaction via interfaces
and invehicle systems, and observation or measuremeitthe effects on behaviour of "nensers".

1 Experience for example the user experience (pleasant, easy, useful, etc.) and the physical and mental
state during the drive or ride (comfort, convenience, stress, motion sickness, feelings of safety and
security, concerns about cybersecurity, data protection arnggey, etc.), trust in the system, suitability
of the system for specific target groups (disability, age groups, etc.)femtidgsand experiences of
"non-users" confronted with CCAM.

1 Expectations for example, on willingness to use the CCAM system, concerns about societal impacts
and consequences for users and nAgsers, usefulness for individuals in their envisaged future
situations, or usefulness for specific groups.

User evaluation in EGEM does not include:

1 Technical validation of user interfaces (see Chapterl) or usability testing.

Financial implications or business modeSee Chapte4.3.1

1 Experiences or opinions of service providers, managers, operators, and other stakeh@eers
Chapter4.3.1

1 Equity impacts for different user groupsSee Chapte4.4.5

=

Background

The three components of the user evaluatidfigure10) have a rich and diverse theoretical background.
Behaviour, experience, and expectations of users are studied in many disciplines like behavioural science, social
science, economics, human factors, engineering, marketing, and so on. Each of them hasvithécus,
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theories, and methods. User evaluation usually requires a rdidtiplinary specialist team. Some examples of
factors of interest are given below.

1 Behaviour with the system (take over control, ndrivingrelated activities in the car, gaze direction,
engagement, etc.), which is observable ameéasurable once the vehicle is 'ready'. Various
psychological theories or models can be applied to explath@edict the behaviour, such as mental
models, situation awareness, models of visual attention or multitasking.

1 Subjective experience (comfort, ease of use, stress, etc.), which can be measured by subjective scales
in questionnaires, interviews, and so on.

1 Expectations toward the system (technology acceptance, willingness to use, etc.), which can be
measured by subjective scales in questionnaires, interviews, focus groups, and so on.

Behaviour with system and
during automated drive

v

User behaviour

Comfort, ease of use, stress

A\ 4

Experience

Acceptance, willingness to use,
concerns

A\ 4

Expectations

Figure10. Main components of the user evaluation area.

4.2.1.2. Guidelines

Experiments must always be safe for the participants. Participants should give informed consent to participate
in the experiments. Ethical approval must be obtained when required and the data collection and processing
must be compliant with applicable datarotection legal frameworks, such as the General Data Protection
Regulation (GDPR).

A challenge in user evaluation of CCAM is that the systems may not be fully mature when tested (see Chapter
3.1). Thus, the user experience may be partial or patchy, and users may encounter technical problems when
interacting with the CCAM system. User evaluation specialists must work closely with the technical team to
obtain a true overview of the capabilities thfe system and its issues and agree when the system is ready for
user evaluation.
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Additional methods may be required when a full user experience cannot be provided, such as simulations, videos
or storyboards. These can complete the picture of how the system is supposed to function.

When a project has different test sites aiming to have the same evaluation activities, coordination is needed to
ensure that the user experience is comparable and that data gathered is compatible (see CBajrars3.5).

Indicator recommendations

Indicators recommended to be evaluated by every project conducting a user evaluation are liJiziles.

Most indicators may be ascertained using standardised questionnaires. As there are many questionnaires, and
new ones are being developed regularly, it is not possible to recommend one over another to be used by all
projects. Questionnaires or scales should lesaibed and selected the method specification (see Chapter

3.3). If it is not possible to evaluate some of the indicators below, the reason for this should be reported as part
2F GKS WwO2YLX & 2 NICBWE [k indichtars lisiTbglodfalelhdd exiaidstive; in addition to
them, each project should defnindicators of their own in accordance wiBuideline 3.12

Table9. Indicators recommended to be evaluated by every project addressing user evaluation.

Indicator short | Definition Unit
name

Behaviourwith | ! aSNE Q Ay iSNI OlGA2Yy & A K | Report, mix of qualitative and
the system intended and unintended use. quantitative data.

Acceptance Willingness of users to adopt and continue using the| Measure on a relevant scale.
CCAM system in the future. There is a variety of

. . Measure on a standardised
acceptance and usefulness questionnaires/scales.

scale, if possible.

User 'aSNBQ SELISNASYOS 27T (K¢ Measureon arelevant scale.
experience (e.g. pleasant, easy, workload, perceived safety and

Measure on a standardised

security, etc.). There is a variety of standard scales t . .
scale, if possible.

measure this.

Nonuser Views and experiences of narsers affected by the Measure on a relevant scale.

experience system. .
P y Measure on a standardised

scale, if possible.

Impact pathways

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the
outcomes of this impact area. Mapping these caaseteffect relationships helps scope the evaluation by
grounding it in established theories or empirifialdings. It clarifies how localised effects can escalate to larger
scale impacts, shows whether one area influences another, and reveals how these changes ripple through
vehicles, individuals, the transport system and beyond. Using these pathways paddmify where additional
information is needed or where collaboration is required with other impact areas, or to acknowledge if certain
aspects fall outside the assessment.

User behaviour with the CCAM system is influenced by the driving behaviour (CHap®@rof the CCAM
system.This is depicted in the impact pathway beldwigurell). The figure offers a general overview that can

be adapted or extended to specific CCAM systems studied. Each project should adapt it by specifying relevant
indicators and units.
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Behaviour with

system N
Longitudinal and
lateral driving

behaviour
Acceptance N
T

Driving
behaviour Mobility

service offering User experience

A\ 4

Non-user experience

Figurell. Input needed from the other impact areas for user evaluation and its outputs.

Table10 shows examples of outputs of user evaluation that serve as inputs for other impact areas. Some of
these outputs overlap with the recommended indicators above, while others need to be added. Please note that
the required input needs must be specified intaig as they are unique to each project. The table below is not
exhaustive.

Table10. Outputs from user evaluation required as input for other impact areas.

Impact area requiring input Needed input
People mobility Acceptance
Traffic safety Use of systenmcluding takeover situations, behavioural adaptation
Accessibility Needs and preferences
Equity Subjective experience
Subjective ideas about potential use

Overview of approaches and methods

Selecting the right method for user evaluation ensures relevant and reliable results. The choice is influenced by
GKS LINP2SO0Qa 202S00GA0Sa IyR GKS NXaz2dz2NOSa | @l AtlofS
shape the feasibility and efttiveness of different approaches (see Chagt&for further details).

Table 11 provides an overview of various approaches used in user evaluations. It highlights the strengths,
6SI1ySaasSas FyR NBI|dzANBYSyiGa 2F SIFIOK YSGK2RX KSft LAY3
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objectives, resources, and specific evaluation aspects. It is important to note that, even when the cons

outnumber the pros, one pro can outweigh multiple cons.

Tablell1. An overview of approaches and methods for user evaluation.

Approach/method

Pros

Cons

Requirements

Use of standardised
questionnairese.g.
technology
acceptance scales.

Results can be
compared across
projects or studies.

Lower resource
needs for
guestionnaire
design.

An established
theoretical
framework.

May not precisely fit
all projectspecific
research questions.

Adding or translating
questions may
invalidate the
questionnaire or
scale.

Use a standardised questionnaire
but recognise when it is not
appropriate and use additional
measures (dedicated questionnaire
interviews, etc.).

If no standard questionnaires are
available, then a questionnaire ma
be designed based on an
established tradition or theory, e.g.
Unified Theory of Acceptance and
Technology Use (UTAUZY] or
Technology Acceptance Model
(TAM)[28][29], rather than starting
from scratch.

Driver and Occupant
Monitoring with in-
cabin sensors

Provides highly
detailed
information about
user status and
intentions,
potentially in real
time.

Resource intensive.

May be perceived as
intrusive.

Analysis of
behavioural or
physiological data
can be complex.

Observable physiological variables
of the driver and other passengers
including bw-level features. For
example, body posture, eye
tracking, heart rate, and so on.
Additionally, higHevel features
computed from lowlevel features
using models or regressions, e.g.
stress level, fatigue level,
attentiveness, emotional state.

Observation, inside
and outside vehicle,

Providescontextual
understanding of

Video data requires
significant resources

Observational instrumentation of
vehicle, infrastructure, etc.

e.g. video the interaction with | for storage and . .
. Suitable data posprocessing tools.
the system and analysis.
between other road I . Ethical and legal approval for data
Potential issues in .
users. . . collection.
compliance with
Can provide data protection Plan for data protection.
qualitative cues like| regulations, such as
gestures that GDPR20].
qgestlonnalres €an | |nfrastructure for
miss. . .
privacy protection
can be costly and
time-consuming.
Especially when
collecting data
outside the vehicle.
Virtual and Can generate a wid¢ The user experience| A sufficiently realistic simulator

augmented reality,
driving simulators

variety of controlled
situations, including
rare ones.

is less realistic and
may elicit different
emotional or

cognitional

environment.
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Allows safe testing
of dangerous
events.

responses than real
life driving.

Skilled simulation engineers and
human factors experts for scenario
design.

Participatory
approaches: surveys,
focus groups,
interviews

Relatively easy to
organise and
administer.

Provides insight into
the ideas, concerns
and emotions of
users.

Flexible.

Highly subjective
data.

May have limited
correlation with real
CCAM experience if
participants have not
used or encountered
the system
extensively.

Well-structuredmethodology.
Moderation or interviewing skills.

Expertise in analysing qualitative
data and designing surveys and
focus groups.

Pitfalls and best practices

User evaluation requires consideration of the methods and approaches used, as these can significantly influence
the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed conclusions,
misinterpretation of findings, or untended biases. By proactively addressing the pitfalls, these can be avoided.

Tablel12 provides some common pitfalls aker evaluation and presents actionable best practices to address

them.

Table12. Pitfalls in user evaluation and best practices to avoid them.

Topic

Pitfall

Related best practice

User experience

System underdeveloped or

absent.

of Oz.

Provide a rich context and description to focu
the user on the CCAM experience with
approaches like usingtoryboards.

"Fake" the system with techniques like Wizar

Technical problems during the

experiment.

Proper technical validation and extensive
piloting before the real experiment to identify
potential problems and their workarounds.

Insufficient information or CCAM
experience to complete
questionnaires and produce valic

results.

Be careful with drawing firm conclusions. Ask
questions that users can relate to from their
own experience, without manipulating them
with the given information.

Exposure time and
frequency of use

Short exposure times do not
allow users to fully experience
CCAM, and the novelty factor is
large. On the other hand, long
exposure times with immature
systems may lead to rejection of

Aim to have users experience CCAM for a
sufficient duration. Consider in the study
design that the experience of the system may
change over time

the system.
Representativeness | Users are not representative of | Detailed analysis of the potential users and
the target group. affected nonusers of CCAM aiming to realise
representative participants. Consider that the
target service may operate relatively far into
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the future. For example, current older
participants may not have the same attitudes
or technological experience as those who will
be elderly when the service is deployed.

Expertise of Not enough expertise in human | Experts or specialists are needed. They shou
evaluators and societal factors within the have been selected during the proposal or
team. consortium building phase. Think of discipline

such as psychology, sociology, and economit

4.2.2.People mobility

4.2.2.1. Introduction

Definition and scope

EUCEM defines the people mobility impact area as follows:

The people mobility impact area addresses how the CCAM system influences individuals' potential and actual
mobility choices by examining effects on availability, access, quality, suitability, and affordability of mobility
options.

People mobility refers to travel behaviour but also considers the reasons behityit individuals make the
journeys to their chosen destinations. Therefore, the impacts of CCAM on people mobility are assessed from the
perspective of different individuals

The scope of this chapter includes:

T ¢NF @St O0SKIFI@A2dz2NJ TNBY | &Ay3IfS AYRAGDARIZ t Qa LISNA L
choice, and amount of travel over distance or time.

The scope of this chapter does not include:

1 The efficiency of traffic flow (see Chap#3.5, although the level of congestion may influence an
AYRAGARdzZ £ Qa (NI @St 0SKI @A 2 dzNI

Goods deliveriesGhapter4.3.20 = | f 6 K2dzZa3K | @I Af+FoAtAdGe 2F 3IA22Ra
mobility choices.

I Transport activity, vehicle and passenger kilometres travelled in total on a specific part of the road
network, as it is covered in thteansport activity and fleet composition impact area (see Chagter3.

puls
[@p))

Background

Travelling is usually seen as a derived demand, as people need to move between locations to undertake activities
and fulfil their daily needs. Travel behaviour is affected by individual needs and preferences, the location of
residence and activities, antié opportunities and constraints of the transport system.

Opportunities refer to the travel options available to individuals. Constraints include the different kinds of costs

travelling incurs, in terms of time, money, mental and physical effort, and the perceived safety and security of a
travel mode, collectivgl known as travel resistance. The constraints can also be described as generalised
transport costs (GTC). Generally, the lower the generalised travel costs, the higher the use of a mobility option.

The travebehaviour of individuals, such as the number of trips, trip timing, length, and mode choice, is affected
by both general and trigpecific factors including:
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Personal situation in terms of financial means, (dis)ability, employment, family, etc.
Residential setting andistance to activities, transport infrastructure

Trip purpose, such as commute, leisure or shopping

Availability of travel modes, vehicle ownership

Habits, motivations, and attitudes toward travel modes

Familiarity with travel modes, availability of information about travel modes

(Perceived) quality, comfort, ease of use, safety and personal security of available modes
Costs of available travel modes

Weather

Realtime traffic information, such as congested routes

=2 =4 =4 4 -4 4 -4 4 -4 -4
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if the generalised travel costs of personal cars drop, people may travel more by car. More flexible mobility
services mayead to combining trips previously done separat@gtter access to different locations may also

affect the activities that people engage in, and new services can change the need for certain types of trips. For
example, robot deliveries can replace trips to shops or restasrarne most important components of the

people mobility impact area are summarisedHigurel?2.

People mobility

Need to reach destinations

A\ 4

Habits and attitudes Demand for travel

\ 4

Time budget .
d

Accepted, accessible, affordable and
available modes

> Travel opportunities

and constraints
Situational factors

\ 4

Figurel2. Main components of the people mobility impact area.

People mobility impacts at the level of an individual traveller aggregate to impacts on the transport system level
(seeChapter4.3) in terms of modal split and amount of travel on the network over a longer period. They can
have direct impacts on other areas as well, such as quality d0Hapter4.2.3), traffic safety (Chaptet.3.4),

energy and environmenChapter4.3.6), andtraffic flow efficiency (Chapte4.3.5. In the long term, changes in
generalised travel costs influence the accessibility (Chah&n) of different activities and their locations. This

is can lead to changes in land use (Chaptérl) and theliveability of areas (Chaptdr4.2. CCAMmay not only
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impact its users but can also influenttee travel behaviour of nowsers if, for example, increased car usage
reduces the willingness to walk or cycle due to safety concerns.

Whether increasing people mobility is a societal goal depends on whether increased people mobility aligns with
other outcomes that the society may have prioritised, such as economic vitality, improved environmental
conditions, and equity. These objectiveslate to questions such as whether CCAM will generate more
(motorised) traffic or increase travel costs. The impacts of CCAM must be evaluated within the broader context
of other trends in transport and mobility.

4.2.2.2. Guidelines

Indicator recommendations

Indicators recommended for evaluation in every project addressing people mobility impacts are ligttolen

13 below. The indicators describe individual choices and behaviduorpacts are measured as differences or

changes between the baseline and treatment scenarios for these indicators. Impacts can be reported as absolute
values (with the unit below) or relative value (%). If certain indicators cannot be evaluated, the reasbhe
R20dzySy i SR F2ftt26Ay3 (KS uwbBM. Yhafisted iadichtBstatelindt éxiyabstiveIMih y O A LI
addition to these, each project should define its own indicators in accordanceGwittteline 3.12

Table13. Indicators recommended to be evaluated by every project addressing people mobility.

Indicator short | Definition Unit
name
Mode share Share otrips of individuals by travel mode, %

potentially per trip purpose.

Amount of Number of trips or kilometres or hours an Number, kilometres, hours,
travel individual travels in total within a specific time, lik minutes

one year.
Length of trips | Average distance or duration of trips. Kilometres, hours, minutes
Timing of trips | Hourly distribution of trips (starting time). Number of trips performed at

defined time ranges

Value of travel | Perceived costs of travel time; including acceptel € k G A YS dzy A
time additional travel time with a CCAM system, chan
in the monetarised value of travel time.

Impact pathways

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the
outcomes of this impact area. Mapping these caage-effect relationships helps to scope the evaluation by
grounding it in established theories or empal findings. It clarifies how localised effects can escalate to larger
scale impacts, shows whether one area influences another, and reveals how these changes ripple through
vehicles, individuals, the transport system and beyond. Using these pathwafielpadentify where additional
information is needed, where collaboration with other impact areas is required, or where certain aspects fall
outside the scope of the assessment.

People mobility is influenced by impacts on users (Chagi21), services and operation (Chapi#i3.1) and
economic activity and employment (Chapte#.3. This is depicted in the impact pathway beldvig(rel3).
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The figure offers a general overview that can be adapted or extended to specific CCAM systems studied. Each
project should tailor it by specifying relevant indicators and units.

Acceptance

Mode choice

v

Mobility
Services and service offering

A\ 4

Amount of travel

A4

Length of trips

A\ 4
A\ 4

operation

Economic
Demand for travel

People
mobility

Timing of trips

A\ 4

activity and
employment

A\ 4

Value of travel time

A\ 4

Figurel3. Input needed from the other impact areas for people mobility impact assessment and its outputs.

Tablel4 provides examples of people mobility impact assessment that serve as inputs for other impact areas.
Some of these outputs overlap with the recommended indicators above, while others need to be added. Please
note that the required input needs must be spiéd in detail, as they are unique to each project. The table

below is not exhaustive.

Tablel4. Outputs from people mobility impact assessment required as input for other impact areas.

Impact area requiring input

Needed input

Quality of life

Amount of active and sedentary travel

Services and operation

Travel behaviouand needs

Transport activity and fleet composition

Travel patterns, vehicle ownership

Traffic safety

Travel patterns

Traffic flow efficiency (macroscopic model;

Value of travel time

Accessibility

Destinations
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Overview of approaches and methods

Selecting the right method for evaluating people mobility ensures relevant and reliable results. The choice is

AYFEdSyOSR o@

iKS

LINE 2SO0 Q&

202S00GA0S4

by R

i§KS NXBAa2d:

tools and data shape the feasibyl and effectiveness of different approaches (see Chaft8rfor further

details).

Table 15 provides an overview of various approaches used in people mobility evaluations. It highlights the
strengths, weaknesses and requirements of each method, helping to identify those that best align with the
202S00A DS a ationNaBpacss deislindpartant tb yote thét, leiROhENANe coSsd I  dz
outnumber the pros, one pro can outweigh multiple cons.

LIN22SOGQa

Tablel5. An overview of approaches and methods fpeople mobility impact assessment.

Approach/method

Pros

Cons

Requirements

Subjective
methods
(questionnaires,
interview, focus
groups, etc.)

[+ LG dzNB a LIS
subjective ideas,

feelings, etc.

Relatively easy and cosi
efficient.

Flexible.

Existing or standard
questionnaires enable
consistency.

Subject to response
biases: subjective bias,
non-response, social
desirability bias,
interviewer bias, etc.

Quality of data depends
on participant honesty
and recall.

Survey platform or tools
(online or paper).

Trained staff for designing
and moderating focus
groups.

Stated preference
survey and choice

Can determine
willingness to pay or use

Bias in answering and lac
of representativeness.

Largescale participation
from a representative

modelling CCAM sy_stt_ams by Stated preference answer population for reliable
characteristics. . . results.
may not provide reliable
descriptions of how Expertise in design of stated
mobility-related habits preference experiment.
iELE] EnEmeE: Suitable expertise and
Potentially costly to software for modelling the
recruit a representative data.
Eglrlgzlt[i)::t SIELENEr EETES Accurate description of
' CCAM system needed.
Modellingr Can run individuatrip- Data andsetup-intensive. | Model needs to be
Activity-based level simulations. . . .| developed or available and
Potentially long simulation ~ .
models . suitable for use.
Captures complex run times.
behaviours. . ... | Sufficient data for
Model requires calibration L
. calibration.
to ensure realism.
Expertise in network
simulation.
Modellingr Handles scenarios Aggregated population Established system dynamic

System dynamics

representing long time
periods (months or
years).

approach: less detail on
individuals.

Needs clear boundaries
for model scope.

tool.

Model needs to be available
and suitable for use.

115

Automated Mobility

European Common Evaluation Methodoldggndbook foitConnectedCooperative and

Funded by
the European Union




Once set up, quick
scenario runs are
possible.

Includes feedback loops

Requires historic data for
calibration

Data and timeintensive
to set up.

Historic data for calibration.

Expertise in system dynamic
modelling.

Travel surveys,
revealed
preferences data,
census data and
other historical
external data for
understanding
current mobility
patterns (baseline)

Established methods.
Longterm historic data.

Often representative at
a population level.

Typically population
aggregated; hard to obtair
highly detailed data.

Typically a "snapshot" anc
may be outdated.

Agreements for data
provision.

Carefully planned baseline
for the societal scenario.

Data privacy plan.

New and emerging
data forms, such
as mobile phone
or social media
tracking,for
understanding
current mobility
patterns (baseline)

Can develop a
contemporary and
dynamic baseline of
realworld behaviour.

Can gather data on
AYRAQGARdzZ f &
and preferences.

Limited
representativeness.

May lack personal details
like characteristics or trip
purpose.

Possiblalata privacy
issuesDifficult to acquire
access.

Agreement on data
provision.

Create synthetic populations
alongside other data, such a
census data.

Data privacy plan.

Gamification,
serious games

Canproduce rich data
without exposure to real
CCAM.

Interactive scenarios.

Development can require
substantial resources.

Game environment may
not capture reaworld
constraints (time, cost,

risk).

Developers for game design
Experiencedacilitators.

Pilot testing to confirm
realism and data validity.

Pitfalls and best practices

Evaluating people mobility impacts requires consideration of the methods and approaches used, as these can
significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed
conclusions, misinterpretatioaf findings or unintended biases. By proactively addressing the pitfalls, these can
be avoided.

Table16 provides some common pitfalls of people mobility impact assessment and presents actionable best
practices to address them.

Tablel6. Pitfalls in people mobility impact assessment and best practices to avoid them.

Topic Pitfall Related best practice
Future mobility | People may struggle to imagine new Aim to make the user experience as
options options or accurately assess their future | immersive as possible. Considertual
behaviour. reality and immersive experiences.
Use stories and scenarios to make abstr:
ideas more concrete.
Ask specific questions rather than 'what
ifs'.
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Subjective scales

Variations in how participants interpret
scales, especially in large, multicultural o
multilingual surveys.

Include guidelines or examples to anchor
responses.

Use standardised surveys.

Use cros<ultural adaptation methods.

CCAM impact Failing to distinguish between impact of | Define a societal scenario that clearly
the CCAM system being tested and othe| distinguishesvhat changes with the
concurrent system impacts (that may introduction of CCAMind what other
occur without CCAM). transport developments may take place.

If relevant, identify changes in the
environment orsocieeconomic situation,
or envisaged changes in personal life suc
as retirement.

Habits and Established habits and cultural normmay | Recognise limitations and applicability of

cultural norms

remain unchanged or shift slowly, while
future generations could differ from
current ones.

generalisations from specific
population/sociedemographics of study
participants.

Recruiting
representative
user groups

Difficulty in recruiting a representative
user group relevant to the target
population. Recruitment may skew
towards people with interest in the
technology andime available.

Adjust target population to characteristics
of recruited respondents.

Develop synthetic populations.

4.2.3.Quality of life

4.2.3.1. Introduction

Definition and scope

EUCEM defines thguality-of-life impact area as follows:

The qualityof-life impact area addresses the holistic effects of the CCAM system on individuals' physical,
mental, social, and financial webeing.

The qualityof-life impact area addresses the holistic effects of CCAM on individuals' physical, mental, social, and
financial welbeing. In the assessment, both objective and subjective perspectives are considered and
interpreted relative to an individdaQ & @I f dz®@. F yR 321 f &

Thischapter considers quality of life and describes how the concept can be assessed in the CCAM context. The
well-being of communities is addressed in Chapter.2(Liveability).

Background

vdzl t Ale 2FTAYRIADAREZ ONMIO EBENDHSLIGA2Y 2F GKSANI LI2ardAizy A
in which they live and in relation to their goals, expectations, standards, and coaf&thQuality of life is a
multidimensional construct, and its measurement is complex. It encompasses both subjectively experienced
satisfaction and objectively measurable achievemd88. A simple sum of positive and negative factors does

not adequately capture quality of life, as individuals may experience identical conditions differently depending

on their perception of what they could achieve in [83].
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The concept of quality of lifemerged to address the shortcomings of more simple measures. For example, in
the medical literature, quality of life emphasises the fact that just extending the length of life might not be a
meaningful goal if the remainingd is of poor qualityj34]. Within the transport domain, it could be similarly
argued that minimising fatalities and injuries sustained in traffic is not enough for ensuring a good level of quality
of life. For example, replacing a zebra crossing at a busy road with a bridgeewayptpccidents between cars

and vulnerable roads users, but at the same it may reduce convenience and accessibility, if using the bridge
means additional climbing or taking a detour. This means that such a traffic safety measure may strengthen the
community severanceffect of the road. Community severance means that a transport infrastructure creates a
physical or psychological barrier between two areas, which impairs thebeiely of people moving between

them [35][36].

Quality of life can be studied in terms of individuals' physical, mental, social, and financiakimell Physical
well-being refers to fitness, or the ability to perform everyday tasks in daily life, and years lived without iliness
or disabilities. Merdl weltbeing refers to positively experienced mental states and the perception of being able

to reach goals, whilst having positive expectations towards life and experiencing a good standard of life. Social
well-being means having meaningful and suppatrelationships and feeling a sense of belonging to groups.
Finally, financial welbeing means having sufficient financial assets or purchasing power to meet personal needs,
and being able to earn more assets, for example by worHihg.main components of the qualitf-life impact

area are summarised fRigurel4.

Quality of life

Morbidity, mortality,

fitness, motion sickness Physical wellbeing

A\ 4

Mental health,
cognitive fitness Mental wellbeing

A\ 4

Meaningful relationships,
belonging to a group Social wellbeing

N\ 4

Job opportunities,
purchasing power Financial weIIbelng

N\ 4

Figurel4. Main components of the qualityof-life impact area.

The four dimensions of welleing (physical, mental, social, financial) are influenced by accessibility or access to
needed locations, the built environment, and traff80]. Therefore, CCAM systems may affect all these-well
being dimensions. For example, automated cars could improve access of individuals to specific locations and
thus improve their economic, social, and mental wading. On the other hand, increased car usagght lead

to more sedentary travel and a reduction in active trgd1]. As active travel is an important source of physical
activity [38], CCAM systems could thus decrease the physicalbeely and possibly also mental wbking of
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its users. Automated driving could also change what activities can be performed while traj@dingee

Chapter4.2.1). This can makmultitasking while travelling easier than before. The abtlitengage in activities

during travel may increase flexibility but may also induce stress by creating an expectation to use travel time

LINE RdzOUGA @GSt ed ¢KA& YIFI& NBRdzOS G(GKS WL &aA ([A0PFisdan A f A G A S:
have complex influences on mental, social, and financiatvesg.

CCAM systems could also change the amount of time people spend travelling (see @tagteBome people
might perceive the travel time as enjoyable or relaxing on its pi Therefore, minimising travel time may
not be an important objective for everyorfd2]. However, excessive travel time has a negative effect on the
subjective experience of commuting and overall vieding[41].

Satisfaction with life is a related (but narrower) concept than quality of life. It focuses on subjective experiences
of welkbeing[43], which are positively correlated with objectively measurable factors recognised as relevant to
well-being. For example, severe injuries from crashes often reduce both subjectively experienced and objectively
measured wetbeing. Thus, the subjective expance of weHbeing can reflect tangible, objectively measurable
factors. Consequently, satisfaction with life or travel could be used as a proxy for quality of life.

Subjective experiences while travelling, access to activities, and activities performed while travelling can
influence subjective weklbeing [44]. Satisfaction with travel can be relevant for the acceptance of CCAM
systems. Low satisfaction with the current mode of travel is linked to a greater willingness to use automated
vehicleg45].

4.2.3.2. Guidelines

Indicatorrecommendations

EUCEM does not currentlgrovide recommendations for qualiyf-life indicators that should be used by all
projects. It is recommended that the projeatseasure quality of life with scores calculated based on published,
previously validated questionnaires and scales and that they are explicit in how the scores have been calculated.
Standardised scores are useful when comparing quality of life between groupeople, for example when
assessinghe equity impacts (Chaptet.4.5. Projects could also conduct qualitative assessment of the quality
of-life dimensions, such as expected changes in physical, mental, social and finandiaingell

Impact pathways

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the
outcomes of this impact area. Mapping these caaseteffect relationships helps scope the evaluation by
grounding it in established theories or empirifialdings. It clarifies how localised effects can escalate to larger
scale impacts, shows whether one area influences another, and reveals how these changes ripple through
vehicles, individuals, the transport system and beyond. Using these pathways paddrify where additional
information is needed or where collaboration is required with other impact areas, or to ascertain whether
certain aspects fall outside the scope of the assessment.

Quality of life is influenced by impacts on people mobility (Chagpt2d), accessibility (Chaptdr3.7), liveability
(Chapter4.4.2), and traffic safety (Chapter.3.4). This is depicted in the impact pathways belowigurel5.

The figure offers a general overview that can be adapted or extended to specific CCAM systems studied. Each
project should tailor it by specifying relevant indicators and units.
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Injuries, fatalities

A\ 4

Traffic safety

Expected changes in
physical wellbeing

A\ 4

Amount of active
and sedentary
People travel

mobility

Expected changes in
mental wellbeing

A\ 4

Expected changes in
social wellbeing

Number of

uality of life
Accessibility reachable activities Q Yy

A\ 4

A\ 4

Expected changes in
Quality of the financial wellbeing

environment

Vv

A\ 4

Liveability

Figurel5. Inputs needed from the other impact areas for the qualitf-life impact assessment.

Tablel7 provides examples of qualiyf-life impact assessment that serve as inputs for other impact areas
require. Some of these outputs overlap with the recommended indicators above, while others need to be added.
Please note that the required input needs mims specified in detail, as they are unique to each project. The
table below is not exhaustive.

Tablel7. Outputs from qualityof-life impact assessment required as input for other impact areas.

Impact area requiring input Needed input
Liveability Wellbeing of individuals
Equity Distribution ofquality-of-life impacts across different groups of peopl

Overview of approaches and methods

Selecting the right method for evaluating quality of life ensures relevant and reliable results. The choice is

AyTtdzSyOSR o6& GKS LINRe2SOiQa 202S00A0Sa yR UKS NBa2d

tools and data shape the feasibjl and effectiveness of different approaches (see Chaft8&rfor further
details).

Table 18 provides an overview of various approaches used in quafitife evaluations. It highlights the
strengths, weaknesses, and requirements of each method, helping to identify those that best align with the
LINE2500Qa 20625004 @S auationaBpacesduisXindpertant tb yofe that, l3&OuhENHE cofd |
outnumber the pros, one pro can outweigh multiple cons.
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Tablel8. An overview of approaches and methods for evaluation of quality of life.

Approach/method

Pros

Cons Requirements

Focus groups and

Allows for consideration of

Participants may | Participants should be

interviews the multidimensionality and | not have provided a good
complexity of quality of life. | experience with experience or description
the CCAM system. of the CCAM system.
Only subjective Careful selection of
results. participants.
Surveys Previously validated survey | Participants may | Participants should be

instruments are available in
the literature
[46][47][48][49].

Validated questionnaire
available.

not have provided a good
experience with experience or description
the CCAM system. of the CCAM system.

Only subjective
results.

Expert assessment of
the impact pathways to

quality of life

Efficient to implement.

Can cover a wide range of
impacts.

Assessment of the
relevant areas with impact
pathways to quality of life.

Limited to the
impact pathways
recognised by

experts. Multidisciplinary team of
Only subjective experts.

results.

Pitfalls and best practices

Evaluating quality of life impacts requires consideration of the methods and approaches used, as these can
significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed
conclusions, misinterpretatioaf findings, or unintended biases. By proactively addressing the pitfalls, these can

be avoided.

Table19 provides one common pitfall of qualiyf-life evaluation and presents actionable best practices to

address them

Tablel9. Pitfalls in evaluation of quality of life and best practices to avoid them.

Topic Pitfall Related best practice
Limited Evaluation concerns only a few related Quality of life is a broad concept that should not
viewpoint | impact areas, like traffic safety and be evaluated from narrow perspectives.

people mobility, not enablingolistic
assessment of the quality of life.

If a comprehensive evaluation is not feasible, it i
more appropriate to discuss the potential impact
on quality of life through the impact pathways
rather than claiming to evaluate it.
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4.3. Transport system

4.3.1.Services and operation

4.3.1.1. Introduction

Definition and scope

EUCEM defines the services and operation impact area as follows:

The services and operatiompact area addresses the impacts of CCAM on the business models and operation
of vehicle fleets and transport services, as well@s the operation of traffic management of the network.

The area addresses the impacts of CCAM on individual companies or organisations that provide travel and
transport services or manage vehicle fleets, as well as netwaik changes in traffic operations througfaffic
management measures.

Theservices and operation impact assessmeualuateshow CCAM affects:

The offering of travel and transport services for people and goods
The operation and management of these services

The value propositions dliese services for all stakeholders

Traffic management operations at the road network level.

= =4 =4 =4

This chapter discusses the impacts of CCAM on logistics service offerings and their operations, while the impacts
on logistics itself are covered in Chaptied.3

The changing rolef professional drivers and the potential for new professional roles, such as remote operators
or monitors orord 2 I NR & dzLJLI2 NI LISNBE 2y Yy St = I NB | RRNBaAaaSR Ay G(GKS
area (see Chaptet.4.3.

Impactsbeyond the scope of this chapter are those on travel patterns resulting from changes in the availability
and operation of mobility and transport servicé&see Chapte#.3.1), on logistics (see Chaptér3.2, on fleet
composition $ee Chapte#.3.3), andon traffic flow efficiency (see Chapt13.5. Additionallythischapter does

not provide guidelines fodescribing CCAM services (see Chaftd) or assessing how changes in service
operation or traffic management affect other impact areas. For this reason, they must be addressed under the
corresponding impact area, for example:

1 Traffic safety impact assessment (Chaptex.4) for a robotaxi service must considebS actions and advice
from the fleet operation centre.

1 Traffic flow efficiency impact assessment (Chapgt&.5 must considedifferences in outcomes between
CCAMenabled traffic management and baseline situations.

Background

The viewpoints of several stakeholder groups are considered in this impact area: individual travellers, shippers
and receivers of goods, freight and other fleet operators, public transport operators and other service providers,
and traffic management opetars.

Theservice offering for people and goodiescribes the available travel and transport services in a certain region

or area.CCAM may allow for new service concepts that were not possible or feasible before, and existing services
may be replaced or complemented with CCAM vehicles. For example, automated shuttles can complement the
public transport offering, and CCAM vehicles gaonvide new ways to deliver goodshd& entry of new
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companies exclusively offering CCAM services into the marketestnape the business landscape. Assessing
how these services meet market demands may offer valuable insights.

Fromky AYRA@GARdzZ f dzaSNR& LISNBLISOGAGS: //!'a aSNBAOSaA
costs of travel, and the travel experienceor example, automated shuttles can expand public transport
coverage to previously unserved areas, enhancing the service offering from the user perspective. On the other
hand, new types of considerations may be necessary for service providers. CCAMsvehiglbave different
constraints compared to conventional travel and transport services, requirimgaperational practices and
considerations, such as addressing the needafigistance with entering and exiting the vehicles, or ensuring
perceived safety and security of passengers on board shared mobility services operated without personnel.
CCAM may also influence the experience of multimodal travel chains, even when ordy {hemtn is operated

with automated vehicles. These factors shape user perceptions of service quality and require careful
consideration by service operators.

The impact of CCAM systerns efficient operation of servicegan be examined from the perspectives of
individual services and fleet operators, as weltraffic managemenand network operators.

Regardindravel and transport services and fleet operators, the operational costs, vehicle utilisation and service
reliability are of interestOperating and managing fleets with CCAM vehicles may have different requirements
than conventional fleets. On the other hand, it may also enable new more efficient practices related, for
example, to route planning and navigatiarghicle and cargo tracking (location request, track and trace), vehicle
deployment and summoning, pigkp and dropoff management, and remote matwoiring and operationMore

efficient operational and maintenance services for handling breakdowns, system failures, repairs, and rescues
could be enabledNew practices may allow better utilisation of the fleet and optimising energy use.

From the road network operation perspective, CCAM may enable or necessitate the development and adoption
of new traffic managementpractices, which could improve the efficiency of network managema@ntthe
network level, traffic management involveseasureso maintain road capacity and improve the security, safety,

and reliability of the entire road networfs0]. These measures are traditionally implemented via physical
infrastructure, such as road layout and traffic signs, but digital infrastructure is gaining in relevance as
digitalisation and communications technology advan€CAM vehicles could communicate -topdate
information on the traffic situation to the traffic management operators, or traffic management centres could
provide advice on speeds and routes to CCAM vehicles or even coordinate their movements. Adjustments in
operations may be needeéhr example, if certain lanes are dedicated to CCAM vehiatéklow-speed shuttles

are introduced into mixed traffic. The future role of traffic management could also include participation in
operating the distributed ODD faibute Value Awareness datasgl].

Theviability and value proposition of CCAM servicts all stakeholders describes whether CCAM sendees
operate reliably at scale, are economically viable, and attract customiiisg to use and pay for thenHere,

viability refers toevaluating busineskevel benefits and their midand longterm financial viability Businesses
aim to generate sustainable value for stakeholders witglaainingcompetitive in the evolving mobility market.

CCAM services are often first introduced on a small scale, such mited city area or with only a few vehicles.
A longterm goal to expand coverage requires scalable services and business nidatelghat studying the
viability of the scaled service, rather than the piloted one, may be more feagilditionally, the service
concept and business model should be transferable and adaptable to different contexts or cities.

The viability of business models needs to consider, beyond financial viability, design principles, established
business rules, and underlying assumptions. For example:

9 Viability in terms of valueA business modek viable when it delivers sufficient value tostikeholders,
motivating their participationand ultimatelyleveraging market adoptiofb2].
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9 Technological viabilityA longterm viable business model with CCAM services requires a CCAM system
of high technology readiness level (TRL 9) with-@ngn support.

T Validity, coherence, and completene$he viability of a business model relies on valid, coherent, and
completebusiness rule'§ and agreements. Validity means they are realistic and capable of producing the
desired outcomes. Coherence means they align with the objectives and expectations of all stakeholders,
fostering a unified and purposdriven approach. Completeness ensures tiides and agreements
AAAYAFAOlIyGfte FFFSOUAYI (GKS o0dzaAySaa Y2RStQa @Al oA

Figurel6 shows the main components of the services and operation impact area.

Services and operation

Service concepts

A\ 4

Service offering
Operating practices

A\ 4

Service quality

A\ 4

Operational efficiency
Traffic management

A\ 4

Business models

Viability

A\ 4

Figure16. Main components of the services and operation impact area.

4.3.1.2. Guidelines

Indicator recommendations

Indicators recommended to be evaluated by every project addressing impacts on services and operation are
listed inTable20 below. Impacts are differences or changes between the baseline and treatment scenarios in
these indicators. An impact can be reported as an absolute value (with unit below) or relative value (%). If it is
not possible to evaluate some of the indicatorddye, the reason for this should be reported as part of the
WwO2YLX & 2NJ SELJX -GEMQOThd iiditagos Astell llove afe ndt ExBaudive; in addition to these
and those listed in Chaptdr.4.3 each project should define indicators of their own in line v@ithideline 3.12

19Business rules define conditions that govern a business model.
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Table20. Indicators recommended to be evaluated by every project addressing services and operation.

Indicator short Definition Unit

name

Vehicle utilisation | Amount of tonne or passengekilometres Tonnekm/veh/time unit or
transported per vehicle, reflecting the efficiency of | passengekm/veh/time
vehicle usage. unit

Operational costs | Costs of operating a service eKUAYS dzyAi

Quiality of service | Perceivedt SNIWA OS |jdzl £ A & ¥F NER| Measure on a relevant

standard scale

Scalability and Potential to expand and replicate the CCAM service Description, with
replicability (model) to a wider area or other locations, evaluateq qualitative and quantitative
FNRY (GKS &SNIBAOS LINE JA R| metrics when applicable.

Viability of the .dzaAySaa Y2RSt Q& @Al 0 A f| Description, with
business model technological viability, and the validity, coherence, @ qualitative and quantitative
completeness of business rules and agreements. | metrics when applicable.

Impact pathways

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the
outcomes of this impact area. Mapping thesauseand-effect relationships helps scope the evaluation by
grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger
scale impacts, shows whether one area influences another, and reveals he® dmanges ripple through
vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional
information is needed or where collaboration is required with other impact areas, or to ascertain whether
certain aspets fall outside the scope of the assessment.

Services and operation are influenced by impacts on people mobility (Ch&2t@, land use (Chaptet.4.1),
logistics (Chaptet.3.2), andtraffic flow efficiency (Chaptet.3.5. This is depicted in the impact pathway below
(Figurel?). The figure offers a general overview that can be adapted or extended to specific CCAM systems
studied. Each project should tailor it by specifying relevant indicators and units.
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Figurel?. Input needed from the other impact areas for evaluation of services and operation and its outputs.

Table21 provides examples of services and operation impact assessment that serve as inputs for other impact
areas. Some of these outputs overlap with the recommended indicators above, while others must be added.
Please note that the required input needs must Ipedfied in detail, as they are unique to each project. The
table below is not exhaustive.

Table21. Outputs from services and operation impact assessment required as input for other impact areas.

Impact area requiring input Required input

People mobility Mobility service offering

Accessibility Availability and cost of travel and transport modes
Logistics Vehicle utilisation, operational practices

Transport activity and fleet composition Services and fleet, routing

Trafficflow efficiency Traffic management measures, fleet management measu
Land use Travel and transport services
Liveability
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Overview of approaches and methods

Selecting the right method for evaluating services and operation ensures relevant and reliable results. The choice

Ad AYyTtdzZSYyOSR o0é& GKS LINRP2SOiQa 202S0GA0Sa FyR (KS NB:
tools and data shape thesésibility and effectiveness of different approaches (see Chap@for further

details).

Table22 provides an overview of various approaches used in services and operation evaluations. It highlights
the strengths, weaknesses, and requirements of each method, helping to identify those that best align with the
LINE 2SO0l Qa 20 2S0iA@&admtioNdgeardaNdBppriant to yidke thiatl 88ed wien the cons

outnumber the pros, one pro can outweigh multiple cons.

Table22. An overview of approaches and methods for evaluation of services and operation.

Approach/method

Pros

Cons

Requirements

Methods of traffic flow
impact assessment (see
Chapter4.3.5

Systematic study of the
effects of different
CCAM penetration rates
and traffic scenarios,
considering various
traffic management or
service design
alternatives.

Allows for sensitivity
analysis.

Validitydepends on the
Y2RStQa | 0O
including assumptions
about traffic
management, CCAM
vehicle behaviour and
interaction, and service
usage.

Valid automated driving
model or available data
for its validation.

Ability to model and
simulate traffic
management and
services in sufficient
detail.

Realtime monitoring of
(piloted) service
operation

Provides reliable real
world evidence,
especiallyif the pilot
deployment is realistic.

Timeconsuming and
resource intensive.

May be limited to a
specific location or
operational context.

Realworld deployment
of the CCAM service.

Mechanisms for
monitoring operational
data.

Interviews with service
providers and operators

Captures firshand
experiences and
perceptions from
various stakeholders.

Provides views on CCAN
impacts on the mobility
market and related
services.

Can identify operational
challenges and barriers
to scalability or
replicability.

Subjective results that
may be biased towards
theA y G SNIDA S g
perception.

Coversufficient number
of stakeholders that
represent a diverse set
of actors, roles, and
perspectives.

Preparation of
structured interview
protocols.

Survey of endisers
(CCAM users, customer
of logistics using CCAM
etc.)

Relatively easy to
implement if contact
with end-users can be
established.

Subjective views
influenced by multiple
factors, some of which
may not be fully
captured by the survey.

Low response rates can

introduce bias,

Expertise in survey
design and evaluation.

Contact with eneusers.

Sufficient number of
responses. All relevant
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especially if some user | user groups properly
groups are represented.

underrepresented. . .
Use of incentives or

targeted outreach.

Pitfalls and best practices

Evaluating impacts on services and operation requires consideration of the methods and approaches used, as
these can significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead
to flawed conclusions, misintgretation of findings, or unintended biases. By proactively addressing the pitfalls,
these can be avoided.

Table23 provides some common pitfalls afrvices and operation evaluation and presents actionable best
practices to address them.

Table23. Pitfalls in evaluation of services and operation and best practices to avoid them.

Topic Pitfall Related best practice
Traffic management in | Changes in traffimanagement due to Evaluate both direct and indirect
mixed traffic CCAM can affedather road users as well.| impacts on all road users across
A solution that is best for CCAM might b¢ relevant impact areas, such as
suboptimal for the overall network. traffic flow efficiency and safety.
Decisions on traffic management may va Conduct sensitivity analyses to
between operators. evaluate how different traffic
management strategies influence
outcomes.

Carefully definghe societal
scenario and the scope of

evaluation.
Confidentiality of Stakeholdersnay be unwilling to share | Carefully frame research questior
business models details of their business models for to avoid confidentiality issues
evaluation. while still addressing the

evaluation goals.

Establish special partnerships
between service providers and
evaluatorsto maintain
confidentiality while sharing
valuable insights.

Insufficient stakeholder | Evaluation results may lack depth or Identify all relevant stakeholders
engagement relevance if key stakeholders are not early.

L CUEE Y el Facilitate early and active

involvement of all relevant
stakeholders.
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4.3.2.Logistics

4.3.2.1. Introduction

Definition and scope

EUCEM defines the logistics impact area as follows:

The logistics impact area addresses how CCAM affectsetffieiency, effectiveness, and adaptability of the
logistics process. It examines how CCAM can change the freight transport, and material flows in supply chain
processes.

The logistics impact area examines how CCAM can affect goods transport in different environments, including
on public roads with mixed traffic and in confined areas such as ports and terminals. CCAM has the potential to
improve the reliability of operatios and increase their efficiency, for example by optimising energy use and
allowing operations during offeak hours. In addition, worker safety could be enhanced.

In this chapter, logistics covers at least the following use contexts:

1 Operating environments

o Motorway driving in mixed traffc, for example autefollower, platooning, entering and
exiting motorways, lane changing, managing lane closures, and navigating roadworks.

o Driving in confined areasfor example ports, terminals, industrial areas, construction sites,
and mining or quarry sites, which typically have limited and controlled access. Mixed traffic
and the presence of vulnerable road users may be included.

1 Functions

0 Gate Accessfor example procedures for planning, approaching, parking, cargo unit
identification, waiting, and managing entry and exit to confined areas.

0 Inspections by customs and other authoritieor example international border crossings,
customs inspections, and other road controls (e.g. weight checks, goods inspections,
smuggling control) and handling at international ports and terminals.

o Parking and movements of trueknd-trailer combinations at slow speeds in narrow or
confined environments.

o Charging for example automated charging processes for truck and trailers at both public and
private locations.

o Automated loading and unloadingof containers and cargo, including connecting and
disconnectingrailers.

o0 Remote operation for example remote monitoring, takever, and control byleet managers,
transport managers or authorities.

1 Logisticserviceconcepts

o Firstand-last-mile logisticsan urban, regional or rural transport using all types of road vehicles,
including public service vehicles, such as waste collection and recycling.

0 Hubto-hub logistics covering both short and longdistance operations on dedicated,
restricted or public roads, often requirin@ermits.

o Intermodal and transshipmentfor example transfer of goods between different transport
modes, particularly in ports and terminals.

o Logistics using new innovative concepisth CCAM, for exampliew-speed transport using
small vehicles and load uni4/7 operations, and implications for warehouses, logistics hubs,
and so on.
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Across different use contexts, the impacts of CCAM on continuity in logistics operations should be considered.
New situations potentially affecting continuity, such as changes in the ODD requirements of CCAM systems or
system disruptions, may arise.

Several other impact areas address viewpoints complementary to this chapter. For example, impacts of CCAM
on logistics services and their operation are addressed in Chdpset on services and operation, and the
economic aspects in Chaptdr4.3 on economic activity and employment. The environmental efficiency of
transportation is addressed under environment and energy in Chahgh

Background

[ 23 A a0 A Otoe efiigiefit@randidf af gands from the source of supply through the place of manufacture to
the point of consumption in a coesffective way while providing aacceptable service to the custoragb3].

Thus, it deals with the movement and management of materials, products, and resources in supply chains, from
production to delivery to end customers. Effective logistics requires balancing supply and demand, managing
inventories, and ensuring consumertiséaction, whether the customer is another company or an -end
consumer. The goal is to deliver the correct products on time, add value for customers, and minimise costs for
all parties involved. Cosffectiveness and customer service need to be balandttively.

Logistics is related to road transport, as a substantial part of goods is transported as road freight. Relevant
considerations include vehicle and delivery operation choices, load planning, and route selection. Logistics
vehicles such as trucks can requsignificant longerm investments. Logistics companies strive for efficient use

of assets by utilising vehicles that are fit for purpose and optimising utilisation rates while minimising both fixed
and variable costs.

Logistics encompasses different ways of moving goods, depending on the transported volume and type of goods,
costs of transport, and transit speed. It includes (a chain of) physical flows between ports, terminals, hubs,
warehouses, and distribution centre®hysical flows are supported by the flow of information, which is
especially important in the context of automation and digitalisation.

CCAM impacts on logistics can be studied for entire logistics chains, or for their separate parts, for example
logistics operations on public roads, in warehouses, terminals, ports, customs or interchBigges(8).
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Figure18. Main components of the logistics impact assessment.
A transport chain typically includes multiple phases, each encompassing staesti§i54]:

1 Composition: Assembling loads on pallets, containers or tankers, depending on the type of cargo.

1 Modality and intermodality: Moving cargo along the transport chain using one or more transport
modes. Intermodal transport includes terminals where trailers or containers are transhipped onto
another transport mode, such as rail, ship or air. Rail terisinseaports and airports serve as key
facilities for these transfers.

1 Road transport: Conducting line haul operations between depots or performing -stafii trips
originating and concluding at a depot.

91 Border crossing: Managing the movement of cargo another country, including customs inspections.

1 Last mile: Refers to the final stage of the transport chain involving the distribution of goods to their final
RSAGAYF(GA2yas adzOK I a &p2obdBons Thid BegmiedrVids NEWD ragidyy S a
due to the rise in online sales. With the fshoward a circular economy, firghile logistics activities,
such as pickips at the beginning of the transport chain, have also gained increasing importance.

All phases of the transport chain include uncertainties related to transported volumes, delays, quality, demand,
and access to information. One substantial challenge in logistics management is the complexity of the supply
network, which involves multiplectors in different roles and various types of activities. Additionathad
transportation is continuously exposed to traffic and weather conditions that affect delivery times and routing,
causing delays.

Workforce shortages, especially among drivers, and a disparity between required and available skills are
affecting road transport capacity and efficiency. A consequence may be delays in deliveries, inefficient vehicle
use, and high fluctuations in transpgarosts. Additionally, vehicles often remain idle due to mandatory driver
rest periods. CCAM has the potential to address workforce shortages and mitigate inefficiencies associated with
rest times.
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Lastmile deliveries and firsiile pickups have distinct challenges, such as low delivery volumes, tight time
schedules, and high costs per delivery. CCAM could offer new and morefficisnt options for addressing the
challenges of lastand firstmile deliveries.

4.3.2.2. Guidelines

Indicator recommendations

The result indicators recommended to be evaluated by every project addressing logistics are listed in

Table24 below. Impacts are measured as differences/changes between the baseline and treatment scenarios
for these indicators. Impacts can be reported as absolute values (with unit below) or relative values (%). If it is
not possible to evaluate some of the indioes below, the reason for this should be reported as part of the
WwO2YLX & 2NJ SELX [-GEMQrhd iinditayord fisteli elov@afe ndt &xBausdivie; in addition to these,
each project should define indicators of their own in line withideline 3.12

Table24. Indicators recommended to be evaluated by every project addressing logistics.

Indicator short name | Definition Unit

Transport efficiency | Tonnekm transported per vehickkilometre driven Tonnekm/vehicle
km

Duration Sum of transshipment time, waiting time, and driving tim¢ Hours

Punctuality Deviation from the targeted delivery time % and time

Transshipment time | Change in transshipment time at terminals, ports, custon| % and time
interchanges, etc.

Waiting time Change in waiting time at terminals, in road transport, et¢ % and time

Impact pathways

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the
outcomes of this impact area. Mapping these caase-effect relationships helps scope the evaluation by
grounding it in established theories or empirifialdings. It clarifies how localised effects can escalate to larger
scale impacts, shows whether one area influences another, and reveals how these changes ripple through
vehicles, individuals, the transport system and beyond. Using these pathways paddreify where additional
information is needed or where collaboration is required with other impact areas, or to ascertain whether
certain aspects fall outside the scope of the assessment.

Logistics is influenced by changes in operations, such as driving speed and accommodation of speed to the next
logistics process, and use of infrastructure duringpefik hours. These are addressed under services and
operation (Chapter.3.]). In addition, road transport is affected Inaffic flow efficiency (Chapte4.3.5. The

demand for goods transport is affected by economic activity and employment (Chagt&. These linkages

are depicted in the impact pathway Figurel9. The figure offers a general overview that can be adapted or
extended to the specific CCAM systems studied. Each project should tailor it by specifying relevant indicators
and units.
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Figurel9. Input needed from the other impact areas for logistics impact assessment and its outputs.

Table25 provides examples of outputs of logistics impact assessment outputs that serve as inputs for other
impact areas. Some of them overlap with the recommended indicators above, while others need to be added.
Please note that the required input needs must Ipedfied in detail, as they are unique to each project. The
table below is not exhaustive.

Table25. Outputs from logistics impact assessment required as input for other impact areas.

Impact area requiring input Needed input

Services and operation Transport patterns
Traffic safety

Energy and environment

Transport activity and fleet composition | Transport patterns, vehicle fleet

Overview of approaches and methods

Selecting the right method for evaluating logistics ensures relevant and reliable results. The choice is influenced
08 (KS LINP2SOiQa 202S00A0Sa YR (GKS NBaz2dz2NDOSa | @l At o
shape the feasibility aheffectiveness of different approaches (see Chapt8ffor further details).

Table26 provides an overview of various approaches used in logistics evaluations. It highlights the strengths,
6SI1ySaasSasx FyYyR NBIdzANBYSyiGa 2F SIFIOK YSGK2RX KSft LAY3
objectives, resources, and specific evaluatimgpects. It is important to note that, even when the cons

outnumber the pros, one pro can outweigh multiple cons.
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Table26. An overview of approaches and methods for evaluation of logistics.

Approach/method

Pros

Cons

Requirements

Field experiment on

Involves real

Conducting a test in realaffic

Equipped vehicles.

public roads stakeholders and is difficult, timeconsuming, .
. - . Access to logistics
operations, yielding and expensive.
. areas and relevant roac
genuine, reakorld -
data The safety of participants and| network.
' other road users requires .
. . . Permits to perform
Allowscalibration and | careful planning.
L tests and collect data.
validation of
simulations models.
Test track More controlled Simplified environment. Equipped vehicles.
nvironment than on ' .
environme ano Less natural traffic flow. A suitable test track
public roads. .
. with a layout to match
Test effect leading to o
The safety of . . the tested logistics
. participants being more alert, .
participants and other . ; operation.
. . traffic rule compliant, or
road users is easier to )
trusting the system more than| Budget for track rental,
ensure. . ;
in the real world. staffing, and setup.
More realistic than . e
jore rea stic than a May stillbe difficult, costly,
simulator. S .
and timeintensive to arrange.
Simulation of Systematically explore§ The simulation depends on | A realistic model of the

logistics operations

multiple scenarios with
minimal risk.

Low-cost iteration
compared to field
experiments.

modelaccuracy.

Model accuracy depends on
correct assumptions about

vehicles, the environment, anc
behaviours.

logistics operation and
operational domain.

Accurate data for
calibration.

Simulation expertise.

Pitfalls and best practices

Evaluating impacts on logistics requires consideration of the methods and approaches used, as these can
significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed
conclusions, misinterpretation dindings or unintended biases. By proactively addressing the pitfalls, these can
be avoided.

Table27 provides some commopitfalls of logistics evaluation and presents actionable best practices to address
them.

Table27. Pitfalls in evaluation of logistics and best practices to avoid them.

Topic Pitfall Related best practice

Simulations of | Different models provide Validate and calibrate models with reabrld

logistics contradictory results due to data.
operations inconsistent assumptions or . .
P . P Involve domain experts to check the realism of
incomplete datasets. .
assumptions.
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Test track The test environment does not fully Identify different alternative test environments
cover all the important aspects of | and locations suitable for the operation under
the logistics operation under evaluation.

CEIUEO. If necessary, split the testing across different
tracks to evaluatelifferent aspectsor parts of the
logistics operations.

Document any limitations due to controlled
settings and consider additional validation if
needed for realism.

Field The real world is complex, multi Identify key corridors and demonstration sites

experiment on | fold, and unpredictable, making it | where local stakeholders are invested in CCAM

public roads challenging to capture all factors | logistics development.

et Eliieist IBgsies Epeeiiens Collaborate with livindabs with an existing

network of partners and regulatory pathways.
Leverage these collaborations to ensure the
results have real impact for users, stakeholders,
businesses, and society.

Lack of permits and support from
authorities and needed
stakeholders.

Allow sufficient time for permit applications and
stakeholder agreements.

4.3.3.Transport activity and fleet composition

4.3.3.1. Introduction

Definition and scope

EUCEM defines the transport activity and fleet composition impact area as follows:

The transport activity and fleet composition impact area addresses the impacts of CCAM on the total amount
of realised travel and transport as well as on the numbemd types of vehicles used.

Transport activity refers to the total amount of realised travel on a road network over a certain period. It can be
expressed in terms of vehicle kilometres travelled (VKT) (also called mileage or kilometrage), passenger
kilometres travelled (PKT), or toedkilometres travelled (TKT).risults from themovements of people (People
mobility, Chapter.2.2 and commercial transport of goods (Logistics, Chaptrd subject to the constraints

posed by service supply (Services and operation, Chd@el) and network conditions (Traffic flow efficiency,
Chapter4.3.5.

Transport activity covers potential effects of CCAM on the total VKT, PKT or TKT. This includes changes in modal
split and spatial and temporal distributiob®th within and outside the operational design domain (ODD) of the
CCAM system. Vehicle fleet composition focuses on how CCAM influences the total number and characteristics
of the vehicles in the transport system.

Background

Van Wed55] defines four main characteristics of the transport system:

1. The transport volume or totdtansport activity
2. Thecomposition of traffic and transport in terms ofodal split and vehicleategories
3. Thespatial divisionof transport activity per vehicle category
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4. Thetemporal divisionof transport activity per vehicleategory.

Spatial division refers to how traffic is distributed across the road network, whereas temporal division describes
when travel occurs, such as the time of day, week or month.

CCAM can affect these characteristics through several mechanisms, depending osysteats are introduced,
how they operate, and how they are taken into use. The resulting changes in transport activity, whether an
increase or a decrease total VKT or shift between travel modes, can vary widely:

1 People mobility (Chaptet.2.2): Automation ofpassenger cars may cause travellers to use cars more often
or over longer distances, leading to higher car VKT. Conversely, automated public transport could draw
users away from personal cars, decreasing overall VKT.

91 Logistics (Chaptet.3.2): Shifting from larger vehicles to multiple smaller delivery robots can increase VKT,
but the additional kilometres could be covered by smaller, electric vehicles.

CCAMmay also change the spatial and temporal distribution of VKT. For example, liopiézdtional design
domains might lead to automated car users preferring motorways where automation can be used, even if travel
times increase. Smaller delivery robots could shift freight traffic to new routes or to operate at different times
of day compard to trucks and vans. The possibility of automated truck platoons driving at night or working
while travelling could affect trip schedules.

Transport activity and fleet composition impacts have important consequences for other impact areas. For
example, the overall impact of CCAM on energy use and emissions (Ch&8heavily depends on how VKT
changes per mode. Automated personal cars may drive more efficiently than hdriveam vehicles, but any
gains could be offset if the total car VKT increase sufficiently to raise total emissions and energy consumption.

Figure20 shows the main components of the transport activity and fleet composition impact area.

oads

Transport activity and fleet composition =M= 37

Realised demand for
travel and transport Transport activity

\ 4

Personal vehicle fleet

\ 4

Public transport fleet

A\ 4

Vehicle fleet

Logistics fleet

A\ 4

Figure20. Main components of the transport activity and fleet composition impact area.
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4.3.3.2. Guidelines

Indicatorrecommendations

The result indicators recommended to be evaluated by each project addressing transport activity and fleet
composition are listed ifable28 below. Impacts are differences/changes between the baseline and treatment
scenarios for these indicators. An impact can be reported as an absolute value (with unit below) or relative value
(%). If it is not possible to evaluate some of the indicatorsweetbe reason for this should be reported as part

2F GKS wO2YLX & 2N SEMIThe ingicatorsJiNtkdybélowlalie Sot exHRusiivé & addlition to
these, each project should define indicators of their own in accordance@®uiteline 3.12

Table28. Indicators recommended to be evaluated by each project addressing transport activity and fleet composition.

Indicator short Definition Unit
name

Total kilometres | The totalkilometres travelled in a defined road network over a specifie VKT, PKT,

travelled period of time, per travel mode and specified units of time and and/or
spacewithin and outside of the operational design domain. TKT

Distribution of The distribution of total kilometres travelled over time (e.g. during ang %

kilometres outside peak hours).

travelled over

time

Fleet composition| Number (or share) of vehicles per category and perdteyracteristic. Numberof

vehicles,

Categories are e.g. passenger vehicle, truck. % of total

Key characteristics are e.g. age, motive power, mass, dimensions, fleet
emission factors.

Reported per region and per year, or for a specific road (type) at a
specific moment in time.

Modal split Share of each travel or transport mode, per specified time and space| %
VKT, PKT, TKT.

Impact pathways

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the
outcomes of this impact area. Mapping these caase-effect relationships helps scope the evaluation by
grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger
scale impacts, shows whether omeea influences another, and reveals how these changes ripple through
vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional
information is needed or where collaboration is required with other impaetas, or to ascertain whether
certain aspects fall outside the scope of the assessment.

Transport demand and fleet composition are influenced by impacts on people mobility (CHah®yr services

and operation (Chaptet.3.1), as well as logistics (ChapteB.2. This is depicted in the impact pathway below
(Figure21). The figure offers a general overview that can be adapted or extended to specific CCAM systems
studied. Each project should tailor it by specifying relevant indicators and units.
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composition

Figure2l. Input needed from the other impact areas for transport activity and fleet composition impact assessment and
its outputs.

Table29 provides examples of outputs of transport activity and fleet composition impact assessment that serve
as inputs for other impact areas. Some of these outputs overlap with the recommended indicators listed above,
while others must be additionally considerePlease note that the required input needs must be specified in
detail, as they are unique to each project. The table below is not exhaustive.

Table29. Outputs from transport activity and fleet composition impact assessment required as input for other impact
areas.

Impact area requiring input Needed input

Traffic safety Total kilometres travelled per mode, fleet composition
Traffic flow efficiency

Energy and environment

Overview of approaches and methods

Selecting the right method for evaluating transport activity and fleet composition ensures relevant and reliable
NBadzZ 6ad ¢KS OK2A0S Aa AyFfdzSYyOSR o0& (GKS LINRB2SOGQa
Additionally, the available tools dndata shape the feasibility and effectiveness of different approaches (see
Chapter3.3for further details).

Table 30 provides an overview of various approaches used in transport activity and fleet composition
evaluations. It highlights the strengths, weaknesses, and requirements of each method, helping to identify those
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that, even when the cons outnumber the pros, one pro can outweigh multiple cons.

Table30. An overview of approaches and methods for transport activity and fleet composition impact assessment.

Approach/method

Pros

Cons

Requirements

Travel surveys

(Passengers: VKT,
fleet, PKT)

Relatively easy and cost
efficient to administer.

Largesamples can yield
robust indicators.

Usually, only measure
trips that actually
occurred (with establisheg
modes of transport),
without asking how CCAM
would change travel
habits, or how they have
changed (this would
require a very mature
CCAM service to be
available on a large scale

Respondents may struggl
to estimate changes
resulting from CCAM. For
example, in their number
of trips and choice of
mode.

Selfreported travelled
distances can be
imprecise.

Representative sample of
target population.

Conduct surveys before
and after CCAM
introduction.

Clear instructions (e.qg.
RSTFAYAY3 I &
increase distance
reporting accuracy).

Transport surveys

(Freight: VKT, fleet,
TKT)

Relatively easy and cost
efficient to administer.

Large samples can yield
robust indicators.

Subject to survey bias.

Challenging to cover
several freight transport

Representative sample
across freight categories.

Conduct surveys before
and after CCAM

categories . .
. introduction.
comprehensively.
Statisticsbased Relatively easy and cest | Inconsistent definitions or| Availability of detailed,
approach efficient. data collection methods | standardised statistics.
Utilisation of existing can Impt_the R E Verification of data
of statistics. L
datasets. sources and definitions.
May lack detail for CCAM
specific questions.
Fourstage Can simulate and compar| Limited capacity reflects | Access to or development
macroscopic multiple scenarios with nuanced changes in of a detailed, validated
modelling CCAMs of differing ODDs| personal activities and macroscopic model.

(VKT, PKT, modal
split in specific

Well-established method
requiring moderate data

related travel.

Requires a model of the

Calibration with real data.

Clear definitions of

region) input. region. May be difficult to . o
obtain or develop scenarios (e.g. specifying
Macroscopic models ' ODD constraints).
d|rec_tly p_rov_lde e Detailed demand
required indicators.
segments needed.
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Can cover impacts on
multiple impact areas.

Activity-based or
land-use
macroscopic

Can simulate and compar
multiple scenarios with
CCAMs of differing ODDs

Less established method.

Model requires
calibration.

Software capable of
simulating activitybased
or landuse macroscopic

transport modelling transport models.

Allows for modelling
changes in personal
activities and related
travel.

Often resourcantensive
to set up and calibrate.

Modelled rather than
observed values. Require
careful interpretation.

Access to or development
of a calibrated and
detailed model.

(modal split)

Data for calibration.

Pitfalls and best practices

Evaluating impacts on transport activity and fleet composition requires consideration of the methods and
approaches used, as these can significantly influence the validity and reliability of the results. Overlooking
potential pitfalls may lead to flawed aelusions, misinterpretation of findings, or unintended biases. By
proactively addressing the pitfalls, these can be avoided.

Table31 provides some commopitfalls of transport activity and fleet composition impact assessment and
presents actionable best practices to address them.

Table31. Pitfalls in transport activity and fleet composition impact assessment and best practices to avoid them.

Pitfall Related best practice

Topic

Put considerable effort into describing
and visualising the CCAM system to
make it understandable to
respondents.

Respondents find it hard to understand
the CCAM concept and thus how it
would change transporactivity and

fleet composition.

Travel surveys

Use the best available statistics, e.qg.
from similar cities or regions.

Sufficiently detailed statistics not
available for the targeted area.

Data for generalising
survey results to a
societal scenario

Funded by
the European Union
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4.3.4.Traffic safety

4.3.4.1. Introduction

Definition and scope

EUCEM defines the traffic safety impact area as follows:

Thetraffic safety impact area addresses thmpacts of CCAM on the number of accidefftend injuries of
different severities.

Traffic safety is measured by the number of fatalities or injysedsonswithin or relative to a specific entity,

such as area, road section, road user or population group, vehicle or vehicle kilometre travelled (VKT). These
measurements are chosen because the traffic safety policy objectives of Visiorf5Bgraim to eliminate

injuries and minimise the severity in road traffic accidents, even if they still occur. Here, road traffic accidents
are defined as accidents occurring on publipovateroads, involving at least one motor vehicle, and resulting

in injury or property damaggs7].

This chapter does not cover safety validation, as it falls outside the scope®EEL nor does it address the
technical functioning of CCAM systems (for details on that, see Chétd). This chapteaddresses thex-
ante evaluation of the safety impact gocietal scenarios wit@CAMof typically high technological readiness,
assumingthe systems have already been safety validatedapter4.1.2 discusses differences idriving
behaviour between manually driven and automated vehicles.

Procedures for accident investigation following readrld testing are beyond the scope of EJEM. In the event
of an accident during reatorld testing, test sites should adhere to the road accident protocols established
within the jurisdiction where theccident occurred.

Background

The number of fatalities and injuries is determined by three key factors: exposure, risk and consefp@nce
Exposure refers to the amount of activity where an accident could potentially occur, like vehicle kilometres or
hours travellednumber of vehicles or frequency wifcidents. Risk is the expected number of accidents per unit

of exposure. Consequence refers to the outcome or severity of the accident in terms of ijupesperty
damage.These dimensions have a multiplicative relationship, as shovaigure22, wherethe volume of the

box represents the number of fatalities injuries of a specific severity.

LG Aa FOly2efSRISR GKFG GSN¥a WONI aKQ FyR wO2tfAarzyQ
these synonyms.
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Consequence (C)

Figure22. Three dimensions of traffic safety (redrawn from Nilssf58]).

Traffic safety can be influenced by changes in any of the three dimensions. Thusintber of fatalities or

injuries can be lowered by reducing exposure (E) or accident risk (R), or by mitigating consequences (C). Reducing
exposure to accidents means, for example, reducing the amount of travel or shitimgvel modes with a

lower accident risk (see Chaptér2.2). Changing driving behaviour (Chaptet.2 can reduce accident risk.
Mitigating consequences means reducing the severity of accidents, for example, by better protecting people
from serious injuries or deatfb9]. Figure23 illustrates the factors affecting the three dimensions of traffic
safety.

Oty

Traffic safety WS- 5F9-

Accident probability per incident

v

Frequency of incidents

N4

Amount of travel
(per mode and road type)

A\ 4

Probability of different
accident severities

Vv

Figure23. Main components of the traffic safety impact area.
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The threedimensional viewpoint, derived from systems theory, states that traffic accidents result from failures
Ay (GKS AyGiSNI OlAzy 06Si6SSy (GKS GNIyalLRNI aeaidsSyQa
Traffic safety interventions can directly or indirecdiffect various parts of the transpostystem and the three
dimensions. Thdirectimpacts of CCAlvesult from shortterm changes in driving or traveduch agifferences

in the desired time gap otarget speed between automated vehésl and humasdriven ones. Indirect impacts

occur when road users, both CCAM users or-users, inadvertently change their behaviour through
adaptation.This can, in turn, compensate for the direct impacts. Behavioural adaptation due to CCAM includes
changes in driving skills in the long term and imitation of C@AMng behaviouramong norRusers or users
driving in manual mode. These aspects must be considered when assessing the traffic safety impacts of
interventions suchas CCAM systems. The safety asswent framework, initially developed for intelligent
transport systems (IT$0][61] and later refined forautomated vehicle [17], covers bothdirect effects and
behavioural adaptation, providing guidance for this assessment. The framework consists of nine impact
mechanisms:

1) Direct modification of the driving tasiriving behaviouor travel experience
2) Direct influence by physical and/or digital infrastructure

3) Indirect modification of CCAM user behaviour

4) Indirect modification of noruser behaviour

5) Modification of interaction betweel€CAM vehicleand other road users

6) Modification of exposure/amount of travel

7) Modification ofmodal split

8) Modification of route choice

9) Modification of consequences due to different vehicle design.

Traffic safety can be viewed through the traffic safety pyrarkidre24), which categorises events by their
frequency and severitf62]. The broad base represents frequent, regular, low risk encounters and interactions.
Moving up, events become less frequent but more severe. Potential conflicts such as near misses occupy a
smaller layer above the base. The higher layers represent inogdgssevere accidents, culminating in fatal
accidents at the top. This hierarchical structure shows the relationship between frequency and severity in traffic
situations. Interventions addressing the lower layers, such as promoting safer driving behasioymevent

more serious accidents. CCAM could be one such intervention.
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Severe injury
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Potential conflicts
Property damage —

Encounters

Figure24. Traffic safety pyramidadapted from Hydér{62]).

A related concept isubjective safetyg KA OK NBFSNE (2 | . I} Nafoyshibetéest Ay 3 2
subjective and objective safety is compl@8]. Typically, better objective safety improves subjective safety,

while decreased objective safety worsens it, but mismatches occur. For example, objectivelyosaiiEons

may still feel unsafe, while unsafe conditions might feel safe due to a lack of awareness. These changes can lead
people to alter their behaviour, for example through risk compensationEWWCEM, subjective safety is

addressed under user evaluation in Chaptet.1

4.3.4.2. Guidelines

Indicator recommendations

Result indicators recommended to be evaluated by each project addressing traffic safety are |iEidxdieB2

below. Impacts are differences or changes between the baseline and treatment scenarios for these indicators.

An impact can be reported as an absolute value (with unit below) or relative value (%). If it is not possible to
evaluate some of the indicators below3h NB I 42y F2NJ KA& akKz2dzZ R 06S NBLR NI SFK
principle of the ELCEM. The indicators listed below are not exhaustive; in addition to these, each project should

define indicators of their own in accordance wiBuideline 3.12

Table32. Indicators recommended to be evaluated by each project addressing traffic safety.

Indicator short Definition Unit
name

Road injuries or | Number of road injuries or injury accidents, subdivided by severity (fatg Number
injury accidents | serious, slight). Often reported annually for the target societal scenario
and fleet.

Property damage | Number of property damage only accidents. Often reported annually fo Number
only accidents the region of the target societal scenario and fleet.
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Accident risk Frequency of accidents relative to an exposure measure (e.g. vehicle | Number
kilometres travelled, hours driven, number of scenario instances). This| per
guantifies how often accidents occur under specified conditions (vehicl| exposure
type, environment, conflict scenario). unit

Accident severity | Probability of a given accident severity level (fatal, serious, slight) once %
accident has occurred. May be further broken down by environment (e
urban/rural/motorway) or scenario type (e.g. merging conflict, lane
change conflict).

Impact pathways

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the
outcomes of this impact area. Mapping these caaseleffect relationships helps scope the evaluation by
grounding it in established theories or empirifialdings. It clarifies how localised effects can escalate to larger
scale impacts, shows whether one area influences another, and reveals how these changes ripple through
vehicles, individuals, the transport system and beyond. Using these pathways paddmgify where additional
information is needed or where collaboration is required with other impact areas, or to ascertain whether
certain aspects fall outside the scope of the assessment.

Traffic safety is influenced by the impacts of CCAM on driving behaviour (CHah®@r users (Chaptet.2.1),

people mobility(Chapter4.2.2), and logistics (Chapter.3.2). This is depicted in the impact pathways below
(Figure25). The figure offers a general overview that can be adapted or extended to the specific CCAM systems
studied. Each project should tailor it by specifying relevant indicators and units.

People
mobility

Travel patterns

Use of system,
take-over situations,
behavioural
adaptation

Road injuries,
injury accidents

A4

Property damage

Longitudinal and only accidents
Driving lateral driving

behaviour behaviour, new

types of situations

Accident risk

v

Logistics Transport patterns

Accident severity

A\ 4

Transport Kilometres travelled
Elol[WARI[Id  per mode, fleet

. composition
composition

Figure25. Input needed from the other impact areas for traffic safety impact assessment and its outputs.
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Table33 provides examples of outputs of traffic safety impact assessment that serve as inputs for other impact
areas. Some of these outputs overlap with the recommended indicators listed above, while others must be
additionally considered. Please note that thejuéred input needs must be specified in detail, as they are unique

to each project. The table below is not exhaustive.

Table33. Outputs from traffic safety impact assessment required as input for other impact areas.

Impact area requiring input Needed input

Quality of life Number of fatalities and injuries

Equity

Socieeconomics Number of fatalities, injuries, and property damage only accidents

Overview of approaches and methods

Selecting the right method for evaluating traffic safety ensures relevant and reliable results. The choice is
AYTtdzZSYyOSR o6& GKS LINp2SOiQa 2062S0iA@Sa FyR (G(KS NBa&Z2d:
tools and data shape the feasibjliand effectiveness of different approaches (see Chapt8&rfor further

details).

Table34provides an overview of various approaches used in traffic safety evaluations. It highlights the strengths,
6SI1ySaasSas FyR NBIdzANBYSyGa 2F SIFIOK YSGK2RX KSft LAYS3
objectives, resources, and specific ewlan aspects. It is important to note that, even when the cons
outnumber the pros, one pro can outweigh multiple cons.

When analysing surrogate safety measures, the validity of the results also relates to the validity of the measure
itself (i.e. itshould be proven that the number of conflicts as specified in the study correlates with the number
of accidents in the scenario of interest).

Simulating safetyelevant scenarios is a common method for assessment, with their main approaches detailed
in Table 35. For more information about simulatied & SR | LILINR I OKSaxX &SSt L{h HMC
Prospective safety performance assessment of@idl 8 K (0 SOKy 2f 23@ o6& @ANIdz f aiyd

Table34. An overview of approaches and methods for evaluation of traffic safety.

Approach/method | Pros Cons Requirements
Simulation of Allows systematic The validity of the result Software suitable for
safetyrelevant explorationof ahigh RSLISYR& 2y Y| simulation of safetycritical
scenarios number of safety validity, theassumptions situations.

relevant scenarios. made and the input data

Road user behaviour mode
suitable for safetycritical
situations.

quality.

Valid model of the
automated vehicle.

Suitable injury risk functions
to model change in acciden
severity.
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Driving simulator,
e.g. for studying
human reactions in
take-over
situations (direct
effect) or usage of
automated driving
systems (indirect
effect).

Potential to safely
explore safetycritical
situations.

Good control of
conditions and
repeatability.

Simulator (hardware and
software) suitable for
testing of safetycritical
situations, with potential
additional features based
on specific scenarios.

The validity of the result
RSLISYyRa 2y i
validity enabling realistic
perception of speed and th¢
visual environment.

People take more risks in
simulators than in real life.

Analysis based on
accident statistics
for estimating
impacts on
fatalities or
injuries, or target
accidents
potentially
influenced by
CCAM.

Allows scaling up to
larger regions and
longer time periods.

Allows estimation of

the maximum potential

safety impact.

Poor data quality and
quantity.

Availability of suitable
accident statistics.

Effect sizes must be
estimated in combination
with accident statistics.

Lack of contextual accident
data to account for e.g. the
ODD, various causes or
underlying reasons for the

. Target accidents must be
accidents.

derived from accident
The impact of new systems| statistics.
is not reflected irstatistics

until they are widely used.

Table35. An overview of approaches to simulation of safetglevant scenarios.

Approach

Description

Pros Cons

Baseline approach
with Monte-Carlo

Simulating altoad

userswith sampling

Suitable for
simulation of safety

High simulation effort.

Distributions of preconflict

samplin from existin critical situations. . . .
ping R 9 situations must be available.
distributions of pre .
o ) Can consider
conflict situations. . '
surrounding traffic.
Counterfactual Simulation of Suitable for Not possible to consider

Baseline approach

variation of real

different objects:
egovehicle and
conflicting road
user(s).

world accident with

simulation of safety
critical situations.

surrounding traffic.

Limited availability of detailed dat:
of vehicle movements in real
world accident cases.

Microscopic traffic
simulations and
trajectory analysis
tool (e.g. SSAM tool
(64])

from microscopic
traffic simulations.

Analysis of conflicts
based on trajectories

Good software
availability.

Software generally not suitable fo
simulation of safetyrelevant
situations, as models typically
assume safe driver behaviour anc
may not accurately capture the
complexities of unsafe driving

Possibility for
scenario testing.

Unrealistic result if the software is
not designed to simulate realistic
behaviour in conflict situations.
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Pitfalls and best practices

Evaluating traffic safety impacts requires consideration of the methods and approaches used, as these can
significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to flawed
conclusions, misinterpretatioof findings or unintended biases. By proactively addressing the pitfalls, these can

be avoided.

Table36 presents some common pitfalls of evaluation traffic safety evaluation and presents actionable best

practices to address them.

Table36. Pitfalls in the evaluation of traffic safety and best practices to avoid them.

Topic

Pitfall

Related besfpractice

Using appropriate
simulation tools
and models

Using tools and models not designed for
simulating conflicts or safetselevant
situations,or outside their defined range,
can lead to incorrect or invalid outcomes.

Use the simulation tool and model
developed specifically for studying
conflicts or safetyrelevant situations,
and only in the context they are define
for.

Using speed as a
surrogate
measure for safety

Using speed as a safety proxy only from g
singlevehicle and not traffidlow
perspective. Lower driving speed is safer
only if all vehicles drive slower.

Understand how different surrogate
measures can and cannot be used.
Select a surrogate measure that is val
for the situation.

Using conflicts as
surrogate
measure for safety

No validated specifications for conflicts for
all traffic environments.

Understand how different surrogate
measures can and cannot be used.
Select a surrogate measure that is val
for the situation.

New safetycritical
situations

Insufficient evidence of th&cequency and
nature of new safetycritical situations
caused specifically by driving automation.

Estimate the impact as a function of
frequency (per situation type) to show
a range of results.

If the frequency of the new accidents
becomes known later, read the impact
from these results.

Accident statistics

No access to suitable accident databases.

Include partners with access to
necessary databases in the consortiur
or acquire access.
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4.3.5. Trafficflow efficiency

4.3.5.1. Introduction

Definition and scope

EUCEM defines the traffic flow efficiency impact area as follows:

The traffic flow efficiency impact area addresses the impacts of CCAM on collective traffic patteanse|
times and throughputon a road network.

Traffic flowefficiency describes the ability of the road network to serve the required demand for travel and
transport without unnecessary delay$his chapter covers the effects of CCAM on average travel times and
delaysof different road user groups, on the throughput of roads, and onrtsflience of road networkis terms

of recovery after interruptions. Traffic flow characteristics emerge from the behaviours of and interactions
between individual drivers and vehicles (driveehicle units).The interactions cre&t patterns that are
AYRSLISYRSY(G 2F |y Ay RT3 mBaitlaedttus apridtris dé raoyeNient of &gfoiid ok & ®
vehicles or the traffic stream as a whole, rather than individual vehicles alone.

Not within the scope of this impact area, but linked to it, are impacts on services and operations (see Chapter
4.3.1), people mobility (see Chaptdr2.2, andlogistics (see Chapter.3.2). The impacts of CCAM on mobility

and logistics service provision influence travel and transport patterns, which in turn affect traffic flow efficiency.
Additionally,changes in fleet operations and traffic management (see Chaptd), such as platooning or
signalcontrol priorities, implemented alongside CCAM systems, may also impact traffic flow efficiency. As a
result, the methods used to assess traffic flow efficiency impacts can help identify optimal traffic management
or fleet operation measures and parameters

Network theory, which describes the structure and dynamics of networks at different scales, can be combined
with traffic flow analysis. For example, changes in network topology (can be addressed under impacts areas of
land use (see Chapter.4.1) and services and operation (see Chapte3.1) can enable new links between
locations and lead to reallocation of traffic, affecting also travel times on different links. Methods of traffic flow
efficiency assessment can be used to plan these changes in topology if traffic flow optimisationed.desir
Additionally, impacts on traffic safety (Chaptér3.4 directly affect the amount of congestion caused by
accidents, but are beyond the scope of this chapter.

This chapter does not cover the effedsCCAM onhe driving behaviour of individual drivers or vehicles, such

as speed preferences, acceleration and deceleration abilities, and headway settings. These are part of the driving
behaviour impact area (see Chapterl.?. Impacts on emissions and energy use stemming from changes in
traffic flow dynamics are covered in Chap#eB.5

Background

Traffic flow theory studies the collective movement of vehicles on roads. Collective movement results from
interactions between individual driverehicle units and their interaction witthe road environment and can
lead to emergent effects and traffic patterf5].

The main levels of analysis are microscopic and macroscopic traffic theory, which differ in their scope and
approach to representing realit}65]. The microscopic leveRS& ONA 6 Sa SI OK AYRA @A Rdz f
separately, in terms of (targeted and actual) speed and headway (in space or time), lane changes and braking
patterns. On thanacroscopic leveltraffic flow is analysed as a continuous flow, similar to how liquids behave

in motion. Instead of individual vehicles, corresponding variables describe aggregated flow: density in terms of
vehicles per road kilometre corresponds to space headway, fiderims of vehicles per hour to time headway,

and average speed to acceleration and deceleration dynamics of vehicles.
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Traffic models based on the macroscopic and microscopic, as well as their intermediate mesoscopic, levels have
been developed and are commonly applied in traffic simulation software to assess traffic flow efficiency on roads
FYR ySig2N] az FRAOCLANI (LRMGSY G2 (WLIIRKEFy3ISa gAGK RAFFSNB
macroscopic and mesoscopic levels of analysis include changes of the traffic state o\jé6lim@other way

to describe and analyse traffic flow is Hgw-density diagrams which can be used to study the average
behaviour of drivetvehicle units, or to determine the level of service or roads and their capacity (maximum
throughput)[65]. A special form of this diagram is thenxdamental diagram of traffic flow which describes the
theoretical pairwise relationships between density, flow, and speed in stationary, homogeneous traffic,
assuming identical driverehicle unitg§65]. Fundamental diagrams represent the traffic state at a certain road
section. A related concept is the macroscopic fundamental diagram, or network fundamental diagram, which
represents the relationship between arewde traffic flow, density, and speed. ttan be used when
assessinghe overall capacity and efficiency of a network.

Additionally, resilience theoryOl 'y 6S F LJJ ASR G2 FaasSaa I ySig2N] Qa I ¢
disruptions caused by external factors such as accidents or weather events.

In general, thecharacteristics of traffic flonon a road or network depend on several elements:

The size and characteristics of vehicles and their variation among vehicles on the road network
Driving behaviour and its variation among vehicles on the road

The demand for road travel and transport distributed over space and time

The road infrastructure and environment

Environmental and other variable conditions.

=A =4 =4 4 =4

Figure26 shows the main components of the traffic flow efficiency impact area.

oadg |

Traffic flow efficiency FENTN= 5

Longitudinal and lateral
driving behaviour

A\ 4

Conflict handling, Vehicle interactions
gap acceptance

A\ 4

Time headway distribution

A\ 4

Speed and acceleration
distribution

> Collective traffic patterns

Lane changes

\ 4

Figure26. Main components of the traffic flow efficiency impact area.
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4.3.5.2. Guidelines

Indicator recommendations

The result indicators recommended to be evaluated by each project addressing traffic flow efficiency are listed

in Table37. Impacts are differences/changes between the baseline and treatment scenarios in these indicators.

An impact can be reported as an absolute value (with unit below) or relative value (%). If it is not possible to
evaluate some of the indicators below, thdréd 2y F2NJ G KA & akK2dzZ R 0SS NBLR2NISR
principle of the ELCEM. The indicators listed below are not exhaustive; in addition to these, each project should
define indicators of their own in accordance wiBuideline 3.12

Table37. Indicators recommended to be evaluated by each project addressing traffic flow efficiency.

Indicator Definition Unit
short name

Travel time | Average travel time per vehicle kilometre travelled (VKT), per vehic| Seconds/VKT
category.

Delay Difference between actual travel time and travel time according to | Seconds/VKT
speed limit.

Throughput | Volume of vehicles per hour or passengers per hour that travel thro| Vehicles/h (per
a given section of a network. lane) or pax/h

Travel time | Travel time reliability quantifies the variation of travel time for a givel 50" and 93"
reliability trip and time period over a selected time horiz[§7]. percentile of
travel time

Resilience Resilience is measured as time to recovery the.time it takes fora | Minutes, hours
traffic system to return to normal or acceptable operating conditions
following a disruption, e.g. an accident. The time to recovery starts
when the accident site is cleared and vehicles can move again (i.e.
time needed for emegency handling is not counted).

Impact pathways

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the
outcomes of this impact area. Mapping these caaseteffect relationships helps scope the evaluation by
grounding it in established theories or empirifialdings. It clarifies how localised effects can escalate to larger
scale impacts, shows whether one area influences another, and reveals how these changes ripple through
vehicles, individuals, the transport system, and beyond. Using these pathwayslpademdify where additional
information is needed or where collaboration is required with other impact areas, or to ascertain whether
certain aspects fall outside the scope of the assessment.

Traffic flow efficiencys influenced by driving behaviour (Chaptet.2), transport activity and fleet composition
(Chapter4.3.3, and services and operation (ChapfeB.1). This is depicted in the impact pathwayHigure27.

The figure offers a general overview that can be adapted or extended to specific CCAM systems studied. Each
project should tailor it by specifying relevant indicators and units.
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Figure27. Input needed from the other impact areas for traffic flow efficiency impact assessment and its outputs.

Table38 provides examples of outputs of the impact assessment of traffic flow efficiency that serve as inputs
for other impact areas. Some of these outputs overlap with the recommended indicators above, while others
must be additionally considered. Please notattthe required input needs must be specified in detail, as they
are unique to each project. The table below is not exhaustive.

Table38. Outputs from traffic flow efficiency impact assessment required as input for other impact areas.

Impact area requiring input Needed input

Services and operation Travel time and its predictability
Logistics

Traffic flow efficiency Travel time, Delay

Energy and environment Speed patterns

Accessibility Travel time per mode

Overview ofapproaches and methods

Selecting the right method for evaluating traffic flow efficiency ensures relevant and reliable results. The choice
Ada AYTtdzSyYyOSR o0& (GKS LINR2SOGQa 202S00GA@Sa yR GKS
tools and data shape thé&asibility and effectiveness of different approaches (see Chapit&for further
details).
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Traffic simulation is a widely used tool for analysing traffic flow efficiency and assessing changes resulting from
different interventions, as it enables cesffective study of the movements of large numbers of vehicles over a
road or network. Impacts afhanges to any of the elements, such as driving behaviour, road layout or traffic
management measures on traffic flow characteristics, can be estimated. In line with the microscopic and
macroscopic traffic flow theories, different simulation models haeerbdeveloped with different application
scopes.

Microscopic models describe trajectories of individual vehicles over space and time. They can, to some extent,
model vehicles with a range of driving behaviours, and may therefore be suitable for studying the impacts of
driving automation or connectivityrotraffic flow efficiency65].

Microscopic traffic simulation typically considers road sections or small networks, simulating single traffic
scenarios. If the societal scenario requires assessing impacts on a regional scale, results from these traffic
scenario simulations can be scalgg to the target region using available statistics and other data.

Macroscopic traffic models considenllective patterns across a network. These models can be used to estimate
effects on the societal scenario directly, provided that a suitable model and required input are available on the
macroscopic level of potential changes resulting from differerrascopic behaviour.

The mesoscopic level combines elements of the microscopic and macroscopic viewpoints. Several questions
related to CCAM services may require toi@sed dynamic traffic models, which allow for changing mode and
NRdziS 6KAES O2yaiR SNFHoyement. ThéyNdsaaScountSaMifterer mzidds arid ICEAM
services for various trips throughout the day.

It is important to note that, since traffic is always influencedhioynan behaviour and external conditions, no
model can achieve perfect accuracy. It is, therefore, necessary to be clear about the assumptions and limitations
when interpreting the results of simulation studies, while making sure to employ the theoriesiaddls with

best descriptive power for the research questions and scenarios set in the pi@gcthis is especially true for
CCAM systems that are not yet widely deployed, and several assumptions are required when implementing their
behaviour into traffic models.

Table39 provides an overview of various approaches used in traffic flow efficiency evaluation. It highlights the
strengths, weaknesses, and requirements of each method, helping to identify those that best align with the
LINE 2SO0l Qa 20 2S0iA@&admtioNdgeatdaNdSppriant to yidke thiatl 88ed wien the cons
outnumber the pros, one pro can outweigh multiple cons.

Table39. An overview of approaches and methods for evaluation of traffic flow efficiency.

Approach/method Pros Cons Requirements
Feld experiment Enables direct observation Quantitative Reaiworld
of the effects of CCAM on | observations of some | implementation of
traffic flow, if the traffic phenomena are | CCAM system of
penetration rate under challenging to sufficient TRL.
evaluation can béested. reproduce consistently :
o Clear view on how
Feasible in use cases whe| [67]. o .
tested situations link
the number of CCAM . L .
: . . Requires significant to traffic flow
vehicles is low also in the - .
. .| effort. efficiency impacts.
targeted societal scenario,
such as public transport | Often, a sufficient Similar baseline and
services. penetration rate of treatment conditions

Can be used as a way to automated driving in (with respect to traffic

collect input for calibration
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of the simulation models
when the TRL of the CCAN
system in the field
experiment allows.

the traffic flow cannot
be achieved.

Accuracy of the results
depends on the size of
the test site (road km,
vehicles, users) and
duration of the
experiment.

demand, weather
etc.).

Microscopic traffic
simulationfor assessing
impacts in different
traffic scenarios (e.g.
Vissim[69], Aimsun[70],
SUMQ[71))

Produces timespace
trajectories of all individual
vehicles.

Describes movements of
individual drivervehicle
units and interactions
between them, road
characteristics, and static
and dynamic traffic control
[68].

Effects of different CCAM
penetrationrates and
traffic scenarios can be
studied systematically.

More resourceefficient for
studying traffic flow than
realworld measurements.

Highly dependent on
the accuracy of driver
models and
assumptions.

Models require input
data that may not be
available; often rely on
assumptions.

May not be accurate
enough for describing
all relevant aspects.

Calibration can be
difficult, e.g. dueo lack
of detailed driving
pattern data, especially
for CCAM vehicles
(future drivingpatterns
not known, proprietary
issues).

Model for automated
driving behaviour incl.
realistic longitudinal
and lateral behaviour.

Modelling single
vehicle behaviour
correctly, for studying
the effects of
different driving styles
on road capacity65].

Scaling up of impacts
from microscopic traffic
simulation to a city or
region by weighting the
impacts per traffic
scenario with the VKT in
the area of interest.

Allows estimation of
regional impacts when no
suitable macroscopic
models are available.

Required data may not
be available and
approximations are
necessary.

Statistics on VKT per
road and vehicle
category in the area
of interest.

Macroscopic traffic

simulation forassessing
impacts in a city or regior
(e.g. Visunj72], Aimsun)

Potentialto explore
systematically the impacts
of CCAM at aggregated
level.

Offers the potential to
study impacts on several
impact areas in one model
as they can integrate
elements of mode choice
and travel patterns
(Chapter4.2.2) and traffic
flow efficiency.

Approximates the
results that would be
obtained from analysing
individual vehicle
trajectories

Aggregation may
decrease the accuracy
of results and limit
insight into the causes
of impacts.

The impact of CCAM
should first be known at
microscopic level to
estimate the impacbof
traffic flow level on
parametrisation of the

macroscopic model (e.g

Macroscopic model of
the region of interest,
including road
network, travel
modes and schedules
demographics, origins
and destinations.

Expected changes in
traffic flow must be
observable at
macroscopic level

Results from
microscopic
simulations (or
comparable data)
needed as input, such
as effects on driving
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behaviour in terms of
passenger car units.

in terms of passenger
car units).

Information on the
change in value of
travel timeor
attractiveness of the
mode.

Macroscopianodels are
costly to create or
acquire.

Pitfalls and best practices

Evaluating traffic flow efficiency impacts requilensideration of the methods and approaches used, as these
can significantly influence the validity and reliability of the results. Overlooking potential pitfalls may lead to
flawed conclusions, misinterpretation of findings or unintended biases. By pvesciaddressing the pitfalls,
these can be avoided.

Table 40 provides some common pitfalls afaffic flow efficiency evaluation and presents actionable best

practices to address them.

Table40. Pitfalls in evaluation ofraffic flow efficiency and best practices to avoid them.

Potential Topics

Pitfall

Related best practice

Indicators: These indicators are difficult to capture with | Realworld implementation.

Travel time current traffic simulation models, or in field For resilience impacts. qualitative

reliability and | tests with few CCAM vehicles. 'pacts, gt

. assessment by interviewing relevant

Resilience "
experts, e.g. from road authorities,
can give an indication of the direction
and magnitude of potential impacts.

Field Field tests rarely provide sufficient data to Combine field experiments with traffic

experiments

enable assessment of traffic flow impacts,
especially with large penetration rates of CC/
vehicles and in a variety of traffic scenarios.

simulation.

Microscopic
simulation tools

Models may not be accurate enough to depic
driving behaviour of automated and human
driven vehicles in all traffic situations, and
especially their differences.

Include sensitivity analysis and
variation in simulation parameters an
assumptions.

Use the expertise of the technical
team in defining parameters.

Consider the limitations of the models
when analysing results and drawing
conclusions.

Macroscopic
simulationtools

Macroscopic models may not be able to
accurately depict the differences in driving
behaviour of automated and humadiriven
vehicles and resulting traffic flow patterns.

Limit thesimulation to microscopic
models or use results from
microscopic models as input.

Prototypes While CCAM technologies are in the advanceg By combining alear understanding of
stages of development and undergoing real | low readiness level aspectstiv
world testing, field experiments may still insights fom the technical team, a
involve rather low TRL prototypes. Thus, thei
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impact assessment and evaluation using traff model can be dvelopedfor
models could be prone to inaccuracies and | representing automated vehicles.
errors when the societal scenario under

evaluation includes high readiness CCAM. ol (B3 Bl o GRIEES OIS |

assumptions required, distinguishing
between scenarios where realorld
data inform the models and those
relying solely on simulations, which
might necessitate a broader range of
assumptions.

4.3.6.Energy and environment

4.3.6.1. Introduction

Definition and scope of evaluation area

EUCEM defines the energy and environment impact area as follows:

The energy and environment impact area addresses the impacts of CCAbhergy use and on emissions of
vehicles air quality, and noise pollution

The impacts addressed under this impact area are:

Greenhouse gas (GHG) emissions, such as carbon dioxigerf@Dane (Ckj, and nitrous oxide (}D)
Energy use

Pollutant emissions and air quality

Noise exposure.

=A =4 =4 =4

This area studies the potential GICAM to reduce overall energy use, emissions, and noise from road traffic, and
to contribute torelated environmental goals. It evaluates whether CCAM offers better alternatives to current
travel modes and mobility servicegiding policymakers on how (and how not) to implement CCAM.

Undesired environmental impacts, such as poor air quality and high noise levels, harm physical and mental
health. These impacts are addressed in the quality of life (Chap®&B and liveability impact areas (Chapter
4.4.2). Indirect environmental impacts also include those related to climate change like flooding, and resource
extraction like cobalt mining.

Assessing the overall impacts of CCAM on energy use and the environment requires accoutirignioel
changes in travel behaviour (see Chapte?.2), logistics (see Chaptdr3.2), total vehicle kilometresravelled
(VKT) and fleet characteristics (see Chagt&r3), as well as driving behaviour (see Chagtdr.2). Impacts on
sustainability are addressed in Chapde4.6 which should be referred to for detailed guidelines.

Background

The main environmental impacts related to CCAM are:

1 Greenhouse gas emission€Q and other GHGs (GH\:O) canbe expressed as Géquivalents using
the global warming potentialQWH index[73]. Since the role of ne@Q gases in road transport is
often minimal,projects may choose to focus only onZ&missions.

1 Energy uselncludes energy for vehicle operations and physical and digital infrastructure, such as data
centres. CCAM could increase VKT with electric vehicles, requiring higher charging station capacities
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and potentially new station locations for better grid integration. Energy use of automatiailing
systems, such aensors and bae&nd systems, should also be considered.

91 Pollutant emissions and air qualityincludes tailpipe emissions and weatated pollutants (e.g. brake
and tire weaj such as carbon monoxide (CO), nitrogen oxides (NOx), particulate matter (PM10 and
PM2.5), hydrocarbons (HC), and sulphur dioxide)(SO

1 Noise exposurelncludes tire, engine, brake, acceleration, and aerodynamic noise.

Assessing a vehicle's greenhouse gas emissions and fuel or electricity use typically focusesmwlhark
SYraaAirzya o6ail At LIA LIS éphaSerA comipkeBeyisive assesadntysHouldi ikclidetdsd - 3 S
tank emissions, which are indirect emissions from fuel or electricity production and distribution. Beyond GHG
emissions, assessing pollutant emissions and air quality can be relevant.

Beyond the usage phase, other lifecycle stages such as manufacturing of vehicles and their components, and
deployment and operation of physical, digital and operational infrastructure, also generate GHG emissions.
Lifecycle assessment (LCA) is recommeridedstimating emissions across all stages.

Tailpipe emissions can be further analysed by distinguishing between-plaase and colgtart emissions, the
latter being especially relevant for urban areas and short trips.-tddpipe emissions, such as those from
evaporation and tire wear, may be eslant as well.

The role of material use becomes more prominent if CCAM is introduced alongside advancing vehicle
electrification. New vehicle and infrastructure investments require assessing how resource use across
manufacturing, maintenance, and physical and digitalastfructure implementation affect the environment.
Additionally, CCAM components may increase energy demand, reduce electric vehicle range and battery life,
and add to material waste.

Other potentiaf* environmental impacts of CCAM include soil and water quality, such as nitrogen deposition,
and vibrations. Vibrations are especially relevant when heavy automated vehicles operate in residential areas at
night.

Environmental agreements, policies, and directives at local, natiamal,European levels aim to reduce the
environmental impact of transport by setting legally binding targets for climate, air quality, and noise reduction
Key European Agreements as of 2024theeParis Agreemerff the European Green De&lthe Zero Pollution
Action Plarf*and EU Directives on air qual[®7] and environmental noisg78].

GHGs and energy use of a road network over time are influenced by the carbon or energy intensity of vehicles,
as well as the total travel and transport activity visualised iRigure28. CCAM can affect emissions and energy
use through both direct and indirect mechanisms, with both laangd shortterm consequences:

91 Driving behaviour (see Chaptert.1.2. Changes in speed patterns, acceleration, and other driving
patternscan affect energy use and emissions per VKT.

21 Although relevant only for specific cases and, therefore, not addressed in detail in this chapter.

22The Paris Agreement is an international treaty on climate change, covering climate change mitigation and adaptation with
the longterm temperature goabf limitingthe increase to 1.5°(74].

2 The European Green Deal is a set of proposals adopted by the European Commission with the aim to reduce net GHG
emissions by 2030 by 55% compared to 1990 Igvéls

24Thezero Pollution Action plan sets key 2030 targets for reducing air, water and soil pollution by 2050 to levels that are no
longer considered harmfyv6].
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1 Shared vehicle¢see Chapterd.3.1and4.2.2). Changes in the use of shared vehicles can alter the total
VKT if the occupancy rate is affected. Additionally, this may result in changes in the number of vehicles
required for the same amount of passenger kilometres.

1 Logisticypatterns (see Chapte#d.3.2). Changes to delivery vehidie, usage, anldgistics operations
can influence energy use and emissions per VKT, and tkiforaetres travelled.

1 Travel modegqsee Chapted.2.2. CCAM caimfluence travel mode choicesnpacting the number of
people using each mode and altering the modal split (see Chde3). Emissions and energy use per
person kilometre travelled vary between modes.

1 Traveloptions (see Chapterd.3.1, 4.3.7and 4.2.2). Changes in available travel options influence trip
counts, mode choice, routes, total kilometres driven and transported,tamithg.

1 Vehicle fleet compositionsee Chapte#.3.3. Changes in vehicle characteristics, such as the size and
power chainjmpact emissions and energy use, as they affect carbon intensity (serded effects).

o
Energy and environment -W;Ef

Speed patterns

\ 4

Carbon or energy intensity

Vehicle characteristics

A\ 4

Kilometres travelled per
mode, routing, timing

A\ 4

Travel and transport activity

Figure28. Main components of the energy and environment impact area.

4.3.6.2. Guidelines

Indicator recommendations

The result indicators recommended to be evaluated by each project addressing energy and environmental
impacts are listed iTable41. Impacts are differences/changes between the baseline and treatment scenarios
in these indicators. An impact can be reported as an absolute value (with unit below) or relative value (%). If it
is not possible to evaluate some of the indicators below, réson for this should be reported as part of the
WO2YLX & 2NJ SE LI -GENMOThe iidikayors Kstell Helov2ate ndt &xBausdivie; in addition to these,
each project should define indicators of their own in line withideline 3.12
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Table41. Indicators recommended to be evaluated by each project addressing energy and environment.

Indicator Definition Unit

short name

CQo CQ emissionglivided by the metric of operation per vehicle | g/VKT/vehicle category
emissions category.

g/paxkm, g/tonnekm
The metric of operation can be e.g. the number of vehjcle
passengeror tonne-kilometres travelled.

Other GHG emissions can be considered by using CO
equivalents instead of G@missions

Energy use | Required energy to operate vehiclpsr metric of operation kWh/VKT/vehicle

per vehicle category. category kWh/paxkm,
The metric of operation can be e.g. the number of vehjcle SR
passengeror tonnekilometres travelled.
Pollutant Pollutant emissionsgivided by the metric of operatioper g/VKT/vehicle category,
emissions vehicle category. g/paxkm, g/tonnekm
The metric of operation can be e.g. the number of vehjcle
passengeror tonnekilometres travelled.
Air quality Concentrations of pollutants in the air (or air quality levels) | ug/m?
exposure and exposure. Number of inhabitants
exposed to concentration
levels exceeding legal
limits or defined
thresholds.
Noise Noise levels at specific locations, expressethagday dB(A)
exposure eveningnight level) and dignt and exposure.

Number of inhabitants
exposed to noise levels
exceeding legal limits or
defined thresholds.

Impact pathways

Impact pathways illustrate how changes caused by CCAM, and assessed in other impact areas, affect the
outcomes of this impact area. Mapping these caaseteffect relationships helps scope the evaluation by
grounding it in established theories or empirifialdings. It clarifies how localised effects can escalate to larger
scale impacts, shows whether one area influences another, and reveals how these changes ripple through
vehicles, individuals, the transport system and beyond. Using these pathways paddrmify where additional
information is needed or where collaboration is required with other impact areas, or to ascertain whether
certain aspects fall outside the scope of the assessment.

Environmental and energy impacts are influenced by driving behaviour (CHapt8r, people mobility (Chapter

4.2.2) and logistics (Chaptet.3.2). Additionally, transport activity and fleet composition (Chapte3.3 can

affect, either directly or indirectlyenergy use and emissions of GHG, air pollutants, and rieigere29 shows

these main impact pathways. The figure offers a general overview that can be adapted or extended to specific
CCAM systems studied. Each project should tailor it by specifying relevant indicators and units.
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Figure29. Input needed from the other impact areas for energy and environmental impacts of CCAM systems.

Table42 provides examples of outputs of the energy and environmental impact assessment that serve as inputs
for other impact areas. Some of these outputs overlap with the recommended indicators listed above, while
others must be additionally considered. Pleasgenthat the required input needs must be specified in detail,

as they are unique to each project. The table below is not exhaustive.

Table42. Outputs from energy and environmental impact assessment required as input for other impact areas.

Impact area requiring input Needed input
Quality of life Noise exposure, pollutant emissions, air quality.
Socieeconomics Total CQ(and/or greenhouse gas) emissions for area and

period of societal scenario.

Equity Noise exposure, pollutant emissions, air quality, energy us

Overview of approaches and methods

Selecting the right method for evaluating energy and environmental impacts ensures relevant and reliable
NBadzZ Gad ¢KS OK2A0S Aa AyTtdsSyOSR o6& GKS LINR2SOGQa
Additionally, the available tools and dathape the feasibility and effectiveness of different approaches (see
Chapter3.3for further details). The most feasible method to use depends on many factors, which relate to the
specific scenarios, the research questions and the methods available for data collection.
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While addressing emissions is important, prioritising what is feasible based on the expected impact is necessary.
If data are difficult to retrieve or methodologies are challenging to execute, warm phase tailpipe GHG emissions
should be prioritised, folloed by coldstart emissions, other pollutants and air quality indicators.

Table43 provides an overview of various approaches used in energy and environment evaluations. It highlights
the strengths, weaknesses, and requirements of each method, helping to identify those that best align with the
LINE 2SO0l Qa 20 2S0iA@&admtioNdgeardaNdiBppriant to yidke thiatl 88ed wien the cons

outnumber the pros, one pro can outweigh multiple cons.

Table43. Overview of different methods that can be used for evaluation of energy and environmental impacts.

Method

Pros

Cons

Requirements

Direct measurements

(in-vehicle and
roadside)

Provides empirical, real
world values for energy
use, pollutant and GHG
emissions, and noise
production.

Conducted under real
world conditions. Reflects
actual operational
variability.

Costintensive due to
sensor equipment and
installation.

Difficult to deploy
(especially for emissions
and keep calibrated.

Limited to specific
vehicles and tested
scenarios, making
broader generalisation
challenging.

Experimental conditions
are hard to control.

Deployed CCAM with
sufficient TRL.

Wellcalibrated, robust
sensor equipment.

Comparable baseline an
treatment conditions
(e.g. traffic, weather).

Longterm, diverse
measurement periods to
capture variety.

Emission and energy
use calculation tools
(e.g. EnVivdi79],
PHEM80], Quartet
(81])

Resourceefficient
alternative to field
measurements for fleet
average impacts.

Capable of simulating
multiple scenarios, more
detailed than macroscopic
approaches (considers
traffic conditions, driving
styles, road topography,
etc.).

Models can be hard to
obtain, costly (licence
fees), and resource
intensive.

Input datagaps require
assumptions, which may
affect accuracy.

May not accurately
represent future vehicle
technologies (e.g. Euro 1
or realworld driving
variability (e.g. speed
patterns).

Highresolution
microscopic driving data
(e.g. 1 Hz speed data pe
vehicle) from either
direct measurements or
microscopidraffic
simulations.

Emission factors or
functions for all vehicle
categories.

Macroscopic
modelling of emission
and energy use for
aggregated traffic
flows in the network
(e.g. HBEFP82])

Effective for assessing
impacts at regional level
(by road type, vehicle
category, or mode).

Useful for evaluating
changes in overall VKT ar
aggregated energy use.

Complex and resouree
intensive models. Can bg¢
hard to obtain for large
regions.

May mask micrédevel
variations.

Potential licence fees
and computational
demands.

Access to regional
macroscopic traffic
model withlink-level
outputs (volumes,
capacities, speeds).

Emission factors for all
vehicle categories and
road types.

Sufficient computational
resources and modelling
expertise.
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Air quality modelling
(pollutant emissions)
for aggregated traffic
flows in the network

Allows studying pollutant
dispersion and overall air
quality changes due to
CCAMwithout extensive
field sensors.

Integrates traffic
emissions with
environmental factors
(buildings, terrain,
population).

Useful for policy
assessment regarding air

quality.
Allows to assess impacts

beyond what is feasible in
the real world.

Often involves expensive
software and model
licence fees.

Highly dependent on
detailed, multi
dimensional input data.

Model predictions can
carry significant
uncertainties in
dispersion outcomes.

Comprehensive data on
traffic emissions and
detailed geographic data
on buildings, terrain, and
population exposure.

Robust dispersion model
validated against
measured air quality
data.

Sufficient computational
resources and modelling
expertise.

Noise modelling for
aggregated traffic
flows in the network

Allows studying noise leve
changes due to CCAM
without extensive field
measurements.

Can simulate noise
impacts over diverse
urban layouts and
scenarios.

Useful for policy
assessment regarding
urban noise pollution.

Allows to assess impacts
beyond what is feasible in
the real world.

Requires advanced nois¢
propagation models and
high-quality input data
on noise sources.

Often entails costly
software or licence fees.

Model outputs can be
highly sensitive to
assumptions regarding
source characteristics
and environmental
conditions.

Detailed data on traffic
noise production (tire,
engine, brake, etc.)

GIS data on urban
topography, building
geometry, and
population exposure.

Validated noise
propagation model.

Sufficient computational
resources and modelling
expertise.

Expert judgement
(based on outputs
from other impact
areas or from similar
studies)

Provides qualitative
insights when empirical
data or models are lacking
for example into expected
direction and size of
impact.

Allows integration of
multidisciplinary
knowledge.

Lacks quantitative
precision and can be
subjective.

Outcomes may vary
significantly between
experts.

Difficult to apply
consistently in complex
cases, multidimensional
impact assessment.

Access to a panel of
experts acrosselevant
fields.

Use of structured
elicitation techniques to
reduce bias.

Availability of
comparable outputs
from other impact areas
or studies.

National legislation, guidelines, methods, and instrumesitsuld be considered or utilised when assessing the
effects of CCAM on air quality, noise pollution, and carbon emissitiese are often applied at the macroscopic
network level, such as using noise maps for cities or major roadways.

Pitfalls and best practices

Evaluating impacts on energy and the environment requires consideration of the methods and approaches used,
as these can significantly influence the validity and reliability of the results. Overlooking potential pitfalls may
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lead to flawed conclusions, misinterpretation of findings or unintended biases. By proactively addressing the

pitfalls, these can be avoided.

Table 44 provides some common pitfalls afnergy and environmental impaassessment and presents

actionable best practices to addretbem.

Table44. Pitfalls in the evaluation of energy and environment and best practices to avoid them.

Topic

Pitfall

Related best practice

Direct measurements

Field experiment emissions and
energy use data considered too
sensitive to share.

Instead of relying solely on sensitive data,
integrate modelling of automated driving
patterns with emission models. This hybrid
approach helps in simulating reaforld
behaviour while protecting sensitive
information.

Emission factors and
models

Utilising outdated or unsuitable
emission factors and models can
result in inaccurate or misleading
assessments.

Ensure that the latest versions of emission
factors and models are used, including
projections for future scenarios.

Additionally, consult experts in emission
factors and modelling to validate the
selection and application of these factors.

Representativeness
of outcomes

Drawing conclusions for the entire
transport network based on data
from small or specific sections, a
narrow set of traffic scenarios, or
only CCAM vehicles may lead to
overgeneralisation.

Clearly define and specify the conditions (e
ODD) under which the results apply.

Evaluate and document how representative
these conditions are of the broader traffic
environment.

Baseline comparison

Validity of comparisons
compromised due to insufficient
baseline data, such as ignoring
existing fleet compositions, traffic
flow patterns ortravel demand.

Utilise available resources and diverse
datasets from multiple locations. Adjust for
discrepancies, model incomplete datasets !
sampling from statistical distributions, and
employ averages when detailed input is
unavailable.

System boundaries i
lifecycle assessment
(LCA)

Neglecting indirect impacts in
lifecycle assessment.

Define system boundaries carefully, includii
relevant lifecycle stages.

Overlooked indirect
impacts

Focusing only on direct emissions
or energy use and ignoring indireg
effects, such as changes in travel
demand, fleet composition or
logistics patterns.

Include both direct and indirect impacts in
the evaluation, considering factors like
induced demand, modal shifts, and logistic:
changes.

Temporal and spatial
scope

Neglecting variations in emissions
and energy impacts over time (e.g
time of day, weather conditions) o
across regions.

Ensure evaluation covers a variety of
temporal and spatial conditions to capture
variations and improve the generalisability (
results.
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4.3.7.Accessibility

4.3.7.1. Introduction

Definition and scope

EUCEM defines the accessibility impact area as follows:

The accessibility impact area addresses the impacts of CCAM on the potential of population groups to reach
destinations and services at different times of day, and the potentiabafsinessesfacilities and other activity
centres to receive people and goods.

Accessibility reflects how easily people can engage in activities at various locations and how efficiently goods be
transported between thenj83]. It shows how well the transport system connects individuals and businesses,
enables participation in activities across varied places and times, and facilitates the exchange of information,
goods, and servicd84].

The level of accessibility is influenced[89]:

9 The location of activities
1 The characteristics of infrastructure and available travel or transport options
I The needs and financial means of people and businesses.

Accessibility varies across different spatial locations and for different trip purpAsesssibility assessment
considers:

9 Travel resistance or disutilitythe ease, difficulty or affordability of reaching various locations.
9 Attractiveness of opportunities the appeal or desirability of activities and services available at those
locations

Accessibility represents the potential for interaction within the transport system. People mobility and logistics
actualise this potential through actual travel, while travel activity aggregates these interactions into measurable
outcomes.

Certain factors are beyond the scope of this chapter but are highly relevant for understanding the impact of
CCAM on accessibility. These include changes in:

f LYRAGARdzZ £t &aQ OGN#ZPSE LI GGSNYya o/ KIF LI SNJI
I Transport patterns of goods (Chap#B.2
I Service offerings (Chaptér3.1)
I Land use (Chapter.4.1).
Background

Geurs and van Welg5] defined four key components of accessibility: land use, transportation, temporal, and
individual.

Theland-usecomponentrefers to the characteristics of land use in terms of:

1 The amount, quality, and spatial distribution of opportunities such as employment, shopping,
healthcare, recreational facilities, and education

1 The demand for these opportunities in places where people live

1 The juxtaposition of supply and demand for opportunities, which can lead to competition for limited
resources.
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The transportation component describes the transport network and the inconveniences, or disutility, of
travelling between origins and destinations using chosen modes of transport. This includes travel time, waiting
time, parking time, fixed and variable costs, and the effort relatedeliability, comfort and accident risk.
Disutility arises from the confrontation between supply (location and infrastructure features like speed limits,
public transport schedules, fares) and demand (passenger and logiséds)n

Thetemporal componentincludes timerelated restrictions, such as the availability of opportunities throughout
0KS RIFIeX AYRAGARIZ t4Q GAYS FT2NJ FOGAGAGASAT yR GKS al

Finally, theindividual componentreflects the personal factors like needs, abilities, preferences, attitudes and
opportunities, significantly affecting access to different travel options and distant opportunities.

CCAM can affect all four components of accessibility.

Regardindgand use the impacts are indirect and lorsigrm and are covered in the land use impact area (Chapter
4.4.1). Over time, CCAM could makemote locations more accessible, leading to a redistribution of
opportunities. This may result in a reduced concentration of activities in urban centres and more dispersed
spatial distribution of employment, shops, and facilities. Conversely, reductions it tiraeeor perceived travel

time could encourage agglomeration, with businesses concentrating in areas with high customer flows and
people travelling to large shopping centres that offer a variety of services in one location.

CCAM may affect themporal componentof accessibility by offering services at different times of day, such as
24/7 robot deliveries or automated shuttles, unlike conventional services with limited-tiiglktavailability. It
may also change how people use their time, enabling work duringkrar broaden activities possible within a
given timeframe through reduced travel times. Changes in trip timing (e.g. peak vergeakfhiours) can affect
traffic flows. These temporal effects are discussethe impact areas services and operation (Chapte.1),
people mobility (Chaptet.2.2), logistics (Chaptet.3.2), and traffic flow efficiency (Chaptér3.5.

Regarding théndividual component, CCAM might offer new transport options for underserved groups such as
older adults, people witldisabilities and those in areas with limited public transp@6]. It may also make
travel more affordable and offer personalised experiences that more effectively meet individual needs, abilities,
and preferences. This relates to equity in access and affordability (see Chapt@end4.4.5), user evaluation
(Chapter4.2), and people mobility (Chaptdr2.2). Ensuring CCAM benefits are widely and equitably distributed

is important for enhancing accessibility for all. Achieving this requires affordable, understandable, ata-easy
use mobility and transport options.

Of the four components, theansportation componentmost directlyinfluences accessibility. CCAM can affect
the disutility of travel in several ways:

Changing the value of travel tinlyy allowing engagement in activities besides driving during the trip.
Removing the need for parkiray enabling vehicles to park themselves at a distance.

Changing affordability of travéhrough options like affordable public transport or taxi services.
Enabling more flexible and efficient services, such ademnand shuttles.

Optimising traffic management and route planniomg enabling automated vehicles to collaborate for
better network performance.

Reducing accidents and accidéntluced congestion.

1 In the long term, influencing transport infrastructure design, such as reducing demand for parking
spaces.

= =4 —a —a -9

=

Figure30 shows the main components of the transport activity and fleet composition impact area.
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Opportunities, destinations,
and demand for them Land use
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Time, costs, effort, reliability,
perceived safety, comfort Transportation

A\ 4

Availability of opportunities,
time available to individuals Temporal

A\ 4

Needs, opportunities,
abilities to travel Individual

A\ 4

Figure30. Main components of the accessibility impact area.

4.3.7.2. Guidelines

Indicator recommendations

Result indicators recommended to be evaluated by each project addressing accessibility are M&tbk4b

below. Impacts are differences/changes between the baseline and treatment scenarios in these indicators. An
impact can be reported as an absolute value (with unit below) or relative value (%). If it is not possible to evaluate

some of the indicators beloww G KS NBIF a2y F2NJ 6KA& akKz2dZ R 0SS NBLRNISR
of the EUCEM. The indicators listed below are not exhaustive; in addition to these, each project should define
indicators of their own in accordance wiGuideline 3.12

Table45. Indicators recommended to be evaluated by every project addressing accessibility.

Indicator short name | Definition Unit

Reachable activities | Total number of activities of a given category reachable within a deff Number
travel time from a person, household or business. Categories can be
education, facilities, main economic locations, etc. An indicator car
broken down by target groups andgens.

An acceptable travel time per travel mode can be defined, for exampl
30min by car, 45nin by public transport or 3tnin by bicycle.

Reachable people, | Number of people, households or businesses that can be reached frg Number
households or activity centre within a defined travel time. Activity centres can be w
businesses
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education, facilities, main economic locations, etc. An indicator cat
broken down by target groups and regions.

An acceptable travel time per travel mode can be defined, for exampl
30min by car, 43nin by public transport or 3fnin by bicycle.

Mobility options Number of mobility options available within a specified distance (| Number
demandresponsive transport, automated taxi service) for trips fr
home to the desired destination.

Understandability of | Percentage of users who struggle to use a specific mobility option | %
mobility options due to complexity, lack of clear information or digital access barriers

Affordability Average share of household budget spent on mobility. %

Impact pathways

Impact pathways illustrate how changes caused by CCAM and assessed in other impact areas affect the
outcomes of this impact area. Mapping thesauseand-effect relationships helps scope the evaluation by
grounding it in established theories or empirical findings. It clarifies how localised effects can escalate to larger
scale impacts, shows whether one area influences another, and reveals he® dmanges ripple through
vehicles, individuals, the transport system and beyond. Using these pathways can help identify where additional
information is needed or where collaboration is required with other impact areas, or to ascertain whether
certain aspets fall outside the scope of the assessment.

Accessibility is influenced by impacts on users (Chapget), land use (Chapter.4.1), people mobility (Chapter

4.2.2), logistics (Chaptet.3.2), services and operation (ChapteB.1), as well as traffic flow efficiency (Chapter
4.3.5. This is depicted in the impact pathwayHigure31. The figure offers a general overview that can be
adapted or extended to specific CCAM systems studied. Each project should tailor it by specifying relevant
indicators and units.
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Figure31. Input needed from the other impact areas for accessibility impact assessment and its outputs.

Table46 provides examples of outputs of accessibility impact assessment that serve as inputs for other impact
areas. Some of these outputs overlap with the recommended indicators listed above, while others must be
additionally considered. Please note that the uggd input needs must be specified in detail, as they are unique

to each project. The table below is not exhaustive.

Table46. Outputs from accessibility impact assessment required as input for other impact areas.

Impact area requiring input Needed input

Quiality of life Number of reachable activities

Land use Reachable destinations

Liveability Number of reachable activities, Number of reachable people
Economic activity and employment Reachable destinations, Reachable people

Overview of approaches and methods

Selecting the right method for evaluating accessibility ensures relevant and reliable results. The choice is
AYFEdSYOSR o6& (KS LINRP2S0GQa 202800A08a yR GKS NBa2d
tools and data shape the feasibjliand effectiveness of different approaches (see Chaptarfor further

details).

Table47 provides a comparative overview of various approaches used in accessibility evaluations. It highlights
the strengths, weaknesses, and requirements of each method, helping to identify those that best align with the
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