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Executive Summary +HEIDI

The present deliverable consolidates the lessons learnt and insights gained from the activities
conducted under WP5 activities, as well as from the work produced within the design and
development activities (WP1; WP2; WP3; WP4) and the studies and validations performed
(WP7). The information collected was structured into eight guidelines and implemented by the
formulation of best practices targeted to different profiles such as: technology developers and
manufacturers, technology providers, policymakers, standardization organizations, etc.

The final aim of this report is to produce operational guidelines for design and development of
HMI systems, on road-going vehicles for cooperative interaction with pedestrians and other
road users, also contributing to best conceptualization, design, development and validation
practices. Project partners have been engaged across various phases of the project lifecycle,
collaborating across work packages and participating in surveys and workshops.

The structure of the main sections of the deliverable is the following:

Section 3 outlines the key practical guidelines to provide recommendations to future
technology developers and manufacturers, technology providers, policymakers or other key
stakeholders during the lifecycle of the design and development of HMI systems. These
guidelines derived from the deliverables produced during the design, testing, and validation
phases of the HEIDI project.

Section 4 aims to provide insights to implement the defined key guidelines by presenting
different best practices on how to implement each guideline. The operational best practices
were also discussed with HEIDI partners through their inputs to a questionnaire (Annex I) and
their participation in a brainstorming session as part of WP5 activities. Finally, we highlighted
each best practice, the guideline(s) which it pertains to, the relevant target stakeholder, the
phase of development when this practice should be implemented, and their impact in the
development and implementation lifecycle of HMI on road-going vehicles.

Keywords: guidelines, lessons learnt, best practices, stakeholders, recommendations, design
and development, HMI systems.
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The primary objective of deliverable 5.5 is to produce operational guidelines for design and
development of HMI systems, also contributing to best conceptualization, design, development
and validation practices, including to ensure user’s security and privacy aspects. As part of
WP5, this objective complements HEIDI’s main objective 4 related to the elaboration of
recommendations for regulation, standardisation, and development of adaptive internal and
external HMIs.

To reach this objective, first we have revised HEIDI's deliverables from tasks to collect the
main conclusions, lessons learnt, recommendations derived from the activities conducted
during the design (WP1), development (WP2, WP3, WP4), testing (WP5), and validation
(WP7) phases of the HEIDI project. With this information a questionnaire was elaborated and
circulated to all project partners (Annex |), to identify the most significant lessons learnt, the
challenges encountered, and the insights and recommendations that have emerged during
project activities and to outline and define key guidelines. Additionally, a workshop was
organized to discuss the defined guidelines with HEIDI partners and gather ideas and opinions
about the way to implement each guideline.

The report seeks to consolidate the findings from the completed tasks and prior deliverables
produced throughout HEIDI work packages, utilising the lessons learnt, conclusions and
recommendations of the deliverables and outcomes to formulate practical guidelines on the
best conceptualization, design, development and validation practices, including to ensure
user’s security and privacy aspects. The following are the deliverables and information taken
into consideration:

v/ D5.2 — State of the Art on validation methods for cooperative and adaptive HMI solutions:

¢ Main findings and considerations for the HEIDI project: adaptive iHMIs, eHMIs, and
co-simulation.

v' D5.3 — Results and conclusion from the validation tests:
e General conclusions.
e Study limitations and lessons learnt.
v' D5.4 — Initial recommendations for Legal Framework and Standardization:

e Recommendations of eHMI regulations: placement, optical requirements,
messages, patterns to be displayed.

o Recommendations for Vehicle/System requirements: limitations on use of eHMI.

v" First results and conclusions from WP7 evaluation tests.

The key target audience addressed by the defined guidelines and best practices are the
following:

o Technology developers and Manufacturers
o Technology providers
e Scientific community
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o Policymakers

e Standardization bodies

e Legislation, security and/or privacy experts
o Public Authorities

e General Public

The guidelines and best practices reported apply to technologies related to the design,
development and implementation of internal and/or external HMIs systems on road-going
vehicles for cooperative interaction with pedestrians and other road users. They also apply to
the technologies used throughout the development of HEIDI outcomes such as the osmotic
layer, fluid iHMI, fluid eHMI, cooperative HMI, sensing & behavioural predictive models, and
co-simulations; that have been mapped and described in deliverables from WP2, WP3 and
WP4.
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Practical guidelines for stakeholders aHEIDI

In the following section we have identified and described a set of guidelines coming from
lessons learnt from HEIDI activities. These guidelines are identified to be useful to one or
several phases of the development of HMI systems life cycle. These phases are: (i) Desing
and Development: concept mapping, methodology design, technological design and
development; (i) community engagement, (iii) validation and piloting; (iv) deployment,
maintenance and exploitation; and (v) research and policymaking. Figure 3—-1 presents the
guidelines, and the principal concept associated with the best practices derived from them.

Pedestrian Safety
Ensuring safe interactions between
pedestrians and vehicles

Societal
Readiness Involving diverse
Preparing society users in the
for HMI adoption

design process

Real-World

E,__ Use-Cases

=1, Defining scenarios
for HMI testing and
validation

Compliance
Adhering to legal, l
security, and \Ga )

privacy standards

Standardization @ Accessibility

Ensuring consistent Making HMls

HMI designs and understandable for
protocols all users

Rigorously testing
HMI effectiveness and safety

To ensure safe, effective, and socially acceptable pedestrian-vehicle interactions, cooperative
Human-Machine Interface (HMI) systems must be designed through an iterative, user-centred
approach that emphasizes clear and perceivable communication, real-world validation, and
ongoing monitoring of impacts. Building on the HEIDI project's experiences, the development
and deployment of such systems should integrate practical traffic studies, continuous
stakeholder feedback, and proactive mitigation of unintended consequences to ensure both
pedestrian understanding and trust, as well as system reliability in diverse urban environments
and traffic conditions.
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Practical guidelines for stakeholders

. *HEIDI

Consider Mounting / Placement of an
eHMI on a roadgoing vehicle: visual

Tech developers and

Concept mapping

1.1 communication to be perceivable | Manufacturers &| & design;
and unambiguous for all pedestrian | Tech providers deployment
and road vehicles.
Systematic Requirements &
Monltc.)rlng.hlghllght t.he |mportarlce Tech developers and
of iterative  design:  testing,
1.2 . Manufacturers & | All phases
evaluating real-world feedback, and Tech providers
addressing potential unintended P
consequences.
Continuously monitor the technology | Tech developers and goncept m[?e?spi)mnq
1.3 for unexpected negative impacts and | Manufacturers & L an,
. . Validation &
iterate early. Tech providers .
piloting
. . n mappin
Investigate and mitigate any | Tech developers and Concept appl g
. & Design;
1.4 unintended consequences of HMI | Manufacturers & N
. . o . Validation &
interactions. Scientific community | .~ .
piloting
Engage with pedestrians and drivers | Tech developers and E(;nc?ri)t Desian:
15 to gather feedback and iteratively | Manufacturers & Valﬁj?s\tigh g &
improve the system. Scientific community | .~ .
piloting
. : . Tech I N
Conduct practical studies in real ech developers and Validation &
1.6 . n Manufacturers & | . ..
traffic conditions. N . piloting
Scientific community
Determine, address and monitor the Tech developers and
effects of the design and methods P Validation &
1.7 . L Manufacturers &\ ..
designed for the validation phase on piloting

the study participants.

Scientific community

In order to create inclusive and ethically responsible cooperative HMI systems, it is essential
to actively involve end users—especially those from diverse backgrounds—throughout the
entire design and development process. Drawing from the HEIDI project experiences, this
involves co-design practices that bring together developers, legal and ethics experts, and a
broad spectrum of users to formulate requirements, conduct real-world testing, and ensure that
the system addresses the varied needs, abilities, and expectations of all road users. This
inclusive approach supports usability, fairness, and social acceptance as the technology

matures.
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Concept mapping

and expected TRL - Technology
Readiness Level.

. Tech developers and & deS|gn.
Balance the needs of different Community
2.1 o Manufacturers &
groups and individuals. . engagement,
Tech providers L
validation &
piloting
Formulate requirements in
59 collaboration with developers, ethics | Tech developers and | Concept mapping
' and legal experts, and those testing | Manufacturers & Design
the tools.
Concept
mapping, design
Use a co-design approach towards | Tech developersand | &  development
2.3 defining HMIs on a roadgoing | Manufacturers & | Community
vehicle. Tech providers engagement,
validation &
piloting
Use a co-design approach that | Tech developers and
2.4 includes diverse user groups from | Manufacturers & | All phases
the earliest stages of development. | Scientific community
Conduct regular usability testing with | Tech developers and | Community
55 a focus on inclusion, ensuring that | Manufacturers, Tech | engagement,
' the HMI is accessible to users with | providers & Scientific | Validation &
different needs and backgrounds. community piloting
Conduct a broad study with diverse
typgs of road user-s in a relevant | Tech developers and Validation &
2.6 environment according to the current | Manufacturers & piloting

Tech providers

It is essential to define comprehensive use-cases grounded in real-world pedestrian-vehicle
interactions and user needs. As lessons learnt in the HEIDI project validations, this involves
identifying diverse, representative scenarios that include various road users and vehicle types,
including both common and edge-case situations. These use-cases should guide design,
testing, and validation efforts, using both simulations and field tests to ensure that HMIs
function reliably across regulated and unregulated interactions in dynamic traffic environments.
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Identify relevant user needs, use- | Tech developers and | Concept
3.1 cases and situations where HMIs | Manufacturers & | mapping, design
shall be deployed. Scientific community | & development
. Tech developers and | Concept
The definition of the use cases P .p :
3.2 Manufacturers & | mapping, design
should be based on the user needs. N .
Scientific community | & development
. Tech developers an ncept
The use-cases should involve ech developers and | Co cgp :
3.3 . . Manufacturers & | mapping, design
different road users and vehicles. o .
Scientific community | & development
Develo detailed use-case
-p Tech developers and | Concept
scenarios based on real-world . .
3.4 . ) . Manufacturers & | mapping, design
interactions between vehicles and N .
. Scientific community | & development
pedestrians.
Identify a generalized use-case for
. fyag . Tech developers and | Concept
testing different unregulated . .
3.5 . . L Manufacturers & | mapping, design
interactions or situations that are not o .
: Scientific community | & development
represented in the other use-cases.
For the validations and evaluations | Tech developers and L
. Validation &
3.6 select the more representative use | Manufacturers & iiotin
cases. Scientific community P g
Validate these use-cases through
. . . Tech developers and L
simulations and field tests to ensure Validation &
3.7 . . Manufacturers & | . ..
they cover a wide range of potential piloting

situations.

Scientific community

HMIs design must prioritize clarity, accessibility, and user comprehension across diverse
populations. This involves creating intuitive, explainable messages using validated symbols
and optical parameters that are clearly visible without causing discomfort. Researchers should
collaborate with Ul experts and end users—including individuals with disabilities and from
various cultural backgrounds—to iteratively test and refine HMI elements. Supporting materials
must accompany the system to clearly communicate functionality and message meaning,
ensuring broad understanding and acceptance in real-world contexts.
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Design understandable and | Tech developers and Concent desian &
4.1 accessible messages which shall be | Manufacturers & developmentg
conveyed by eHMIs. Tech providers P
Ensure that optical parameters 'are Tech developers and '
well addressed for appropriate Concept design &
4.2 N . . Manufacturers &
visibility while avoiding glare and . development
. Tech providers
discomfort.
Concept design &
Identify and validate with end-users | Tech developers and development
. Community
4.3 the requirements on symbols and | Manufacturers &
. engagement,
patterns to be used for messages. Tech providers S
validation &
piloting.
. Tech developers and Concept design &
Develop transparent and explainable development
4.4 Manufacturers & L
tools. . Validation &
Tech providers -
piloting
Incorporate Ul experts to design HMI
interfaces  with clear, intuitive | Tech developers and .
Concept design &
4.5 symbols and messages that are | Manufacturers & develooment
easily understood, including different | Tech providers P
ethnicities and users with disabilities.
Collect feedback from study and | Tech developers and | Community
46 validation participants regarding the | Manufacturers, Tech | engagement;
' understanding and accessibility of | providers; Scientific | Validation &
the HMlIs. Community piloting.
Provide proper information material
prop . . Tech developers and
for end-users with clear explanation
4.7 Manufacturers & | All phases
on how to use the system and the .
. . Tech providers
meaning of messages and signals.

To rigorously assess the effectiveness, safety, and user acceptance of cooperative HMI
systems, it is essential to apply comprehensive, multi-method evaluation methodologies.
Based on the conclusions of HEIDI's validation methods and studies performed,
methodologies should include cross-over designs to address individual differences and
realistic scenarios that balance experimental control with ecological validity. Thoughtful
participant selection and ongoing feedback collection further ensure meaningful insights.
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5.1

Conduct larger-scale studies to
enhance statistical robustness,
reliability, and generalizability.

Tech developers and
Manufacturers &
Scientific community

Methodology
design; Validation
& piloting

5.2

Use a combination of subjective and
objective validation methods.

Tech developers and
Manufacturers &
Scientific community

Methodology
design; Validation
& piloting

5.3

Prefer cross-over designs over
between-subject designs to account
for individual differences.

Tech developers and
Manufacturers &
Scientific community

Methodology
design; Validation
& piloting

54

Conduct thorough pilot testing with
the full protocol, ensuring logged
data checks.

Tech developers and
Manufacturers &
Scientific community

Validation &
piloting

5.5

Avoid using completely naive
participants to ensure meaningful
responses to HMI features.

Tech developers and
Manufacturers &
Tech providers;
Scientific community

Validation &
piloting

5.6

Minimize participant burden by
selecting only the most relevant
questionnaire items.

Tech developers and
Manufacturers &
Scientific community

Methodology
design; Validation
& piloting

5.7

Integrate timely feedback collection
during user interaction to capture
immediate impressions and
reactions.

Tech developers and
Manufacturers &
Scientific community

Methodology
design; Validation
& piloting

5.8

Consider participant-specific
sensitivities or limitations during
recruitment to ensure safety and
data quality.

Tech developers and
Manufacturers &
Scientific community

Methodology
design; Validation
& piloting

5.9

Design driving scenarios and test
environments to minimize discomfort
and use a combination of subjective
reports and objective data to
evaluate user experience.

Tech developers and
Manufacturers &
Scientific community

Methodology
design; Validation
& piloting

5.10

Combine guestionnaires and
interviews for a more detailed
understanding of participant
experiences.

Tech developers and
Manufacturers &
Scientific community

Methodology
design; Validation
& piloting

511

Use a mix of simulations, field tests,
and user feedback to validate the
HMI’s effectiveness and reliability.

Tech developers and
Manufacturers &
Scientific community

Methodology
design; Validation
& piloting
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To promote safety, interoperability, and user trust in cooperative HMI systems, the
standardization of HMI designs and communication protocols is essential. As emphasized by
the HEIDI project, consistent use of symbols, colours, message structures, and behavioural
cues across vehicle types and contexts enables pedestrians and drivers to interpret HMI
signals reliably and intuitively. Establishing harmonized design frameworks and shared
communication standards—uvalidated through user testing and cross-industry collaboration—
lays the foundation for scalable, inclusive, and regulation-ready deployment of HMI
technologies across Europe and beyond.

Standardizing HMI designs and
communication protocols (between | Policy makers and
6.1 road users and vehicle), ensuring | Standardization
consistency across different vehicle | Organizations
manufacturers.

Deployment &
policymaking

_ _ Policy makers and
6.2 Standardized HMI evaluation Standardization

protocols (and KPIs). Organizations

Policy makers and

Deployment &
policymaking

Universally understood eHMIs for Deployment &

6.3 . L . Standardization . .
pedestrian-vehicle interactions. o policymaking
Organizations
Ensure that methodologies are | Policy makers and | Concept
6.4 standardized within technological | Standardization mapping, design
development policies. Organizations & policymaking
Tech developers and
. — Manuf , Tech
Establish communication channels any acturers. ec
. . providers; Scientific
65 with a diverse range of external Communitv:  Policy | All phases
' stakeholders, outside of the R&D Y y P
r0CesS makers and
P ' Standardization
Organizations
Tech developers and
. . Manufacturers, Tech
Work with industry standards uracturers, 1ee
o . providers; Scientific
organizations to develop universal . . Deployment &
6.6 - . Community;  Policy . .
guidelines for HMI designs and policymaking
o makers and
communication protocols. —
Standardization
Organizations
Ensure that these standards are Tech developers and
adopted across different vehicle Manufacturers, Tech Deployment &
6.7 P providers; Scientific ploy

manufacturers to maintain
consistency.

Community; ~ Policy policymaking

makers and
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Standardization
Organizations
Tech developers and

6.8 Joint effort with standardization | Manufacturers, Tech All phases
' entities (Euro-NCAP, etc.). providers; Scientific P
Community

Ensuring responsible development and deployment of cooperative HMI systems, legal,
security, and privacy compliance must be embedded from the outset. In line with the HEIDI
project’s approach, this includes adhering to data protection regulations (e.g. GDPR), securing
communication channels to prevent misuse or manipulation, and clearly defining legal
responsibilities in human-machine interactions. Proactive collaboration with legal, ethical, and
cybersecurity experts throughout the design and validation process is crucial to safeguard user
rights, build public trust, and ensure that HMI technologies operate within a transparent and

accountable regulatory framework.

. Tech developers and
Include experts in Al legal

. . Manufacturers, Tech .
frameworks, security  principles roviders: Concept design,

7.1 throughout the HMIs technical providers, .| development &

: Legislation, security

development and solution . deployment.
and/or privacy

deployment.
experts.

Map and identify the applicable Al Tech developers and

) o Manufacturers, Tech ,

ethical principles and legal . Concept design,
providers;

7.2 frameworks for each phase of the o .| development &

\ Legislation, security
R&D process to which they are . deployment.
and/or privacy
relevant.
experts.
Tech developers and
Utilize ethics-by-design | Manufacturers, Tech .
, . . . Concept design,
methodologies, including | providers;

7.3 . . . . . .| development &
comprehensive and iterative ethical | Legislation, security denlovment
impact assessments and/or privacy pioy '

experts.
Utilize  security-by-design and | Tech developers and
security-by-default  methodologies | Manufacturers, Tech

74 by |dept|W|ng and implementing pr0\'/|der's, | All phases
appropriate measures to manage | Legislation, security
risks to network security and | and/or privacy
information systems. experts.

Consult with legal experts to ensure | Tech developers and

7.5 compliance  with all  relevant | Manufacturers, Tech | All phases

regulations and standards, conduct | providers;
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Practical guidelines for stakeholders *HEIDI
regular audits to maintain | Legislation, security
compliance. and/or privacy
experts.
Tech developers and
Manufacturers, Tech
Make suggestions that require | providers; _—
99 . a P . .| Validation &
7.6 changes to legislation based on | Legislation, security . .
o . . policymaking
validation phases and conclusions. | and/or privacy
experts;
Policymakers

To ensure successful adoption of cooperative HMI systems, societal readiness must be
prioritized through inclusive engagement, transparent communication, and alignment with
societal values and expectations. Following the HEIDI project and recent EU guidance, this
involves involving citizens early in the innovation process, addressing ethical and social
concerns, and building trust through responsiveness, inclusivity, and demonstrable public

benefit.
Engage citizens  earl and
g- g . y Tech developers and
continuously in the development
Manufacturers, Tech
8.1 process to ensure the technology . ... | All phases
. . ) providers; Scientific
aligns with real societal needs and )
Community
values.
Ensure transparent communication
about HMI system capabilities, :
A y. p. Tech providers & | Deployment &
8.2 limitations, benefits, and risks, to . . S
. . : Public Authorities. exploitation
build public trust and informed
consent.
Tech developers and
Systematically assess the ethical, | Manufacturers, Tech
legal, and social implications of HMI | providers; Validation &

8.3 deployment to anticipate societal | Legislation, security | piloting;
concerns and avoid unintended | and/or privacy | Policymakers
consequences. experts;

Policymakers
Prepare demonstrations in real traffic | Tech developers and
environments to showcase benefits, | Manufacturers, Tech | Piloting,

8.4 gather feedback for the public, and | providers; Scientific | deployment &
promote societal acceptance | Community; General | exploitation
through visibility and dialogue. Public.
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Summary of best practices to implement guidelines *HEIDI

The following table presents a summary of the identified best practices depicted for each
relevant stakeholders and corresponding R&D lifecycle phases. Each of the best practices are
numbered so that stakeholders can easily access those practices which are relevant for them.

Design and ;
Development: Community Deployment, Research &
Concept mapping, engaggment. . mamtgngnce & TG
methodology, design & | Validation & pilots | exploitation
development
1.1-15,21-24, 1.2-1.7,2.3-2.6,
Tech 3.1-35,41-45, 3.6,3.7,4.4,4.6, éé ég éi g; 12,2.4,47,6.5,
developersand | 4.7,5.1-5.3,56- | 47,51-5.11,6.5, 7'1’ 7'2’ 7'3’ 7'4’ 6.6, 6.7, 6.8, 7.4,
Manufacturers 5.11,6.5,6.8, 7.1 — 6.8,7.4-7.6,8.1, 7'5’ 8.11 8.4’ o 7.5,7.6,8.1,8.3
75,81 8.3,8.4 e
1.1,1.2,1.3, 2.1, 1.2,1.3,23,25, 1.1,1.2,4.7,65, 1.2,4.7,6.5, 6.6,
. 2.6,4.4,46,4.7, 6.6,6.7,6.8, 7.1,
Tech providers 2.3,41-4.7,6.5, 6.7,6.8,7.4,7.5,
68 71-75 81 5.5,6.5,6.8, 7.4, 7.2,73,74,7.5, 76.81. 83
T o 75,76,8.1,83,84 |81,82,84 R
4152431 1 000
Scientific 5'1' 5'2’ 5'3’ 5.6’ 3.6,3.7,46,51 - 2.4,6.5,6.6,6.7, 2.4,6.5,6.6,6.7,
community 57 58 5.9, 5.10, 24111 6.5, 6.8, 8.1, 6.8,8.1,84 6.8,8.1
5.11,6.5,6.8,8.1 '

. 6.1,6.2,6.3, 6.5, 6.1, 6.2, 6.3, 6.4,
Policymakers 6.4,6.5 6.5, 8.3 6.6 6.7 6.5 6.6 6.7 8.3
Staqdardlzatlon 6.4. 6.5 6.5 6.1, 6.2, 6.3, 6.5, 6.1, 6.2, 6.3, 6.4,
bodies 6.6, 6.7 6.5, 6.6, 6.7
Legislation, 7.1,72,73,7.4 71,72,73,74
security and/or 7'5’ R 7.4,75,83 7'5’ o 7.4,75,8.3
privacy experts | '

Public .. N/A N/A 8.2 N/A
Authorities
General Public N/A 8.4 8.4 N/A

In Table 4-2 we summarize all the best practices to implement the guidelines, highlighting each
best practice, the guideline(s) which it relates to, the relevant target audience, the phase of
development when this practice should be implemented, and the expected impact of each best
practice.
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Mounting / Placement of an eHMI on a roadgoing vehicle: visual

Tech developers
and

Concept mapping

Ensures eHMI signals are clear,

1.1 G1 communication must be perceivable and unambiguous for all Manufacturers & design; | reducing  misinterpretation and
edestrian and road vehicles. . ! Deployment improving safety for all road users.
P Tech providers ploy P 9 v
. . N N . Tech developers Improves system robustness and
Systematic Requirements & Monitoring highlight the importance of P P . 4 . .
. . . . . and usability through iterative
1.2 Gl iterative design: testing, evaluating real-world feedback, and All phases )
. . . Manufacturers, refinements based on real-world
addressing potential unintended consequences. .
Tech providers feedback.
Tech developers . I . .
. . . P Concept mapping, | Minimizes risk of harm by catching
Continuously monitor the technology for unexpected negative | and . S . : .
1.3 Gl . . Design; Validation | negative effects early, improving
impacts and iterate early. Manufacturers, e
. & piloting user trust and system safety.
Tech providers
Tech developers . . .
. Reduces unintended interaction
Investigate and mitigate any unintended consequences of HMI and Concept mapping, issues ensurin safer and
1.4 Gl . g. 9 y q Manufacturers, Design; Validation ' 9 :
interactions. o e smoother human-vehicle
Scientific & piloting N
. communication.
community
Tech developers
. . . and Concept mapping, | Enhances user satisfaction and
Engage with pedestrians and drivers to gather feedback and . p .pp.g . .
15 G1 . . . Manufacturers, Design; Validation | system relevance by integrating
iteratively improve the system. S L .
Scientific & piloting actual user experiences.
community
Tech developers
and Validation & Increases reliability of system
1.6 G1 Conduct practical studies in real traffic conditions. Manufacturers, ilotin performance in realistic conditions,
Scientific P 9 ensuring readiness for deployment.
community
Tech developers
Determine, address and monitor the effects of the design and | and Validation & Improves validity of studies and
1.7 G1 methods designed for the validation phase on the study | Manufacturers, ilotin protects  participants, ensuring
participants. Scientific P 9 ethical and accurate validation.
community
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Summary of best practices to implement guidelines

[ *HEIDI

Tech developers
and

Concept mapping

Promotes fairness and accessibility,

2.1 G2 Balances the needs of different groups and individuals. . preventing exclusion of vulnerable
Manufacturers, & design o MINOFity ArouDs
Tech providers y groups.
. . . . . . Enhances legal compliance and
Formulate requirements in collaboration with developers, ethics | Tech developers | Concept mapping . 9 p|. .
2.2 G2 ) . ethical soundness, reducing risk of
and legal experts, and those testing the tools. and Manufacturers | & Design
future legal challenges.
Concept mapping,
design &
Tech developers
. - . P development Creates HMIs that better meet end-
Use a co-design approach towards defining HMIs on a roadgoing | and . . . I
2.3 G2 . Community user needs, improving usability and
vehicle. Manufacturers,
. engagement, acceptance.
Tech providers s
validation &
piloting
Tech developers
. . . and Increases system inclusivity and
Use a co-design approach that includes diverse user groups from Y ty
2.4 G2 . Manufacturers, All phases user acceptance across diverse
the earliest stages of development. S .
Scientific populations.
community
Tech developers
. . . . . . and Communi .
Conduct regular usability testing with a focus on inclusion, ensuring v Ensures system accessibility and
. . . . Manufacturers, engagement, . .
25 G2 that the HMI is accessible to users with different needs and . e usability for a wider user base,
backarounds Tech providers & | Validation & improving equi
g ' Scientific piloting proving equity.
community
— . Tech devel Enh t bust d
Conduct a broad study with diverse types of road users in a relevant ¢ evelopers S 4 ancgs sys em 1o us.ness a.n
. ; and Validation & | generalizability, increasing
2.6 G2 environment according to the current and expected TRL - - . .
. Manufacturers, piloting confidence in deployment
Technology Readiness Level. .
Tech providers outcomes.
Tech developers
. _ d C t ing, | Ali i functionalit ith
Identify relevant user needs, use-cases and situations where HMIs an onpep mapping 'gns  system func |onz_al y V\.”
3.1 G3 Manufacturers, design & | real-world needs, improving
shall be deployed. o .
Scientific development practical relevance.
community
Tech developers | Concept mapping, | Ensures  user-centred  design,
3.2 G3 The definition of the use cases should be based on the user needs. | and design & | increasing satisfaction and
Manufacturers, development usability.
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Summary of best practices to implement guidelines

[HEIDI

Scientific
community

Tech developers
and

Concept mapping,

Increases system effectiveness

3.3 G3 The use-cases should involve different road users and vehicles. Manufacturers, design & | across varied road users and
Scientific development scenarios.
community
Tech developers
. . and Concept mapping, | Provides realistic test conditions,
Develop detailed use-case scenarios based on real-world . P pping . . - L
3.4 G3 . . ) . Manufacturers, design & | improving predictive validity of HMI
interactions between vehicles and pedestrians. o .
Scientific development behaviour.
community
Tech developers
Identify a generalized use-case for testing different unregulated | and Concept mapping, | Prepares system for edge cases
3.5 G3 interactions or situations that are not represented in the other use- | Manufacturers, design & | and unregulated interactions,
cases. Scientific development reducing future risks.
community
Tech developers
S . . and N Focuses validation on critical
For the validations and evaluations select the more representative Validation & |. . . . .
3.6 G3 Manufacturers, . interactions, increasing testing
use cases. o piloting .
Scientific efficiency and relevance.
community
Tech developers
. . . ) and S Ensures system reliability in diverse
Validate these use-cases through simulations and field tests to Validation & ; Y . y .
3.7 G3 . e Manufacturers, - scenarios, strengthening readiness
ensure they cover a wide range of potential situations. S piloting
Scientific for deployment.
community
Tech  developers Improves communication clarit
Design understandable and accessible messages which shall be | and Concept design & P . . . Y,
4.1 G4 reducing misunderstanding and
conveyed by eHMIs. Manufacturers, development .
. accidents.
Tech providers
Tech developers N
. . . Enhances visibility and comfort,
Ensure that optical parameters are well addressed for appropriate | and Concept design & | . .
4.2 G4 increasing safety and user

visibility while avoiding glare and discomfort.

Manufacturers,
Tech providers

development

satisfaction.
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Summary of best practices to implement guidelines

[ “HEIDI

Identify and validate with end-users the requirements on symbols

Tech developers
and

Concept design &

Ensures symbols/messages are

4.3 G4 intuitive and widely understandable,
and patterns to be used for messages. Manufacturers, development niul I\./ W . yu
. reducing confusion.
Tech providers
Tech developers | Concept design &
and development Increases user trust and system
4.4 G4 Develop transparent and explainable tools. Manufacturers, Validation 2 ?r(;(r:](;ur;trael:]l::lty through
Tech providers piloting P y.
. . . N Tech developers N
Incorporate Ul experts to design HMI interfaces with clear, intuitive P . Improves accessibility and
. . . and Concept design & | . . . .
4.5 G4 symbols and messages that are easily understood, including inclusivity, meeting diverse user
; . . L Manufacturers, development .
different ethnicities and users with disabilities. . needs effectively.
Tech providers
Tech developers
and Community .
I - . Identifies and resolves
Collect feedback from study and validation participants regarding | Manufacturers, engagement; ) . . .
4.6 G4 - - . o misunderstandings, improving HMI
the understanding and accessibility of the HMIs. Tech providers; | Validation & .
N N usability and acceptance.
Scientific piloting.
Community
. . . . . Tech developers .
Provide proper information material for end-users with clear and P Improves user onboarding and
4.7 G4 explanation on how to use the system and the meaning of Manufacturers All phases confidence, facilitating adoption and
messages and signals. ! correct usage.
9 9 Tech providers 9
Tech developers
. . d Methodol | fid i tud
Conduct larger-scale studies to enhance statistical robustness, an e. ° OOQY . nereases —cont enF:e n ;u y
5.1 G5 . o Manufacturers, design; Validation | outcomes, ensuring reliable
reliability, and generalizability. S o . s .
Scientific & piloting evidence for decision-making.
community
Tech developers
and Methodology Provides comprehensive validation
5.2 G5 Use a combination of subjective and objective validation methods. | Manufacturers, design; Validation . . P -
S o data, improving system credibility.
Scientific & piloting
community
Tech developers
. . . and Methodology Reduces variability from individual
Prefer cross-over designs over between-subject designs to account _ . . . .
5.3 G5 e . Manufacturers, design; Validation | differences, improving result
for individual differences. S S
Scientific & piloting accuracy.
community
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Summary of best practices to implement guidelines

[HEIDI

Tech developers
and

Ensures protocol reliability,

Conduct thorough pilot testing with the full protocol, ensurin Validation & S T :
5.4 G5 gh p g P 9 Manufacturers, - minimizing data quality issues in
logged data checks. R piloting :
Scientific large studies.
community
Tech developers
and Improves test relevance by usin
Avoid using completely naive participants to ensure meaningful | Manufacturers, Validation & p. . y . 9
5.5 G5 . . N participants capable of meaningful
responses to HMI features. Tech providers; | piloting . .
s interaction.
Scientific
community
Tech developers
N L . and Methodolo Reduces articipant fatigue,
Minimize participant burden by selecting only the most relevant _ v . ) P ha g
5.6 G5 . o Manufacturers, design; Validation | improving data quality and study
questionnaire items. o o .
Scientific & piloting compliance.
community
Tech developers
. . . . . and Methodolo Captures authentic user
Integrate timely feedback collection during user interaction to _ v P . i . .
5.7 G5 . C o . . Manufacturers, design; Validation | experiences in real time, improving
capture immediate impressions and reactions. o o . )
Scientific & piloting design refinement.
community
Tech developers
. - . e N . and Methodology - . .
Consider participant-specific sensitivities or limitations during _ S Protects participants, improving
5.8 G5 . . Manufacturers, design; Validation : L
recruitment to ensure safety and data quality. N o ethical standards and data validity.
Scientific & piloting
community
Tech developers
Design driving scenarios and test environments to minimize | and Methodology -
. S L . L Increases participant comfort and
5.9 G5 discomfort and use a combination of subjective reports and | Manufacturers, design; Validation . . -
- . o o safety, improving study reliability.
objective data to evaluate user experience. Scientific & piloting
community
Tech developers
. . . . . . and Methodology Provides richer insight into user
Combine questionnaires and interviews for a more detailed . L . . )
5.10 G5 ; . . Manufacturers, design; Validation | experiences, enhancing design
understanding of participant experiences. o o .
Scientific & piloting improvements.
community
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Summary of best practices to implement guidelines

[ “HEIDI

Use a mix of simulations, field tests, and user feedback to validate

Tech developers
and

Methodology

Ensures well-rounded validation,

5.11 G5 the HMI's effectiveness and reliability. Ma}nufg.cturers, des_lgn_; Validation strengther_u.ng system effectiveness
Scientific & piloting and reliability.
community
Standardizing HMI designs and communication protocols (between | Policy makers and Ensures interoperability and
: . - . o Deployment & . .
6.1 G6 road users and vehicle), ensuring consistency across different | Standardization olicymakin consistent user experience across
vehicle manufacturers. Organizations policy 9 vehicles, improving safety.
Policy makers and Deplovment & Facilitates fair and consistent
6.2 G6 Standardized HMI evaluation protocols (and KPIs). Standardization ollioc zwakin evaluation across industry,
Organizations policy 9 supporting regulatory compliance.
Policy makers and . .
. . S . o Depl |
6.3 G6 Universally understood eHMlIs for pedestrian-vehicle interactions. Standardization ep oymept & | Improves pedestrian understanding
o policymaking and safety globally.
Organizations
. . - . Poli k ing, | E f inclusivity i
Ensure that methodologies are standardized within technological olcy mg e.rs and Con.cept mapping mpeds safety and inc U.SIVIty |lnto
6.4 G6 - Standardization design & | design from the start, improving
development policies. o ) . . .
Organizations policymaking policy alignment.
Tech developers
and
Manufacturers,
Establish communication channels with a diverse range of external Te_ch o providers; !Enhances stak_eholder buy-in and
6.5 G6 . Scientific All phases improves design relevance by
stakeholders, outside of the R&D process. . . . .
Community; Policy broadening perspectives.
makers and
Standardization
Organizations
Tech developers
and
Manufacturers,
_ o . Tech providers; Supports consistent application of
Work with industry standards organizations to develop universal S Deployment & . . .
6.6 G6 Scientific best practices, improving cross-

guidelines for HMI designs and communication protocols.

Community; Policy
makers and
Standardization
Organizations

policymaking

industry adoption.
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Summary of best practices to implement guidelines

[HEIDI

Tech developers
and

Manufacturers,
Tech providers;

Ensures wide-scale consistency,

Ensure that these standards are adopted across different vehicle N Deployment & | . . o
6.7 G6 manufacturers to maintain consistency Scientific policymaking improving _usability and - safety
' Community; Policy across vehicle brands.
makers and
Standardization
Organizations
Tech developers
and Increases credibility and
6.8 G6 Joint effort with standardization entities (Euro-NCAP, etc.). Manufacturerg All phases acceptan.ce of standards,
Tech providers; accelerating  deployment  and
Scientific compliance.
Community
Tech developers
and
Include experts in Al legal frameworks, security principles | Manufacturers, Concept design, | Reduces legal and security risks,
7.1 G7 throughout the HMIs technical development and solution | Tech providers; | development & | improving regulatory compliance
deployment. Legislation, deployment. and system resilience.
security and/or
privacy experts.
Tech developers
and
Map and identify the applicable Al ethical principles and legal | Manufacturers, Concept design, | Ensures systems meet evolving
7.2 G7 frameworks for each phase of the R&D process to which they are | Tech providers; | development & | legal/ethical requirements, avoiding
relevant. Legislation, deployment. compliance gaps.
security and/or
privacy experts.
Tech developers
and
Utilize ethics-by-design methodologies, including comprehensive Manufacturerg, Concept  design, | Minimizes thlcaI risks arld
7.3 G7 . . L Tech providers; | development & | enhances public trust through built-
and iterative ethical impact assessments N . .
Legislation, deployment. in ethical safeguards.
security and/or

privacy experts.
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Summary of best practices to implement guidelines

[ “HEIDI

Tech developers
and

Utilize security-by-design and security-by-default methodologies by | Manufacturers, . .
. o : . - . Improves system resilience against
7.4 G7 identifying and implementing appropriate measures to manage | Tech providers; | All phases
. . - . N cyber threats and data breaches.
risks to network security and information systems. Legislation,
security and/or
privacy experts.
Tech developers
and
Consult with legal experts to ensure compliance with all relevant | Manufacturers, Maintains long-term compliance
7.5 G7 regulations and standards, conduct regular audits to maintain | Tech providers; | All phases and system integrity through
compliance. Legislation, continuous legal oversight.
security and/or
privacy experts.
Tech developers
and
Manufacturers, Aligns legislation with real-world
Make suggestions that require changes to legislation based on | Tech providers; | Validation g g .
7.6 G7 L . S . . needs, facilitating smoother system
validation phases and conclusions. Legislation, policymaking
. rollout and acceptance.
security and/or
privacy  experts;
Policymakers
Tech developers
and
. . . Ensures technology addresses
Engage citizens early and continuously in the development process | Manufacturers, . . .
8.1 G8 . . . . All phases societal needs, increasing
to ensure the technology aligns with real societal needs and values. | Tech providers;
S acceptance and relevance.
Scientific
Community
Ensure transparent communication about HMI system capabilities, . Builds public trust and informed
o . . . . . Tech providers & | Deployment . o .
8.2 G8 limitations, benefits, and risks, to build public trust and informed . " S adoption by clarifying benefits and
Public Authorities. | exploitation L
consent. limitations.
Tech developers
. . o and N . " .
Systematically assess the ethical, legal, and social implications of Manufacturers Validation Anticipates and mitigates societal
8.3 G8 HMI deployment to anticipate societal concerns and avoid Tech roviélers- piloting; risks, ensuring responsible
unintended consequences. N P " | Policymaking deployment.
Legislation,

security and/or
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Summary of best practices to implement guidelines
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privacy  experts;
Policymakers

8.4

G8

Prepare demonstrations in real traffic environments to showcase
benefits, gather feedback for the public, and promote societal
acceptance through visibility and dialogue.

Tech developers
and

Manufacturers,
Tech providers;
Scientific
Community;
General Public.

Piloting,
deployment
exploitation

&

Increases societal acceptance and
adoption through visibility and real-
world demonstrations.
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Conclusions eHEIDI

The present document reports the lessons learnt, and insight gathered throughout HEIDI
activities to produce practical guidelines for those developing, implementing, and exploiting
HMI systems on road-going vehicles for cooperative interaction with pedestrians and other
road users, also contributing to best conceptualization, design, development and validation
practices. The information collected was structured into eight guidelines and implemented by
the formulation of best practices targeted to different profiles. Project partners have been
engaged across various phases of the project lifecycle, collaborating across work packages
and participating in surveys and workshops providing their experiences, conclusions, lessons,
etc.

To enhance usability, specific best practices have been developed to support stakeholders in
effectively applying each guideline throughout the R&D process. Each best practice is aligned
with the most appropriate phase of the R&D lifecycle and assigned to the stakeholders best
positioned to implement it. Two tables providing a summary of the best practices and their
corresponding related guideline and their impact in the development and implementation of
HMIs are presented as a valuable outcome from the HEIDI project through this deliverable.

Ensuring a safety, inclusive, and effective deployment of HMIs in road transport systems, it is
imperative to embed these guidelines and best practices into both technological development
and regulatory frameworks from the earliest stages. Policymakers, standardization bodies, and
industry stakeholders must work collaboratively to establish harmonized standards that
guarantee consistency, interoperability, and accessibility across all vehicle manufacturers and
user groups. Integrating iterative validation, ethical and legal safeguards, and citizen
engagement into the R&D process will not only enhance system reliability and societal
acceptance but also align emerging technologies with fundamental public interests and values.
A joint, cross-sectoral effort is essential to create a cohesive regulatory landscape that
anticipates future challenges, supports innovation, and safeguards public trust in automated
and connected mobility solutions.
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Abbreviations

6. Abbreviations

‘L HEIDI

Term Definition

eHMI External Human Machine Interfaces

HEID| HoIistic_and adaptivE Interface Design for human-technology
Interactions

HMI Human Machine Interfaces

iHMIs Internal Human Machine Interfaces

IT Information Technology

KPI Key Performance Indicators

R&D Research and Development

Ul User Interface

WP Work Package
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Annex | - HEIDI Guidelines and Best Practices questionnaire *HEIDI

The following questionnaire is part of the activities defined in HEIDI’'s WP5 - Validation Methods
& Standardization Recommendations under task T5.5 Recommendations for Legal Framework
and Standardisation. The objective is to collect and summarize the best practices and
recommendations after the execution of project activities under the design, test and validation
tasks. The information collected through this questionnaire will be organized and discussed
with all the partners in a workshop previous the delivery of the deliverable “Best practices for
design and development of HMI systems” (D5.5), where the results of this work will be
presented.

The questionnaire is structured as follows:

- Part 1 of the questionnaire is designed to identify the most significant lessons you have
learnt, the challenges you have encountered, and the insights and recommendations
that have emerged from them.

- Part 2 outlines the key guidelines derived from the deliverables produced during the
design, testing, and validation phases of the HEIDI project. It seeks your input on the
most important and least important guidelines, as well as any additional guideline for
those involved in developing, implementing, and promoting HMIs on road-going
vehicles for cooperative interaction with pedestrians and other road users. It also
provides a check table to collect your opinion on how HEIDI meets these guideline,
main obstacles, and their implementation.

- Part 3 is devoted to gather ideas and opinions from partners about the way to
implement each guideline. This part will be discussed as a brainstorming session
during the workshop.

Please answer the questions in each part thinking always on the work carried out during the
HEIDI project and the lessons learnt, most importantly, to provide recommendations to future
technology developers and manufacturers, technology providers, policymakers or other key
stakeholders during the lifecycle of the design and development of HMI systems.

Q1. In your opinion, what have been the biggest lessons you have learnt throughout the work
carried out in HEIDI?

Q2. What were the biggest challenges you faced?

Q3. Based on lessons learnt and challenges, what recommendations would you give to future
technology developers and manufacturers, technology providers, policymakers or other key
stakeholders during the lifecycle of the design and development of HMI systems?

The following guidelines, collected from HEIDI deliverables, activities and conclusions, are
represented as “themes” in which diverse best practices will be provided.

In this part, the idea is to focus on the guidelines and collect your opinion on the most relevant
and lest relevant ones, as well as to know if there is any other additional guideline that is not
mentioned.
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Annex | - HEIDI Guidelines and Best Practices questionnaire *HEIDI

e Guideline 1: Address impacts of cooperative HMI systems for pedestrian-vehicle
interactions.

¢ Guideline 2: Involve end users and be sensitive to diversity.

e Guideline 3: Define relevant use-cases.

e Guideline 4: Be understandable and accessible.

e Guideline 5: Comprehensive methodologies, validations and evaluation tests.

¢ Guideline 6: Standardize HMI designs and communication protocols.

e Guideline 7: Ensure legal compliance.

Methodologies %

Test Procedures Design Standards
Validation Techniques Communication Protocols
Cooperative Systems E‘J\.\E\J (&7@ End User Involvement ]

Pedestrian Safety

Vehicle Communication

—

Diverse User Groups
User Feedback
Guidelines

for HMI
Systems

-

User Interface Design Scenario Planning

Information Clarity Functional Requirements

{E;jp L Gl J

Regulatory Standards

Compliance Audits

Looking at all of the guidelines, please answer the following questions:

Q4. Which of the guidelines do you think are most important when developing, implementing,
and promoting HMIs on a roadgoing vehicle for cooperative interaction with pedestrians and
other road vehicles?

Q5. Which do you think are the least important?

Q6. Are there any other guidelines you think are missing that are important for those
developing, implementing, and promoting HMIs on a roadgoing vehicle for cooperative
interaction with pedestrians and other road vehicles?

Looking at each of the guidelines individually, please answer the following questions:

Q7. Do you think the HEIDI eHMI, iHMI and cooperative HMI meet this guideline? Why/Why
not?

n° 1l
ne 2
ne 3
n° 4
n°s
n° 6
ne’7
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Annex | - HEIDI Guidelines and Best Practices questionnaire *HEIDI

Q8. Are there any specific obstacles to implement this guideline? How do you think these could
be overcome in future projects?

n°1l
ne 2
n°3
n° 4
n°s
n° 6
ne7

Q9. How would you think this guideline could be best implemented?

n°l
ne 2
n° 3
n°4
n°s
n° 6
ne 7

This part will be discussed as a brainstorming session during the workshop.

Looking at each of the guidelines individually, please answer the following questions:

Q10. Do you think this is a suitable way to implement guideline x? Why/Why not? Is there a
more effective way of implementing this guideline?

Q11. Are there any best practice recommendations missing here?
Q12. Which of these best practices do you think is the most effective/least effective?

Q13. Which of these best practices do you think is the easiest to implement/hardest to
implement?
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