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Executive Summary 

The overall goal of the Drive2TheFuture project is to raise awareness and enhance acceptance for automated 
vehicles (AV) in the public. In this view, AVs development should be coherent, in order to support their behaviour 
understanding and their acceptability by the public. 

The first version of the European Statements of Principles (ESoP) was published in 1999 and updated in 2006. 
These principles summarise essential safety aspects to be considered for the human-machine interface for in-
vehicle information and communication systems. They promote the introduction of well-designed systems into 
the market.  

However, as the user experience from automated transport is a key factor of user acceptance and is even 
connected to the safety of operation, relevant AV HMI strategies need to be carefully developed, still allowing 
for the “feel and touch” of individual OEMs and Tier1 suppliers. Moreover, with the development of AVs levels 
3 and 4 (SAE levels of automation), it appears that the current ESoP need an update in order to be adapted to 
new technologies, especially as HMI necessary in the frame of control transition from autonomous driving to 
manual driving (level 3) and fully autonomous driving are not taken into account the ESoP current version. 

The present document is based on the current ESoP, some of the current statement having been updated to be 
adapted to the current needs, on Drive2TheFuture results, but also on other European and national project 
having worked on the topic of HMI adaptation to transition phase and automated driving needs. 

This document is therefore a support for the current ESoP update. It should be considered as a set of “principles” 
that are recommended to allow for better safety of AVs, in self-driving, transition phase & automated driving. 
As of today, some policies are not updated to fit with automated driving so that the updated ESoP might be a 
support to adapt those policies, as they will obviously have to evolve to be adapted to automated driving. 
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1. Introduction 

1.1. Purpose of the Document 

As the user experience of automated transport is a key factor of user acceptance and is even connected to the 
safety of operation, relevant Automated Vehicles (AV) HMI strategies need to be carefully developed, still 
allowing for the “feel and touch” of individual OEMs and Tier1 suppliers. For this reason, the Drive2TheFuture 
project developed an update of the existing European Statement of Principle (ESoP) (1) under the form of ESoP 
on HMI for AVs. This update is based on the Annex 3 “Guidelines on Human Machine Interface for Automated 
and Connected Vehicles” of GEAR 2030 Final Report (2). This report also used best practices reviewed within 
Drive2TheFuture WP3, relevant WP5 pilot results. It covers results on the internal HMI (iHMI), i.e., the HMI in 
the vehicle, as well as the external HMI (eHMI), which aims at the communication of the automated vehicle with 
other road users. 

However, it is pointed out that the present ESoP update should be considered as a set of “principles” that are 
recommended to allow a better safety of AVs, in self-driving, transition phase & automated driving. As of today, 
some policies are not updated to fit with automated driving so that the updated ESoP might be a support to 
adapt those policies, as they will obviously have to evolve to be adapted to automated driving. 

Taking into account the current evolution of vehicle automation, the present report focuses on levels 3 (with a 
potential transition phase) and 4 (with the system not requiring driving). 

1.2. Intended audience 

The deliverable is public and therefore intended audience is all those interested in knowing the impact of the 
autonomous vehicle from the point of view of user awareness and acceptance for autonomous vehicles. 

1.3. Interrelations 

This deliverable is part of WP6 entitled “Impact assessment and correlation to MaaS” and includes inputs from 
other activities of WP6. More specifically, concerning WP6, results of activities A6.3 “Correlation of automation 
to MaaS” (3) and A6.4 “Comparison to a priori expectations” (4) are used. Also this deliverable includes outputs 
from WP3 & WP5, more specifically for WP3 A3.1 “Benchmarking of alternative HMI principle and good practices 
recognition” (5) and A3.5 “HMI adaptability and personalization” (6), and for WP5 D5.2 “Pilots results 
consolidation” (7).  

2. Methodology 

2.1. SAE reminder 

With a taxonomy for SAE’s six levels of driving automation, SAE J3016 defines the SAE Levels from Level 0 (no 
driving automation) to Level 5 (full driving automation) in the context of motor vehicles and their operation on 
roadways. (8) 

The SAE’s 6 levels were updated in 2021, adding several new terms along with substantial refinement and 
clarification of some concepts that have been misunderstood by readers of the previous version and restructures 
the definitions into more logical groupings. Notable changes to this version of the recommended practice 
include: 

• Further clarity on the differences between SAE Level 3 and SAE Level 4. 



 

D6.4: ESoP on HMI for AVs 

 

October 2022 8 

 

• Additional terms and definitions for two distinct remote support functions: remote assistance and 

remote driving.  

• The use of the “Driver Support Systems” name for SAE Level 1 and 2 driving automation systems. 

• Classifications of sustained driving automation and definitions for vehicle types by groups. 

• Defining and clarifying the concept of failure mitigation strategy. 

In the present document, the new version of SAE levels was taken into account, in order to be as close as possible 
of the automation needs. The present report focuses on levels 3 (with a potential transition phase) and 4 
(mainly with external HMI, as the system does not require driving). 

 

Figure 1: SAE levels of driving automation 

2.2. Analysis of existing ESoP format  

The first version of European Statement of Principles was published in 1998, with a format including, for each 
suggested principle a “statement” and a “Explanation”. In the version prepared in 2006 and published in 2008 
(1), each principle was described as follows: 

• “Principle” as one clear and concise sentence,  

• “Explanation” including Explanation and justification of the principle,  

• “Examples” good and bad example to illustrate and provide explanation on possible implementation of 

the principle,  

• “Application” describes the specific systems addressed by the principle,  

• “Verification” including how to check whether a system complies with the principle, 

• “References” including any further information that can be of interest 
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The categories of principles in the updated version of the ESoP are as follows and can be used for the new update 
for automation: 

• Design goals 

• Installation 

• Information presentation 

• Interface with displays and controls 

• System behaviour 

• Information about the system / feedback to the driver/occupant 

• Influencing use 

However, as the current ESoP are mainly focussing on internal HMI & dedicated to manual driving and not to 
automated driving nor transition phase (from autonomous to manual – SAE levels 3 & 4 (1)), new topics could 
be added if necessary, as HMI should be applied both internally and externally in automated vehicles. 

2.3. Analysis of existing ESoP contents 

The existing Statement of Principles (1) summarized essential safety aspects to be considered for the human-
machine interface (HMI) for in-vehicle information and communication systems. The present document aims at 
updating the ESoP version from 2006. 

The 2006 principles promoted the introduction of well-designed systems into the market, and by considering 
both the potential benefits and associated risks they do not prevent innovation within the industry. These 
principles presumed that those applying them have technical knowledge of the products as well as access to the 
resources needed to apply the principles in designing these systems. The 2006 ESoP mainly considered that the 
driver’s primary task was to control the vehicle safely in a complex and dynamic traffic environment, and 
therefore, the primary goal of the principles from 2006 were to fulfil this requirement. 

These principles also considered the capabilities and constraints of all stakeholders in their efforts to design, 
install and use in-vehicle information and communication systems. They were applicable to the development 
process, addressing issues like complexity, product costs and time to market, and consider small system 
manufacturers. Since the driver ultimately was considered as deciding whether to buy and use, for example, an 

integrated navigation system, a nomadic device or a paper map, the intention was to promote good HMI design 

rather than prohibit the inclusion of some functionalities by simplistic pass/fail criteria. 

In this view, the 2006 principles applied primarily to in-vehicle information and communication systems 
intended for use by the driver while the vehicle is in motion. Due to a lack of comprehensive research results 
and scientific proof at that time, they were not intended to apply to systems that are voice controlled or to 
systems providing vehicle braking stabilization, or to system functionality providing information, warnings or 
support requiring immediate driver action, referred to as advanced driver assistance systems (ADAS).  

The 2006 ESoP applied to all parts and aspects of all systems that were intended for interface with the driver 
while driving and to certain other components. They also contained provisions for systems and their 
functionality that should not be used while driving.  

At the time of preparing the 2006 ESoP, ADAS were considered fundamentally different and requiring additional 
considerations in terms of human-machine interface. Therefore, only few considerations were considered in 
preparing the 2006 ESoP.  

ADAS being considered different at that time, after analyzing the current ESoP it appears that a number of ESoP 
- though still valid for manual driving vehicles - are no more valid for automated systems, and vehicles with 
ADAS. 
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The analysis of the ESoP shows the following results for each principle category: 

Table 1: Valid & unvalid statements from existing ESoP 

Principle category Number of valid statements Number of unvalid/inappropriate 
statements 

Design goals 5 0 

Installation 3 2 

Information presentation 5 0 

Interface with displays and 
controls 

6 2 

System behaviour 4 0 

Information about the 
system 

8 0 

Influencing use 10 0 

In order to facilitate the use of the present principles’ extension, the following statements are presented under 
the form “Principle” and “Explanation”. This differs from the 2006 version of ESoP that was also including 
sections “Example” and “Applicability”. Indeed, it was considered by the authors that including these 2 sections 
could lead to decrease the future possibilities of adapting the proposed principles to more or even all transport 
modes. 

3. ESoP extension to automation 

3.1. New challenges linked to vehicle automation 

With the development of AVs, new challenges tend to appear. Indeed, ADAS systems are now equipped to take 
the control of the vehicle under certain conditions, and in certain scenarios, this could extend to the system 
assuming control without the consent of the user. Thus, we are now facing a situation towards a co-managed 
driving task under the authority of the “Human Machine System”. (9)  

In automated driving level 3, the driving task is shared between the user & the AV, this could lead to critical 
situations such as the driver thinking that the car is controlled by the automated system when it is not the case. 
Also, as the driving task can be completely left to the vehicle, the visual and mental capacity of the user can be 
used to perform other tasks. Therefore, the vehicle will be able to clearly communicate which task has to be 
performed, when and by whom, in order to maintain safety. To allow a safe fully automated use of the vehicle, 
a full situation awareness is needed, including for example, identification of the environment, forecast of near 
future, determination of future vehicle needs such as control take-over. 

In level 4, it is considered that only the vehicle will have the control, therefore, here again, the problematic is 
different, and the iHMI will have less importance, whereas the eHMI will have to take the environment into 
consideration for its decision-making process, and also for external users to clearly identify AVs in order to 
understand and be able to anticipate its reactions. 

However, rapid pace of technological development of AVs (i.e., sensors, software, detection) means that the 
results of recent studies might already be outdated and even the proposed update of ESoP will need continuous 
update and validation. Still in the frame of level 4, it is to be noticed that, only few studies are made from regular 
traffic and many of these studies rely on simulation, meaning they have significant limitations. Also, as AVs are 
mostly deployed in developed countries, the results of current studies might be relevant only for those countries 
and therefore, proposed ESoP extension might also only be valid for those countries. Finally, a lack of research 
on VRU (cyclists and pedestrians) in urban areas does not currently allow proper development of related ESoP 
and more studies will be needed on this topic before being able to extend ESoP to their specific needs. (9) 
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These new situations are leading to new needs in terms of principles linked to AVs, mainly to allow safety of all 
users. 

The following principles & explanations are proposed as an update of the existing ESoP, based on the detected 
needs to improve safety, trust and acceptability of AVs. 

3.2. Transition phase from autonomous mode to manual driving (SAE 
level 3) 

Automated vehicles will create special challenges for the design of the Human-Machine-Interaction to allow safe 
transitions, to avoid potential confusion between human and automated system actions and to bring the driver 
back into the loop, when necessary, in a safe way (10). Previous research on the safety of transitions from 
automated to manual driving has focused on assuring that the driver was aware of the transition, pointing out 
the importance of the design of the vehicle–driver interfaces. Further studies have shown that drivers’ ability to 
take over when transition to manual control is required can be improved by providing information about the 
limits and the reliability of the automation (11) (12). 

It is also to be noticed that the transition phase is crucial for road safety, as the driver has to be able to fully take 
back the control of the vehicle, whatever was the user state during the autonomous phase. Therefore, this is 
also related to the adequate level of intrusiveness of the HMI to attract the user’s attention and be adequate to 
the level of emergency. This user situation awareness and the HMI intrusiveness level should also be considered 
for the update of ESoP. (13) 

 

Figure 2: The various steps and the corresponding HMI in the context of use in the transition phase from autonomous to 
manual driving (13) 

In Figure 2, we can see that the level of HMI intrusiveness will be closely linked to the level of emergency of the 
situation, with a dynamic evolution from informative to intrusive, and to the driver’s reaction diagnosed by the 
system at each step of this dynamic process 

To overcome the potential negative impact due to non-acceptance or misunderstanding between user and 
automated system, the HMI of an AV will have to be intuitive, self-explanatory and well adapted to the reality 
of the activities conducted by the driver, especially before these critical phases of transition. 
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In the present document, only the transition phase from autonomous driving to manual driving is considered as 
it is the most critical transition, compared to the transition from manual to autonomous that is considered 
noncritical. (14) 

3.2.1. Internal HMI 

3.2.1.1. Historical ESoP valid for transition phase from autonomous to manual 

As described in Table 1, a number of existing ESoP can be considered still valid for the transition phase from 
autonomous to manual driving. However, these ESoP need small adaptations, to cover the needs arising from 
the introduction of automated transport. Therefore, the ESoP listed below are adapted from the existing ESoP. 

3.2.1.1.1. Overall design principles 

Design goal II: The allocation of driver attention while interacting with iHMI displays and controls remains 
compatible with the attentional demand of the driving task when getting back control of the vehicle. 

Explanation: The driver has a limited but variable attentional resource and physical capacity which can be 
distributed dynamically by the driver between tasks. The resources activated by the driver not only depend on 
personal factors but may also vary according to his/her motivation and state. Interfaces (including visual, tactile 
and auditory) can induce both physical and cognitive workload. The relevant tasks addressed in this overall 
design goal are: 

• the task of driving (controlling the vehicle, participating in traffic flow and reaching a destination). This 

has an associated attentional demand which varies with the driving situation, 

• the task of interacting with system displays and controls. Except for very simple systems, the attentional 

demand of this task will also vary as the system is used, 

• the task of responding to the system’s demand, mainly in the case of take-over request from the system 

or in case of any emergency indicated by the system. 

Reaching this goal requires compatibility between the tasks, whereby the attentional demand of the system 
does not cause the available resource to be less than that required to attend properly to the prevailing driving 
task. This means that the driver needs to be able to anticipate the attentional demand associated with both the 
driving task and secondary tasks. 

The concept of compatibility is preferable to a limit on the total amount of interface because: 

• the concept of task is controversial since the same task can vary substantially in terms of its parameters, 

e.g. duration; moreover, a suitable definition of task is not available, 

• depending on the motivation and state of the driver, an interface with displays and controls may have 

a different effect; this is due to the fact that less workload is not necessarily better, 

• the relation between the components of interface (complexity, intensity, duration, etc.), workload and 

driving performance is not well enough understood. 

Systems which are designed in accordance with the ESoP should be such that the attentional demand of the 
system can be modified by the driver choosing to interact (or not), and by choosing when and how to interact. 
This also means that the driver can anticipate the attentional demand of the interface with the system. 

Design goal III: The iHMI does not distract or visually entertain the driver while going back to manual control. 

Explanation: The aim of this principle is to ensure that the driver is distracted as little as possible by the use of a 
vehicle automated system while driving such that his/her ability to be in full control of the vehicle is not 
compromised. This design goal is also formulated to highlight the special importance of avoiding distraction 
caused by visual entertainment. 



 

D6.4: ESoP on HMI for AVs 

 

October 2022 13 

 

Visual entertainment may occur by visually displaying images which are attractive (i.e., likely to catch the drivers’ 
attention) because of their form or content. It is of particular relevance in the driving context because of the 
importance of vision for safe driving. It is also or important in the context of take over request by the system, as 
any distraction could lead to a delay in responding to the system, delay being likely to be critical in case of take 
over request for emergency reasons. 

Design goal V: Interfaces and interface from iHMI intended to be used in combination by the driver while the 
vehicle is in motion during transition phase are consistent and compatible. 

Explanation: All iHMI components of individual systems should be designed in accordance with principles for 
single systems, which will give a minimum level of consistency. However, consistency can still be an issue 
between individual well designed products. System use ‘in combination’ occurs when more than one system is 
used to achieve a desired result. This includes parallel use (i.e., use of more than one system at the same time) 
and serial use when the systems are used one after another. So, when designing a system for use in combination 
with another (possibly pre-existing system), account should be taken of the existing system. When the 
functionality is completely different, it may be good design to have a different HMI to avoid confusion. 

Consistency involves, for example, the following design issues: 

• use of common terminology between systems, e.g., ‘slow traffic’, ‘next junction’, 

• use of words and/or icons to represent concepts or functions, e.g., ‘Help’, ‘Enter’, 

• use of colours, icons, sounds, labels (to optimise a balance between similarity and differentiation), 

• physical dialogue channel issues: e.g., single/double-click, timing of response and time-outs, mode of 

feedback e.g. visual, auditory, tactile (depending on functionality feedback should be different in order 

to avoid misinterpretation), 

• grouping of concepts and similar menu structures (for related functionalities), 

• overall design of dialogue and order of concepts. 

3.2.1.1.2. Installation principles 

Installation principle III: The iHMI of the AV should not obstruct vehicle controls and displays required for the 
primary driving task when going back to manual driving. 

Explanation: The aim of this principle is to ensure that the driver’s ability to use mandatory displays and controls 
and other displays and controls required for the primary driving task is not compromised by the physical 
presence of a system (such as a display). This ensures that the drivers’ ability to be in full control of the vehicle 
is not affected by installation of the system. 

Obstruction of controls in this context means to prevent operation of the relevant controls throughout their 
intended range of movement, or to make it significantly more difficult to identify, reach and/or operate them. 

Obstruction of displays in this context means to render not visible some portion (any portion) of the relevant 
displays from the driver’s normal seating position. 

The required controls and displays are those needed to undertake the primary driving task, those needed to 
take over the vehicle control in case of vehicle request and all those which are mandatory. 

Required controls include: accelerator, brake (clutch, if fitted), steering wheel, gear changer, parking brake, 
horn, light switches, turn indicators, washers and wipers (all modes and speeds), hazard flashers, demister 
controls. 

Required displays include: the speedometer, all warning lights, mandatory control labels. 

Obstruction or impairment of other controls and displays should be balanced against the additional benefits 
provided by the system. 
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Installation principle IV: Visual displays should be positioned as close as practicable to the driver's normal line 
of sight 

Explanation: For a driver to be in full control of the vehicle and aware of the dynamic road scene there is a broad 
consensus that, apart from brief glances at mirrors or instrumentation, the driver’s gaze should be directed 
towards the road scene. Visual displays positioned close to the normal line of sight reduce the total eyes-off-
the-road time relative to those which are positioned further away, thus maximising the possibility for a driver 
to use peripheral vision to monitor the road scene for major developments while looking at a display. The further 
away from the driver’s normal line of sight the display is positioned, the more difficult it is to obtain information 
and the greater the possible impact on driving performance. 

It is recommended that the most important or safety-critical information and the requested information for a 
potential safe take-over be closest to the normal line of sight. This principle therefore requires the 
designer/installer to make an explicit, but essentially qualitative, trade-off between practicability and closeness. 
Important factors include: 

• the requirement not to obstruct the road scene, 

• the requirement not to obstruct other controls or displays, 

• the requirement that the display should not itself be substantially obstructed by, for example, controls 

such as the steering wheel or gear change lever. 

In particular for passenger cars, it is recommended that displays containing information relevant to driving and 
all displays requiring long sequences of interface be placed within approximately 30° downward viewing angle 
of the driver’s normal forward view.  

Installation principle V: Visual displays should be designed and installed to avoid glare and reflections. 

Explanation: Glare and reflections that are likely to make it more difficult to extract information from the display 
may cause distraction from the driving task, take over task or other tasks performed while driving. This is likely 
to lead to increased driver frustration and annoyance and may evoke behavioural adaptations such as squinting, 
closing of the eyes for brief periods and head movements to obtain a more comfortable view. All of these effects 
are likely to reduce driver comfort and, therefore, may compromise road safety to some extent. 

Glare is the distracting (and potentially disabling) effect of bright light in an otherwise relatively dark scene which 
interferes with visual attention and selection. In the in-vehicle context, this can occur in a number of ways: 

• external light (usually sunlight) falling on the visual display reduces display contrast and makes the 

information on the screen more difficult to see from the driver’s normal viewing position, 

• the display is itself too bright and causes distraction from the road scene and other in-vehicle displays 

and controls. This is most likely to be apparent to the driver in low ambient light conditions. 

• Reflection is the generation of a secondary image of an object as a result of light from the object 

bouncing off intermediate surfaces. This is relevant in a number of ways: 

o light from a light-emitting display travels to another surface (or via several surfaces), producing 

a secondary image of the display screen, for example on the windscreen. This is most likely to 

be perceived by the driver when there is high contrast between the secondary image and its 

background, such as against the windscreen during darkness, 

o light from an external source (e.g., the sun, streetlights, or other bright objects) is reflected by 

the display surface into the driver’s eyes (see also glare above). 

The effects should be considered during the design and installation process. Issues that could be considered 
include provision of a (manual or automatic) display brightness control, choice of display technology, choice of 
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display surface texture and finish, choice of colour and gloss of surfaces being reflected in the display surface, 
choice of image polarity, siting of the display and adjustability, the use of a recess or cowl. 

3.2.1.1.3. Information presentation principles 

Information presentation principle I:  Visually displayed information presented at any one time by the iHMI 
should be designed such that the driver is able to assimilate the relevant information with a few glances which 
are brief enough not to adversely affect driving. 

Explanation: Visual processing by the driver to take account of the traffic environment forms the basis for 
completion of vehicle control and manoeuvring tasks. Therefore, activity necessary for detecting and acquiring 
visually presented relevant information at any one time should be limited. Increasing the frequency and/or 
duration of glances required to detect and acquire visually displayed information may increase the risk of 
potentially dangerous traffic situations caused by driver preoccupation with non-primary driving-related tasks. 
Relevant information is the portion of all visually displayed information sought by the driver to satisfy a particular 
need. 

Information presentation principle III: Information relevant to the driving task should be accurate and 
provided in a timely manner. 

Explanation: Information relevant to the driving task should be provided to the driver at the most appropriate 
moment and be sufficiently accurate to assist the driver in dealing adequately with the situation. 

The driving task requires the driver to continuously monitor the environment to select relevant stimuli and to 
concentrate and focus attention on those stimuli which require adjustment of his/her behaviour. Such 
adjustment depends on which action is most suitable for the situation and on the goals and priorities of the 
driver. The actions may involve changing speed, changing lane, warning others, etc. 

Correctly timed and accurate information reduces uncertainty by giving valid and clear answers to questions 
such as: What?, When?, Where?, For how long? etc. The requirement of accuracy and timing of information also 
implies that it is necessary for the displayed message to match the driver’s judgement of the environment. 
Therefore, information should not conflict with, for instance, road signs. Systems providing ill-timed and/or 
incorrect information may create safety-critical driver distraction and frustration. 

Information presentation principle IV: Information with higher safety relevance should be given higher 
priority.  

Explanation: The driver may need to perceive and act on safety-relevant information within a short timescale. 
Such information therefore needs to be presented as rapidly as possible and should not be delayed by more 
routine information. Information priority from the point of view of safety-relevance depends on its urgency and 
criticality (i.e., severity of the consequences if the information is not acted upon). These factors, in turn, also 
depend on the driving situation as explained in ISO/TS 16951 (15). Where information is generated off-board 
(from the roadside or a remote system), prioritisation cannot take account of the driving situation and only a 
more generic priority allocation is possible. Where information is derived from autonomous vehicle systems, or 
where external and on-board information can be combined, the possibility of appreciating the driving situation 
exists and message priority can be refined. For off-board information, the dynamic information providers 
(service providers) should implement an information dissemination strategy which, besides being current and 
reliable, ensures that transmission priority is given to messages with the highest importance. In-vehicle systems 
need to recognise incoming safety-relevant messages and treat them accordingly. Safety relevance of 
information may not always be easily determined and not all information may be technically available for 
prioritisation. 
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Information presentation principle V: iHMI generated sounds, with sound levels that cannot be controlled by 
the driver, should not mask audible warnings from within the vehicle or the outside. 

Explanation: Auditory information at a sound level which is too high may affect driving or road safety by masking 
significant and important warning sounds concerning road and vehicle safety. In addition, improperly designed 
sounds might result in driver distraction and annoyance. Therefore, auditory information needs to be designed 
in such a way that it does not mask warning sounds conveyed from the interior or exterior to the driver. Any 
system, including audio systems, should be considered in terms of the effect the system could have on the driver 
before being introduced. 

This can be achieved in a number of ways including: 

• the sounds produced by the system are not at such a level that warning sounds are likely to be masked, 

• the duration of the sounds is sufficiently short to ensure that warnings are not missed, 

• intermittent sounds are such that the interval between them is long enough for warnings to be received 

by the driver. 

3.2.1.1.4. Interface with displays and controls 

Interaction with displays and controls principle I: The driver should always be able to keep at least one hand 
on the steering wheel while interacting with the iHMI. 

Explanation: This principle is concerned with interfaces which require the driver to provide manual control 
inputs (e.g., using buttons or knobs), and therefore coming back to manual driving after some time with the 
autopilot “on”. 

There are driving situations which require the driver to have precise control of the vehicle’s steering, and this 
can be achieved most effectively with both hands on the steering wheel. Also take over requests the driver to 
put again both hands on the steering wheel. For other driving situations, one hand on the steering wheel is 
acceptable as long as the other hand is immediately available for steering if circumstances demand it. That leads 
to the consideration that handheld devices are not recommended for use whilst driving. To be in accord with 
this principle, the system should be designed in such a way that only one hand needs to be away from the 
steering wheel to interact with the system, leaving one hand remaining on the steering wheel. In addition, if one 
hand must be removed from the steering wheel to undertake the interaction, the other hand should not 
simultaneously be needed for the interface (e.g., for operating fingertip controls). 

Interaction with displays and controls principle II: The iHMI should not require long and uninterruptible 
sequences of manual-visual interfaces. If the sequence is short, it may be uninterruptible. 

Explanation: The principle allows for uninterruptible sequences of interface as long as they are short, whereas 
a long interface sequence should be interruptible by the driver. This means that the system should not delete 
any driver input during interruption unless the interface sequence is short, or a sufficiently large time-out period 
has passed. 

Long interface sequences are still allowed without interruption during automation phases, however, in case of 
take-over request by the system, here again, the system should automatically interrupt the interface without 
deleting any driver input. 

If a driver is aware that a sequence of interfaces is ‘interruptible’, there will be a greater tendency to attend to 
developing traffic situations in the knowledge that the system interface can be completed when the traffic 
situation has been attended to. 

On the other hand, an interface may be uninterruptible if it is short in order to avoid an additional input for 
returning the system’s state to normal. A well-established example is a two- or three-step interface for changing 
the sound settings of a conventional radio. 
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Interaction with displays and controls principle III: The driver should be able to resume an interrupted 
sequence of interfaces during interaction with the iHMI at the point of interruption or at another logical point. 

Explanation: If partly entered data disappears when an input sequence is interrupted, the driver may be tempted 
to go through the full sequence even if the driving situation requires full attention or if the vehicle requests a 
take-over. The principle requires that the driver be allowed to continue an interrupted interface sequence (with 
no need to restart it) either from the point of interruption or from another previously completed step. 

When the driver resumes the sequence, it may happen that some events have made the point of interruption 
no longer relevant. In such cases, the logical point provided by the system will simplify the task and lessen the 
workload. 

Interaction with displays and controls principle IV: The driver should be able to control the pace of interaction 
with the iHMI. In particular the iHMI should not require the driver to make time-critical responses when 
providing inputs to the iHMI. 

Explanation: Interface with the system refers here to making input by a control action, or by voice, into the 
system, either at the driver’s initiative or as a response to displayed information or take over request initiated 
by the system itself. The provision of an appropriate response usually requires the driver to perceive and process 
information before deciding on the correct action. This presupposes that the situation develops in such a way 
that the driver has sufficient time and mental resources available. 

Time-critical responses are responses which must be made by the driver within a short, imposed time window. 
The driver is able to control the pace if he/she always remains in command of the time before which an input 
must be provided and the time for which the output is displayed. 

Interaction with displays and controls principle V: Controls of iHMI should be designed such that they can be 
operated without adverse impact on the primary driving controls. 

Explanation: This principle addresses the relationship between the primary driving controls and the system 
controls in order to avoid unintended interference of operation. This means that the location, kinematics, 
control forces and control travel of a system control should allow it to be operated in a way that neither hinders 
an intended primary control input nor facilitates an unintended primary control input. 

Interaction with displays and controls principle VI: The driver should have control of the loudness of auditory 
information where there is likelihood of distraction. 

Explanation: To have control of auditory information means that the driver can adjust the volume and mute the 
sound to a virtually imperceptible level. Distraction is the capture of significant driver attention by stimuli which 
can arise from non-driving-relevant information, or from driving-relevant information presented in such a way 
that the stimulus attracts more driver attention than needed. This undesirable capture of driver attention may 
be caused by the frequency of the stimulus, its duration or its intensity and, more generally, by its irrelevance 
to the driving task, and may subsequently cause irritation. 

Since some important information may have to be conveyed to the driver while the sound is off or while the 
sound level has been turned down to an inaudible level, non-auditory information on the system’s state may be 
provided. 

Interaction with displays and controls principle VII: The iHMI’s response (e.g., feedback, confirmation) 
following driver input should be timely and clearly perceptible. 

Explanation: The system’s response applies at two levels: 

• the control activation feedback level, e.g., button displacement, auditory beep, 

• the dialogue level, which is the system’s response to the driver’s input, e.g., recommended route. 
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The system’s response is timely if it is perceived as quite instantaneous. For control activation feedback, timing 
should be from the moment at which the system recognises each driver input. For the dialogue level response 
(which may be either the requested information or an indication that processing is underway), the timing should 
be from the end of the driver’s input. 

When the system needs significant processing time, some signal should be displayed to inform the driver that 
the system has recognised the input and is preparing the requested response. 

The system’s response is clearly perceptible if it is obvious to the driver that a change has occurred in the system 
and that this change results from the input. 

A system which reacts as expected by the driver contributes to the reliability of the driver-system interface. Any 
delayed, ambiguous or uncertain system response may be misinterpreted or taken as an error by the system or 
by the driver and may lead to the driver making a second input. 

Uncertainty about whether input has been completed also reduces driver attention to the road scene. 

Interface with displays and control principle VIII: iHMI providing non-safety related dynamic visual 
information should be capable of being switched into a mode where that information is not provided to the 
driver during the transition phase. 

Explanation: Dynamic visual information is visual information which changes as a result of system initiation. 
Non-safety-related information is information which is not relevant to the driver in avoiding or reducing the risk 
of an immediate or imminent hazardous situation. 

Examples of non-safety-related information include navigation map, freight and fleet data, banking services. 
Since an unacceptable distraction from the driving task may be caused by a dynamic presentation of non-safety-
related information, the driver should be able to switch the information off. 

3.2.1.1.5. iHMI behaviour principles 

iHMI behaviour principle I: While the vehicle is in motion going from autonomous to manual driving, visual 
information not related to driving that is likely to distract the driver significantly should be automatically 
disabled or presented in such a way that the driver cannot see it. 

Explanation: This principle emphasises the importance of the visual modality for safe driving and safe take over 
and seeks to limit visual information from within the vehicle which can provide a distraction from the primary 
driving task or from the takeover task. Likelihood of significant distraction refers to modes of presentation where 
the information has a dynamic and unpredictable component such that the entirety of information presented 
cannot be obtained by the driver with a few brief glances (e.g., TV, video and automatically scrolling images and 
text). 

One example is automatically scrolling images and text that cover a variety of forms of dynamic presentation 
where the driver is not able to pace the presentation and where the entire information is not available at any 
one time.  

Other specific modes of presentation, e.g., “Internet pages”, should be examined within the context of these 
examples. Scrolling lists under the control of the driver, such as navigation system destinations, are not within 
the scope of this principle as the driver might not be scrolling any destinations during automated driving. 

Even after a vehicle comes to a halt or comes back to automated driving after a time of manual driving, it is 
recommended that a time delay of a few seconds be included before one of the visual presentation modes 
covered by this principle is activated.  
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iHMI behaviour principle II: The behaviour of the iHMI of the AV should not adversely interfere with displays 
or controls required for the primary driving task while going back to manual control and for road safety. 

Explanation: This principle is intended to ensure that the driver’s ability to be in full control of the vehicle in case 
of system takeover request is not affected (in a way which compromises safety) by the behaviour of the 
information and communication system during normal operation or failure. This means that the system should 
not override information or controls necessary for the safe takeover. In this context, interference is any influence 
or interface which modifies the performance, characteristics or behaviour of existing displays or controls. 

Adverse interference with displays or controls results in overall impairment of performance (from that intended) 
of the display or control. Examples include changes to mandatory displays or controls. In addition, the behaviour 
of a system should not obstruct or render inoperative other systems which are specifically intended as safety 
systems. 

iHMI behaviour principle III: iHMI functions not intended to be used by the driver while going back to manual 
driving should be made impossible to interact with while the vehicle is in motion, or, as a less preferred option, 
clear warnings should be provided against the unintended use. 

Explanation: This principle seeks to ensure clarity, particularly for the driver, in terms of the manufacturer’s 
intention for use of the system. If this principle is complied with, subsequent use of the system outside the scope 
of intended use can be considered as misuse. 

“Impossible” in this context means that the designated system function is not operable by the driver during 
normal use or during reasonably foreseeable misuse. In this context, it would not be reasonable for a 
manufacturer to anticipate that a driver would undertake sophisticated technical measures to defeat the 
manufacturer’s intentions. 

The manufacturer’s Explanation may be based on regulation or their own judgement. A clear warning gives 
information or advice about the negative consequences of a situation or action in sufficient detail. The warning 
is available in such a way or form that the driver can readily perceive it. It can be written information or an 
automatic display by the system. Reasonable drivers should be in no doubt concerning the use of the system 
intended by the manufacturer after taking account of the clear warning. 

There are a number of ways of conveying warnings. A continuously displayed warning is one option. If the 
warning is not continuously displayed, then it should remain available for a sufficient duration to ensure that 
the driver has the opportunity to become aware of it. One suitable solution is for the driver to acknowledge the 
warning by pressing a button. 

iHMI behaviour principle IV: Information should be presented to the driver about current status, and any 
malfunction within the system that is likely to have an impact on safety. 

Explanation: There can be safety implications when there is a divergence between the actual function of a 
system and the driver’s reasonable expectations based on previous information and/or experience. Therefore, 
a change in status or a malfunction which modifies system performance needs to be made apparent to the 
driver. 

The information to be presented should be designed to be readily perceived by the driver (i.e., easily understood 
and meaningful) in terms of the consequences of the current status or system malfunction, particularly on 
vehicle control and manoeuvring with respect to other traffic and the road infrastructure 

3.2.1.1.6. Information about the system 

Information about the system principle IV: The instructions should clearly state which functions of the system 
are intended to be used by the driver while going back to manual driving and those which are not. 

Explanation: Instructions that accord with this principle allow the driver the opportunity to be fully aware of the 
use of the system intended by the manufacturer and make clear the responsibilities in cases where the driver 
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uses the system beyond the manufacturer’s intentions. Functions which are specifically not intended by the 
manufacturer to be used by the driver while taking over the control should be explicitly designated as such 
whether disabled while the vehicle is requesting a takeover. 

After becoming aware of the instructions, reasonable drivers should be in no doubt about which functions of 
the system have been designed to be used by the driver while taking over (i.e., the intended use of the system). 
They should also be in no doubt about those functions which have not been designed for use while taking over. 

Information about the system principle VII: Representations of system use of the AV (e.g., descriptions, 
photographs and sketches) regarding transition phase from autonomous to manual control should neither 
create unrealistic expectations on the part of potential users nor encourage unsafe use.  

Explanation: The aim of this principle is to assist the driver in appreciating the functionality, benefits and 
limitations of the system before (and during) use. It is also intended to promote road safety and compliance 
with existing traffic regulations and codes of road and vehicle use as well as consumer protection requirements, 
EU regulations and existing codes concerning advertising. 

Unrealistic expectations are expectations held by reasonable potential users (based on their own knowledge 
and experience and any product information available) which are false, partial, too high or overly general. 

Unsafe use covers various types of behaviour, including any behaviour which is in conflict with the road code of 
the EU Member States where the system is used. 

3.2.1.1.7. Recommendations on Safe Use (RSU)  

Recommendation on safe use III: Adequate training should be given on information system of AV, especially 
regarding the transition phase from autonomous to manual control. Users should use the system AV without 
endangering themselves or other road users. 

Explanation: The recommendation requires clear identification of which information systems drivers need to 
use and to provide training such that recommendations for safe use are fully explained to them. It also requires 
some assessment of whether, in practice, each user can undertake the dual task of system use and safe control 
takeover. 

The need for this recommendation arises from the different physical and cognitive abilities of drivers and the 
need to assess, on an individual basis, that they can undertake the required takeover. 

Recommendation on safe use IV: Employers should ensure that a copy of the manufacturer’s instructions for 
AV use during transition phase is available in every equipped vehicle. 

Explanation: If no sufficient information and guidance is provided to the driver, he/she may be unable to 
complete the takeover task. 

The recommendation requires employers to ensure that user instructions are available and that a copy is 
provided in each vehicle used by their employees. 

Recommendation on safe use IX: Vehicle hire personnel should have adequate knowledge concerning AV 
systems they make available and should offer instructions in their safe use, especially regarding the transition 
phase from autonomous to manual control. 

Explanation: Drivers are influenced in their use of in-vehicle information and communication systems according 
to their knowledge about the system and their appreciation of the risks of use. In order to promote risk-aware 
driving, and hence contribute to safety, drivers need to be well-informed about the systems that they use. 

In addition to user experience and the manufacturer’s instructions, drivers should be able to obtain information 
from their point of rental of the vehicle. 
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Therefore, this recommendation requires vehicle hire personnel to have adequate knowledge to inform 
purchasers of the safety issues. 

3.2.1.2. Proposed ESoP from AUTOCONDUCT project (16) (17) (14) (13) 

The Autoconduct project (2017 to 2019) has been funded by the French National Agency of Research (ANR). 
Objective of this project was to analyse needs and preferences of driver’s population to set up design of internal 
HMI of Autonomous vehicles, especially during the transition phase from autonomous .to manual driving. The 
issue was to develop an integrated approach for diagnosis of driver’s state before takeover. In the framework 
of this project, a specific activity has been devoted to analyse focus groups with diversified types of driver’s 
population: seniors, novices, experts, professionals (14) (17) (16). The data from this research allowed to set up 
recommendations of iHMI design during transition phase from autonomous to manual driving. 

3.2.1.2.1. Preparation time in the transition phase from Autonomous driving to 

Manual Driving 

Principle: The transmission of the first message informing the need to take back control of the car must be 

made sufficiently in advance to allow time for a substantial preparation for the driver: comfortable in the case 

of a planned transition and maximum, in the event of an unplanned transition, considering the emergency of 

the situation. 

Explanation: The times mentioned are related to the degree of autonomy of the AV and therefore to the type 

of possible activity carried out by the driver during the autonomous phase: 

• Planned transition: Assuming the freedom of posture of the driver as well as a possibility of an important 
loss of vigilance (nap and rest are activities very often put forward by participants of all ages and driving 
experience) the required preparation times mentioned by drivers were from 5 to 15 minutes 
(awakening, place of the seat, storage, change of glasses for presbyopia, etc.). 

• Unplanned transition: This time must allow a maximum of anticipation; it is therefore a question of 
informing the driver as soon as the cause of the transition is identified and provide an emergency safety 
procedure such as an automatic parking on the side of the road in the event of very short times. 

To define this preparation time, it is important to consider the functional capacities of the entire future user 

population, in relation to age and driving experience in particular. Neglecting the reality of this variability, by 

defining criteria exclusively based on the performance of “average” drivers, i.e., experienced adults, could have 

unfortunate consequences in terms of road safety. Indeed, the values thus defined would not be adequate for 

a large part of the future drivers’ population: 

• knowing that senior drivers present a general slowing down of their sensory-motor functioning and, 

because of their physiology, need systematically more preparation and action time than average drivers.  

• knowing that novice drivers have more difficulties, because of their little experience, to assess the 

criticality of the environment when returning to situational awareness after performing a side activity; 

therefore, this population also need more time to be able to go back to manual driving compared to an 

experienced driver. 

• knowing that senior and novice drivers are the two parts of the population at the origin of a high 

percentage of accidents compared to the "average" driver (see "U" curve of the accidents distribution 

in the population according to age), neglecting the specificity of this population would have obvious 

consequences in terms of road safety. 

The potential stress induced by the switch from Autonomous to Manual was mentioned by all the participants, 

on a more or less large scale depending on the personality, the age and driving experience of the individual. The 

level of stress is linked to the ability to perform this manual control depending on the context (type of activity 
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conducted during autonomous driving, density of traffic, environment) and circumstances (planned or 

unplanned recovery), a comfortable time would limit discomfort or even anxiety for some drivers, and thus 

would allow optimized acceptability and enhanced safety of this transition phase. 

3.2.1.2.2. Intrusiveness of the iHMI in the transition phase from Autonomous 

driving to Manual Driving 

Principle: To plan the emission of messages with a gradually increasing intrusiveness in terms of intensity, 

frequency and/or color code for the internal HMI in case of no driver's response, according to the increase 

emergency of taking back control of the vehicle. 

Explanation: All participants, whatever age and driving experience, indicated that the iHMI informing the driver 

to take back control of the vehicle had to be done in a first time in a "soft" way, in order to avoid the stress of 

messages that are too invasive or destabilizing, knowing that their attention will probably be focused on a side 

activity. However, they also highlighted the need to increase the intrusiveness of these takeover messages 

gradually but systematically in case of non-reaction on their part given the emergency of the situation.  

The degree of intrusiveness of the iHMI must be gradual over time but must be also related to the nature of the 

side activity conducted during autonomous driving and detected by driver diagnostics. 

The level of intrusiveness of the message can be induced by:  

• The intensity of its emission 

o Auditory: increasing loud sound emission 

o Visual: increasing light intensity 

• The frequency of its transmission, with closer and closer emissions 

o Auditory: increasingly close beeps 

o Visual: flashing LEDs 

• The color code for a visual message 

o Visual: LED of pictogram with colors changing from orange to red to indicate increasing 

urgency. This color code is internationally understood in its meaning and fits well into a 

transportation context. 

The acceptability of these increasingly intrusive messages is conditional to the possibility of being able to 

interrupt them at any time on the initiative of the driver. 

3.2.1.2.3. Redundancy of visual and auditory modalities 

Principle: The redundancy of messages both with auditory and visual modes is recommended in contexts 

where the Vehicle/Driver communication is important, in particular during Autonomous to Manual transition 

where the driver will have to get back control of the vehicle after a given deadline. 

Explanation: Preference of one perceptual modality over another can be linked to the individual specificity. 

Indeed, some people relies on the use of their visual perceptual channel while others use their perceptual 

auditory channel. This preference is regardless of age. 

 On the other hand, the age leads to a decrease in the sensitivity of perceptual sensors, which corresponds to 

presbyopia and presbycusis. Hence, seniors prefer to have access to both modes, to allow compensation 

processes during the perception of the message as well as when understanding the content.  

Thus, depending on preferences and personal characteristics, it is the auditory modality or the visual modality 

who will be the most effective in communicating information for a given individual. The redundancy of the 

perceptual modalities allows to increase the probability of having the message correctly perceived by the 

greatest number of users. 
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3.2.1.2.4. Auditory modality 

Principle: The auditory modality allows communicating with the driver, whatever his posture and the nature 

of the side activity carried out (except listening with headphones which isolates from external noise), 

compared to visual modality.  

Explanation: The auditory modality communicates information punctual in time and cannot be consulted 

according to the driver availability, compared to a visual modality. The auditory modality should be used 

sparingly as it presents the risk of quickly becoming a source of discomfort for the driver. 

3.2.1.2.5. Vocal messages 

Principle: Using voice messages allow communicating precise information, whatever the driver’s posture and 

the nature of his activity run during autonomous driving. 

Explanation: Regardless age and driving experience, participants expressed the need to be informed in detail of 

the situation while message is produced. For example, during a non-emergency planned transition phase, it is 

requested that the voice message provide information related to the deadline for taking control and to the road 

context (exit distance, density of external traffic…). This request is even stronger during an emergency non-

planned transition phase, in order to be informed of the nature of the disfunctionning and the actions that are 

possible to be conducted by the driver. In particular, driver wants to know if manual driving will be possible or 

not (type of actions to be carried out, details on the nature of the breakdowns, justifications actions of the 

autonomous system, conditions of the external context such traffic density).  

Note: Previous studies have shown that this type of request is found in other transport modes (for example in 

the train or plane) where the traveler is a “prisoner”, in a sense that he has no control of the situation. It is very 

important in this case to communicate details about the situation, so that it is possible to figure out what’s 

happening and possibly to consider an action to take, or to be confident about actions taken by train driver or 

pilot. Even though the message is poor in informative content such as “The train is stopped on the track. We 

have no information at the moment on the reasons for this stop. We will keep you informed as soon as possible”, 

this type of message reassures the traveler. In a similar way, the person is not in control of the situation in an 

autonomous driving situation. It therefore needs to be informed in detail about the characteristics of the 

situation, especially in the event of a dysfunction, to avoid stress and anxiety. 

Principle: Voice messages have the disadvantage to require a minimum of attention by the individual to be 

understood at a time that is not chosen by him, on the contrary of visual messages. This specificity has to be 

considered in relation to the content of the message that is displayed and the characteristic of the situation. 

Explanation: Voice messages allow easy transmission of precise information to the driver, but require immediate 

attention to be understood, as soon as the display begins, with no choice of timing for the user. Lack of attention 

in this case may lead to miss the beginning of the message. 

The solution to overcome this disadvantage can be:  

• either start the message with a word that attracts attention. Without going as far as the classic “your 

attention please" encountered in some situations, it may be possible to start the vocal message by a 

short word to inform the incoming of an important vocal message, for example by saying the driver's 

first name. This suggestion comes directly from proposals made by the participants of the Focus Group 

who have often expressed the need for a personified and humanized communication with the AV, in 

order to compensate for their fear of no longer being in control of the situation. Especially seniors and 

young drivers, groups relatively stressed by the concept of “entrusting your life to a robot” for different 
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reasons, but also the other types of conductors, expressed the need to be reassured by having a human-

like verbal communication with the AV’ robot.  

• either to precede the transmission of the message by a tone such as for example a light and pleasant 

jingle. 

Principle: The same voice message cannot be repeated at intervals too close together in time under penalty 

of being a source of significant discomfort for the driver. 

Explanation: Understanding a voice message requires sustained attention which, therefore, cannot be dedicated 

to another activity. Having to listen to the same message several times, and therefore having his attention 

captured, without having an added value at the informative level, is a significant source of inconvenience or 

even nervousness and stress for humans. 

3.2.1.2.6. Sound signals 

Principle: The urgency of going back to manual control during the final stages of the transition phase “from 

autonomous to manual driving” can be communicated by repetitive sound alert signals. 

Explanation: Regardless of age and driving experience, repetitive beeps as an efficient alert mode are 

recommended by drivers to make them unambiguously know the urgency of the situation.  Due to the 

intrusiveness of repetitive sound signals, it is recommended to reserve this type of message for the final phases 

of recovery, when other means of communication have proven insufficient. 

3.2.1.2.7. Musical ambiance 

Principle: Displaying music can be an interesting alert, well accepted by the driver, which can be emitted as 

soon as the alert begins and then continuously without bothering him, perceived regardless of his posture, 

and presenting the capacity to communicate potential crescendo levels of urgency using increased rhythms 

or sound volume during an increased emergency phase. 

Explanation: Unsurprisingly, it was young drivers who proposed the possibility to have a musical ambiance as a 

user-friendly alert system from the vehicle speakers, allowing the driver to be extracted from his side activity 

without stress and brutality. In order to increase the acceptability of the musical ambiance by the driver, it would 

be interesting for him to be able to define in advance which music he wishes to configure in the system and for 

which emergency phase of the transition. 

3.2.1.2.8. Visual modality 

Principle: The visual modality allows communicating information without time constraint of perception for 

the user, being available to be watched anytime according to attentional availability. 

Explanation: This is an advantage compared to an auditory modality that presents a time constraint to be 

perceived and/or understood. 

3.2.1.2.9. Pictograms 

Principle: Pictograms are a privileged way to communicate information under time constraint insofar as its 

symbolic meaning can be easily understood by the driver without requiring a time-consuming reading process. 

Explanation: Pictograms are widely used in the field of transport insofar as their symbolism allows a rapid 

communication of information without the necessity of reading. This is true for widely disseminated pictograms 

in the road context, therefore being familiar and easily recognized and understood by the driver. One of the 

limits of using pictograms for communication is that its design should not cause any confusion in its 

understanding. The question may arise for new pictograms that did not have the opportunity to be learned and 
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validated in their meaning through user’s experience. Given the recent happening of the AV, this issue of 

understanding can be raised for any new pictograms. They will have to run through information campaigns or 

training processes in the population, in one way or another, to ensure that their design is not ambiguous which 

could therefore likely lead to inappropriate understanding or actions.  

The pictograms require a display on the screen of the AVs’ iHMI. Thus, their display remain unnoticed by the 

driver if his attention is captured by a side task. This condition has a very high probability. Indeed, the freedom 

to perform a side task was highlighted by most drivers as a primary benefit of autonomous driving. Some 

participants suggested displaying pictograms in HUD on the windshield, but it was felt that even then, the 

detection of the display may be problematic for a driver concentrated on another task (reading, internet, SMS, 

internet, sudoku,…). 

Principle: Using text allows communicating precise and detailed information but assumes that the driver has 

a posture allowing him to dedicate his attention to the area text display. 

Explanation: Transition phase from Manual Driving to Autonomous Driving: this phase is less critical than the 

reverse phase insofar as the driver is a priori "fully" aware of the situation and in a driving position facing the 

console. Text displays are therefore possible for transmit detailed information about the autonomous zone to 

come, its location, the proposal to leave control to the vehicle or not… These displays should not be too 

demanding in terms of visual consultation time of course (less than 2 seconds of reading). 

Entry into the Autonomous Driving zone: the driver is still vigilant and aware of the situation, the transition in 

autonomous driving just completed. Information text messages displayed on the console screen visualizes the 

distance/time of the next planned outing, the conditions encountered in the autonomous zone (for example, if 

work is going to require the recovery, and where).  

As the text message is necessarily displayed on the dashboard, this display must always be accompanied by 

another mode of communication (visual such as LED and/or auditory). Indeed, the user’s attention should be 

attracted while he is concentrated on a side task (this is also the case for pictogram display). 

3.2.1.2.10. Light ambiance 

Principle: The light ambiance in the form of dynamic colored LED emission distributed all around the AV cockpit 

can constitute an interesting mode of communication that should be not intrusive, easily perceived whatever 

the user’s posture, show multiple types of potential modes (continuous or intermittent lighting, various colors 

and locations, various intensities…) 

Explanation: An ambient lighting to communicate messages is usually well accepted by users/drivers because it 

is not intrusive in comparison with auditory messages. It can be emitted continuously without disturbance, 

perceived regardless of the posture, and can present the possibility to communicate increased levels of 

emergency according to color codes and frequency of emission. 

The emergency of a situation can be defined by a specific color code according to its degree:  

• blue color to inform about an incoming event  

• then continuous orange color which can be later flashing to indicate an increasing level of emergency  

• red color recommended for imminent emergencies (during the Focus Group, some seniors indicated 

that this color is too stressful because it reveals a major hazard and that it should be reserved for this 

purpose).  

• green color to indicate that the driving transition from autonomous to manual went well.  

LEDs ‘s location in the AV cockpit should be different depending on the type of transition phase:  
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• Planned Transition: users proposed to locate the LEDs around the windshield. In this context, they feel 

that if their attention is involved in a side task, and the probability of this situation is high, a location 

around the windshield will allow them to detect the ambient light by peripheral vision. In addition, LED 

location on the ceiling of the vehicle could be done; it would be useful in the situation where the seat is 

tipped. Furthermore, some users recommended lighting of LED around the steering wheel, reinforcing 

the message of imminent manual driving and drawing attention to the control for the takeover.  

• Unplanned Transition: due to the emergency, the principle of a luminous ambiance by LED is not 

considered as a priority to communicate with user because this mode is insufficiently intrusive in 

comparison with auditory messages. However, to reinforce the other messages, it is proposed to add 

LED lighting around the dashboard, the windscreen and/or the steering wheel, knowing that some 

drivers are more comfortable with visual rather than auditory messages (cf. presbycusis and other 

potential hearing impairments, wearing headset limiting the perception of auditory messages in the 

cockpit of the vehicle, etc.). 

3.2.1.2.11. Haptic modality 

Principle: Vibrations from the driver's seat would be useful as they provide proprioceptive stimulation which 

allows an additional and complementary mode of communication, in addition to other classical visual and 

auditory perceptual modalities. 

Explanation: Proprioceptive solicitations to communicate information are relatively rare in the daily 

environment of the individual. Thereby, this modality can be used to indicate an emergency situation because 

it is unusual and unfamiliar, especially when the other modalities have proven to be insufficient, particularly in 

the transition phase from autonomous to manual driving, to stimulate the driver to extract from his side activity 

and get back behind the wheel.  

The advantage of this stimulation is that it is perceptible by the driver regardless of his posture, even if he is in 

low consciousness of the situation (nap, watching movie, working on a report…) or if he has auditive deficiencies.  

A vibration of the driver's seat allows stimulating him exclusively and avoid disturbing the other passengers, 

which is not the case with the other visual and auditory stimuli displayed in the vehicle. This specificity of 

targeted stimulation can be useful in the case where the other passengers are resting (for example: sleeping 

children), avoiding the emission of annoying invasive messages inside the whole vehicle. 

3.2.1.2.12. Innovative HMI proposals 

Principle: An emission of coffee smell could be a solution in the future to induce a gentle arousal stimulation 

before taking back manual driving, in order to raise in a non-stressful way his attentional ability. 

Explanation: This type of stimulation is not technologically mature to be integrated into a vehicle nowadays. 

Attempts to find a smell emission system exist in the field of research; some examples are the current industrial 

projects concerning systems of smells diffusion with odorant cartridges connected to a computer or mobile 

phones able to diffuse a specific perfume according to the identity of the person who is calling. Knowing that 

the autonomous vehicle is also a product of the future, this proposal deserves to be noted knowing that from a 

psychophysiological point of view, the smell of coffee would indeed constitute a soft awakening stimulus 

inducing a conditioned reflex of Pavlovian type for the driver. 

3.2.1.2.13. Automatic opening window 

Principle: An automatic opening of the window, inducing an influx of fresh air, may provide a way to stimulate 

the proprioception of the driver and raise his/her situational awareness. 
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Explanation: This type of stimulation is a strategy regularly used by truck drivers when they detect they have a 

low level of vigilance and a beginning of drowsiness. They increase their level of attentional activation by opening 

their window. This simple method, proven in its effectiveness, could constitute an additional means for 

stimulating the driver before the transition phase, especially after a long period of autonomous driving inducing 

a low level of alertness. 

3.2.1.2.14. Automatic seat positioning 

Principle: Automatic moving of the driver's seat in the right position would allow proprioceptive stimulation 

to increase situational awareness but, above all, would put the driver in an adequate posture to get back 

manual control. 

Explanation: Automatic moving of the driver's seat in the right position is an interesting stimulation because, on 

one hand, it is a stimulation targeted for the driver, avoiding bothering the other passengers, and on the other 

hand, it makes possible to gain time before to get back manual control as it allows the driver to be in the right 

posture in an automated manner. The driver is thus able to have more time to organize other elements (e.g., 

changing glasses for a presbyopia person, or put things away…) or to take information from the external road 

environment (e.g., assessing traffic around the vehicle) before tacking back the steering wheel.  

3.2.1.2.15. Automatic interruption of side activity screens 

Principle: The automatic interruption of screens displays connected in one way or another to the vehicle is an 

effective way, non-negotiable by the driver, to make him aware of the imminence of the taking over of the 

manual driving. 

Explanation: Some side tasks run during autonomous driving will be done on screens connected to the vehicle. 

Their disconnection will necessarily lead to an immediate stop of the activity in progress (internet, film, etc.), 

leading to the consequent awareness for the driver that the takeover to manual driving is imminent. This 

solution is very effective but can only work in this specific case. 

3.2.1.2.16. Humanization (personalization and personification) of dialogue 

Principle: The humanization of the dialogue between the vehicle and the driver, under any form, is highly 

recommended 

Explanation: The fact of entrusting one's life to an automatic system is a source of stress for a certain number 

of drivers, with either fatalistic reaction "we can't not do otherwise, it is technological progress”, either 

suspicious “trust if and only if it is proven that the autonomous vehicle is reliable”, or rebellious “the 

autonomous vehicle makes me lose my control as a human”. To make up for this feeling of loss of humanity, a 

general recommendation is to propose to the driver a dialogue mode with the AV as personified as possible: 

voice recognition to talk to “her” or “him", friendly voice messages, etc. The need to be reassured is found with 

even more intensity in novice drivers, aware of their poor driving experience when required to take back control 

of the driving. Senior drivers also like to have friendly dialogue with the AV, as they are aware that they have a 

reduction in their functional capacities under stress and that this is a way to be more relax. The young drivers 

proposed to have an "avatar" as an iHMI, a virtual and humanoid representation, which would be a "friend", "a 

traveling companion”, interacting with them in a familiar way and calling them by their first name. Besides the 

importance of the dialogue personification already mentioned, the seniors insisted on a personalization of the 

modes of dialogue, i.e., the possibility of configuring a priori the specificities the dialogue they will have with the 

AV according to their needs and their preferences. What may seem like comfort for most of the people is 

fundamental for the oldest, knowing that they may have deficiencies in terms of functional abilities and that 

their need for reassurance may be greater. The seniors can have a significant anxiety when getting back manual 

control that can cause them to lose their means leading to potential serious issues in terms of security. However, 
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the senior population will be the most interested as future users of the AV, allowing them to maintain their 

mobility and autonomy especially on long journeys while sparing their fatigue. 

3.2.1.2.17. Driver action from autonomous transition to manual driving 

Principle: Provide a command that can be triggered easily any time by the driver in a voluntary way which 

allows switching from driving autonomous to manual driving. 

Explanation: Being no longer in control of the vehicle during the autonomous phase, drivers need to be able to 

take back control any time, on their own initiative, according to their decision and their expertise. The command 

allowing this takeover must be both very easily accessible for the driver when he/she wishes to activate it and 

protected from any involuntary action. One of the first recommendations is to locate it in the driver's access 

area which would be inaccessible to other passengers: for example, area of the steering wheel, or zone to the 

left of the driver in the case of driving left. However, involuntary action can also be triggered by the driver 

himself; so, the command must also be protected against this possibility.  

The various proposals made by the drivers need to be tested in real situations, to validate their advantages and 

their limits:  

• Physical button with a location allowing an easy reach for the driver and dedicated to this use: easily 

accessible any time whatever the context. Must be protected from the possibility of inadvertent 

support.  

• Touch button on the screen of the dashboard offers the possibility of contextualized buttons, and allows 

space saving, but also better assistance to the driver in his decisions (error prevention).  

• Detection by the steering wheel and/or the pedals: regain control of the vehicle simply by placing 

driver’s hands on the steering wheel and/or feet on pedals. This gesture has the advantage of being 

completely adequate with the driving task. It is already use in the technologies such as ACC or Lane 

Keeping. To avoid inadvertent deactivation, the proposal is to maintain pressure for a defined lap of 

time, at least few seconds, with visual feedback such as a scroll bar in order to be aware about the 

transition timing. 

Voice command: this mode of action would be complementary and would come in support of the potential 

commands mentioned previously. It has the advantage of being easily accessible any time by the driver; 

however, this mode of communication is dependent on the external noise. It would be therefore less reliable 

than the other dialogue modes. The technologies mentioned by the participants are microphones, which can be 

placed on the steering wheel or on the ceiling above the station of driving, in order to detect the voice of the 

driver in a directional way. 

This command can also be used by the driver to validate the fact that he is ready to take over in the event of 

transitions planned or unplanned, and thus validate this takeover. 

3.2.1.3. Proposed ESoP from D2F project 

3.2.1.3.1. HMI design & behaviour 

Principle: iHMI suggests that users carry out behaviours while using the system to ensure safe driving (18) 

Explanation: The system should be able to detect the physical state and fitness to drive of the user and adapt 
the support proposed to the user. As an example, the system could offer to start the autopilot if the driver is 
tired. 
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Principle: The iHMI should assist the user in guiding them through a process or experience (18) 

Explanation: In the frame of automated driving level 3, the user should be able to take over the vehicle control 
in case of need detected by the vehicle. The take-over control should be easily understandable and quickly 
applicable, through a clear guidance from the vehicle to the user. As an example, the vehicle should show the 
next task or user action necessary such as putting hands on the steering wheel for an imminent take-over. 

Principle: The iHMI reduces a complex behaviour into simple tasks in order to help users to perform the target 
behaviour. (18) 

Explanation: Any task of the transition phase must be able to be performed quickly and efficiently by any user 
in order to ensure safety and trust in the system. Commands should be simple, such as activating/deactivating 
the Autopilot with only one click/one command. 

Principle: The iHMI compensates for biases of a user that stem from his affective state (18) 

Explanation: The iHMI should be able to detect and compensate any biases from the users coming from his/her 
affective state. As an example, for novice users that are insecure about the usage of the system, the HMI should 
offer additional information, guidance or support. 

3.2.1.3.2. Information display 

Principle: iHMI provides required understanding of the AV capabilities and status (19) 

Explanation: User should at any time be aware of the vehicle current capabilities and status so that every 
potential system failure is immediately detected and managed either by the system itself or the user if necessary. 
A change in status or a malfunction which modifies system performance needs to be made apparent to the 
driver in order to ensure safety. 

The information to be presented should be designed to be readily perceived by the driver (i.e., easily understood 
and meaningful) in terms of the consequences of the current status or system malfunction, particularly on 
vehicle control and manoeuvring with respect to other traffic and the road infrastructure 

3.2.1. External HMI 

3.2.1.1. Need for eHMI 

External HMI were not treated in previous versions of ESoP, as they were dedicated to in-vehicle information 
only, without taking into account at that time the future developments of ADAS. 

Therefore, as of today, no eHMI currently exist for automated driving. The following principles therefore only 
come from the D2F pilots, and more research will be needed to extend the eHMI to all needs related to 
automated driving. 

3.2.1.2. eHMI coming from D2F 

3.2.1.2.1. eHMI design & behaviour 

Principle: eHMI provides means for observing the link between the cause and effect with regard to users’ 
behaviour (18) 

Explanation: The vehicle operating a transition phase should be visible by other users, via a visible and easily 
understandable mean, allowing all users (vehicle & outside vehicle) to be safe. This eHMI should also be clear 
enough to be clearly interpreted by VRUs, as well by all other users’ groups without any doubt. 
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3.2.1.2.2. eHMI information display 

Principle: eHMI provides the external user with the system’s planned actions 

Explanation: To improve safety and understandability of AV actions for other users, it is necessary that the 
vehicle announces clearly its next actions (such as braking, overtaking…), in a clear and visible manner. This is 
also to avoid other users to take potentially dangerous actions, without knowing the intention / the reason why 
the AV implemented its decision. 

3.3. Autonomous driving (SAE levels 3 & 4) 

3.3.1. Internal HMI  

3.3.1.1. Historical ESoP valid for autonomous driving  

As described in Table 1: Valid & unvalid statements from existing ESoP , a number of existing ESoP can be 
considered still valid for autonomous driving and transition phase from autonomous to manual driving. 
However, these ESoP need small adaptation, in order to cover the needs. Therefore, the ESoP listed below are 
adapted from the existing ESoP. 

3.3.1.1.1. Overall design principles 

Design goal I: The AV system supports the user and does not give rise to potentially hazardous behaviour by 
the vehicle user or other road users. 

Explanation: An important overall requirement can be simply stated as “Do no harm”. This means that the 
system should enhance or at least not reduce road safety.  

Design goal IV: The AV system does not present information to the user which results in potentially hazardous 
behaviour by the user or other road users. 

The content of the information should not encourage the user to engage in behaviour which may increase the 
risk of an accident while using the automated vehicle. Hazardous behaviour may influence other road users’ 
behaviour.  

Other road users may be concerned if the hazardous behaviour of the user occurs when he/she is interacting 
with them, as well as if the system generates signals perceptible from the exterior which may induce erroneous 
interpretation by other road users, and possibly dangerous manoeuvres. 

3.3.1.1.2. Information presentation principles 

Information presentation principle II: Internationally and/or nationally agreed standards relating to legibility, 
audibility, icons, symbols, words, acronyms and/or abbreviations should be used for iHMI of the AV. 

Explanation: Standards related to legibility, audibility and symbols prescribe geometrical and/or physical 
characteristics for information which is displayed visually and/or aurally and are intended to maximise the 
likelihood of information being easily comprehended by drivers in a large range of circumstances and 
environments. 

The continuously increasing number of functions available to the vehicle user and other road users makes it 
necessary to adopt the most common practice in the selection of symbols, icons, abbreviations and words for 
function identification. 
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3.3.1.1.3. System behaviour 

System behaviour principle IV: Information should be presented to the user about current status of AV 
functioning, and any malfunction within the system that is likely to have an impact on safety. 

Explanation: There can be safety implications when there is a divergence between the actual function of a 
system and the user’s reasonable expectations based on previous information and/or experience. Therefore, a 
change in status or a malfunction which modifies system performance needs to be made apparent to the user. 

The information to be presented should be designed to be readily perceived by the user (i.e., easily understood 
and meaningful) in terms of the consequences of the current status or system malfunction, particularly on 
vehicle control and manoeuvring with respect to other traffic and the road infrastructure. 

3.3.1.1.4. Information about the system 

Information about the system principle I: The system should have adequate instructions for the user covering 
use and relevant aspects of installation and maintenance. 

Explanation: This principle aims at ensuring that instructions are available to as many users as possible so that 
they can easily become aware of the capabilities and limitations of the system, its context of use, proper 
installation and maintenance. 

Adequate instructions are sufficient for the user’s purpose under circumstances that the manufacturer may 
reasonably anticipate. This will depend on the intended use of the system (functionality, context, etc.). One 
indication of adequacy is the size and quality of any text or diagrams.  

Information about the system principle II: System instructions should be correct and simple. 

Explanation: Design of user instructions is an HMI issue in itself. Instructions are typically ignored by users, 
especially under automated mode, and this is exacerbated by poor design of the instructions. This principle is 
intended to promote high acceptance of instructions by users. 

Instructions should be factually accurate in all important aspects. Each element of the instructions (group of 
words, diagram, function-described, etc.) should be correct for the actual system to which it relates. 

“Simple” has to be interpreted in the context of the system being described and will vary with the complexity 
and functionality of the system. The instructions should be unambiguous and easy to understand, if possible, by 
all members of the intended user population (e.g., documents in ‘plain language’). Instructions should not be 
overly technical and should use user-oriented language. It is important that the instructions are simple even if 
the system is complex. 

Information about the system principle III: System instructions should be in languages or forms designed to 
be understood by the intended group of users. 

Explanation: The aim of this principle is to ensure that instructions are of use to as many users as possible and 
that users are aware of the capabilities and limitations of the system, its context of use, etc. 

Different forms of instructions may exist which could be presented in different modalities. Auditory instructions 
may be spoken or presented by means of noises or earcons. Visually presented information includes diagrams, 
photographs, highlighting of the next element, programmed tutorials, etc. 

Spoken instructions and written instructions (either printed or within a system) will be in one or a number of 
languages (e.g., English, Finnish, etc.) 

This principle requires that when instructions are being devised, consideration is given to the intended and most 
likely user population, and those instructions can reasonably be expected to be understood and used by as many 
users as possible. 
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Manufacturers should consider the user population and the likely and intended use of the system as well as the 
native languages and other languages spoken and read. Published statistics on language proficiency by country 
could be used as a reference. At the very least, the majority language of the country in which the system is sold 
should be considered necessary. Diagrams often provide additional clarity. Where used, these should follow 
accepted stereotypes and conventions for the intended population. 

Information about the system principle IV: The instructions should clearly state which functions of the system 
are intended to be used by the user while going back to manual driving and those which are not. 

Instructions that accord with this principle allow the user the opportunity to be fully aware of the use of the 
system intended by the manufacturer and make clear the responsibilities in cases where the user uses the 
system beyond the manufacturer’s intentions.  

Information about the system principle V: Product information should be designed to accurately convey the 
system functionality.  

Explanation: The aim of this principle is to encourage good design of all product information and to assist 
potential or current users of the system in appreciating the benefits and limitations of the system. 

All product information should be factually correct and presented transparently and without ambiguity. 
Information does not have to be comprehensive to be accurate. 

Functionality is concerned with what the system does and, by implication, the benefits that the functionality 
provides to the user.  

This principle is also in line with consumer protection requirements, EU regulations and existing codes 
concerning advertising, and all product information should conform to the report on advertising. 

Information about the system principle VII: Representations of system use of the AV (e.g., descriptions, 
photographs and sketches) should neither create unrealistic expectations on the part of potential users nor 
encourage unsafe use.  

Explanation: The aim of this principle is to assist the user in appreciating the functionality, benefits and 
limitations of the system before (and during) use. It is also intended to promote road safety and compliance 
with existing traffic regulations and codes of road and vehicle use as well as consumer protection requirements, 
EU regulations and existing codes concerning advertising. 

Unrealistic expectations are expectations held by reasonable potential users (based on their own knowledge 
and experience and any product information available) which are false, partial, too high or overly general. 

Unsafe use covers various types of behaviour, including any behaviour which is in conflict with the road code of 
the EU Member States where the system is used. 

3.3.1.1.5. Recommendations on Safe Use (RSU)  

Recommendation on safe use I: Users/owners should ensure that systems of AV is maintained in accordance 
with the manufacturer’s instructions. 

Explanation: It is expected that the product-responsible organisation will produce instructions on how the 
information systems should be maintained (physical issues, hardware, replaceable parts, software and software 
updates, etc.) 

The user/owner should ensure (by direct action, contract or instruction) that all recommended maintenance 
actions are carried out. This is to help ensure that the product supports the driver as much as possible. 
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Recommendation on safe use IV: Owners/sellers should ensure that a copy of the manufacturer’s instructions 
for AV use is available in every equipped vehicle. 

Explanation: Since some information and communication systems are rich in features and some of the functions 
are rarely used, there are often situations when a user needs to refer to some instructions in order to undertake 
a task. Without instructions, the user may be more frustrated or distracted by the system or may be unable to 
complete the task. 

The recommendation requires employers to ensure that user instructions are available and that a copy is 
provided in each vehicle used by their employees. 

Training and documentation should describe how tasks can be achieved using multiple systems; one instruction 
manual per system is not a complete solution 

Recommendation on safe use V: Point of sale promotion (e.g., advertising) should not encourage unsafe use 
of AV. 

Explanation: This recommendation is intended to assist the user in appreciating the functionality, benefits and 
limitations of the system before (and during) use and to promote road safety. It is also designed to encourage 
compliance with consumer protection requirements, EU regulations and existing codes concerning advertising. 

Promotional materials include those provided by the point of sale in instructions (diagrams etc.), photographs, 
films, computer animations, sound clips and any form of product information or advertising that users or 
potential user of the system may be exposed to. 

Recommendation on safe use VI: Point of sale information should inform vehicle purchasers of the safety 
issues associated with AV systems. 

Explanation: Users are influenced in their use of in-vehicle information and communication systems according 
to their knowledge about the system and their appreciation of the risks of use. In order to promote risk-aware 
driving, and hence contribute to safety, users need to be well-informed about the systems that they use. 

In addition to user experience and the manufacturer’s instructions, users should be able to obtain information 
from the point of sale. 

Therefore, this recommendation requires that suitable information exists and/or that point-of-sale personnel 
have adequate knowledge in order to inform purchasers of the safety issues. 

Recommendation on safe use VII: Vehicle hire companies should ensure that AV systems are maintained in 
accordance with the manufacturer’s instructions. 

Explanation: It is expected that the product-responsible organisation will produce instructions on how the 
information systems should be maintained (physical issues, hardware, replaceable parts, software and software 
updates, etc.) 

The vehicle hire company should ensure (by direct action or contract) that all recommended maintenance 
actions are carried out. 

Recommendation on safe use VIII: Vehicle hire companies should ensure that a copy of the manufacturer’s 
instructions for use is available in every equipped vehicle. 

Explanation: Since some information and communication systems are rich in features and some of the functions 
are rarely used, there are often situations when the driver needs to refer to some instructions in order to 
undertake a task. Without some instructions, the user may be more frustrated or distracted by the system or 
may be unable to complete the task. 

The recommendation requires the hire company to ensure that user instructions are available and that a copy 
is provided in each vehicle used by their customers. 
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Recommendation on safe use IX: Vehicle hire personnel should have adequate knowledge concerning AV 
systems they make available and should offer instructions in their safe use. 

Users are influenced in their use of in-vehicle information and communication systems according to their 
knowledge about the system and their appreciation of the risks of use. In order to promote risk-aware use, and 
hence contribute to safety, users need to be well-informed about the systems that they use. 

In addition to user experience and the manufacturer’s instructions, drivers should be able to obtain information 
from their point of rental of the vehicle. 

Therefore, this recommendation requires vehicle hire personnel to have adequate knowledge in order to inform 
purchasers of the safety issues. 

3.3.1.2. Proposed ESoP from D2F project 

3.3.1.2.1. iHMI design & behaviour 

Principle: iHMI needs to be adaptable to the environment by showing more or less information according to 
the context which the vehicle covers (7) 

Explanation: In order to support Automated driving in all types of environments, vehicles should be able to adapt 
the information transmitted to the driver/passenger. As an example, in an urban environment, where there is 
more information from the infrastructure than in an interurban scenario, it is necessary to have an HMI that can 
offer this information in a synthetized way to the user. 

Principle: iHMI should be adapted based on the recognised user state (18) 

Explanation: As the iHMI is able to recognise the users’ emotional state, its behaviour should be able to adapt 
to the detected state. In the case of a highly stressed user, the HMI adapts its contents to the user state, e.g., by 
focussing only on the display of the most relevant/necessary information. 

3.3.1.2.2. iHMI information display 

Principle: Requested information should primarily be focused on the status, transparency and 
comprehensibility of system actions in contrast to driving-task related information during manual driving. (7) 

Explanation: During automated driving, providing information on the vehicle status and the system actions and 
perceptions enhances user trust and satisfies user needs for iHMI in automated vehicles to be informed about 
the current state and actions of the system 

Principle: The information produced by the Automated Vehicle sensors must be processed optimally to avoid 
dangerous situations or that produce information that can be misinterpreted by passengers or citizens. (7) 

Explanation: All information produced and then used by the system should be easily understandable by any user 
in order to avoid potentially dangerous situation coming from a misinterpretation of this information.  

Principle: Mechanism to report incidents included in Automated Vehicles. (7) 

Explanation: In the case of automated driving, it is important for driver/passenger to be able to report any 
incident that occurred in the vehicle. This can take the form of a mobile application or the possibility of having 
a button inside the vehicle. From the operators’ point of view (mainly for public transport), this can also take 
the form of the possibility to control the Automated Vehicle in case of emergency. 

Principle: iHMI provides information about the driving mode at all times (7) 

Explanation: Systems that provide more information makes users improve their perspective of safety & comfort 
during their trip. Thus, if the HMI system in addition to lights or a visual information on the current driving mode 
provides audible information, the feeling of security increases for passengers.  
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Principle: The information provided by the iHMI is tailored to the current needs in the performed activity and 
the corresponding driving mode (18) 

Explanation: Depending on the level of automation used, the information provided by the system should be 
adapted to both the automation level & the current activity of the user. As an example, in level 3, driver can be 
reminded to keep their eyes on the road if distracted for too long, in case a take-over is requested by the system, 
whereas in level 4, as no take over should be necessary, only messages on the system state could be provided, 
to inform the user. 

Principle: iHMI offers personalized content or services (18) 

Explanation: In order to ensure efficiency and adaptability of the system to the user, the internal HMI of AV 
should offer personalized contents. Frequent destinations and functions used should be accessible quickly by 
the user to ease his/her automated driving experience. 

Principle: The iHMI gives the possibility to contact or receive information from the actual person or provider 
behind the system. (18) 

Explanation: This principle should allow a better trust in the system from the user, knowing that a physical 
person is always reachable in case of need. As an example, a support hotline can be called in case of emergency 
or only questioning about the system. 

Principle: The iHMI is adaptable with regards to the display and modality preferences of a user (18) 

Explanation: As all users are different and have different ways of driving/using an autonomous vehicle, users 
should be able to easily adapt their display in the vehicle in order to facilitate their use and understandability of 
the vehicle and vehicle reactions/demands. To improve safety and reaction time of the user, a display considered 
as critical should be able to be placed in a central location in the vehicle. 

3.3.2. External HMI 

3.3.2.1. eHMI design & behaviour 

Principle: Visual communication out of the vehicle should be at least partially iconic (18) 

Explanation: Iconic communication makes the information displayed faster, easier to understand and more 
conspicuous. This also helps especially young children that might not be able to read yet, to understand that the 
vehicle is automatic, even if they are accompanied. 

Principle: The eHMI considers the needs of different user groups with regards to understandability and notice 
ability. (18) 

Explanation: Pilot results show that the eHMI perception differs among different user clusters. Therefore, the 
medium of presentation and the design has to consider different user needs, e.g., text messages cannot be 
understood by children. 

3.3.2.2. Information display 

Principle: Add specific eHMI that identifies Automated Vehicles (7) 

Explanation: Labelling a vehicle as “automated” via an eHMI provides the most general information content by 
communicating only the AV’s status. Currently, there are no defined standards or minimal requirements of 
eHMIs. The decision on “Which medium should eHMIs use?”, “Which colour should eHMIs be?”, or “Where 
should eHMIs be mounted?” are still open (20). However, identification of AVs has to be done in order to make 
interactions with them safer, thus reducing the likelihood of emergency braking or dangerous situations. Indeed, 
from the point of view of users/citizens, pilots RO1, RO5 & RO8 showed that Automated Vehicles are perceived 
as conservative vehicles. Therefore, their low speed and their conservative aspect can be the origin of dangerous 
situations, such as overtaking them in not allowed places. Adding a specific HMI, allowing the fast identification 
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of those vehicles is therefore needed to reduce the risk both for Automated Vehicle passenger/driver & for other 
vehicles drivers & passengers. As an example, D2F pilots showed that having an external signage on autonomous 
bus offers users and citizens a greater sense of security and confidence since it allows them to anticipate the 
behaviour of the vehicle. Finally, this allows users to easily learn to distinguish it and to have a sense of security 
and prediction since they do not expect unusual behaviour from Automated Vehicles. However, it is necessary 
to inform users of the existence of this specific HMI or sign, as if information is not given, users will ignore it 
because they do not realize its presence or because they do not understand it. This influences the place where 
the HMI or sign is placed, and it must be positioned in a place that is easily visible. 

Principle: The eHMI is transparent about the system status by providing continuous feedback (21). 

Explanation: To support the easy recognition of AVs, the system should provide external users and other traffic 
participants continuous feedback on its status (autopilot mode/manual driving mode), so that all users will be 
able to interact safely with the AV depending on its current status. This could take for example the form of a 
visible icon or LED outside the vehicle. 

Principle: The eHMI does not advise other road users what to do by providing guidance. (22) 

Explanation: In line with current approaches of OEMs and vehicle manufacturers, the eHMI can communicate 
the vehicle’s state, awareness or intent but should not explicitly advise users what to do (e.g., “safe to cross 
street”), as this is not in line with current traffic rules. Given that there are other traffic participants in the vicinity, 
this could create harm if the AV cannot take into account all actions of other traffic participants. 

4. Conclusions  

As the current ESoP, the proposed updated and new principles are not a substitute for any current regulations 
and standards, which should always be taken into consideration. The proposed principles, which may be 
reinforced by national legislation or by individual companies, constitute the minimum set of requirements to be 
applied. 

  



 

D6.4: ESoP on HMI for AVs 

 

October 2022 37 

 

5. References 

1. European Commission. Commission Recommendation of 26 May 2008 onb safe and efficient in-vehicle 
information and communication systems: update of the European Statement of Principles on human-machine 
interface. 2008. C(2008) 1742. 

2. High Level Group on the Competitiveness and Sustainable Growth of the Automotive Industry in the 
European Union. Ensuring that Europe has the most competitive, innovative and sustainable automotive 
industry of the 2030s and beyond. (GEAR 2030). s.l. : European Commission, 2017. 

3. Drive2TheFuture Consortium. A6.3 Correlation of automation to MaaS. 2022. 

4. —. Comparison to a priori expectations. 2022. 

5. —. Benchmarking of alternative HMI principles and good practices recognition. 2022. 

6. —. HMI adaptability and personalization. 2022. 

7. —. Pilots results consolidation. 2022. 

8. SAE International. www.sae.org. [Online] 3 05 2021. https://www.sae.org/blog/sae-j3016-update. 

9. Consortium, Drive2TheFuture. D7.1: EThical, socio-cultural, gender, safety, security and legal issues. 2022. 

10. Flemisch, F., et al. Design of human computer interfaces for highly automated vehicles in the EU-project. s.l. : 
Springer-Verlag, 2011, Universal Access in Human-computer Interaction., pp. 270-279. 

11. Making adaptive cruise control (ACC) limits visible. Seppeltant, B.D. and Lee, J.D. 2007, International journal 
of human-computer studies, Vol. 65(3), pp. 192-205. 

12. Beller, J., Heesen, M. and Vollrath, M. Improving the driver–automation interaction: An approach using 
automation uncertainty. 2013, Human factors, Vol. 55(6), pp. 1130-1141. 

13. Pauzié, A. and Ferhat, Lyess. Human-centred design recommendations for automatised car in transition 
phases. 2018. 6th HUMANIST Conference. 

14. Pauzié, A. and Ferhat, Lyess. Acceptabilité du véhicule autonome. Analyse des besoins et aide à la conception 
de l’IHM en phase de transition. Livrable D2.3.2, Projet AutoConduct. 

15. ISO/TS16951 (2004): Road Vehicles – Ergonomic aspects of transport information and control systems - 
Procedure for determining priority of on-board messages presented to drivers.  

16. Pauzié, Annie and Ferhat, Lyess. Recommandations ergonomiques de conception du dialogue 
Conducteur/Véhicule Autonome lors des phases de monitoring. Analyse des besoins et aide à la conception de 
l’IHM par Focus Group. 2018. Livrable D2.3.3, Autoconduct project. 

17. Pauzié, A., et al. Acceptabilité du véhicule autonome. Préconisations et recommandations de conception : 
approche centrée sur l’utilisateur. 2018. Livrable D2.3, Projet AutoConduct. 

18. Drive2TheFuture Consortium. D3.1: Affective, persuasive, trusted and personalised HMI for AV. 2021. 

19. Carsten, O. and Martens, M.H. How can humans understand their automated cars? HMI principles, problems 
and solutions. Cogn Tech Work. 2019, 21, pp. 3-20. 

20. Bengler, Klaus, et al. From HMI to HMIs: Towards an HMI Framework for Automated Driving. Information 
11. 2020, 2:61. 

21. ISO/TR23049 Road Vehicles - Ergonomic aspects of external visual communication from automated vehicles 
to other road users.  



 

D6.4: ESoP on HMI for AVs 

 

October 2022 38 

 

22. ISO/TR 23049:2018 - Road Vehicles -- Ergonomic aspects of external visual communication from automated 
vehicles to other road users.  

23. Beggiato, Matthias, et al. What would drivers like to know during automated driving? Information needs at 
different levels of automation. 2015. 10.13140/RG.2.1.2462.6007. 

24. Bellet, Thierry, et al. From semi to fully autonomous vehicles: New emerging risks and ethico-legal 
challenges for human-machine interactions. Transportation Research Part F: Traffic Psychology and Behaviour. 
2019, Vol. 63, pp. 153-164. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


