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Executive Summary 

The overall goal of the project Drive2theFuture is to raise awareness and enhance acceptance for automated 
vehicles (AV) in public. A crucial role for user acceptance plays the Human-Machine-Interface (HMI), which 
gives the user the possibility to interact with an automated system or receive information about its current 
state. Within Work Package (WP) 3 “HMI issues”, Drive2theFuture investigates the optimal HMI for the 
different user clusters at stake, such as operators, drivers, riders, passengers, vulnerable road users (VRU), 
traffic managers, and the different transport modes road, rail, aviation and maritime.  

This document represents Deliverable 3.1 “Affective, persuasive, trusted and personalised HMI for AV 
functions”. It summarizes the HMI-related work of different five different project activities in the following 
chapters: 

● State-of-the art on HMI for automated vehicles: A state-of-the art description of existing HMI 
concepts for all transport modes (road, rail, maritime, aviation) and for different user clusters is 
provided. In particular, the results of a benchmarking of existing HMIs and derived good practices are 
presented, which provided a basis for HMI optimization and development in the Drive2theFuture 
pilots and demonstrations.  

● Recommendations for an affective, persuasive and trusted HMI: To provide a basis for HMI 
optimization in the AV, a set of practical recommendations for the design of affective, persuasive and 
trusted HMI was derived and examples in relation to AV were created. These were applied in user 
tests of the Drive2theFuture pilots. 

● HMI development and optimizations: The different in-vehicle, operator as well as external HMI 
concepts of Drive2theFuture are described and results of user tests are presented. Based on the test 
results, initial conclusions on optimized HMI elements for different transport modes and user clusters 
are drawn. 

● HMI adaptability and personalisation: Based on the iterative user test results in the pilots, rules for 
personalisation and HMI adaptability were derived, taking into account different user clusters. 

● Prediction of users’ emotional responses: Affective and accepted HMI can be created by 
understanding emotional responses of users. A tool to objectively predict a users’ emotional state by 
interpreting real-time data is presented. 
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1. Introduction 

1.1. Purpose of the Document 

All user groups affected by the increasing level of transport automation share a common means of 
communication with automated vehicles (AV), the Human-Machine-Interface (HMI). The project 
Drive2theFuture investigates the needs and wants of transportation users, operators, passengers and passers-
by to gain their acceptance and to set the ground for a sustainable market introduction of automated 
transport. Since the HMI has the potential to promote a smooth interaction between the user and the 
machine, one objective of the project is to investigate and define the optimal HMI for the investigated 
transport modes, levels of automation and clusters of users to enhance acceptance among the public. The 
purpose of this document is to describe how affective, persuasive, trusted and personalised HMI for 
automated functions are developed and optimized in Drive2theFuture and how these contribute to enhanced 
user acceptance of automated transport. 

This deliverable includes the results from five different activities (A3.1, A3.2, A3.3, A3.4, A3.5) on HMI issues: 

● a state-of-the art description of HMI for AV of all transport modes, in particular a benchmarking and 
derived good practices for different vehicles and user clusters (A3.1) 

● recommendations for an affective, persuasive and trusted HMI and their application to the project’s 
HMI examples (A3.2) 

● a description of the HMIs developed and optimized in Drive2theFuture: results from the HMI testing 
performed for different transport modes and user clusters (A3.2, A3.3) 

● rules for HMI personalisation and adaptability (A3.5) 
● the development of a tool to predict users’ emotional responses (A3.4) 

1.2.  Intended audience 

This report provides an overview of HMI issues in the transport modes road, rail, aviation and maritime and 
shows how the needs of different user groups are addressed by HMI concepts developed within 
Drive2theFuture. In the first place, it gives a summary of the work performed within the WP3 for the funding 
agency. Since interaction with AV is relevant also for the general public, this deliverable is also intended to 
provide information and findings of the performed work to further interested parties as well as researchers. 

1.3. Interrelations 

Figure 1 illustrates the main interrelation of this WP with other activities in Drive2theFuture. WP3 “HMI issues” 
focuses on the HMI-related use cases for different transport modes and user clusters as defined in WP1. Since 
the HMI optimization is implemented in selected pilot vehicles, strong interrelations with WP5, pilot tests, 
exist. Given the project’s missions to address training of relevant user groups, WP3 also cooperates with WP4 
on training for HMIs to set the ground for an educated use of HMIs for AV. Results of the HMI work will also 
be input for WP6, which deals with the topic of impact assessment.  
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Figure 1: Overview of Work Packages related to WP3 HMI issues 

1.4.  Goals and research questions 

The goal of WP3 is to define the optimal HMI for different clusters of users and levels of automation to set the 
ground for raising acceptance by applying a user-oriented migration path for the introduction of automation. 
Thus, HMI concepts for the transport modes road, rail, maritime and aviation are investigated, developed and 
comparatively assessed within the scope of the project. Figure 2 gives an overview of the approach taken in 
WP3: In a first step, a benchmarking of existing HMI in all transport modes was used to derive good practices 
for the selection and development of the project’s HMI. WP3 investigates different types of HMI concepts, 
including in-vehicle and operator HMI as well as external HMI (eHMI) for the interaction with other traffic 
participants. The derived and developed HMI concepts were iteratively tested in the project’s pilots, while 
taking into account principles on affective, persuasive and trusted HMIs as well as strategies for the interaction 
with non-automated traffic participants.  

In addition to subjective measures for assessing the HMI solutions, WP3 develops a machine learning-based 
solution to predict users’ emotional responses in order to assess users’ actual responses when using 
automated transport. Based on the results of iterative user testing, personalisation and adaptation strategies 
for different user clusters and levels of automation were defined and optimized HMI principles were derived.   

In the further progress of the project, WP3 will implement a comprehensive HMI development toolkit by 
combining the optimized HMI elements, test procedures and user assessment tools alongside with the 
adaptability and personalisation strategies into a software platform. This toolkit can be used to demonstrate 
HMI solutions and create realistic expectations among users in light of the deployment of AV. 
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Figure 2: Overview of the approach taken in WP3 HMI issues 

 

The following research questions are addressed within the WP3 activities reported in D3.1: 

1. Which existing HMI elements can be transferred as good practices to different transport modes? 
2. What makes an HMI for AV functions affective, persuasive and trusted? 

 
In-vehicle and operator HMI 

1. How to inform bus operators and passengers inside the bus that a bus is in automated driving mode? 
2. Which input device is suitable for the remote operation of a train after an emergency manoeuvre? 
3. How do operators experience and evaluate the HMI concept for the remote operation of an 

automated workboat? 
 

External HMI and interaction with other traffic participants  

1. What are the overall effects of visual eHMI on pedestrians in real-world mixed traffic?   
2. Does the communication of intent complement the AV’s external awareness communication? 
3. How to inform passengers waiting for a bus that the bus is in automated driving mode? 
4. Does an eHMI on an AV-shuttle influence road users’ overtaking behaviour of the AV-shuttle?  
5. Which effect do visual markings on a vehicle have aimed at informing non-equipped road users about 

a car’s automated driving mode?  
6. What are the user needs and design requirements for external HMIs of unmanned aerial vehicles 

(UAV), i.e. drones? 

HMI adaptability and personalisation 

1. How can the acceptance of the AV functions be enhanced among multiple involved user clusters? 
2. Are there differences in needs preferences among various user groups, in terms of HMI issues? 
3. Can user needs and wants be grouped in order to satisfy each user cluster (car drivers, bus drivers, 

passengers, etc.)? 

Prediction of user’s emotional responses 

1. What is an appropriate machine learning framework for predicting the stress of a passenger using only 
information available to the vehicle (zero-contact monitoring)?  

2. What is an appropriate feature extraction mechanism that can remain flexible to the presence of 
multiple input data flows, while achieving high performance? 

3. Can we create a system that supplements an appropriate data capturing and emotional assessment 
framework with accurate predictions based on training from appropriate data paradigms? 
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2.  Overview 

2.1. The role of affection, persuasion, trust and personalisation for HMI 
design and acceptance 

Users communicate and interact with the AV via the HMI. Therefore, the design of the HMI plays a crucial role 
in creating acceptance for new technology. In Drive2theFuture, the goal is to develop optimal HMIs that users 
accept and enjoy using. For this, Drive2theFuture puts the focus on the factors affection, persuasion, trust 
and personalisation in HMI design. In the following, these terms are defined to set the basis for HMI 
development and optimization in the further scope of this document.  

2.1.1. Affection 

Affection is a key factor for human-machine-interaction since emotion is inherent to human cognition and 
perception (Picard, 1997). In product design, the incorporation of emotions in order to satisfy a user’s affective 
needs is addressed within the framework of „affective engineering“ (Aziz, Husni, & Jamaludin, 2010). 
Addressing user’s affective needs is considered crucial for user acceptance as well as the success of a product. 
Since the affective needs and responses vary from user to user, personalisation of the design is particularly 
relevant to satisfy user’s individual needs (Zhou, Ji, & Jiao, 2013). In order to adapt interaction to users’ 
affective states, a variety of methods exist to detect affect, including self-report, heart rate/respiration rate, 
facial expression or body postures (Jeon, 2017). In WP3, affective states of users are investigated in HMI testing 
and an algorithm to predict users’ emotional state and stress level is developed (see Section 7). 

2.1.2. Persuasion 

Persuasion in the context of human-machine interaction was shaped by Fogg ‘s research on “persuasive 
technology” (Fogg, 2003) and can based on his original definition be defined as “computerized software or 
information systems designed to reinforce, change or shape attitudes or behaviours or both without using 
coercion or deception.” (Oinas-Kukkonen & Harjumaa, 2008, p. 3). This means that by the interaction with the 
system, the user’s attitudes and behaviours can be reinforced, shaped to a pattern or changed to a particular 
outcome (Oinas-Kukkonen & Harjumaa, 2009). In the automotive sector, persuasive interfaces were so far 
researched mainly with a focus on drivers, addressing the challenge to achieve a desired driving behaviour, 
e.g. regarding safety or energy efficiency, without distracting the driver (Paraschivoiu, Meschtscherjakov, 
Gärtner, & Sypniewski, 2019).  

Within Drive2theFuture’s HMI development and optimization process, a focus is set on making the HMI 
concepts persuasive by shaping the HMI behaviour and information provided to the user (see Section 4). 

2.1.3. Trust 

Trust is seen as one of the key factors in human-machine interaction and the public acceptance of automated 
vehicles, as it influences a user’s reliance on the system. In general, trust is defined as “the attitude that an 
agent will help to achieve and individual’s goals in a situation characterized by uncertainty and vulnerability” 
(Lee & See, 2004, p. 51). The challenge for human-machine interaction is to correctly “calibrate” the user’s 
trust, i.e. finding the right balance between overtrust (trust exceeds system capabilities, leading to misuse of 
the system) and distrust (lower level of trust than adequate for system capabilities, leading to disuse of the 
system) (Lee & See, 2004). Trust is a dynamic construct that can change over time based on previous 
experiences and is influenced by various factors, including knowledge, workload, self-confidence and 
willingness (Khastgir, 2018). For the HMI research within this project, the correct calibration of trust is relevant 
for all user groups using HMIs of automated vehicles and in particular, for the interaction between AV and 
other non-automated road users. 
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2.1.4. Personalisation 

Personalisation plays an important role in human–computer interaction. The interaction with a machine 
requires users to have different physical and cognitive abilities, which are different from user to user. Previous 
research on advanced driver assistance systems (ADAS), e.g., adaptive cruise control, has shown that their 
user acceptance highly depends on a driver’s expectations, skills and preference (Hasenjäger & Wersing, 
2017). Furthermore, personalised ADAS warnings were shown to increase drivers’ system acceptance (Panou, 
2018). In Drive2theFuture, rules for HMI personalisation and adaptation are developed taking into account 
factors such as environmental conditions, different user clusters, driver and rider state. By addressing the 
needs and expectations of different users, HMI adaptation and personalisation is considered to promote 
enhanced acceptance of automated vehicles (see Section 6).  

The flow chart in Figure 3 describes how trust, affection and persuasion are strongly interrelated in the 
interaction between human and machine and how they can influence and shape a user’s response as part of 
the general acceptance of the system. In addition, personalising and adapting the HMI can increase the user’s 
perceived identification with the system. While building an in-depth model on these complex factors in 
human-machine interaction is beyond the scope of this document, this figure illustrates the importance of 
addressing these factors in HMI design in order to enhance user acceptance for AV in public, which is the core 
mission of Drive2theFuture. 

 

 

Figure 3: Interrelations between affection, trust and persuasion, personalisation for user acceptance  
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2.2. Prioritized use cases  

Drive2theFuture has prioritized use cases for different transport modes and AV, which were specified in 
Deliverable 1.1 “User clusters, opinion, research hypotheses and use cases towards future autonomous vehicle 
acceptance” (Markvica et al., 2020). The project includes different pilots which cover a range of topics on 
automation deployment, one of the topics addressed being HMI concepts for different modes and user 
clusters.  

The table below shows the prioritized use cases relevant for HMI strategies addressed within WP3 and how 
they are related to the project’s pilot sites. Each pilot site of Drive2theFuture is referred to with an individual 
abbreviation, indicating also the corresponding transport mode: Road (RO), Rail (RA), Aviation (AV), Maritime 
(MA).  As shown, the use cases address operator HMI and in-vehicle HMI as well as conspicuity HMI and 
interaction with other road users, which is henceforth referred to as external HMI (eHMI). 

HMI-related use cases  Description (based on D1.1 p.102 ff.) Relation to 
project pilot 

#5 Operators-based HMI 
& strategies for road 
transport 

The main role of this Use Case is to test the HMI 
principles that are related to the remote operation of 
road automated vehicles, focusing mainly on the 
increase of the operators’ readiness for the transition 
between manual and automated driving, while also test 
the operation of automated buses in an urban area and 
their combination to Mobility-as-a-Service (MaaS) and 
other “feeder” transportation means. 

RO7 

#6 Operators HMI & 
strategies for rail 
transport 

This Use Case concerns the application of HMI principles 
to the rail vehicles of a high level of automation (Grade 
of Automation GoA 3 and 4), aiming at the optimisation 
of an HMI for remote control (signaller/train operator 
perspective). 

RA2 

#7 Operators HMI & 
strategies for air transport 

 

This Use Case aims to test operators’ and pilots’ 
perceptions of different HMIs for different levels of 
automation. 

AV1 

#8 AV Conspicuity HMI & 
strategies for interaction 
of automated road 
vehicles with non-
equipped other road users 

This Use Case touches upon issues that deal with the 
interaction of automated and non-automated road 
vehicles with pedestrians and other automation 
Vulnerable Road Users (VRU). Through this Use Case, 
behavioural issues will be also tested that might occur 
either on behalf of the road users or the vehicles. 

RO1, RO3-C, RO5, 
RO8, AV1 
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#9 Operators HMI & 
strategies for maritime 
transport 

This Use Case aims to test project’s alternative HMIs for 
workboats operators as proposed by WP3 and through 
an iterative process to optimise and finalise them. 

MA1 

#12 In-vehicle HMI & 
strategies for automated 
road vehicles 

This use Case examines the HMI principles inside road 
automated vehicles and its purpose is mainly to test 
functions that have to do with the transition from non-
autonomous to autonomous driving. 

RO3-A, RO8 
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3. State-of-the art: HMI for automated vehicles of different 
transport modes  

3.1. HMI Benchmarking  

3.1.1. Method 

In order to take into account existing HMI strategies with regard to automation, a benchmarking of existing 
HMI principles from all transport modes , road, rail, aviation and maritime, was conducted within the activity 
A3.1. In the following, “HMI” is used in a broad sense, including every kind of communication between human 
and automated system, e.g., by pedals and steering devices, visual messages or auditory signals. The 
benchmarking addresses different vehicle types and automation levels, including HMIs from the project’s 
demonstrator vehicles as well as series, research and prototypical vehicles of different manufacturers.  

We created a questionnaire for data collection (see Appendix 1) that allows a comparison and a clear 
understanding of the very distinct HMIs alongside a set of attributes independent of the transport modality 
and user, including e.g., task description of the automated function, addressed automation levels, feedback 
on the AV status, available interaction modalities, HMI elements and HMI design. As identified in D1.1 
(Markvica et al., 2020), involved stakeholders in automated transport are vehicle users with Drive2theFuture 
focusing on drivers and passengers, (remote) operators and road users. With regard to the surveyed HMIs, the 
target users were clustered as follows: 

●  Driver/pilot/captain (including car and bus drivers, riders, pilots and captains): in-vehicle user who is 
in charge of actively steering a vehicle while using an automated function or supervising a vehicle 
during automated driving to take over control if requested 

●  (Remote) operator: person supervising a vehicle lead by an automated driving function from a remote 
place, needs to take over if the situation requires it 

● Passenger: person who uses a vehicle but has no active role in operating the vehicle 
● Vulnerable Road Users (VRU): Based on the definitions in D1.1 (p.20), VRU are defined as those that 

have a higher risk of accident involvement or vulnerability in case of it, due to their lack of connectivity 
(i.e. non-connected users having low conspicuity vis a vis the automated road traffic environment), or 
lack of design compatibility (i.e. out-of-position passengers of automated vehicles)  

 

Figure 4: Clustering structure for results analysis 

 

The results table for each type of HMI and user cluster includes four categories, defined as follows: 

• Vehicle and function: Includes vehicles from the Drive2theFuture pilot sites, series as well as prototypical 
vehicles and names their function. The addressed automation level is also mentioned according to a 

Figure  SEQ Figure \* ARABIC 1: Template for 
HMI benchmarking in A3.1 
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simplified categorization used in the templates. As each transport modes has its own official definition of 
levels of automation and taxonomy (see D1.1 for more information, Markvica et al., 2020), the following 
modes were proposed based on a user-centred approach presented in Diederichs (2019): 

o Assisted Mode: Human-system-cooperation through redundant parallel steering by the 

driver/operator, who oversteers the vehicle, as well as through advanced driver-assistance system 

(ADAS) supporting the operator while driving 

o Automated Mode: Temporary full steering by the system with frequent transitions between 

operator and system. Responsibility transitions continuously. 

o Autonomous Mode: System takes over the whole task. Operator (if applicable) can oversteer and 

stop the autonomous mode at all times. 

• Feedback to user: the kind of information the user receives about the system’s actions and status. This 

ensures that the user understands the AV’s capabilities, has an appropriate level of situational 

awareness and fosters trust into the automated system.  

The feedback categories include among others: 

o System mode: Mode indicators inform the user about the system or automated function being 

activated, functioning correctly, being unavailable or requesting a transition from the automation 

to the operator. They play a crucial role for minimising automation surprises.  
o System status: This includes feedback regarding potential error or failure messages as well as the 

indication of system availability, i.e. that all preconditions are met for activation of the system or 

automated function. 

o Route/Environment: Depending on the automation level and the role of the user, information 

about the route taken by the vehicle and the environment (surrounding traffic, other traffic 

participants and traffic conditions) ensures situational awareness, especially for the monitoring 

process. It can also provide comfort to the human user, since it reduces uncertainty. 

o Speed: important for transparency to the user, stimulates appropriate level of intervention for 

safety reasons and the existing legal framework 

o Driver state: by the use of sensors and cameras, the user’s level of attention, alertness and 

emotional state is monitored and given as feedback to the user, e.g. to raise awareness for 

distraction  

• Transition of control (where applicable): describes the process how responsibilities between human and 

automated function/system change, where available a stepwise description regarding the HMI 

behaviour is included. The HMI plays a crucial role to stimulate an appropriate level of attention and to 

reduce stress and uncertainty. 

• HMI elements (with regard to described function): elements relevant for the automated function, the 

transition of control and the interaction with the system. The description might not be comprehensive. 

• HMI design (with regard to described function): where available, more detailed description of the HMI 

elements, e.g., used colour codes or visual cues that form the HMI elements and are of particular 

relevance for the described automated function. The description might not be comprehensive. 

 

3.1.2. Results 

 
In total, 40 HMIs with automated functions were surveyed for the benchmarking as a starting point for WP3 
work, conducted from May 2019 to March 2020. The benchmarking included series vehicles, prototypes, 
examples from previous projects and also pilot site HMIs from Drive2theFuture. The majority of examples was 
from the road sector, given that a variety of different vehicles were included:  cars, Powered-Two-Wheelers 
(PTW), busses and traffic management operator. For the aviation sector, HMIs from planes and drones were 
included. The benchmarking is not aiming at a fully comprehensive picture and was performed based on the 
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information available in public sources (literature, videos, manufacturer’s presentations), but rather as a 
starting point and as a basis to derive good practices for HMI optimizations and development in 
Drive2theFuture. For all four transport modes, HMI for Drive2theFuture’s different user clusters were 
surveyed, e.g., drivers, riders, operators and VRU. 

 

 
Figure 5: Overview of analysed HMI concepts per transport mode 

The benchmarking of HMIs has shown that a variety of automated functions and systems exist for different 
vehicles, whereby the HMI elements differ with regard to interaction concepts and the information provided 
to the user.  Overall, standardized HMI design largely lacks so far for all user groups and transport modes. In 
the scope of the project, HMIs for selected pilot vehicles will be optimized by taking into account the results 
from the benchmarking and derived good practices in order to create affective, persuasive and trusted HMIs.  

In the following, a brief summary of the main results from the HMI concepts for AV will be given, drawing on 
some exemplary designs and main findings from the performed benchmarking. A complete overview of the 
benchmarking results with all examples can be found in Appendix 1. All examples are named with a number-
letter combination in order to identify the corresponding example in the table.  

3.1.2.1. Road 

In the road sector, many HMI concepts of cars were investigated that are already part of series vehicles, 
focusing on partial automation with the human being responsible for the driving task (Level 2; SAE 2018). The 
feedback to the user focuses on current system mode (automated function turned on/off). HMIs for partial 
automation for the analysed commercial vehicles mostly use a pictorial steering wheel indicating that 
automated steering is engaged (see Table 1). Transition of control differs also among series vehicles, especially 
with regards to how takeover requests are communicated to the driver. The series examples shown in the 
benchmarking mostly use pictorial indicators combined with acoustic warnings or textual messages.  

Table 1: Example from the benchmarking for the road sector for Adaptive Cruise Control  
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Examples from project or research vehicles also demonstrate solutions where transition control to the vehicle 
is performed in case of insufficient driver states. 

Furthermore, concepts for the operation of vehicles with a higher level of automation, such as autonomous 
buses and autonomous concept cars present alternative concepts to a steering wheel, proposing joysticks for 
the manual steering of the vehicle, as shown in the concepts below by Navya (see Table 2). This example 
illustrates that the HMI for manual operation is considered to be for temporary operation only, such as in the 
introductory phase when the vehicle cannot pass an obstacle without the support of the human operator, as 
there is no dedicated driver’s HMI which is permanently installed.  

 

Considering automated functions for PTWs, the integration of assistive systems for the rider are less advanced 
than in the automotive sector. Especially in commercial PTWs, functions are limited to a low level of 
automation, such as an automated reverse gear function or blind spot warning. Examples from prototype or 
research vehicles included in the benchmarking show HMI concepts for advanced rider assistance systems 
(ARAS) with a focus on haptic cues complementing visual and auditory elements, e.g., when the rider state is 
inadequate. 

Whereas the majority of examples focus on HMI for the operators, driver or riders, HMIs in research and 
prototype vehicles also show concepts for the interaction with other traffic participants, such as VRU, and 
passengers. For instance, an external display such as described in the example in Table 3 was suggested to 
communicate the vehicles’ driving mode, the vehicle’s intention as well as an advise to the pedestrian. Given 
that the interaction with other traffic participants is one of the focus topics in WP3, a synopsis of current issues 
and open research questions in this more recent research field is given in section 3.2. 

3.1.2.2. Rail, maritime, aviation 

In rail transport, higher levels of automation have already been realized, where a human operator is still 
required to handle unexpected incidents and to supervise traffic management. As shown by the example for 
the autonomous underground in Nuremberg, Germany (see Table 4), detailed information on the currently 
operating autonomous trains is necessary as well as the location of possible disturbances. 

Table 2: Example from the benchmarking for the operator HMI of an autonomous shuttle bus 

Table 3: Example from the benchmarking for the external HMI of an autonomous shuttle bus 
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In the maritime sector, autonomous and unmanned ships have been used for decades, for instance in ocean 
research or military applications. For unmanned vessels that can be remotely controlled, an HMI is necessary 
so that an operator can take over control if the automation fails. Several examples included in the 
benchmarking show the HMI concepts for a remote control station, for instance as in the example in Table 5 
by Finferries, where the remote operator HMI is basically a copy to the HMI on a ship’s bridge, but with 
additional information on system mode including operation mode as well as a live image of the surrounding 
area that is transmitted to a large screen.  

 

In the aviation sector automation is established, being the pioneer of all transport modes. As demonstrated 
by an example from civil aviation aircraft, feedback to the user in case of problems during autopilot mode 
relies on a multimodal feedback in order to ensure that the pilot takes over: In the first step, a visual and 
auditory warning is used, in the second step a haptic and auditory warning, with a vibrating stick or control 
yoke as a central HMI element, using a forceful, noisy shaking. In recent years, the usage of UAV, i.e. drones, 
has expanded to civilian applications in science and research. They can fly semi-autonomously piloted 
remotely by a ground operator but are also able to fly completely autonomously. As shown by the example 
for a ground control station HMI to operate drones beyond the visual line of sight (BVLOS), system status 
information includes for example signal quality as well as environmental information (telemetry data) and also 
provides the user with information on a potential recovery procedure, in case of a signal loss (see Table 6). 

 

 

Table 4: Example from the benchmarking for the operator HM for the autonomous trains in Nuremberg 

Table 5: Example from the benchmarking for the operator HMI of an autonomous ferry 
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3.1.3. Good practice HMI elements 

As part of the benchmarking, positive aspects of the analysed examples were identified in the form of good 
practices. Good practices are considered successful solutions or methods in a specific domain based on 
previous experiences and can serve as a basis for improvements and optimizations. The templates with the 
analysed HMIs were expert-rated to identify good practices and validate the HMI’s potential user acceptance 
prior to a first testing phase with users. The experts were all Drive2theFuture consortium members and 
representatives for the different transport modes.  

Two criteria were defined within A3.1 as decisive for the good practices: 

• Successful over time: At least 2nd generation series production or in case of a prototype, considered 

to be part of the next generation HMI 

→ HMI element will be taken into account as a good practice for HMI optimization in A3.2  

• Not linked to unique situations and specific circumstances: The element might be transferable to 

other modes 

→ HMI element will be taken into account as a good practice for HMI optimization in A3.2, HMI 

element/principle also to be considered for other modes 

 

Results for the good practices are presented in Table 7 below, clustered first of all according to the type of 

HMI and the user group (see Figure 4), as well as whether the good practice belongs to the category 

“information display & design” or “operation & behaviour”. 

Table 7: Identified good practices 
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 HMI good practice: 

• successful over time 

• not linked to unique 

situations and specific 

circumstances 

Example 
HMIs (see 
tables in 
Appendix 1) 

Transport 
modality 

Comments 
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(1)  
screen in dashboard area in user's field of 
view for visual information 

1a-j, 1l road Visual channel very common to 
communicate information 

(2)  
driving related information on 
instrument cluster; non-driving-related 
information on central stack unit  

1h, 2h road Information with higher priority 
should be presented near the 
operator’s line of sight 

(3)  
visual or auditory feedback that 
automated system is engaged  

1a, 1l, 1k, 1r road  

(4)  display of system mode  
1f, 1g, 1q road User should have sufficient level 

of mode awareness 

Table 6: Example from the benchmarking for the operator HMI of a drone 
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 HMI good practice: 

• successful over time 

• not linked to unique 

situations and specific 

circumstances 

Example 
HMIs (see 
tables in 
Appendix 1) 

Transport 
modality 

Comments 
In
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rm
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n
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p
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y 

&
 d

e
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(5)  

use of commonly accepted icons to 
indicate system mode or system state 

- Steering wheel icon: lane 
keeping assistant 

- Speedometer icon: ACC 
- Triangular warning sign: 

warning of vehicle in blind spot  

1b-d, 1o 
1b-c, 1l 
1n 

road However, there is no standard 
set of pictorial indicators yet 

 

(6)  
visual and/or auditory message for 
requesting a transition of control 

1c, 1q, 1n, 
1h, 1f 

road, 
aviation 

 

(7)  

intrusiveness of feedback adapted to 
urgency of message (e.g., increased 
frequency or loudness of sound, flashing 
instead of steady pictorial indicator) 

1b-c, 1f, 1n, 
1s 

road, 
aviation To ensure quick response from 

operator in critical situations 

(8)  
multimodal feedback for high-priority 
messages  

1a-d, 1f-h, 
1n, 1s 

road, 
aviation 

Multimodality of feedback can 
lead to a faster response 

(9)  

colour codes used to refer to system 
mode or system state correspond to 
known conventions and stereotypes: 

- Red: urgent warning, danger 
- Yellow: state of alertness 
- Green: safe and trouble-free 

operation 

1a, 1c, 1e, 
1f, 1l, 1n 

 Colours offer an efficient way to 
communicate information, but 
many colours are associated 
with a specific meaning in 
traffic, e.g. colours of traffic 
light 

(10)  

Visual interface has a sufficient contrast 
regarding colour or luminance between 
foreground and background: black 
background with coloured or white text 
and icons 

1a-d, 1e-g, 
1q, 1r, 1t, 1u 

Road, 
aviation, 
maritime 

 

(11)  

Ambient lighting is functional and can 
support the saliency of a message (e.g. 
additional system mode indication, type 
of cooperation) 

1g, 1h, 1n, road Functional ambient lighting 
already part of series vehicles 
today, e.g. to enhance safety 
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(12)  Display of current speed 

1a-1s all Operator is responsible that 
vehicle obeys regulations, 
including speed limits 

O
p

e
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n
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u
r 

(1)  
Manual activation of system by button or 
lever 

1a, 1c, 1l, 1k road 
ensures intentional 
activation/deactivation of 
system 

(2)  
Joystick/thumb stick to setup the initial 
speed for ACC (e.g. on handlebar) 

1m 
Road: 
PTW 

 

(3)  Pedals for acceleration and deceleration 
e.g. 1a-d, 1f, 
1h 

road  

(4)  Throttle grip for acceleration and 
deceleration 

1j-o road: PTW  

(5)  Steering wheel to control the vehicle's 
actions  

1a-d, 1f, 1h, 
1p 

road  

(6)  
Yoke to control vehicle’s actions  1s aviation  

 (7)  Handlebar to control vehicle’s actions  1j-o road: PTW  
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 HMI good practice: 

• successful over time 

• not linked to unique 

situations and specific 

circumstances 

Example 
HMIs (see 
tables in 
Appendix 1) 

Transport 
modality 

Comments 
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(1)  Display to show information for 
passenger 

2a, 2c road established in non-automated 
public transport 

(2)  Route information shown to passenger: 
ETA, current position, next stop and 
destination 

2a, 2b, 2d road established in non-automated 
public transport 

(3)  Welcome message for passenger 2b road established in non-automated 
public transport, e.g. train 

O
p

e
ra

ti
o

n
 &

 b
eh

av
io

u
r (4)  Request stop/pull over button 2a, 2b, 2c road established in non-automated 

public transport, e.g. bus 

(5)  Button to call support 2b road established in non-automated 
public transport, e.g. trains 
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p
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(1)  Redundant coding for colour blind people: 
coloured pictorial indicator/animation or 
text and colour 
 
 
 

3c road Red/green and blue/yellow 
deficiencies are common 
among male population 

(2)  Auditory signal to announce approaching 
vehicle 

3b, 3c road established in non-automated 
public transport, e.g. trams 

O
p
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(1)  Screen in user’s field of view for visual 
information 

5a-d all  

(2)  Display of system mode (icon or text 
message) 

5a, 5d maritime, 
rail 

User should have sufficient level 
of mode awareness 

(3)  Display of quality of signal connection  5c aviation  

(4)  
Multimodal feedback for high-priority 
messages  

5c rail, 
aviation 

multimodality of feedback can 
lead to a faster response 

(5)  Detailed information about vehicle and 
environment according to transport 
mode: 

• Aviation: e.g., latitude, longitude, 

altitude, speed 

• Maritime: e.g., propulsion engine 

load, speed, rudder angle, fuel use, 

water current, wind speed, nearby 

vessel's locations 

• Rail: e.g., driving data, additional 

track and interlocking information 

5a, 5c, 5d, 5e, 
5f, 5g 

aviation, 
maritime, 
rail 
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 HMI good practice: 

• successful over time 

• not linked to unique 

situations and specific 

circumstances 

Example 
HMIs (see 
tables in 
Appendix 1) 

Transport 
modality 

Comments 
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(6)  Display of current driving speed 5d maritime changing environmental 
conditions like water current or 
wind speed are not always 
noted by the operator, but are 
often identified through 
readings of speed (and fuel 
usage) 

(7)  Real-time transmission of front view 
5a rail  

(8)  
Past events memory to estimate a 
dysfunction 

5b rail  

O
p

e
ra
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n
 &

 b
eh

av
io

u
r 

(9)  Handle for acceleration and deceleration 5c, 5d maritime, 
aviation 

 

(10)  Emergency steering device available in 
vehicle 

5b rail  

(11)  Wheel or tiller to control vehicle’s 
directions 

5c, 5d maritime, 
aviation 

 

3.2. External HMI and interaction with other traffic participants 

With the importance of communication between road users in order to enable safe shared use an undeniable 
fact, AV pose new challenges in that regard. There is, however, yet to be a consensus formed if external 
human-machine interfaces will be able to compensate sufficiently for the lack of eye communication 
(Kaleefathullah et al., 2020; Rasouli et al., 2018) and related studies have come to mixed results. Involved 
researchers have observed that eHMI affects both trust and perceived safety of other road users (e.g. 
Kaleefathullah et al., 2020; Kooijman et al., 2019; Löcken et al., 2019; Nuñez Velasco et al., 2019; de Clercq et 
al., 2019), but also that pedestrians rely predominantly on implicit communication through the AV’s behaviour 
and do not need or unlikely to pay much mind to any additionally provided information (e.g. Clamann et al., 
2017; Moore et al., 2019; Rodríguez Palmeiro et al., 2018; Dey & Terken, 2017). The value of eHMI in AV as a 
tool to increase perceived safety and trust of other and especially vulnerable road users is therefore still 
contested and how it might be secured and increased requires further investigation. 

To this date, a large variety of design concepts for eHMI in AV has been developed and tested in a number of 
different settings but no specific concept has proven itself enough to be considered as a clear candidate “best 
practice” approaches for external communication.  A variety of meta-analyses (Colley & Rukzio, 2020; Dey et 
al., 2020; Löcken et al., 2019; Mahadevan et al., 2018; Schieben et al., 2019) has examined and categorized 
existing concepts and derived guidelines based on their analysis. According to these guidelines visual eHMI, 
such as textual or symbolic displays, LED strips, or projections, are the most common form of external 
communication since they are well equipped to easily and quickly convey complex messages and 
interrelationships. Further, according to our current understanding only very little attention has been turned 
towards the development of inclusive eHMI (Colley et al., 2020; Dey et al., 2020) despite some concepts 
combining visual with auditory (e.g. Deb et al., 2018) or tactile (e.g. Mahadevan et al., 2019) signalling. eHMI 
research also suffers from a limited understanding regarding the external validity of designs  (Colley & Rukzio, 
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2020; Dey et al., 2020) as most eHMI research took place in little realistic mixed traffic settings, simulated VR 
or Wizard-of-Oz settings (e.g. (Colley et al., 2020)) and the explorations of mixed traffic conditions that have 
been conducted were commonly implemented via VR rather than as field study (e.g, Mahadevan et al., 2019), 
which are still limited to a simulated VR-environment. The study conducted in Vienna aims to address this 
major research gap with a field trial on a real road in Vienna, Austria.    

A number of concepts of visual external communication have been developed with the goal to compensate 
for the lack of interaction with the human driver. Schieben et al. (Schieben et al., 2019) has sorted them into 
4 different categories:  

1. Information about the AV’s driving mode in order for pedestrians to distinguish between the vehicle 
driving autonomously or being steered by a human operator;  

2. Information about the AV’s intended next actions;  
3. Information about the AV’s perception, i.e. pedestrians are shown what the AV has detected in its 

environment; and  
4. Precise instructions for the pedestrians, telling them explicitly to walk or stop. 

While there is no consensus on which of these information categories are most important (Ackermann et al., 
2019; de Clercq et al., 2019; Faas et al., 2020; Mahadevan et al., 2018; Merat et al., 2018), meta analyses 
(Colley & Rukzio, 2020; Dey et al., 2020) show that awareness and intent communication are most commonly 
the focus of AV eHMI communication studies, providing pedestrians with critical information (Did the AV 
recognize me? Does it yield?) to support informed behavioural decision making. 

A further point to consider in the context of AV’s eHMI design is the prevention of overtrust defined as “false 
estimation of the risk while interacting with a machine” (Holländer et al, p. 212), which can take form as 
underestimation of the system’s overall propensity to provide incorrect information in any given situation, 
leading to potentially dangerous consequences in traffic. Therefore, even though furthering trust in AV 
successfully through well-designed eHMI is crucial to their eventual integration as standard traffic participants 
(Lee & Kolodge, 2018), the prevention of overtrust also needs to be considered and addressed in 
comprehensive eHMI designs.  

3.3. Standardization of HMI for AV 

Official standards and guidelines for HMI design of non-automated vehicles are existing in different transport 
modes. As part of the work in WP3, a brief overview on HMI standardization for AV in the different transport 
shall be provided, with a focus on the use cases and HMI concepts that are presented in this report. 

3.3.1. Road  

As shown by the benchmarking, HMI concepts in series and commercial road vehicles differ with regard to 
look and design, system behaviour during transition of control as well as regarding the information provided 
to the user. Standardization for automated driving for road vehicle has been an ongoing discussion for several 
years.  For example, the ISO/TR 21959-2, issued in 2020, “Road vehicles - Human performance and state in the 
context of automated driving” focuses on Human Factors issues for the takeover process, summarizing 
information relevant for the design of experiments to investigate transitions in order to improve HMIs and 
system design, highlighting the fact that there are still many open questions regarding the design of HMIs, 
which is why the document does not specify HMI design requirements.  The ISO/TR 21959-2 summarizes HMI 
design parameters found in previous studies that might have an impact on the user’s takeover performance, 
e.g. multimodal signals were found to have a positive impact on takeover performance as compared to 
unimodal signals (also one of the identified good practices). 

More recently in July 2020, the UNECE’s World Forum for Harmonization of Vehicle Regulations issued a 
standard at the international level, intended to facilitate the user’s monitoring task of an automated vehicle 
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and to enable a safe driver intervention at any time. It adopted the first international regulation for Level 3 
vehicle automation, i.e. automated systems where the driver must be able to drive if the system requests so. 
The regulation has entered into force in January 2021 and is considered to “mark[] an important step towards 
the wider deployment of automated vehicles to help realize a vision of safer, more sustainable mobility for 
all.” (UNECE, 2020) 

In the regulation, requirements for Automated Lane Keeping Systems (ALKS) are specified, which control, upon 
activation, the vehicle’s action in the first place. The user, i.e. the driver, is however able to override the 
system’s action at any time and can also be requested to take control back at any time. In the regulation 
different requirements for the HMI and operator information are specified, with the main points being the 
following:  

● A driver availability recognition system has to be part of the HMI, which detects if the driver is available 
in a driving position and is able to take over the driving task 

● The ALKS shall only be activated upon deliberate action of the driver 
● The system status has to be displayed well visible in the peripheral field of vision of the driver when 

the ALKS is activated 
● An optical signal shall indicate the active system state until the system is deactivated (off mode) 
● Regarding the design of the optical indicator, this shall either be a steering control or a vehicle with an 

additional text like "A" or "AUTO" (or standardized symbols as specified in the UN Regulation No. 121) 
● A transition demand shall be indicated at least by an optical signal and shall in addition include an 

acoustic and/or haptic warning signal 
● When the ALKS has been deactivated and the system status changes from active mode to off mode, 

the driver shall be informed at least by non-displaying the optical warning signal 

3.3.2. Rail 

In the railway sector, technologies such as the European Train Control System (ETCS) and the European Rail 
Traffic Management System (ERTMS) are well established to standardize and automate different services. The 
ERTMS architecture for on-board automatic train control encompasses the HMI, also referred to as Driver 
Machine Interface (DMI). Existing standards define DMI and displays in the driver's cab, including the operating 
elements, hardware requirements for displays and also software requirements valid for display applications 
(e.g. use of colours) (e.g. UIC 612 leaflets set; CLC/EN 16186-3:2016+A1:2018 Railway applications - Driver's 
cab - Part 3: Design of displays). 

For higher levels of automation in the railways sector with driverless and unattended trains (GoA3, GoA4), the 
HMI for the train operation in event of disruptions or obstacles poses new challenges (Bienfait et al., 2012) 
and standards are not yet available. Human-cantered design of remote operating HMIs for the railway sector 
are therefore subject of current research (e.g., Smith, 2020). 

3.3.3. Maritime 

Significant human factors research in the maritime domain has led to a number of standards and conventions 
for the design of equipment HMIs and layout of vessel bridges and engine rooms (i.e., IMO, 2019, ISO 11064-
5:2008, ISO 8468, 2007 (last reviewed in 2017); ASTM International F1166-07, 2013; SOLAS Chap. V/Reg. 15). 
This series of work incorporates elements of HMI standardization for conventional vessels (i.e. not 
autonomous/remotely operated). A recent paper by the Transportation Safety Board of Canada (Michelle 
Gauthier et.al, 2019) examined the influence of HMI design issues on the safe and effective control of vessels 
150 gross tonnage or greater (modern vessels, but not remotely operated-autonomous). It was shown that 
one of the major causes of failures, and even accidents, is due to non-standardized HMI’s (i.e. layout of 
navigation systems and displays etc.). The maritime sector (excl. security and military applications, where 
things are more developed) only recently started to work on adapting to the new conditions set by the rapid 
technological developments in automation that could make possible to even eliminate the crew onboard. The 
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International Maritime Organization (IMO) and major classification societies recognize the importance of 
incorporating human factors and ergonomic design principles in the construction of remotely 
operated/autonomous vessels (i.e., DNV-GL, 2018; Bureau Veritas, 2019). It appears to be a fact that, the 
currently approved standards on HMI’s for autonomous vessels do not reflect the current technological 
developments in the field, and the latest guides published by major classification societies make reference to 
very old standards and regulations (e.g. IMO MSC/CIRC.982 was adopted in 2000 etc.). One of the most 
comprehensive guides on autonomous vessels is that of the classification society DNV-GL (DNV GL, 2018), 
where reference is made to standards and regulations dated back in 1991 (for resolution A.694 (17)) and 2002 
(for standard IEC 60945). 

Technology providers work together with the key stakeholders in the waterborne sector (Classification 
societies, IMO, National administrations, Academia, shipowners etc.) but the complex nature and over-
regulated character of the sector create obstacles in reflecting fast the technological advancements into the 
regulatory framework (incl. standardization processes). The work on the standardization of HMIs for remotely 
operated and fully autonomous vessels is ongoing, but it still lacks behind the developments in other modes 
of transport (i.e. road, rail, and aviation). 

3.3.4. Aviation 

It has been shown that UAV are subject to a higher accident rate than conventional piloted aircrafts (Nullmeyer 
& Montijo, 2009) and that a potential problem might be that Ground Control Stations do not take Human 
Factors principles sufficiently into account (Williams, 2004). A working document on “Human Factors 
Guidelines for Unmanned Aircraft System Ground Control Stations“ by Hobbs and Lyall (2015) addresses this 
challenge by providing preliminary guidelines in a very detailed manner, e.g., “The GCS should alert the pilot 
when the link is lost”. Official regulations for the operation of unmanned aircraft systems (UAS) were issued 
by the EASA (EASA, 2020). The “Easy Access Rules for Unmanned Aircraft Systems” (Regulations EU 2019/947 
and EU 2019/945) came fully into force in January 2021 with the aim to ensure that drone operators or remote 
pilots are aware of the rules and risks connected with the operation of UAS.  

With regards to the HMI, the regulation for instance specifies: 

● “The UAS information and control interfaces should be clearly and succinctly presented and should 
not confuse, cause unreasonable fatigue, or contribute to causing any disturbance to the personnel in 
charge of duties essential to the UAS operation in such a way that could adversely affect the safety of 
the operation. “ 

● “The UAS operator should conduct a UAS evaluation that considers and addresses human factors to 
determine whether the HMI is appropriate for the operation.” 

This overview shows that discussions regarding HMI standardization for AV are highly relevant in all transport 
modes and therefore are subject to ongoing discussion. Furthermore, human factors related research is seen 
as crucial in all transport modes for the introduction of AV, in order to ensure that HMIs are developed that 
are accepted by users.  
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4. Recommendations and guidelines for an affective, persuasive 
and trusted HMI 

4.1. Approach  

In the first place, existing guidelines for HMIs address the safe, efficient and effective design of an HMI. Within 
the scope of this activity, we set a focus is on formulating practical recommendations for AV’s HMI that users 
persuade and trust and that is pleasurable and enjoyable to use. Within A3.2 an extensive literature survey 
was conducted to review existing findings on how to make HMIs affective, persuasive and trusted. Sources 
identified relevant to be included were the following: Beggiato et al., 2015; Ekman et al., 2018, Hudlicka, 2002; 
Jeon, 2017, Miglani, Diels, & Terken, 2016, Oinas-Kukkonen & Harjumaa, 2009, The IEEE Global Initiative on 
Ethics of Autonomous and Intelligent Systems, Reynolds & Picard, 2001.  

These findings were translated into a set of practical recommendations and guidelines to be used for HMI 
optimizations in phase II of the pilots as well for demonstrations to be developed in the project. In an iterative 
process, the identified recommendations were formulated to be applicable to HMI concepts of AV. In a 
workshop with A3.2 core partners and representatives from each transport mode, the recommendations were 
improved and specified and examples for different transport modes were added. Two examples can be seen 
in Table 8 below. The complete table with identified recommendations can be found in Appendix 3.  

In general, the HMI should be designed in a visually attractive way that appeals to the user and provides the 
user with a high user experience (Oinas-Kukkonen & Harjumaa, 2009). In addition, the HMI should provide 
means for rehearsal or training the system’s functions, especially before (and after) the first usage. This helps 
the user to improve his knowledge about the system (Ekman, Johansson, & Sochor, 2018; Oinas-Kukkonen & 
Harjumaa, 2009). The latter point is addressed within the further scope of the project, as training concepts are 
another core topic of Drive2theFuture, addressed in WP4. 

Table 8: Example recommendations derived for persuasive, trusted and affective HMIs 

User group(s HMI 
type(s) 

Interacti
on 
property 

Practical 
Recommendati
on 

Example(s) 

#
1 

Operator 

Passenger 

VRU 

In-vehicle 

remote 

external 

Persuasion The HMI reduces 
a complex 
behaviour into 
simple tasks in 
order to help 
users to perform 
the target 
behaviour. 
(Oinas-Kukkonen 
& Harjumaa, 
2009) 

1. (Road, rail, maritime) Operator: Autopilot 
activation with one click 

2. (Road, Rail) Operator: Autopilot deactivation  

with one command 

3. (Aviation, drone) Pilot: integration of all HMI 
information into one HMI (weather, mission etc.) 

4. (Road) Passenger: “I am the vehicle you are 
waiting for” sign 

5. (Rail, maritime, road, aviation) Operator: 
Manoeuvre-based interaction (e.g. choose a 
“docking”, “loop” manoeuvre) 

# 

22 

Operator 
Passenger 

In-vehicle 

remote 

Persuasion, 
Trust 

The HMI provides 
truthful and 
unbiased 
information: It 
informs about 
system confidence 
or system 

1. (All): System uncertainty is communicated by using 
a simple vertical bar 

2. (Aviation, Maritime): information on sensors or GPS 
not working fully but within in acceptable range 

3. (Aviation, drone) Pilot: The HMI provides 
information about the strength of C2 (Command & 
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User group(s HMI 
type(s) 

Interacti
on 
property 

Practical 
Recommendati
on 

Example(s) 

uncertainty or 
system 
degradation. 
(Oinas-Kukkonen 
& Harjumaa, 2009, 
Helldin et al. 2013; 
Stockert et al. 
2015; Ekman et al. 
2018) 

Control) link between the drone and the GCS (Ground 
Control Station). 

 

4.2. Application to pilot and demonstration HMIs 

In the following, three exemplary descriptions will show how these guidelines were applied to the HMIs 
developed and optimized in Drive2theFuture. 

4.2.1. Example 1: Operators’ HMI for piloting a drone  

In the aviation pilot AV-1, an HMI for the remote operation of drones is developed. The current draft of the 
visual interface for the HMI is shown in Figure 6. More information on the planned testing of this HMI concept 
can be found in Section 5.1.7. 

 

Figure 6: Current draft of operator HMI for AV-1 

 
#11. The HMI compensates for biases of a user that stem from his affective state. 

● Acoustic and haptic signals regarding the system status and telemetry information will be provided to 
pilots to reduce their cognitive workload (i.e., by avoiding to constantly switch gaze from the drone to 
the HMI and vice versa) 

 
#16. The HMI is transparent about the system status by providing a continuous feedback. 

● The HMI provides continues feedback relatively to various operational status such as: drone status 
(e.g. “safe to fly”, “in flight”, “landing”, etc.), flight mode, GPS signal strength, HMI battery level, drone 
battery level, C2 Link status and various functionalities activated (through function’s icon colour) 
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#18. The HMI provides truthful and unbiased information: It informs about system confidence or system 
uncertainty or system degradation. 

● The HMI informs the pilot when the C2 (Command and Control) Link is weak or loss 
 
#19. The HMI provides route/trip related information, e.g. distance driven, remaining time and distance, 
oncoming special or critical situations, information on route options, delays and reasons for the congestion 
related scenarios. 

● In VLOS missions, where there is no planned route, information such as distance from the pilot and 
distance from the “Home” point are always provided. 

● In BVLOS missions, the drone’s planned route and the drone position are always visible in the interface 
map. Information regarding distance travelled and flight estimated time are also provided. 

● Moreover, for both VLOS and BVLOS missions (only for certain drone models), an obstacle detection 
system is implemented, warning the pilot if an obstacle is present in the drone path (and avoiding it 
autonomously). 

  
#21. The HMI provides the user with environmental information, e.g. surrounding traffic for lane change 
manoeuvres --> Telemetry and weather info 

● HMI provides environmental information such as wind and air speed. 
  
#23. The HMI provides information in hazardous situations and when errors occur, e.g., Causes for error, Effect 
of errors on system performance, Hazard detection, Safe to proceed, Ability to override or confirm vehicle 
actions. 

● The HMI provides information regarding potential hazardous situations such as the presence of 
obstacles, difficult weather conditions (e.g., too much high and wind velocity) and safety of operations. 
For example, the HMI will inform the pilot when there aren’t the conditions for the drones to fly safely 
back to the Home point and allows the pilot to select another safe point for the drone to land. 

 

4.2.2. Example 2: In-vehicle HMI for highly automated road vehicles with intuitive 
steering 

Currently, series vehicles in the road sector only offer partial automation such as adaptive cruise control, also 
referred to as SAE Level 2 (SAE, 2019). Virtual Reality can be used to demonstrate and to let users experience 
the ride in an AV of high automation. This developed demonstration presents a HMI concept for driving a 
highly automated vehicle (SAE Level 4) on the highway while different situations are encountered, a 
construction site, an accident and a slow vehicle ahead. It was developed to show the use of Virtual Reality as 
a training tool for future HMI concepts.  

The concept presents an in-vehicle HMI aiming at the driver as target user and its main HMI elements are a 
dashboard in the visual field of view, a LED stripe at the bottom of the windscreen as well as touch-sensitive 
steering wheel. The idea of the HMI concept is based on previous research (Flemisch et al. 2020), in which the 
autonomous vehicle can be manoeuvre-based oversteered. For this, the driver can use gestures on the 
steering wheel while driving, given the touch-sensitivity of the steering wheel. Figures 7-10 show several 
pictures of the current draft HMI in different states.  
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Figure 7: HMI concept for cooperative, highly automated driving  

 

 

Figure 9: Pop-up messages appear when autopilot mode is switched to manual mode 

 

Figure 8: A slow vehicle is detected ahead, shown schematically in front of the 
ego-vehicle  
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Figure 10: The vehicle indicates the passing manoeuvre by an arrow to the left 

 
The following guidelines were applied for the HMI concept: 
 
#1. The HMI reduces a complex behaviour into simple tasks in order to help users to perform the target 
behaviour. 

● The HMI offers a new concept of cooperating with the vehicle while driving in automated mode by 
using touch gestures on the steering wheel. For instance, while highly automated driving (SAE Level 4; 
SAE, 2019) is activated the user can submit manoeuvre-based actions to be performed by the vehicle, 
such as passing a slow vehicle ahead. When a pass command was submitted, the vehicle will perform 
it, if traffic conditions allow for it. 
 

#2. The HMI assists the users in guiding them through a process or experience. 
● A text box in the right hand corner of the dashboard provides the user with information what to do as 

a next step, e.g. swipe to increase speed. 
● A pop-up notification upon activation of automated driving gives information on the available 

interaction options for the user during this driving mode 
 

#16. The HMI is transparent about the system status by providing a continuous feedback. 
● The current activated vehicle mode (“autopilot”) is provided by a textual feedback in the menu bar, 

its activation is highlighted by a coloured signifier. 
● The loading bar (on the right hand and on the left hand side gives instantaneous feedback on the 

activation process of the function while performing a swiping gesture (filling from blue to green) 
● A LED stripe in the windshield indicates by blue colouring the activation of automated mode 

 

#20. The HMI provides information on the current speed and the current speed limit 

● On the right hand side of the dashboard the current speed limit (in red) is shown, on the left hand side 
the current driving speed. 

#21. The HMI provides the user with environmental information, e.g. surrounding traffic for lane change 
manoeuvres 

● The user is provided with a visual information on the ego-vehicle and where the sensor detect objects 
(shown schematically for the surrounding area of the vehicle) 

#22. The HMI provides the user with the system’s planned actions, regarding how and possibly also why an 
action is performed 

• A planned passing manoeuvre is shown by an arrow to the left of the ego-vehicle 
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4.2.3. Example 3: In-vehicle HMI for the ride in an autonomous passenger shuttle 

Autonomous shuttle without an operator on-board could soon be part of everyday traffic. This demonstration 
shows a HMI concept for passengers in an autonomous shuttle with a touchscreen providing information to 
the passenger as the central element HMI element. Some examples from the current draft of the touchscreen 
interface are illustrated in Figures 11-14. Furthermore, an auditory feedback (signal tone) is used when the 
shuttle has arrived at a stop and is about to open the doors.  The demonstration was developed in VR, also in 
order to show the use of Virtual Reality as a training tool for future HMI concepts.  

 

 

Figure 11: Welcome screen on passenger HMI 

 

Figure 12: Passenger information regarding sudden braking and a support hotline 
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Figure 13: Choosing your destination on the screen  

 

Figure 14: Feedback screen at the end of the ride 

The following guidelines were applied for the development of the HMI concept, while taking into account the 
results from the benchmarking and good practices recognition: 

#9. The HMI gives the possibility to contact or receive information on the actual person or provider behind the 
system. 

● A support hotline can be called in case of questions or an emergency. 

#13. The HMI is designed in a human-like way. 

● When entering the shuttle bus, a Welcome Message is displayed on the screen to greet the passenger. 

#14. The HMI has an option for the user to provide feedback on the system. 

● Before leaving the bus, the passenger can rate the ride experience with 1, 2 or 3 starts on the screen. 

#16. The HMI is transparent about the system status by providing a continuous feedback. 

● While the vehicle is in autonomous mode, an icon accompanied by the text “autonomous mode” is 
shown on the screen 
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#17. The HMI provides correct preliminary information about the system and its limitations. Even if the HMI 
communicates system failures, trust and acceptance are not negatively affected if failures are known 
beforehand. 

● The user is warned beforehand on the screen that sudden braking can occur while the vehicle drives 
in autonomous mode. 

#19. The HMI provides route/trip related information, e.g. distance driven, remaining time and distance, 
oncoming special or critical situations, information on route options, delays and reasons for the congestion 
related scenarios. 

● The screen in the bus informs the passenger about the upcoming stops and the remaining travel time 

#20. The HMI provides information on the current speed and the current speed limit. 

● The current driving speed is shown in the display. 

4.3.  Icon development 

Based on the results of the benchmarking and the good practices recognition, pictorial indicators to 
communicate the system mode are already established in the automotive sector, even though differences 
exist regarding the explicit design and their meaning. As previously shown in Section 3.3, HMIs for AV’s are 
still under discussion. For the cross-modal HMIs developed in Drive2theFuture, the following drafts for optical 
indicators were made, which shall give feedback to the user on the current system status. The icons will be 
further developed within the project and it will be considered where additional text messages and supporting 
earcons will be used to inform the user about the changing system state. For example, it might be necessary 
to indicate what kind of automated function is active. Furthermore, it will be investigated in further iterations 
of the user tests how users in the different transport modes evaluate the developed indicators. 

Communicated 
system state 

Draft icons for different transport modes 

Automation 
available 

 

Automation 
activated 

 

Manual control 
requested 
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5.  HMI development and optimizations  

In accordance with the HMI relevant use cases presented previously in Section 2.2, the results of user tests in 
the projects’ pilots for different HMI concepts will be presented in this chapter. Within Drive2theFuture’s test 
framework, the testing of HMI concepts took place in the so-called “Phase II” of the pilots. The following 
section is structured according to the type of HMI that was tested. Figure 15 gives an overview of the HMI 
concepts and associated studies presented throughout the chapter.  

For the in-vehicle HMI, mainly the road sector is addressed with an example for a passenger car (RO3-A) and 
a HMI concept to show automated driving mode in a bus (RO-8). With regard to the operator HMI, examples 
from all transport modes are explored in the project’s pilots, including an HMI example for train (RA-2), 
workboat (MA-1), drone (AV-1), and traffic management (RO-7).  

The examples for external HMI present studies on the interaction of AV with other traffic participants, with a 
main focus on the touchpoints of the public with AV, i.e. in the city or on the road. Therefore, results from AV 
interacting with pedestrians (RO-5), passengers near a bus (RO-8), and generally other road users (RO-1) are 
described. In addition, concepts for external communication towards PTW rider (RO3-C) and for drones (AV-
1) are investigated. 

 

 

5.1. In-vehicle and operator HMIs 

The following section describes the in-vehicle and operator HMI that are tested in Drive2theFuture pilots. The 
HMIs were developed and optimized based on the benchmarking and good practices, and also the by taking 
into account the recommendations for affective, persuasive and trusted HMIs. Given COVID-19 related delays 
and restrictions, not all HMI testing in the pilots could be performed according to schedule, since user tests 

Figure 15:  Overview of HMI concepts and user studies in Section 5 
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were not possible under the circumstance of lockdowns and physical distancing. Additional results will be 
presented in a later update of this deliverable. The following research questions guide the presented results 
in this section: 

1. How to inform bus operators and passengers inside the bus that a bus is in automated driving mode? 
2. Which input device is suitable for the remote operation of a train after an emergency manoeuvre? 
3. How do operators experience and evaluate the HMI concept for the remote operation of an 

automated workboat? 
 

5.1.1. Comparative assessment 

Each pilot performing HMI development for the in-vehicle and operator HMI used evaluation methods 
previously specified in D5.3 Pilot Plans. The main focus for the results analysis is on measuring the overall user 
experience of the HMI with the UEQ by Schrepp (2008), which is available in different languages. The UEQ is 
an established tool to measure user experience in a comprehensive, quick and simple way and focuses on the 
question how the interaction with the product felt, thus going beyond traditional usability aspects and criteria 
of effectiveness or efficiency (Laugwitz et al., 2008). The UEQ presents mean values for the following scales 
(Schrepp et al. 2017): 

● attractiveness: how is the overall impression of users?  Do users like the product or not? 
● perspicuity: is it easy to get familiar with the product? 
● efficiency: is the interaction efficient and fast? 
● dependability: can the user predict the system’s behaviour 
● stimulation: is the exciting and enjoyable to use? 
● novelty of a system: is it innovative and creative? 

Furthermore, affective states of the users after the interaction with the system were evaluated using the Self-
Assessment-Manikin (SAM) by Bradley and Lang (1994). The SAM is a non-verbal pictorial assessment 
technique that aims at measuring the subjective feelings of the following three dimensions with a picture 
scale: 

● valence (also referred to as pleasure): unhappy, frowning to smiling, happy 
● arousal: relaxed to excited 
● dominance: minimum to maximum control 

If applicable to the setup and the HMI under investigation, specific questions on the persuasiveness of the 
interaction with the system were included. These questions drew on selected items from the Persuasive 
Potential questionnaire by Meschtscherjakov et al. (2016). Furthermore, suitable items from Thomas et al. 
(2019) were suggested to measure the perceived persuasiveness in the interaction. The complete 
questionnaire suggested for HMI evaluation can be found in Appendix 4. Given the different use cases and 
experimental setups of the pilots, additional pilot-specific questions were used in the tests and will also be 
presented in the following. 

 

5.1.2. In-vehicle HMI for automated car  

In the real road pilot RO3-A, a Wizard-of-Vehicle is used to simulate automated driving. With the Wizard being 
seated in the passenger’s seat, the user in the driver’s seat can experience transition-of-control and hand-over 
processes to the AV and back, with different HMI concepts. 
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Transport mode 
and use case 

Road (RO3-A):  In vehicle HMI & strategies for automated road vehicles 

User  driver 

HMI type in-vehicle HMI  

HMI elements ● dashboard in visual field of view (3” screen to show icons) 

● 10“ screen: 6 icons, 5 earcons, button for activating and deactivating, 
remaining time and km in automated mode, infotainment 

● steering wheel 

 

5.1.2.1. Method 

Participants will ride in a Wizard of Oz vehicle simulating a highly automated vehicle (SAE Level 4; SAE, 2019) 
in the Paris greater area (Versailles), France. Two different HMI concepts will be comparatively assessed. User’s 
acceptance of the existing HMI concept will be evaluated and a second HMI concept with alternative icons and 
earcons derived from the work within WP3 will be tested.  

5.1.2.2. Current status and results 

Due to COVID-19 related delays, the user tests are planned for spring 2021. Results of this HMI evaluation will 
be provided in the update of D3.1. 

 

5.1.3. In-vehicle HMI for bus operators and passengers to inform about autonomous 
mode  

In the RO-8 simulator pilot, different internal and vehicle-external HMI options for the vehicle-passenger and 
driver-vehicle interaction were demonstrated and tested. For more results on the vehicle-external HMI see 
Section 5.2.2. In the scenario, a bus driving in autonomous mode approached a bus transit point. The scenario 
was implemented in a simulated environment, using a VR/VR co-simulation. It was evaluated from both the 
passenger’s and the bus driver’s perspective. Three different HMI solutions were tested, system A, B and C. 

The different systems provided information on the bus in different ways, informing the driver and passengers 
that it was in an autonomous bus mode. System A provided the information by illuminating blue light around 
the windshield and in the steering wheel. The lights in the windshield were visible outside the bus. The light in 
the steering wheel could not be seen from outside the bus. Blue light indicated that the bus was in automated 
mode, and amber lights were used for the handover situation. There were no lights when the bus was driven 
by the bus driver (manual). System B had only the light in the steering wheel and thus looked like a regular bus 
from outside. System C looked like system A with the light in both the windshield and on the steering wheel 
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but it also had a sound activated, like a bell. The sound could be heard outside the bus and the frequency 
increased as it approached the bus stop.   

There were two types of participants: passengers and bus drivers. The task for the bus drivers was to drive the 
bus (manually) between each stop, to hand over the control to the bus when approaching the bus stop and 
take back control from the bus after the stop, and to open and close the doors. The passengers’ task was to 
wait for the bus at each stop and get on the bus and sit down in a seat.  

Transport mode 
and use case 

Road (RO-8): In vehicle HMI & strategies for automated road vehicles 

User  bus driver and passenger 

HMI type in-vehicle HMI (and external HMI) 

HMI elements ● light around the windshield 

● light in the steering wheel 

● sound (bell-like, with increasing frequency when approaching bus stop) 

 

5.1.3.1. Method 

In total, 20 participants participated in the study, 15 passengers and 5 bus drivers (seven females and eight 
males). The age of the passengers varied, but most of them were in their twenties and the bus drivers were 
between 45-60 years old. Most of the participants were employed full-time and some were students. The bus 
drivers had at least two years of experience in driving buses. When the participants felt comfortable with the 
equipment, they practiced using the VR equipment and environment. After the training, the participants 
experienced the three different HMI concepts (A, B and C).  There were in total 10 bus stops in the session. 
The first stop was for practice, then there were three stops in a row with HMI concept A, after that three stops 
with HMI concept B and finally three stops with HMI concept C. With regards to the HMI evaluation, 
participants filled out the UEQ and the SAM and answered some more specific questions regarding the 
different HMI systems. 

5.1.3.2. Results 

With regards to the User Experience as measured by the UEQ (see Figure 16), results were quite similar for 
systems A and C whereas system B was rated as less attractive, efficient, stimulating and novel. For system C, 
mean values for all scales except for attractiveness are above +0.8, which can be interpreted as a good 
evaluation of the system. System A also received a good evaluation for perspicuity and dependability with 
mean values above +0.8.  
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Figure 16: UEQ results for HMI concepts A, B, C 

Results for the affective state of users are illustrated in Figure 17. They also show similar results for all systems, 
whereby participants felt slightly more positive and more aroused with system C and with system A as 
compared to system B. 

Figure 17: Results of the SAM for the three HMI systems A, B and C 

Specific questions regarding the participants’ opinion about the three HMI systems revealed that system C 
was perceived as most safe and secure and it was preferred by most participants (Figure 18). 
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Figure 18: Perceived safety, security, and preference of the three HMI systems  

Post-study user interviews showed that the light was for the most part perceived positively. Some of the bus 
drivers remarked that it was too much and too strong which could be a problem when it is dark outside. The 
participants thought that the purpose of the light was clear but noticed that an explanation of the different 
colours could be necessary. However, some thought that you will learn the meaning of the colours fast, but it 
could be difficult for example for tourists to understand the lights without an explanation. One participant felt 
a little unsure of the purpose, if it was to warn or to alert passengers that the bus will be autonomous. Most 
passengers did not react in any particular way, they just noted that it was an autonomous bus. Some 
passengers felt more attentive because they did not fully trust the autonomous bus. The perception of the 
sound was quite divided. The bus drivers agreed that they did not want to hear any sound. One driver 
mentioned that the sound was good from the passenger’s perspective but as a driver you do not need or want 
to hear the sound all the time. More information on the HMI as an external HMI can be found in section 5.2.2. 

5.1.4. Operator HMI for traffic management 

The pilot (RO-7) considers the Rome Traffic Management Centre (TMC), the available road infrastructure and 
its connection to the vehicles. The focus is on the operators of the TMC and their acceptance of the evolution 
of the monitoring and control solution with the arrival of the autonomous driving, including the HMI. The 
objective is to evaluate the acceptance and operation capacity of the Traffic Management operators towards 
autonomous vehicles and mixed flows, while also testing and evaluating the alternative autonomous bus 
operation principles from the point of view of TMC operators. 

 

Transport mode 
and use case 

Road (RO-7): Operators-based HMI & strategies for road transport 

User remote operator (traffic management operator) 

HMI type operator HMI  



 

D3.1: Affective, persuasive, trusted and personalised HMI  
for AV functions 

February 2021 42 

 

HMI elements ● screen with visual information (real-time dashboard) 

5.1.4.1. Method 

5 TMC operators will participate in the testing and will be selected based on specific criteria: users from all 
transportation modes, alignment with EU policy and relevant initiatives, significant impact on connected 
automation, the ability to generalize on the results (applicable in other scenarios and environments). The 
collected data will be subject to qualitative analysis techniques in order to assess the acceptance and operation 
capacity of the Traffic Management operators towards autonomous vehicle and mixed flows, before and after 
TMC operators training and for alternative autonomous bus operation principles. 

5.1.4.2. Current status and results 

The preparation of the environment has been performed, including the deployment of Traffic Light Assistance 
application at the infrastructure side and initial tests of the application. The conduction of the tests is planned 
for spring 2021. Additional results will be provided in a later update of this deliverable. 

 

5.1.5. Operator HMI for automated train  

In the pilot RA-2, different HMI strategies for the remote operator of an automated train are examined in a 
simulation environment. Train operation in a high level of automation (GoA3/4) requires the remote control 
from an operation centre. In case of a disruption and without any railway employees on-board, the train has 
to be manually controlled from an operation centre. The HMI strategies tested in phase II address the scenario 
for the remote recovery of an automated train after a disruption. The HMI consists of a workstation with haptic 
elements, real-time front-view of the track ahead as well as other necessary information are provided. 

Transport mode 
and use case 

Rail (RA-2): Operators HMI & strategies for rail transport 

User remote operator 

HMI type operator HMI 

HMI elements • input elements: Joystick controller, Rail Driver Controller  
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• display with real-time front-view of the track ahead  

• additional information (i.e. brake and traction force, visual warning 

for the deadman`s switch, route map)  

 

 

 

5.1.5.1. Method 

In total, n=13 participants participated in a study to evaluate two different HMI strategies. The participants 
were university students of railway operations. The train ride is simulated using an in-house developed 
software. The trial participants are asked to drive the train from the place of disruption to a predetermined 
location. Each participant conducted the same ride using two different controllers. 

5.1.5.2. Results 

The User Experience results for the different HMI variants suggest that the pragmatic quality (task related) of 
the HMIs are higher compared to hedonic quality (non-task related) for both HMIs. Figure 19 illustrates the 
results of the UEQ for both HMIs for the different UEQ dimensions, showing that descriptive values for the 
scales perspicuity and efficiency for the joystick are above +0.8, pointing to a good evaluation of the system. 
Results for the other scales are between -0.8 and +0.8, representing a neutral evaluation of the system. There 
was no statistically significant difference between the groups. 

Even though the remote operation of trains is relatively a novel concept, the user experience for the scale 
novelty mainly addresses the particular HMIs, which are developed primarily for examining simplistic 
solutions, rather than a cutting-edge one. Lower score in stimulation may point to the issue of low task demand 
which is often observed in partial automation or monotonous tasks. 
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Figure 19: Mean values for user experience for the RailDriver and Joystick HMI 

Mean values for users’ affective states for both HMI variants during the test are shown in Figure 20. Whereas 
descriptive results for valence and dominance do not differ between the two HMIs, arousal was slightly higher 
for the joystick. 

 

Figure 20: SAM results for the compared HMI solutions 

 

Persuasiveness of the HMIs was assessed with three items based on Thomas et. al. (2019). The graph (see 
Figure 21) illustrates the mean values for each factor of the scale for both test groups. One-way MANOVA 
showed no significant effect of different HMI systems on the factors. Similar to the results of User Experience, 
there is no significant difference between RD and JS in terms of perceived persuasiveness. 
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Figure 21: Persuasiveness of the compared HMI solutions 

Individual design elements were rated using a scale of -2 to +2 (see Figure 22). Optionally, a written answer 
for additional functionality recommendations were obtained. Most frequently mentioned answer was the 
need for audio warnings and audio input from the location of the train. Another frequent answer was the 
front-view monitor as the preferred location of speedometer instead of the LED indicator on controllers. Some 
participants recommended to include more operational information on timetables and travel-times such as 
an electronic timetable (EBuLa). 

 

Figure 22: Preferences regarding different HMI elements 

5.1.6. Operator HMI for automated workboat 

In the maritime pilot, a HMI concept for an automated workboat operating in real traffic in the archipelago off 
Faaborg, Denmark is evaluated. The automated workboat of TUCO is intended mainly for use in transport of 
personnel, such as first responders or crew to fish farming plants. The Pilot testing was performed using a 
single automated ProZero (Levels 3 – 4) workboat.  

The HMI evaluation took place after a live demonstration of the autonomous vessel in Faaborg. The scenario 
for the HMI demonstration was a typical fall/winter condition with 0-8 degree Celsius, rain, overcast sky and 
a bit of fog, causing a reduced long distance view. Wind speed was typically from 3 m/s up to around 12 m/s.  
The HMI of the system should be evaluated based on what the operators had observed during the 
demonstration, taking into account their own experience, and how they would react in certain situations, 
reading their normal equipment on board, with the information that was delivered in the HMI of the 
autonomous system. 
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In the following, due to COVID-19 related restrictions, preliminary results of the HMI evaluation will be 
presented based on collected data from 8 participants. 

Transport mode 
and  use case 

Maritime (MA-1): Operators HMI & strategies for maritime transport 

User  operator 

HMI type operator HMI  

HMI elements • Input element: pilot-by-wire propulsion and steering control 

• Small screen in the remote control and screen on board which 

indicates current status of the vessel 

• Information: an icon shows if the state of autonomy is on or off, 

current operation speed 

 

 

5.1.6.1. Method 

So far, n=8 operators who had participated in the demonstration evaluated the HMI in an online survey (due 
to COVID-19 restrictions). Most of them had prior experience in operating boats and all of them had heard 
about AV beforehand.  

5.1.6.2. Results 

Results for the UEQ (see Figure 23) show that all scale means range between -0.2 and +0.7, presenting an 
overall neutral evaluation for the user experience of the system. Mean values for the scales stimulation, 
novelty and attractiveness were higher than for perspicuity, efficiency and dependability. While it has to be 
taken into account that results are susceptible to a small sample size, the HMI tested scores higher for its 
hedonic quality, i.e. the non-task related quality aspects as compared to pragmatic quality, i.e. task-related 
quality aspects. 
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Figure 23: UEQ Results for the HMI for the remote operation of an autonomous workboat, error bars depict 
confidence intervals for each scale (n=8) 

The results for the affective states of the participants while using the HMI show that mean values for valence 
as well as arousal values are above average, as illustrated in Figure 24. The feeling of dominance was 
considered to be average. 

 

Figure 24: SAM results for the HMI for the remote operation of an autonomous workboat (n=8). 

 

In addition, several items based on Meschtscherjakov et al. (2016) were used to assess the individual 
persuasive potential of the system, showing mean values slightly above average for all statements (see Figure 
25). Furthermore, the perceived persuasiveness of the system was measured based on items adapted from 
Thomas et al. (2019). The mean values are above average for all three dimensions (see Figure 26). Especially 
with regard to the system’s capability to influence user behaviour, values show a high perceived 
persuasiveness of the system (M=4.88). This shows that after having participated in a demonstration of the 
HMI for the autonomous workboat, participants state a persuasive effect regarding their attitude towards 
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automation, however, validation by a larger sample size will be necessary to get more detailed insights and 
validate this finding. 

 

 

Figure 25: Results for items on the persuasive potential of the HMI  

 

 

Figure 26: Results for items on the persuasiveness of the HMI 

 

5.1.7. Operator HMI for automated unmanned aerial vehicle 

 
In the drone pilot AV-1, the goal is to test operators’ and pilots’ perceptions of different HMIs for different 
levels of automation. Operators and pilots will individually engage in a role play activity where they will 
simulate a set of actions using different HMI concepts. Low-fidelity HMI prototypes for strategic planning tools 
and execution for different type of operating range (both Visual Line of Sight –VLOS- vs. Beyond Visual Line of 
Sight –BVLOS) will be used.  

Transport mode 
and use case 

Aviation (AV-1): Operators HMI & strategies for air transport  

User  drone operator 
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HMI type operator HMI 

HMI elements 
(draft) 

● input elements: steering device (lever)  

● screen with visual information 

 

 

5.1.7.1. Method 

In a user test, drone pilots and operators will be involved. Two different HMI concepts will be tested. Since the 
HMI for the pilots will have a low level of maturity (graphical mock up) the test will consist in an expert 
evaluation of such HMI considering specific use cases and scenarios. The HMI tested with the operators will 
instead focus on a more mature system, designed to support the operators in complying with the European 
regulation entered into force at the beginning of the year.  

5.1.7.2. Current status and results 

The user tests are planned for March 2021. The results will be provided in a later update of this deliverable.  

 

5.1.8. Summary and discussion 

Results from the user tests performed for in-vehicle and operator HMI give insights to elements optimizing 
the HMIs for AV and also how systems can be further improved. The evaluation of different HMI concepts for 
informing passenger and bus drivers about the activated autonomous mode in the bus has shown that both 
user groups were generally more positive towards an HMI, which informs not only drivers but also passengers 
about the autonomous mode being activated, i.e. with a light around the windshield. However, the users 
expressed the need for instructions or training on what the lights and sound meant. Based on the testing 
results, it can be concluded that passengers want to know if the bus is in automated mode or not, they prefer 
a light source that is a bit stronger and possible to see from a longer distance. 

Regarding the HMI for the remote operator of a train, both evaluated solutions hardware solutions, the 
RailDriver controller and the joystick, obtained a positive feedback on the overall system as a fallback solution 
after an emergency. An important finding is that the evaluation did not show significant differences between 
the rides with two different controllers in terms of user experience, affective states and HMI persuasiveness. 
This flexibility of hardware choice could be an advantage in future implementations. However, the interviews 
and preference ratings suggest participants would prefer to use a RailDriver over a joystick controller. Subjects 
recommend more detailed and varied operational information. The findings of the experiments were useful 
in obtaining some of the needs and preferences of users even though they were not experienced operators. 
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The findings will be used to further optimize the system based on the user feedbacks. For the next phase of 
iterative tests, more functionalities and information sources will be implemented in the HMI concept.  

Preliminary results from 8 participants for the operator HMI of an automated workboat show that participants 
are aroused slightly above average values, which could be related to the fact that they had not used the system 
before. Despite a neutral evaluation regarding the overall user experience, results show a comparably high 
persuasiveness of the technology among the participants, indicating that the demonstration of the HMI has 
the potential to change their attitude towards automated technology. However, further testing will be 
necessary to support these results. In order to draw general conclusions on optimized HMI elements for AV of 
different transport modes, user evaluations from all HMI concepts presented in this section will be analysed 
once available.  
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5.2. External HMI and interaction with non-automated traffic 
participants  

Activity A3.3 developed and comparatively evaluated HMI concepts and interaction principles among AV and 
other (non-automated) traffic participants, with emphasis on those related to VRU and cross-modal 
interactions of automated cars in an automated urban environment of the future. Relevant concepts were 
investigated in pilot phase II. The main questions derived from the state-of-the-art and benchmarking task are 
as follows:  

1. What are the overall effects of visual eHMI on pedestrians in real-world mixed traffic?   
2. Does the communication of intent complement the AV’s external awareness communication? 
3. How to inform passengers waiting for a bus that the bus is in automated driving mode? 
4. Does an eHMI on an AV-shuttle influence road users’ overtaking behaviour of the AV-shuttle?  
5. Which effect do visual markings on a vehicle have aimed at informing on-equipped road users about 

a car’s automated driving mode?  
6. What are the user needs and design requirements for external HMIs of UAV, i.e. drones? 

In the following, we describe the design, prototyping and evaluation activities that have been performed, in 
order to address these questions. Section 5.2.1 presents the activities of RO-05 (Vienna), which comprised the 
development of a functional external visual communication system and a field experiment for investigating 
overall effects of visual HMIs on other road users in mixed urban traffic (RQ1) is presented. A key question 
addressed is to which respect communicating intent has an added benefit as compared to standard obstacle 
awareness (RQ2).  

Section 5.2.2 shows research results on Q3, how to inform passengers about the automated driving mode of 
a bus, building on activities performed in RO-8 (in addition to internal HMIs, see section 4.1.1). Section 5.2.3 
addresses communication with road users overtaking shuttles (RQ4). Section 5.2.4 describes the powered two 
wheeled (PTW) vehicle simulator setup and study concept within RO3-C (RQ5), related to the impact of visual 
markings on behaviour and experience of other road users. Section 5.2.5 summarizes the status setup 
regarding the requirements for unmanned aerial vehicles (RQ6). 

 

5.2.1. Awareness and intent information for pedestrians  

Within the context of the pilot in Vienna (RO-5), a visual HMI for external communication of an automated 
shuttle with pedestrians was developed. This visual HMI was provided on a 38’’ LCD display in the interior of 
the bus at the upper end of the front windshield (see Figure 27). The screen location had been defined and 
certified by the bus manufacturer upon delivery of the shuttle, because it was considered an established spot 
for external communication in passenger busses (e.g. to inform about direction and route number). 
Furthermore, this location met the important requirement not to hinder the operator’s view to the outside 
road situation. In order to be able to answer the abovementioned research questions about the effects of 
external HMIs and the added value of intent information (as compared to only awareness communication), 
two following design alternatives have been created (see also Figure 27): (1) awareness communication 
(realized by icons of the recognized obstacles) and (2) combined awareness and intent communication 
(realized by icons and textual information).  
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Transport  mode 
and use case 

Road (RO-5): AV Conspicuity HMI & strategies for interaction of automated 
road vehicles with non-equipped other road users 

User Other Road Users 

HMI type External HMI (Awareness and Intent Display)  

HMI elements 

 

 
  

5.2.1.1. Method 

In summer 2020, a field experiment was conducted with 30 participants (aged between 20 and 72) who 
interacted with an automated shuttle featuring a functional prototype in typical mixed traffic situations. All 
participants were exposed to a control condition without external communication (Control Condition, CC) and 
to one experimental condition during which the automated shuttle was either equipped with an external 
communication display that only displayed awareness communication (TC1) or both awareness and intent 
communication (TC2). Participants were split evenly between the 2 conditions.  

 

Figure 27: Automated shuttle with the eHMI that is used in this study 

 

During the experiment participants were exposed to 4 situations during which pedestrians usually rely on 
informal communication. Half of these took place at crosswalks, one at a blind corner and one along a straight 
track.. Participants were instructed to cross the street and each participant experienced the control condition 
and one of the two test conditions. The conditions changed on along the track and their order varied from 
participant to participant. After each condition experience participants were asked to complete a 
questionnaire, which was adapted from Dehn’s SHAPE Automation Trust index (SATI).  Following the exposure 
to the different conditions, participants were interviewed to gain more detailed data regarding their 
experience and decision-making processes. The study therefore consisted of 2 parts with different types of 
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data: quantitative data collected with a questionnaire and qualitative data collected via a semi-structured 
interview.   

5.2.1.2. Results 

Questionnaire data did not show any statistically significant statistical differences between the control and 
test conditions. Regarding RQ1, analysis of the qualitative data collected via the interviews showed the effects 
of visual awareness and intent communication on pedestrians in mixed traffic to be multifaceted: Roughly half 
of the participants’ interview responses confirmed our hypothesis that the external communication had 
positive effects but when asked about the comprehensibility of the shuttle’s behaviour, sixteen of thirty 
participants reported increased comprehensibility due to the eHMI.  

    

 

Figure 28: Frequency of participant statements about the experienced safety (left) and experience influence on 
behaviour (right) 

 

Fourteen of thirty participants reported an increased sense of safety while nine out of thirty participants 
reported a positive impact on their behaviour, and half of the participants acknowledged a positive change in 
their attitude towards autonomous vehicles after participating in the experiment. The majority of the 
participants (twenty-five of thirty) perceived external communication of autonomous vehicles as necessary or 
at least helpful. We explain the noticeable discrepancy between the perceived importance of eHMI in AV and 
the more moderate experience effects that participants stated partly with the absence of any previous 
information on how to interpret signals which we omitted due to our goal to design intuitively comprehensible 
interfaces - which does not seem to have been overall successful – but also due to age effects which are 
explored below. 

Comparing results between age groups (AG1: 20-39; AG2: 40-59; AG3: 60+) indicated, that especially the 
interaction experience of participants between 20 and 39 years was affected positively, and participants of 
this age group tended to consider information provided via the display in their decision-making processes. The 
majority of AG1 reported an increased sense of safety and comprehension regarding the shuttle’s actions due 
to the provided eHMI communication as well as a direct and positive impact on their behavioural choices. AG2 
participants between 40 and 59 also reported positive effects of the eHMI, but to a smaller extend than the 
younger participants. By contrast, almost none of the AG3 participants over 60 years experienced an impact 
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of the provided eHMI on their behaviour, sense of safety, or the comprehensibility of the shuttle’s behaviour. 
These varying experiences also effect to perception of overall important of external communication of AV 
regarding traffic safety and comprehensibility, although to a lesser extent: While around 90% of participants 
below 59 considered the external communication to be necessary or at least helpful, only 50% of the 
participants from 60 reported a similar opinion. These contrasting results in the age groups might be explained 
by age-related differences in technology affinity and overall habitual reliance on technology. These results also 
show differing needs and practices between younger and older eHMI users. Therefore, we suggest future in-
depth research into age-specific communication design requirements in order to develop eHMI design 
concepts that are suitable for a more age-diverse set of road users. 

We further were able to observe a slight gender effect with regards to eHMI experience and use: A somewhat 
smaller number of male participants (30%-40%) when compared to female participants (53%-58%) reported 
an influence of the communication display on the comprehensibility of the automated shuttle’s behaviour and 
their own behavioural decisions. Regarding valence there was also a marked difference: While female 
participants tended to classify the identified influences as negative, male participants experienced them as 
mostly positive. Regarding sense of safety, around half of the participants of both genders stated an influence 
which the majority categorized as positive. During the evaluation section of the interviews, thirteen out of 
fifteen female participants reported the eHMI as not sufficiently comprehensible while only four out of 
fourteen male participants were of this opinion. The perceived lack of comprehensibility of the external 
communication provided by the AV eHMI reported by female participants could explain the predominantly 
negative overall effects experienced by this participant subgroup.  

Regarding our second research question RQ2 which aimed at exploring the potential of added value of 
awareness by intent cues, results suggest that including such cues does not necessarily result in increased 
comprehensibility and sense of safety. Awareness and intent communication did indeed support a larger share 
of participants in the understanding of the shuttle’s behaviour than exclusive awareness communication and 
a larger proportion of participants who had experienced the awareness and intent conditions stated a positive 
impact of the eHMI on their own behaviour. However, adding intent cues to vehicle awareness information 
also resulted in an increase of negative user experiences and participants in the awareness and intent test 
condition reported less often an increased sense of safety and a positive change in attitude towards AV than 
those experiencing only awareness information. We therefore summarize regarding RQ2 that there is definite 
potential to improve the experience of interactions with AV in intent communication, but that it will have to 
be designed very carefully in order not to have the opposite effect and actually harm the experience. 

 

5.2.2. External communication to passengers near and entering the bus 

As outlined in section 5.1.3, the RO-8 simulation pilot also investigated external communication options for 
usage scenarios where a bus approached a transit point and thereby communicated its automation status. 
The table below provides an overview of the same HMI alternatives that had been shown already in section 
5.1.3, but now focusing on the aspects relevant for external communication.  

To the exterior, system A provided the information about the vehicle’s status by illuminating blue light around 
the windshield. The blue light indicated that the bus was in automated mode, and no lights were turned on 
when the bus was driven by the bus driver (manually). System B served as a control condition, as it only had 
the light in the steering wheel and thus looked like a regular bus from outside, without an indication on its 
current status. System C was identical to system A in that it featured external communication of the bus status 
by the light in the windshield, but it additionally had the bell-like sound. The sound could be heard outside the 
bus and the frequency increased as it approached the bus stop.  
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Transport mode 
and use case 

Road (RO-8): AV Conspicuity HMI & strategies for interaction of automated 
road vehicles with non-equipped other road users 

User  Passenger near the bus and entering the bus 

HMI type External HMI 

HMI elements • Light around the windshield 

• Sound (bell-like, with increasing frequency when approaching 

bus stop) 

 

 

5.2.2.1. Method  

The overall study is described in section 5.1.3. The focus in the analysis of external HMI aspects was on the 
experience and behaviour within those phases of the test scenarios in which the subjects waited for the bus 
at the bus stop and prepared for entering it.  

5.2.2.2. Results  

The participants were not asked to evaluate internal and external features separately. However, some 
questions specifically asked about safety and security for those outside the bus. Figure 29 shows that nearly 
80% of the participants thought that system C would increase security for those outside the bus, whereas the 
opinions about system A and B were more ambiguous. From the interviews it was learned that the passengers 
want to know if the bus is in automated mode or not. They preferred that the lights indicating automation 
would be a bit stronger and possible to see from a longer distance. The perception of the sound was quite 
divided. Their reaction to the sound was that they became more aware and prepared for the arrival of a bus. 
Most negative comments were related to the risk that the sound would be irritating. 
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Figure 29: Perceived security outside the bus. 

 

5.2.3. External HMI on AV-shuttle informing other road users on overtaking  

Evaluation results of a real-life pilot (RO-1) with AV-shuttles driving in mixed traffic routes in Oslo have shown 
that the shuttles are often overtaken by cyclists and car drivers (Phase I Akershusstranda route; Phase II 
Ormøya route). Overtaking the shuttle can cause risky situations with traffic coming from the opposite 
direction. Parts of the route are also quite narrow. If overtaking road users come too close to the AV-shuttle 
it is programmed to brake. This has occasionally led to startling reactions by those overtaking, which in turn 
could result in risky situations. Therefore, an (eHMI) sign was developed and tested by TØI, in collaboration 
with Ruter, to inform/instruct road users that they need to keep distance from the shuttle in case they consider 
overtaking. 

The sign informs/instructs road users that they need to keep distance from the shuttle (both next to and in 
front of the shuttle) in case they consider overtaking, with the aim to reduce risky overtaking situations.  

 

Transport mode 
and use case 

Road (RO-1): AV Conspicuity HMI & strategies for interaction of automated 
road vehicles with non-equipped other road users 

User  Road users in mixed traffic on route with AV-shuttle 

HMI type External HMI on AV-shuttle informing other road users on overtaking 

HMI elements pictogram and text 
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5.2.3.1. Method 

A small-scale interview study (n=28) was conducted in December 2020 to explore whether road users had 
seen the sign and comprehended its meaning. The interviews took place at the Ormøya route, with road users 
walking along the route or had just parked their car at a parking lot at the beginning of the route.  The AV-
shuttle with the eHMI sign had then been in operation for ca. 1 month. All respondents of the brief 
questionnaire signed for their consent.  

Log data and video data from the AV-shuttle will be used to assess whether a learning effect can be seen over 
time, when comparing harsh braking incidents before and after the eHMI sign was implemented (these data 
have not been analysed yet).  

5.2.3.2. Current status and results 

Results from the interview study show that the vast majority were well known with the Ormøya area as they 
indicated to be there every day (24, 86%),  they were familiar with  the AV-shuttle (26, 93%), and had a driver 
licence (25, 89%). More than a third (10, 36%) had been a passenger on the AV-shuttle. Most respondents 
reported that they had overtaken the AV-shuttle after driving behind it as a car driver (23, 82%), and one had 
overtaken the AV-shuttle as a cyclist. 

When asked in what situation they had driven / cycled past the AV-shuttle, 21% (n=5) answered that this was 
while it was standing still at the shuttle bus stop, 16% (n=4) while the shuttle was driving, and 63% (n=15) in 
both situations. In most cases the bus did not react in any special way when they drove / cycled past it (14, 
73.7%). A few respondents answered that the shuttle stopped (4, 21.1%) or braked (1, 5.3%) when they drove 
/ cycled past it.  

Results of the interviews indicate that most road users recognized the sign and reported to understand what 
the sign means:  

-       Do you understand what this sign means? 

o   Yes 82.1% (n=23) 

o   No 10.7% (n=3) 

o   Do not know / uncertain 7.1% (n=2) 
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They were then asked to describe in an open text format how they interpret the sign, or what they think when 
they see it.  A variety of answers were provided, and it appears that they generally do not describe the exact 
message that was meant to communicate. Most of the respondents do not directly provide an explanation of 
what the sign means. This is understandable because even if most respondents had overtaken the AV-shuttle, 
only 5 of them had experienced that the bus braked or stopped while they were doing so. Thus, even though 
observations during Phase I and II routes in Oslo had shown that hard braking or sudden stops of the AV-
shuttle were one of the most safety relevant interactions with other road users, this had not happened often 
with those who were interviewed in this small-scale survey.  

Most mention more general observations and opinions they associate with the sign that indicate that the 
respondents are familiar with the fact that it is challenging to overtake the AV-shuttle on this narrow road. 
They mention generally that the bus drives slowly, is difficult to overtake, that it is difficult to plan to overtake, 
and there is a queue behind the AV-shuttle (“it is difficult to get past the bus and it is slow”). A few mention 
that it is “annoying” or “irritating” that the AV-shuttle drives so slow, particularly when there is heavy vehicles 
on the route as well, whereas others mention the AV-shuttle is “sweet”, “good for old people”, and that it is 
“nice and good”.  

 

5.2.4. External communication towards powered two-wheeled vehicles  

In the simulation pilot RO-3C, a PTW vehicle simulator has been prepared to investigate visual markings on 
the back of cars as to their potential to assist PTW riders to identify AV vehicles among the others in car 
queues. The research question consists in understanding the impact of the “visual” appearance of the AV 
vehicle on the risk taking of PTW riders, this in comparison with a baseline situation consisting in a traffic flow 
without any AV. 

The signature consists of a specific yellow colour of the cars (as those used for NYC taxis for instance). The 
hypothesis is that such a signature will help the other road users to interact properly with the VA, while better 
expecting their behaviours. 

Transport mode 
and use case 

Road (RO-3C): AV Conspicuity HMI & strategies for interaction of automated road 
vehicles with non-equipped other road users 

User Other Road user: Powered Two Wheeled vehicle riders 

HMI type External HMI 

HMI elements A specific visual signature (yellow colour of the AV) will 
be tested to study the impact of a visual signature on 
the behaviour of PTWs’ riders. 
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5.2.4.1. Method 

In the pilot on the PTW simulator, 20 PTW riders are expected to participate. The main objective of this 
experiment is to study the impact of a specific visual signature of AV. In this pilot, the visual signature 
aims to visually broadcast the automation level of the AV to other (non-equipped with e-communication 
systems) road users. For the pilot, the AV automation level will be “full”, and the other road users will 
be PTW riders that practice filtering manoeuvres along moving car queues (that forbidden practice, 
common in France, is currently under experiment in 5 large cities toward a possible change of the 
legislation). 

During the experiment, the riders will face several car platoons in stop-and-go situations. The platoons 
will consist in 1) Human driven vehicles, 2) AV in full automation mode with no specific signatures, and 
3) AV in full automation mode with a specific signature (yellow colour of the car). 

Due to the full automation mode, the AV will follow quite precisely the centre of their lanes. Due to 
inattention, the human driven vehicles will oscillate along the centre of their lanes. In addition, social 
behaviours will be simulated: acceptance of the PTW filtering behaviour and collaborative behaviour 
consisting in “opening the door” (i.e. act to help the PTW’s rider to filter by squeezing right / left), or 
non-acceptance of the PTW filtering behaviour and non-collaborative behaviour consisting in “closing 
the door” (i.e. act to block the PTW’s rider by closing the space between car queues). 

The experiment will provide information on the impact of a specific visual signature of AV on the 
behaviour of PTWs’ riders: practiced speed during filtering in the various scenarios and reasons of the 
riders’ speed choices. 

 

5.2.4.2. Current status and results 

So far, the test scenario and HMI concepts have been designed and the documents required for the ethical 
committee application have been submitted and approved. The experiment had to be postponed several times 
due to the pandemic and related measures. At the current stage, the tests are planned for April. 

 

5.2.5. External HMIs for automated unmanned aerial vehicles 

The goal of this research is to analyse the needs and potential HMI designs for the external communication of 
unmanned aerial vehicles (drones) with other persons in their vicinity who are not directly operating them. 
Typical scenarios will be the processing, approaching and landing phase, but also situations in which the drones 
are not operating correctly and thus may be closer to other persons than expected. The focus of the 
investigation will be mainly on the disclosure of the automation state. 

Intent communication has unique challenges compared to land-bound automated vehicles due to a variety of 
factors. While eHMI mounted on the drone can be used to convey information while the drone is still on or 
near the ground, different methods need to be employed when conveying information about drones already 
in the air. Here, intent and automation status need to be communicated in an understandable way over large 
distance. When operating close to people, drones – especially those with 6 degrees of freedom – have a wide 
range of possible movements that can make anticipating their future trajectory (and thus trusting the system) 
more difficult for bystanders.  

The following methods were identified to communicate drone automation status and intent: 
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Communication method Scenario Description 

Lights (LEDs) Low & high altitude,  
on the ground 

External lights on the drones that convey status and 
intent information via their colour, blinking pattern 
and positioning  

Display Low altitude, on the 
ground 

Displays mounted on the device showcasing current 
status as well as intent information (via text and 
graphical icons) 

Sound Low & high altitude, 
on the ground 

Distinct sound cues/patterns for different intents (e.g. 
starting, landing, uncertainty…) 

Speech Low altitude, on the 
ground 

Verbal communication of intent via speech (e.g. 
“Taking off in x seconds”) 

Movement Low & high altitude Using movement patterns to convey information (e.g. 
circling motion before landing, zig-zagging when 
uncertain, etc.) 

 

  

Transport 
mode and use 
case 

Aviation (AV-1): AV Conspicuity HMI & strategies for interaction of automated 
road vehicles with non-equipped other road users 

User  External (non-operator) persons seeing the drone  

HMI type External HMI 

HMI elements 
(draft) 

• Conveying information via LEDs – examples for using LED positions to 

signal movement direction, circling lights to signal uncertainty, and 

inward/outward blinking patterns to notify about altitude changes 

(take-off/landing). Different methods are suitable for different 

operating heights and should be chosen accordingly.  

 

• using movement patterns to communicate information from afar 

(examples: circling motions while landing, zig-zagging back and forth 

to indicate uncertainty) 
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5.2.5.1. Method 

In a specific part of the user study, which is introduced in section 5.1.7, drone pilots will also be confronted 
with the above proposed external HMIs, in order to check their suitability in an operational context.  

5.2.5.2. Current status and results  

As outlined in section 5.1.7, the study conduction is planned for March 2021. The results will be reported in 
an extended version of this deliverable.  

  



 

D3.1: Affective, persuasive, trusted and personalised HMI  
for AV functions 

 

26 February 2021 62 

 

6. HMI personalisation and adaptability  

Personalisation is responsible for many of the greatest successes of transportation services developed during 
the latest years. It is commonly accepted that each user cluster or even each individual user have different 
needs, wants and preferences, thus need a personalised-based design and development of the services aimed 
for them. There are two main areas of a product or a service where personalisation applies, i.e. its functionality 
and its HMI. Both can greatly affect the user acceptance, behaviour, actions and reactions; ultimately, all these 
can have a great influence on safety, which is the key issue in transportation. 

The objective of Activity 3.5 is the Development of HMI personalisation and adaptation rules and identification 
of optimal conditions for their application in order to enhance the acceptance of the AV functions by the 
involved user clusters. The aim here is to present specific rules that can be extracted from the results relating 
to the HMI tests of Phase II pilots, with real participants. These tests have been conducted either on real road 
environment or in labs, using simulation or VR techniques. It is important to note that not all tests have been 
concluded due to the current Covid19 situation that has delayed the assessment procedure, since it needs to 
involve actual users. 

6.1. Proposed personalisation rules 

Based on the pilots results, significant outcomes have been identified for the adaptation and personalisation 
of the HMIs evaluated that are based on HMI elements and concepts, under specific conditions and addressing 
specific user groups. 

  

Table 9: HMI elements and concepts personalisation rules for different user clusters and conditions. 

User cluster 
User sub-

cluster 
Conditions Personalisation rules Justification 

Road – Auto-bus 

VRU - 

pedestrians 

and bicyclists 

(from RO5 

Phase II on-

road pilot) 

Young, i.e. age 

group <20-39 

years old 

Mixed traffic, 

at crosswalks, 

blind corner, 

straight track 

  

Both external visual 

(display) and audio 

based communication 

are to be used by the 

auto-bus when young 

people are present 

It increases their feeling of 

safety and (feeling of being 

noticed) 

As above As above 

  

Use familiar traffic light 

colours at the external 

display, i.e. green, 

yellow and red 

It makes the information 

displayed faster, easier to 

understand and also more 

conspicuous 
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User cluster 
User sub-

cluster 
Conditions Personalisation rules Justification 

Children As above 

  

Visual communication 

should be at least 

partially iconic 

This is to help especially 

younger children that might 

not be able to read (yet), to 

understand that the bus is 

automatic, although they 

are accompanied. 

Young and 

middle aged, 

i.e. 20-59 years 

old 

As above Use a more colourful 

display design 

Suggestions for 

improvement 

Middle aged, 

i.e. 40-59 years 

old 

As above Provide more 

information on the 

display about the 

behaviour of the bus, 

e.g. its speed or 

destination 

Suggestions for 

improvement 

As above Visual communication 

should consist mainly of 

text 

Iconic communication was 

perceived as too ambiguous 

Older, i.e. 60+ 

years old 

As above Use a more 

sophisticated audio 

sound, as well as an 

explanation or legend of 

the communication 

There is no noise produced 

by the vehicle, as it is 

electric 
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User cluster 
User sub-

cluster 
Conditions Personalisation rules Justification 

Passengers 

(from RO8 

Phase II VR 

simulation 

tests) 

  Bus transit 
points 

The maximum possible 

notification means are 

needed when a bus is 

approaching a bus-stop, 

i.e. light in the 

windshield and on the 

steering wheel and a 

warning sound 

For ensuring highest 

security 

  As above The light on the bus 

should be strong, so 

that it can be seen from 

a longer distance 

As above 

  As above A warning/informatory 

sound is needed when a 

bus is approaching the 

station 

As above 

  As above The type of sound 

should not be irritating, 

stressing, too intense or 

disturbing 

As above 

Bus drivers 

(from RO8 

Phase II VR 

simulation 

tests) 

  Bus transit 
points 

The light on the steering 
wheel or windscreen 
should not be too 
strong, or it should only 
be visible from the 
outside 

This could be a problem 

when it is dark outside. 

  As above Informatory or warning 

sounds (when e.g. 

approaching the bus-

Hearing the sound too often 

is irritating 
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User cluster 
User sub-

cluster 
Conditions Personalisation rules Justification 

stop) should not be 

heard by the driver 

Road - Passenger car 

Passenger car 

drivers 

(from experts 

assessment of  

new VR HMI 

of Level 4 

demo) 

Novice drivers Highway Use a strong visual sign 

on the vehicle display 

for the chosen vehicle 

mode, e.g. a different 

colour (green) should be 

used when the mode 

has been chosen and 

successfully activated 

During the first interaction, 

users were not sure which 

mode they had actually 

chosen given that they had 

first to familiarize 

themselves with the new 

usage concepts 

As above Highway The textual description 

(pop-up window) on the 

AV display with 

instructions on how to 

use the menu is needed 

According to experts review 

As above Highway A textual feedback is 

needed to inform the 

driver in case the 

requested manoeuvre 

cannot be performed 

(due to safety rules) 

As above 
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User cluster 
User sub-

cluster 
Conditions Personalisation rules Justification 

Experienced 

drivers 

Highway The textual description 

(pop-up window) on the 

AV display with 

instructions on how to 

use the menu is not 

necessary 

As above 

Railway- Train 

Railway 
operators 

(from the RA2 
Phase II 
simulation 
tests) 

Inexperienced 

(University 

students of 

railway 

operations) 

Recovery of 
an 
automated 
train after a 
disruption 
Speed: 40 
km/h 

Audio warnings and 

audio input from the 

location of the train are 

requested 

  

As above As above The front-view monitor 

is the preferred location 

of speedometer instead 

of the led indicator on 

controllers 

As above 

As above As above An electronic timetable 

is needed, with more 

operational information 

on timetables and 

travel-times 

As above 

As above As above Inexperienced railway 

operators need detailed 

and large amount of 

information for remote 

operation of 

autonomous train. 

As above 
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User cluster 
User sub-

cluster 
Conditions Personalisation rules Justification 

As above As above A holistic and complete 

control tool is needed, 

with all the required 

operations and 

command buttons/ 

joysticks, as well as 

indications 

During the RA2 Phase II 

tests, participants indicated 

that they prefer to use the  

RailDriver controller over 

the simple Joystick 

Table 9  above is planned to be updated and enriched (including more transportation means) , as soon as more 

Phase II pilots are realised and concluded over the next months, according to the Covid19 situation. 

6.2. General adaptation directions 

Apart from the targeted personalisation rules presented in the section above, generic issues to be considered 

are listed below; these are to be reviewed and evaluated in depth, with a larger sample size: 

Personalisation of external HMIs on auto-bus for VRU (as emerged from RO5 Phase II on-road pilot and RO8 

Phase II VR simulation tests): 

● Comprehensibility of the iconic representation of the bus display; certain participants found it 
particularly difficult to understand the meaning of the sensor bars and some even misinterpreted 
them as interactive distance or speed indicators; 

● Alignment between the icons and the text on the display “Bus brakes” and “Bus starts” was mentioned 

as a difficulty; also the speed of the bus has to correspond to the text on the display, as the AV 

maintained or increased its speed even though the display showed "Bus brakes" or the pictogram for 

"Bus sees pedestrian"; 

● Visibility of the display was reported as a problem by some participants, due to the reflection on the 

glass and its black and white design which was not conspicuous enough. 

● Some participants also found the display to be static, i.e. they did not notice any change to it; 

● Understandability of the icons of the display for the bus behaviour is considered important. Suggestion 

is to use already known icons at the display, such as smileys or the figures on the traffic lights at 

pedestrian crosswalks, etc. 

● The timing of the provided AV external info/warning should be carefully thought, so that the VRU is 

able to react accordingly. 

  

Personalisation of HMI on auto-bus for passengers (as emerged from RO8 Phase II VR simulation tests): 

● When the bus is autonomous, this should be visible on the bus. 
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● The bus must show that is has control of its surroundings; a sense of security and trust in the bus is 

important. 

● A suggestion is to have a light at the bus stops instead of light on the bus itself to make passengers 

aware that the bus is autonomous. 

Personalisation of HMI on auto-bus for bus drivers (as emerged from RO8 Phase II VR simulation tests): 

● When applying different colours for autonomous vs non-autonomous mode, the meaning of the 
colours can be learnt fast, but it could be difficult for example for tourists to understand the lights 
without an explanation; thus an common lighting could be a solution, on international or even 
worldwide level, in the form of standardisation. 

Personalisation of HMIs in drones (as emerged from Phase I focus groups): 
● Both drones operators and pilots appreciate the possibility of personalise their interfaces. This covers 

the need of making use of and often combining functionalities available in different tools that are 
considered particularly suitable and/or effective for the type of mission to be conducted. 

 Personalisation of HMI for trains controllers (as emerged from RA2 Phase II simulation tests): 

●  The control tool should ensure high arousal levels for the train operators. 

6.3. Discussion 

According to the preliminary findings presented in this chapter, there are different and specific needs and 
preferences per user cluster regarding the in-vehicle or external interfaces of AV. Such issues are to be taken 
into consideration as they play a significant role in the level of acceptance of AV by the users, as well as the 
level of safety when introducing such vehicles in the traffic. However, the pilots results have shown that there 
are common user needs and wants among each user cluster (car drivers, bus drivers, passengers, etc.), 
therefore their main requirements can be grouped in order to satisfy them.  



 

D3.1: Affective, persuasive, trusted and personalised HMI  
for AV functions 

 

26 February 2021 69 

 

7.  Prediction of users’ emotional responses  

This section presents the work for creating a system that would be able to predict the stress levels and 
emotional responses of passengers of autonomous vehicles based solely on what is happening inside the 
vehicle and the vehicle’s movement parameters, e.g. vehicle speed, movement of other vehicles in the vicinity. 
This is an arduous task, as we need to assign scores for the passenger’s emotional state, while in parallel 
analyse the vehicle parameters in an efficient way.  

Emotion is not something that has been defined conclusively (Deigh & Williams, 2014), however we know that 
specific emotional responses, specifically those of heightened stress states, can be measured as spikes in 
specific biosignals. This has given birth to the field of physiological measurements using wearable devices as a 
branch of affective computing. Specifically for stress we now know that it is directly related to the autonomic 
nervous system (ANS) (Han et al., 2020), which can be measured from physiological signals (Greene et. al., 
2016). The current state of sensor technology allows us to develop systems measuring physiological signals 
reflecting stress level (Bakker et al., 2011). Monitoring personal physiological signals by wireless sensors 
enables the continuous tracking of personal stress status. Stress monitoring systems are currently moving 
from using traditional physiological sensors such as electroencephalography (EEG) and electrocardiography 
(ECG) to using optical sensors such as PPG and GSR (Greene et al., 2016). Biosignals that can be measured 
reliably in relation to such stressors include physiological (EEG, ECG, EDA, EMG) and physical measures 
(respiratory rate, speech, skin temperature, pupil size, eye activity) (Giannakakis et al., 2019).  

The aforementioned biosignals can provide reliable assessment of the stress status of an individual, however 
for this assessment to be of use the user needs to continuously wear his/her wearable device. To address this 
issue we aim at creating a system that can predict the passengers emotional status using only the information 
available inside the car. For this, we use the wearable sensor data as a way to model such a system in a way 
appropriate for a supervised learning paradigm. 

Fusion of sensor data with visual data modalities is a popular machine learning field of application. Traditional 
machine learning approaches, such as neural networks and Support Vector Machines (SVMs), are sensitive to 
the features used as input to the classification framework, therefore appropriate feature selection is crucial. 
However, extracting adequate features in the application domain of autonomous mobility from complex, 
multi-faceted data inputs is a very challenging task. This is mainly because of the wide range, variety and 
heterogeneity of events in the visual and sensor modalities and their different physical attributes (e.g. 
pertaining to visual, mechanical, sensorial information or combination thereof), which cannot be accurately 
modelled by a common physical law or description. Instead, deep Convolutional Neural Networks (CNNs) 
inherently compute feature maps extracting complex representations which drive the classification stage 
(Lecun et al., 1998) and are especially useful in problems where feature extraction is hard to enact. 
Furthermore, CNNs exploit strong spatial local correlation by enforcing a local connectivity pattern between 
neurons of adjacent layers where locality is a salient attribute. 

7.1. Description of the Drive2theFuture Dataset 

7.1.1. Individual Data Modalities 

Unfortunately, due to the COVID-19 pandemic, we have not been able to perform data capturing activities 
using the project’s end user partners. However, we proceeded with an in-lab implementation and assessment 
of the proposed system. To achieve such in-lab validation activities, we needed to create a benchmarking 
dataset that will be used for the training and testing of the deep learning model presented in section 7.2. 

To create such datasets, we needed to gather enough data from the individual data modalities. To this end, 
we used two benchmarking datasets as individual data modalities, and correlated their readings to create a 
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fused dataset that can correlate driving parameters with emotional responses. This dataset is appropriate for 
use in a supervised learning paradigm. 

For the vehicle simulation, we use the comma.ai dataset that includes more than seven hours of highway 
driving including details such as car speed, and acceleration. The sensor input is recorded at 20 Hz with a 
camera mounted on the windshield of an Acura ILX 2016. Together with the images, the dataset contains 
information such as the car’s speed, acceleration, steering angle, GPS coordinates, and gyroscope angles. 

 

Figure 30: Comma.ai dataset 

 

For the stress information we use the WESAD (Wearable Stress and Affect Detection) Data Set, a publicly 
available dataset for wearable stress and affect detection (Schmidt et. al., 2018). This multimodal dataset 
features physiological and motion data, recorded from both a wrist- and a chest-worn device, of 15 subjects 
during a lab study. The following sensor modalities are included: blood volume pulse, electrocardiogram, 
electrodermal activity, electromyogram, respiration, body temperature, and three-axis acceleration. From 
these parameters only the acceleration was disregarded in our dataset. Moreover, the dataset bridges the gap 
between previous lab studies on stress and emotions, by containing three different affective states (neutral, 
stress, amusement). In addition, self-reports of the subjects, which were obtained using several established 
questionnaires, are contained in the dataset 

 

7.1.2. Fused dataset 

For combining the two datasets, we decided to rely only on the visual data modality during the learning phase, 
and use the given speed and acceleration of the vehicle as the parameters that will dictate the assignment of 
labels and relevant biosignals of the WESAD dataset to the respective moments. We used the Linear 
Discriminant Analysis of Schmidt et al. (2018) to classify the biosignals in a binary classification paradigm 
(stressed, calm) in 50% of the WESAD dataset. Then, we assigned these signals to specific instances, in a way 
that the higher confident scores of the stressed class were assigned to the highest values of acceleration and 
speed. This assignment was done iteratively until all instances of the comma.ai dataset were assigned biosignal 
values from the WESAD dataset. 
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7.2. Description of the Drive2theFuture predictor of emotional state 

Our approach in the development of the actual predictor consists of three main steps. We need to (i) devise 
an efficient system for extracting salient features from the visual modalities and (ii) deploy a neural network 
architecture that will handle the classification stage.  

We handle the extraction of features from the visual modality as is depicted in Figure 31 and is based on a set 
of autoencoders. Autoencoders are a type of Neural Network that manage to learn efficient data encodings 
by training the network to ignore signal noise. Their usefulness comes from the fact that are trained in an 
unsupervised manner. They are essentially composed from two main components that are trained in parallel. 
The dimensionality reduction component aims at extracting an efficient encoding of the input signal, while the 
reconstruction side tries to generate from the reduced encoding a representation as close as possible to the 
original input.  

To extract additional data from the visual modality we furtherly analysed the camera streams to extract 
specific visual properties, i.e. representative vectors. The visual information modality can give as answers to 
three specific questions: 

• What is currently happening (appearance vector) 

• What has changed from the previous moment (movement vector) 

• What the current moment consists of (saliency vector). 

To this end, the visual modality is analysed furtherly to extract the actual frame (appearance), the gradient of 
the frame using a short memory window of 10 frames (movement vector), the objectness of the current frame 
(saliency vector). The Appearance Property consists of the actual frame capturing. The Motion Property 
captures the movement of objects by taking as input the gradient of the frame. Finally, the Saliency Property 
reflects how likely a window of the frame covers an object of any category. This property creates a saliency 
map with the same size as the frame that covers all objects in an image in a category independent manner. 

 

Figure 31: The proposed feature extraction architecture 

To tackle the problem of dimensionality between the different properties and the other additional 
information, we use an autoencoder for each visual property. This way we essentially analyse a representative 
feature vector of each property and not the entire frame. 
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We use convolutional spatiotemporal autoencoders in each visual property stacked with a tensor based 
autoencoder, aiming for an Intra and Inter-Property (Feature) Encoding. The goal is to reduce any information 
redundancy within (intra) and across (inter) each image property feature so as to accurately partition the 
normal space into sub-clusters. Intra property redundancy reduction is implemented through convolutional 
auto-encoders as in most of the previous works (Ravanbakhsh et al., 2017; Hasan et al., 2016; Xu et al., 2015).  

However, since the intra properties are not independent, in our approach, instead of a simple concatenation 
of the compressed intra properties as in (Hasan et al., 2018), a more sophisticated fusion is adopted through 
the outer product to produce tensor signals. We use the outer product as we are not aware of the actual 
interrelations of the intra properties due to the variations of the events. This generates an inter-property 
relation, the information redundancy of which is reduced through tensor learning. The reason we select an 
auto-encoder scheme for intra-property redundancy reduction and a tensor learning for the inter-property 
one is that auto-encoders work well for spatial imagery signals as they are the intra-property ones (motion, 
appearance and saliency) while tensor learning better for the fused tensor signals (Makantasis et al., 2018). 
Thus, we overcome all drawbacks of related works such as of Hasan et al. (2018) such as the application of the 
k-means for the partitioning (e.g., dependency on initial conditions, linear separable space) and the training 
of one-versus-rest SVM classifiers on the tope of k-means clusters. 

This process make it easier to encapsulate additional information modalities in the future, by introducing 
similar autoencoders before the tensor fusion step, to detect relevant feature vectors from additional 
modalities, such as other camera systems, lidar information or sensorial information from the vehicle. It is 
worth noting here again that while properties such as speed, and acceleration were available in the dataset, 
we did not use that, as these properties were used in the creation of the dataset, and thus we know that these 
parameters are not independent from the actual label. The exclusion of such information from the process 
was in order to be certain that the training procedure of the classifier was tainted by the dependence between 
the label and the property. However, in the experimental setup, such parameters will be included using the 
aforementioned strategy. 

For the classification step, we once again use a novel training procedure. Instead simply classifying each 
measured moment, we deploy a set of regressors that aim at predicting each biosignal reading from the 
WESAD dataset. We use these predictions and LDA classifier, as proposed in Schmidt et al. (2018) to receive 
the final class label (stress condition). This decision was again taken in order to increase flexibility, as we can 
deploy regressors based on the available biosignals in the experimental setting, and to use an already 
established state of the art classifier, in translating these predictions to actual semantic information, i.e. 
classifying the passenger’s stress status. In our case, each regressor is a bidirectional Long short-term memory 
(LSTM) network that receives as input the fused visual signal and returns the prediction of one biosignal. LSTMs 
are of similar structure to the bi-directional recurrent regression models but each node in the hidden layer is 
replaced by a memory cell, instead of a single neuron. An illustration of an LSTM memory cell, as well as a 
bidirectional LSTM Network can be viewed in Figure 32.  
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Figure 32: (a) Bidirectional LSTM architecure and (b) the structure of each LSTM memory cell 

 

A complete illustration of our architecture is presented in the figure below. 

 

Figure 33: Stress prediction architecture 

 

7.2.1. Description of implementation, technology stack and optimisation procedures 

The proposed method was implemented in Python. The autoencoders that implement the feature extraction 
(Appearance, Gradient and Saliency) were implemented in Tensorflow and Keras, while the tensor based 
autoencoder was implemented in PyTorch using the Tensorly library. The hyperparameter optimization of the 
learning algorithms was determined using the Hyperband optimization method of Li et al. (2016), which 
employs a principled early-stopping strategy to allocate resources, allowing it to evaluate orders-of-magnitude 
more configurations than black-box procedures like Bayesian optimization methods (Kaselimi et al., 2019). The 
system was trained on an Intel Core i7-6700K CPU (4GHz) with 2 NVIDIA GTX1080 GPUs.  For assessing the 
performance of the classifiers, we used the popular metrics accuracy (ration of correct predictions over the 
total of predictions made), precision (number of correct prediction divided by the number of total predictions 
made), recall (number of correct predictions divided by the total number of elements present in that class) 
and F1-score (harmonic mean of precision and recall).  Following standard machine learning procedures, we 
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used 80% of the dataset for training purposes and 20% for testing. This way, we had enough examples to 
assess the performance of our learning architecture, while keeping enough data for training of the 
components. The results are presented in Figure 34. As we can see, our system achieves high accuracy in 
predicting the actual biosignal values. An overview of the error between the prediction and the actual signal 
reading during training, is also presented in Figure 35. We see that the proposed framework can reach high 
accuracies in the prediction of the biosignals, which in turn can be used efficiently for assessing the passengers 
stress levels. We can see that the system displays high precision. This means that the burden of false alarms 
will be minimal as the positive predictive value of the model is high, without significantly affecting the models 
sensitivity (recall). This can be viewed by the high recall value as well as the high value of the harmonic mean 
between precision and recall (F1-Score). 

 

 

 

Figure 34: Performance of the LSTM Bio signal Predictor 
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Figure 35: Average Error rate of the Bidirectional LSTM regression models during training 
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8. Conclusions 

The benchmarking of different HMI concepts in the transport modes road, rail, maritime and aviation has 
shown that a variety of automated functions and systems already exist for different target users. Derived good 
practices for in-vehicle and operator HMI concepts over different transport modes share for instance the 
display of the current system mode as common element. Most differences are seen in the input devices used 
to interact with the vehicle in low levels of automation or after the request for manual operation, where each 
transport mode has its own established good practices (e.g., steering wheel, joystick, control yoke). 

Initial results from user tests for in-vehicle and operator HMIs indicate that informing passengers about the 
activated automation mode of the vehicle by a LED stripe in the windscreen enhances their user experience, 
e.g. leading to a more predictable and pleasurable experience. Furthermore, interviews during user tests have 
expressed the need for training or information on new HMI elements in order to interpret them correctly, 
which is also on of the goals in Drive2theFuture. Regarding the remote operator HMI for railway, results show 
that a joystick could also serve as persuasive input device as compared to the established rail driver controller, 
but that additional operational information should be provided via the HMI to keep users in the loop. We also 
investigated the suitability of external HMI to help people assess and increase the conspicuity of the awareness 
and intent of AV. Studies with automated shuttles in different urban settings were conducted in different 
scenarios. The obtained results generally support the claim that eHMI are regarded by many people as a good 
way of communicating awareness and intent of a vehicle transparent to other road users. A considerable 
portion of traffic participants – but certainly not all – appear to consider eHMI as supporting comprehensibility 
and safety of interaction with automated vehicles. Our research also indicates a differentiated impact of the 
function or the information type conveyed. For example, combined presentation of obstacle awareness and 
vehicle intentions helped more participants to understand the shuttle’s behaviour than the presentation of 
obstacle awareness only, but fewer participants regarded this combination of awareness and intent to be safe. 
We also found that the design of the eHMI strongly matters: for example, we confirmed that auditory signals 
provide effective alerts, but that they also are subject to annoyance. The research on eHMI on further road 
vehicle types, most importantly powered two-wheel vehicles, as well as on unmanned aerial vehicles is 
ongoing and will be presented in a subsequent version of the deliverable. 

The presented studies also provide indications for differences in the reception of internal and external HMIs 
between age groups and different user clusters (drivers of various transport modes, operators, passengers, 
VRU, …). These different user clusters have indeed different needs in relation to the interfaces of AV, so that 
their functions are clear, easily noticed, alerting, not-disturbing and not causing anxiety. This has been proved 
through the project HMI-related pilots, where the participants (representing different users clusters) indicated 
their own preferences. However, such preferences and requests can be grouped to cover the main needs of 
the user clusters (i.e. there are common issues that apply to the car drivers, or the passengers, or the train 
operators, etc.). Thus, applying a personalised HMI concept that covers appropriately their targeted needs is 
a key to a successful implementation and acceptance of AV elements and concepts. Still, further research and 
thought is needed in the near future in order to satisfy the needs on an individual level, further to the user-
cluster level.  

To understand users’ emotional responses while interacting and experiencing AV, a system was developed 
that is able to predict the stress levels and emotional responses of passengers of AV. We conclude that the 
proposed framework reaches high accuracies in the prediction of the biosignals, implying that it can be used 
as an efficient too for assessing the passengers’ stress levels. In the further scope of the project, we will 
continue to investigate different aspects regarding the interaction with AV to derive optimal HMI elements 
and strategies for different transport modes and user clusters, that can contribute to the acceptance of AV. 
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Appendix 1: Template for HMI benchmarking 

Brand and model  

Function  

Transport mode  δRoad    δRail   δMaritime  δAviation 

Type (PTW, car, drone etc.)   

HMI type ἦ In-vehicle HMI ἦ Other:  

HMI user  

Task description (system 

behaviour during task) 
 

Addressed automation 

level(s) 

 δ Assisted Mode 

Human-system-cooperation through redundant 

parallel steering by the driver/operator, who 

oversteers the vehicle. 

 δAutomated mode:  

Temporary full steering by the system with frequent 

transitions between driver/operator and system. 

Responsibility transitions continuously. 

 δ Autonomous Mode 

System takes over the whole task. 

Driver/operator can oversteer and stop the 

autonomous mode at all times 

 δOther: 

 

Interaction modalities (specify 

the type(s)) 

ἦ  Physical 

control/ steering 

device 

ἦ    Visual information 

on screen 
ἦ    Gesture 

ἦ  Touch ἦ    Speech ἦ    Other:  

Feedback on the AV’s 

action/status (features to minimize 

automation surprise) 

 

Transition of control between 

human and machine (if 
applicable) 

 

HMI elements (display, lighting, 

vibrations, icons, emoticons, earcons, 

etc.) 

 

HMI design (colour use, level of 

complexity, specific features etc.) 
 

Benefit (value of HMI function)  

Shortcomings (identified problems 

of HMI function – if already known) 

 

Customization of HMI 

possible (personalization, adaptability, 

user profiling etc.) 

ἦ Yes ἦ No 

Monitoring of user/operator 

state ( e.g., driver fatigue, emotions) 

ἦ Yes ἦ No 

Graphical representation   
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Appendix 2: Results from HMI benchmarking (complete) 

In-vehicle HMI – driver/pilot/captain 

In-vehicle HMI refers to HMIs that are part of the vehicle’s interior. Its main role is to provide information to the in-vehicle driver/pilot/captain to ensure his/her alertness 
and appropriate level of attention while being supported by the system or while using and supervising the vehicle’s automated function. 
 

Table 10: In-vehicle HMI – driver/pilot/captain 

Vehicle & 
function 

Feedback to user Transition of control HMI Elements HMI design 

ROAD: Automotive 

A
u

d
i A

8
: 

 
A

I t
ra

ff
ic

 ja
m

 p
ilo

t 
 

 (
A

ss
is

te
d

 M
o

d
e

) ▪ System mode: AI traffic 

jam pilot activated 

(start/stop, steering 

accelerating, braking); 

prompt for takeover 

▪ System status: ambient 

conditions are met for 

activation 

▪ Speed: Current driving 
speed 

 

▪ System activation: User pushes Audi 

AI button 

Takeover request to driver: 
1. phase 1) red lighting in HMI, subtle 

warning sound  

2. phase 2) more distinct warning 
sounds, seat belt tightened, vehicle 
slowing down, text prompt 

3. phase 3) piercing sound, safety belt 
fully tightened, vehicle stopped, 
automatic call to 112   
 
 

[6] 

▪ Screen in dashboard area in driver’s field of view with 
“edge lighting” 

▪ Icon: stylized car symbolizes status of automated function  
▪ Button “Audi AI” to activate automated function on the 

console of center tunnel 
▪ Steering wheel 
▪ Pedals for acceleration and deceleration 

 [6]  
 
 
 
[7] 

▪ White icon, edge lighting and button indicate system 
availability 

▪ Green icon and edge lighting: system active 
▪ Red icon and edge lighting: traffic jam pilot ending, 

take over prompt 
▪ Written text messages in addition, e.g. “traffic jam 

pilot: active/available” 
▪ Stylized view of car from rear 

 [8] 
 1a 
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M
er

ce
d

es
-B

en
z:

 
 D

is
tr

o
n

ic
 P

lu
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w
it

h
 s

te
e

ri
n

g 
as

si
st

an
t 

(2
0

1
7

) 
 

(A
ss

is
te

d
 M

o
d

e
) ▪ System mode: ACC with 

steering assistant 
activated/deactivated; 
prompt for takeover 

▪ Route: detection of e.g. 
upcoming curves, 
crossroads 

▪ Speed: Desired speed 
and current driving 
speed  

▪ Distance to preceding 
vehicle  

▪ System activation: User pulls lever at 
steering wheel 

Takeover request to driver: 
1. Depending on situation and velocity, 

driver warned visually in display 
(icon turns white) to prompt take 
over 

2. Acoustic warning given when 
steering assistant is deactivated 

3. Deactivation does not influence the 
longitudinal control 

▪ Screen in dashboard area in driver’s field of view  
▪ Icons: 
o “steering wheel” icon symbolizes steering assistant 

function 
o speedometer icon symbolizes ACC  
o route: curve/crossroad/roundabout icons 

▪ Lever at steering wheel to activate function 
▪ Steering wheel 
▪ Pedals for acceleration and deceleration 

 [9] 

 [9] 

▪ Green icon: system active 
▪ White icon: system inactive 
▪ Stylized view forward: Distance to preceding vehicle 

shown graphically in dashboard 

 [9] 

B
M

W
 5

: 
D

ri
vi

n
g 

A
ss

is
ta

n
t 

P
lu

s 
(2

0
1

8
) 

(A
ss

is
te

d
 M

o
d

e
) ▪ System mode: steering 

assist and ACC 
activated, prompt to 
takeover 

▪ Environment: detected 
lane edges 

▪ Speed: Desired speed, 
current speed, speed 
limit 

 

Takeover request to driver: 
1. steering wheel icon turns from green 

to yellow 
2. animation indicates to hold the 

steering wheel again  
3. If driver does not take control: icon 

turns red and acoustic warning 
4. Driving assistant turned off 

 
 [10] 

▪ Screen in dashboard area in driver’s field of view 
▪ Steering wheel 
▪ Pedals for acceleration and deceleration 
▪ Icons:  

o Steering wheel symbolizes lane keep assist function 
o Arrow/speedometer/“assist“ text symbolizes ACC 

function 
o Detected speed limit signs are displayed 

   [11] 

▪ Green: detected lane markings, active system 
▪ Grey: lane markings not detected 
▪ Stylized view of car from rear 
▪ Icon yellow/red: prompt to takeover 

 [11] 

Te
sl

a
 M

o
d

el
 S

: 
 A

u
to

p
ilo

t 
v8

.1
 (

2
0

1
7

) 

(A
ss

is
te

d
 M

o
d

e
) ▪ System mode: 

autopilot (ACC and lane 
keeping) activated, 
prompt to takeover 

▪ Environment: detected 
lane edges, position of 
ego and surrounding 
vehicles 

▪ Speed: current speed, 
maximum desired 
speed, detected speed 
limit 

1. autopilot is no longer available: icon 
and text „Hold Steering Wheel“  

2. If driver does not react: First visual 
warning (screen blinks blue), then 
auditory warning, getting more 
urgent over the time 

 
[12] 

▪ Screen in dashboard area in driver’s field of view 
▪ Icon: “Steering wheel” indicates active auto pilot function  
▪ Pop-up text messages as instruction to user 
▪ Steering wheel 
▪ Pedals for acceleration and deceleration 

 

 [12] 

▪ Blue: colour for detected lane markings and activated 
auto pilot  

▪ Grey: lane markings are 
not detected 

▪ Stylized bird’s eye view 
on car and surrounding 
traffic 

 

[13] 

1b 

1c 

1d 
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A
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C
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A
V

 (
A

ss
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te
d

 M
o

d
e

) ▪ Route: Position on 
map, upcoming traffic 
lights  

▪ Status of next traffic 
light 

▪ Speed: optimal speed 

Not applicable ▪ Screen in the dashboard area for 

driver: 

o position of vehicle 

o traffic lights 

▪ status of next traffic light 
 
 
 
 
 

[14] 
 

▪ Simple design with a low number of elements 
▪ Visual representation and colour of traffic light used 

 

R
O
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 R

en
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lt
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d
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V
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h
ic
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 (
A

u
to

m
at

e
d

 m
o

d
e

)  

▪ System mode: manual 
or autonomous (lateral 

and longitudinal control 
managed by expert driver on 

passenger seat); prompt to 
takeover 

▪ System status: 
available or end of AD 
zone 

▪ Speed: Current driving 
speed 

1. Planned takeover request (e.g. end 
of automated driving zone): icon 
(countdown by a yellow circle) and 
auditory alert  

 
 
[15] 

2. Unplanned takeover request:  
red icon and more urgent 
auditory alert 
[15] 

▪ Central 10“ touchscreen: 
o 6 icons and 5 earcons 
o Button to activate/deactivate automation 
o remaining time and km in automated mode 
o infotainment 

▪ 3” screen in dashboard area 
▪ Pedals for acceleration and deceleration 
▪ Steering wheel 

  

[15] 

Icon design: 
▪ Grey: manual driving 
▪ Blue: AD available  

Green: AD activated 
▪ Yellow → orange → 

red: planned takeover 
request  

▪ Red: unplanned takeover request;                         [15]     
minimal risk manoeuvre 
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(A
u

to
m

at
e

d
 M

o
d

e
) ▪ System mode: manual, 

automated, safe mode 
▪ System status: 
o direction of 

cooperation 
o if vehicle needs 

support in action or 
perception 

o description of 
requested/offered 
support 

▪ Route: e.g. upcoming 
roundabouts, ETA 

▪ Driver state 

1. If automation detects that driver is 
distracted: vehicle switches to AD 
(no user confirmation required) 

2. If automation has a limit: expected 
support and cause of request  
▪ Icon, audio and written message 
▪ colour of icon changes according 

to type of request  
3. If takeover fails, safe mode is 

activated 
 

[16] 

▪ Instrument cluster with different screens including: 
o Text messages 
o Visualization of route or upcoming traffic situation 
o Icon: support in action or perception necessary 

▪ Ambient lighting: reinforce type of cooperation  
▪ Audio messages   
▪ Steering wheel 
▪ Pedals for accelaration and deceleration [16]

 [16] 

▪ yellow ambient light and icon: support in action:  
▪ blue ambient light and icon: support in perception:  
▪ red ambient light colour and red warning sign: safe 

mode  
▪ System mode: written 

 [16] 

1f 
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 M

o
d

e
) ▪ System mode: AD 

activated 
▪ System status: nudging 

if AD available 
▪ Driver state 
▪ Environment: 

surrounding traffic 
participants 

▪ Speed 

1. feedback to driver that his/her driver 
state has changed 

2. system indicates available 
automation, if driver does not react 
it applies nudging strategy  

3. when driver state/behaviour 
becomes critical, automation takes 
over control until vehicle stabilized  

4. If driver does not take back control 
after AD, a minimal risk manoeuvre 
is initiated 

▪ Instrument cluster with LED frame:  
o Emoji for driver state feedback 
o Icon “steering wheel” indicates automation  
o Text message: automation available 

▪ Center stack unit with LED frame :  
o Map 
o Icon “Steering wheel”  

▪ LEDs: windscreen, steering wheel 
▪ Sound: activated automation 
▪ Seat vibration to reinforce nudging 

[17] 

▪ Blue colour: AD 
▪ Nudging strategy: light begins to turn blue and 

pulsates slowly in blue 
▪ Map: bird’s eye view on vehicle, greyed out map with 

other traffic participants shown  

[17] 

N
ay

va
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u

s 
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u
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n
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m
o

u
s 

M
o

d
e

) ▪ System mode: 
operator needs to take 
over because of 
obstacle in path 

▪ System status: Error 
messages and other 
vehicle data  

▪ Speed: current driving 
speed 

1. If obstacle cannot be handled by 
system, it stops in front of it 

2. Continuous audio signals until 
operator picks up controller and 
confirms her/his presence  

3. External display shows “manual 
driving” 

5. Operator in charge until he/she 
switches back to automatic mode 

▪ In-vehicle display for information on system state, display 

positioned opposite of doors at height of head 

▪ Controller for manual operation’ 

 

 

 

 
 

[18] 
 
                                [19] 

▪ Controller is a commercial product from gaming 
industry (Microsoft Xbox) 

▪ Primary use of display: show map and track for 
passengers, menu only accessible for operators 

▪ HMI is designed as a short tem solution, bus shall 
drive without operator in the long-term 

▪ One of the emergency stop button is near the control 
panel 

 

 

Ea
sy

 M
ile

 S
h

u
tt

le
 B

u
s 

(A
u

to
n

o
m

o
u

s 
M

o
d

e)
 

▪ System status: Error 
messages and other 
vehicle data  

▪ Speed: current driving 
speed 

Information not available ▪ In-vehicle display as control panel located on same side as 
doors, positioned in chest height 

▪ Wireless joystick for manual operation 

 

[19]  [19]  

▪ Control panel is positioned in chest height, next to a 
handrail for the operator to hold on 

▪ No emergency stop button near the control panel 
(operator needs to reach over to passengers) 
 

1h 

1i 

1v 
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)  Information not available Information not available 

 

 

 

 

 

 

 

 

▪ 2 joysticks to steer vehicle 
▪ Pedals for acceleration and deceleration (doubling of joystick 

functionality for security reasons) 
▪ Coast-to-coast display in relax mode 
▪ Smaller extendable display when switching from relax to 

driving mode 
 
 
 

[20] 

▪ HMI design inspired by aerospace industry 
 

[21] 

ROAD: Powered Two Wheelers 

P
ia

g
g
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P
3 

5
0

0
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P
E 

R
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e
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 (
A

ss
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d

 M
o

d
e

)  

▪ System mode: reverse 
gear turned on and 
activated 

1. User presses button on handlebar 
to activate function (if vehicle is 
stopped and tilt lock set on) 

2. Motion only allowed with rider’s 
hand on the handlebar, rider can 
interrupt movement at any time 

▪ Button on handlebar 
▪ Sound: Activation warning 
▪ Electronic command on right side of handlebar to control 

motion 
▪ Handlebar and throttle grip to 

control vehicle’s actions 
 
      Activation button [22] 

▪ Buttons on handlebar to minimize movements of 
driver’s hands 

▪ Unique sound associated with reverse gear function 

  

 S
A
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R
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n
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 c
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d
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o
d

e
) ▪ System mode: lane 

change assistant 
activated, deactivated 
or experiencing a 
malfunction 

▪ System status: 
information on 
potentially dangerous 
object; warning of 
dangerous object 
detected while turn 
signal set 

Rider is responsible for driving task at all 
times 

▪ Icon on navigation device to inform 
about system mode and system state 

▪ Two different LEDs in mirrors (blue for 
system mode, orange and red for 
system status information and/or 
warning) 

▪ Acoustical signal for warning state: 
hybricon (earcon + auditory icon) if a 
warning is detected 

▪ Handlebar and throttle grip to control 
vehicle’s actions 
                                                                 [23] 

▪ Pulsating icon and LED: used to increase urgency of 
message (used for malfunction and for waning) 

▪ Grey icon: lane change assist turned off 
▪ Blue (icon + LED): lane change assist turned on 
▪ Orange (icon + LED): information on detected object 
▪ Red (icon + LED): Warning 

 

[23] 

1j 

[21] 

1k 

1l 

Malfunction – turned off – turned on – information – warning  
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▪ System mode: ACC 

function activated 
▪ Speed: current driving 

speed  
▪ System status: blind 

spot warning 

1. User presses button to activate ACC 

system  

2. System automatically turned off by 

acting on the brakes 

 

▪ Screen in dashboard area 
▪ Icon: “speedometer/ 

stylized car” 
▪ Warning light signal in 

mirror for blind spot 
warning 

▪ Button on the 
handlebar/dashboard 

▪ Handlebar and throttle grip to control vehicle’s actions   [24] 

▪ Green icon indicates activated ACC 
▪ Yellow LED in mirror for blind spot warning 

 
 
 

 

B
M

W
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6
5

0
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T:
 

Si
d

e
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w
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ss
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t 

(S
V

A
) 

(A
ss

is
te

d
 M

o
d

e
) ▪ System status: blind 

spot warning 
Rider is responsible for driving task at all 
times 

▪ Icon lighting up in mirror 

holder 

▪ Handlebar and throttle grip 
to control vehicle’s action 

[25] 

▪ Yellow as a warning colour 
▪ Triangular shape like danger road signs 

 [25] 
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o

d
e

) 
 

▪ Driver state: 
inadequate driver 
state, recommendation 
to take a break 

▪ System mode: capsize 
control function about 
to be activated/ 
activated, how user can 
override system 

1. Rider riding for long time without 
stopping, system detects physical 
fatigue: mild feedback (emoji and 
flashing LED on dashboard) 

2. Rider continues, his state worsens; 
stronger feedback (additional text 
and audio message) 

3. Rider does not stop, strongest 
feedback (additional vibration of 
helmet and gloves, blinking emoji 
and text) 

4. capsize control stabilises vehicle; 
rider properly informed about what 
is happening before function 
activated and how to override  
system 

 
 

▪ Dashboard 
o Icons 
o Text messages 

▪ Navigation unit: text messages 
▪ Haptic helmet 
▪ Haptic glove 
▪ Headset to play sound 
▪ LED-add on module for helmets 
▪ External HMI: hazard lights on, rear 

blinking lights on 
▪ Handlebar and throttle grip to control 

vehicle’s actions 

                                                                                                         [17] 

▪  Add-on LED module placed under the helmet visor 
▪  Very restricted space on dashboard: Emojis and icon 

displayed in the lower left corner of the dashboard 

 
[17] 

 

 

ROAD: Bus 

A
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d
 

M
o

d
e

) ▪ System availability: 
automated docking 
available 

System asking for control:  
1. Steering wheel and LEDs turn amber 

and flash  
2. Driver presses confirmation button 

▪ LEDs: steering wheel or windshield 

▪ Confirmation button (on steering wheel or in indicator) 

▪ Head-down cluster element for emoji (statecon) 

▪ Blue: automation 
▪ Orange: transition 
▪ Red: driver state inadequate for manual take-over 
▪ no HMI element necessary to indicate manual mode 

1n 

1p 
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▪ System mode: 
automation, transition 

▪ Driver state 

3. Bus goes into automation mode 
4. Emoji indicates driver state 

recognition activated 
Giving back control to driver:  
1. steering wheel and LED stripe turn 

amber and a “bling” sound is sent 
2. no driver response: flashing and 

increased sound 
3. driver state inadequate red light and 

inattentive/sleepy statecon 

▪ Sound: earcon (bling-sound) 

 
[17] 

▪ no particular preference for location of LED stripe or 
location of confirmation button 

 
[17] 

Tr
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u
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m
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e
d

 M
o

d
e

) ▪ System mode: manual, 
automated, takeover 
required 

▪ Route: planned driving 
path, distance to 
destination/ AD area  

▪ Speed: current speed 
▪ System status (in final 

position): obstacles, 
alerts (incl. reasons), 
handovers 

▪ Driver state (in final 
position): information 
on driver monitoring 

1. In AD area: user starts AD with 
button on screen or paddle shifters  

2. driver can take back control by 
turning steering wheel or touching 
brake pedal 

3. obstacle: driver informed, vehicle 
slows down, waits for path to clear 

4. human take over required: timely 
warning, visual countdown to 
required takeover 

5. critical situation: AD stops vehicle on 
its lane and requests takeover 

▪ 2 displays: one for 360 camera view and touchscreen for AD 
application (incl. AD start button) 

▪ Icon “steering wheel” indicates driving mode 
▪ Paddle shifters mounted to steering wheel 
▪ Audio warnings in case of obstacle detection 

 
 
[26]  

▪ Stylized bus shown from a bird’s eye view 
▪ Blue: AD 
▪ Green: Manual  
▪ HMI information changes according to system mode 

(minimal information in AD mode) 

 [26] 
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e

d
 M

o
d

e
) ▪ System mode: 

automatic braking 
activated 

▪ Speed: current speed; 
speed okay or too high 

 

 

 

 

 

If driver state is inadequate, driver 
passes a stop signal or speed is too high: 
system takes over and stops the train 

▪ Throttle  
▪ Display 
▪ Icon on display to indicate automatic braking 
▪ Audio signal to indicate automatic braking 
▪ Speedometer with coloured needle 

 [27] 

▪ Grey: speed in range 
▪ Orange: speed to high and automatic braking 

activated (speedometer) 
 
 
 
 
 
[27] 
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(A
u

to
n

o
m

o
u

s 
M

o
d

e
) ▪ System mode: 

autonomous mode 
“NAVI” activated 
(calculation of optimal 
route) 

▪ System status: collision 
risk level and preferred 
course 

▪ Route: destination, 
planned course, 
recommended course, 
position of ego 

▪ Environment: radar, 
indication of risk area 

▪ Manual activation of system by 

button press 

▪ No further information available 

 

▪ Displays: 1 main display for operator to supervise system 
▪ Button on control panel: “NAVI” lights up in orange upon 

system activation  
▪ Sound: simultaneously with button activation  
 

 
[30] 

▪ 3D color graphs for preference of course and collision 
risk level 

▪ Route indication: magenta –> risk; turquoise –> 
recommended route, white –> planned route 

▪ Map: dark theme 

 [30] 

AVIATION 
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ss
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d
e

) ▪ System status: three 
warning modalities 
provide feedback about 
the aircraft status, i.e. 
about to stall 

 

If plane in autopilot mode: warnings 
signalise to pilot that he/she has to take 
back manual control and start recovery 
actions by three warning modalities: 
Step 1: Visual and auditory 
Step 2: Haptic and auditory  
 

▪ Vibrating stick/control yoke (forceful, noisy 
shaking) 

▪ Lighting (icon or text) in the cockpit (not 
display)  

▪ Auditory alarm 

 
[28] 

▪ shaking signalizes presence of high-risk situation 
without further information about aircraft status -> 
accessed by other tools in cockpit 

▪ shaking of control yoke matches frequency and 
amplitude of stick shaking that occurs due to airflow 
separation as they approach the stall 

▪ stick shaking intended to act as backup to auditory 
stall alert, if flight crew is distracted 
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(A
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is
te

d
 M

o
d

e
) ▪ System status: 

predicted collision or 
not 

▪ Environment: Position 
and altitude of 
surrounding aircrafts 

▪ Route: trajectory and 
collision prediction 

 

Not applicable Touch Screen (usually tablet) with: 
▪ Map of surrounding area 
o Circles representing airplanes’ positions (actual and 

predicted) and predicted collisions 
o Lines representing airplanes’ trajectories 

[29] 

▪ Map: 
o designed for function: only relevant features  
o dark theme for easy trajectory display 
o oriented accordingly to own aircraft current 

direction to facilitate traffic acquisition 
▪ Circles: 
o filled (same altitude) vs empty (different altitude) 
o Red (predicted collision) vs green (no predicted 

collision)  
▪ For each aircraft callsign, direction, relative altitude 

indicated 
▪ Trajectory prediction on map and time dimension by 

animation (30 sec./1 min. steps) 

1u 
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1t 



 

D3.1: Affective, persuasive, trusted and personalised HMI for AV functions 

 

26 February 2021 92 

 

In-vehicle HMI – passengers 

With an increasing level of automation, self-driving taxis and shuttle buses will become part of public transport. Especially if no operator is onboard that can take over the 
driving task, the HMI plays an essential role in providing HMIs and interaction options to the passenger. The following table presents 4 HMIs of autonomous shuttle busses and 
robotaxis. 

Table 11: In-vehicle HMI- passengers 

Vehicle 
& 

function 

Feedback to user Transition of control HMI Elements HMI design 

ROAD 

C
o

n
ti

n
en

ta
l C

u
b

e:
 

 r
o

b
o

ta
xi

 

 (
A

u
to

n
o

m
o

u
s 

M
o

d
e

) ▪ Route: ETA, visualization of current 
position and next stop 

▪ Environment: e.g. pedestrian crossing in 
front  

▪ Services: availability of local services, 
e.g. places of interest, shops with 
promotion 
 

 

Not applicable - 
passenger does not have 
to take over control  

▪ Large information display 
▪ Button: request stop 
▪ ambient sound: update on ride status and trip events: 

synchronized with motion of vehicle 
▪ LEDs  

[31]  

▪ LED colour: yellow meaning not clear 
▪ vehicle notifications aggregated in the form of 

a dynamic timeline 
▪ More information/advertisement than purely 

vehicle related information 
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(A
u
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n

o
m

o
u

s 
M

o
d

e
) ▪ Route: ETA, travel duration, destination 

▪ Environment: map with own position, 
obstacles (other vehicles, pedestrians 
etc.), recognized traffic signs and traffic 
lights 

▪ Speed: current speed limit 
▪ Welcome message: personalised for 

each passenger 

Not applicable – 
passenger does not have 
to take over control  

▪ Touchscreen for every passenger in the back seats with menu 
and map with trip details 

▪ Buttons: start ride, request pull over, unlock/lock doors, call 
support/help 

▪ Accompanying app: book a ride, trajectory information 
▪ Steering wheel and pedals 

 [32]  

▪ In-car console and accompanying Waymo app 
have similar function: start ride, ask the 
vehicle to pull over, call support 

▪ Map: dark theme, bird’s eye view on vehicle 
▪ Driver’s HMI with cockpit, steering wheel and 

pedals available as in non-automated car, but 
driver’s seat remains unoccupied 

 [33] 

[43] 

[33] 

2b 
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Vehicle 
& 

function 

Feedback to user Transition of control HMI Elements HMI design 
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to
n

o
m

o
u

s 
M

o
d

e
) ▪ Route: current position and next stop on 

map 
▪ Environment: Obstacles and other 

movement impairing effects on path 

Not applicable – 
passenger does not have 
to take over control 

▪ in-vehicle display (also used by 
operator) with map, current track 
and stops 

▪ Audio signals (ringing/horning): 
indicate obstacles on path 

▪ Emergency stop button 
 

[34, 18] 
 

 
 
[19] 

▪ Standard HMI for in-vehicle display: view for 
passengers (map with stops)  

▪ Audio signal is a ringing that resembles the 
one used by trams in Vienna 

▪ Four emergency stop buttons in the vehicle: 
on each side of the door and opposite 
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▪ Route: current position, next stop Not applicable – 
passenger does not have 
to take over control 

▪ Screen on roof 
▪ Four buttons on the right side of the 

doors 
o Open/close doors 
o disabilities 
o SOS 
o Emergency stop 

[19] 

▪ Three emergency stop button in the vehicle: 
next to the doors and opposite of the doors 
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(A
u
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n

o
m

o
u

s 
M

o
d

e
) ▪ Environment: traffic status, driving 

speed and driving path  
▪ Infotainment: temperature for each 

seating area, music  
▪ Speed: current driving speed, speed limit 

No detailed information 
available: joysteer drive-
by wire system shall be 
available  

▪ 49-inch coast-to-coast HMI: map, infotainment and vehicle 
controls (e.g. temperature regulation) 

▪ In-car connected remote control app 
▪ joysteer drive-by wire system (no detailed information 

available)  

 
[35] 

▪ three colours: 
o red: accent colour 
o yellow: main color 
o brown: main background colour 

▪ focus shifts from traditional vehicle controls to 
infotainment functions and personalized 
controls 

 

 

 

 
[35]  
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External HMI – road users and VRUs 

With the introduction of AV into traffic, non-automated vehicles and traffic participants will have to coexist with automated vehicles. For this purpose, external HMIs were 
proposed, which shall communicate the intentions, actions and current state of the AV to the surrounding traffic participants. The foremost target user group are VRUs, however 
the information can also be relevant for other drivers and vehicle operators in mixed traffic. For the benchmarking, three external HMIs were analyzed:  

Table 12: External HMIs - VRUs 

Vehicle 
& 

function 

Feedback to user Transition of 
control 

HMI Elements HMI design 

ROAD 

To
yo

ta
: 

 I 
co

n
ce

p
t 

ca
r 

 (
A

u
to

n
o

m
o

u
s 

M
o

d
e

) ▪ System mode (front): automated or 
manual  

▪ Vehicle’s intentions (rear): next 
manoeuvre 

▪ Advise (rear): “watch out!” 
 
  

Not applicable ▪ Different displays around the car displaying coloured text: 
o above the front grille 
o at the rear 
o at the doors 

 

 
 

▪ Different colours for different messages:  
o Red: potential hazards 
o Green: autonomous mode 
o Violet: automated mode 
o White: turning 

▪ Information presented as written words 

R
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u
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u
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M

o
d

e
) ▪ System mode: manual driving 

▪ Vehicle’s intentions (front + rear): 
Front and back displays show if the 
vehicle is stopping e.g. for a 
pedestrian or cyclist 

▪ System status & environment: 
Obstacles and other movement 
impairing effects  

▪ Advise: warning that vehicle may 
brake powerfully  

Not applicable ▪ 2 external displays (front and rear): 
o text 
o animation and symbols 

▪ Sounds: audio signal (ringing) and 
horn to indicate obstacles 

▪ standard vehicle lighting 
(indicator)  
 

[34] 

▪ Sound: pedestrians alerted by audio signal of vehicle’s presence 
and a horn, sound resembles the one used by trams in Vienna 
(ringing) 

▪ Different information on displays depending on situation: Large 
red triangle with the text „yield“ next to it at zebra crossings, 
animation showing cross traffic/obstacle in way, warning that 
vehicle may brake hard 

 [19] 

3a 

3b 

[47] [49] 

[49] [44] 

 

[18] 
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Vehicle 
& 

function 

Feedback to user Transition of 
control 

HMI Elements HMI design 
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b
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 (
A

u
to

n
o

m
o

u
s 

M
o

d
e

) ▪ System mode: “driving” 
▪ Vehicle’s intention: stopping for 

pedestrians  
▪ System status & environment: 

pedestrians are blocking the 
vehicle’s way 

▪ Advise: warning that vehicle will 
start 
 

Not applicable  ▪ large display in front: animations, icons and text messages  
▪ auditory signal: to inform pedestrians to clear the vehicle’s 

path 

 

 

 

 

[31]  

▪ green animation with pedestrians 
walking on zebra crossing: works also 
for colour-blind people 

▪ red animation and familiar waning 
icon to advise pedestrians to clear 
the vehicle’s path 
 

[43] 

External HMI – passenger 

Two of the analyzed HMIs in the previous table not only use the external HMI for VRUs, but also as a means to communicate with the passenger upon approaching the vehicle: 

Table 13: External HMI for passengers 

ROAD 

Vehicle 
& 

function 

Feedback to user Transition of 
control 

HMI Elements HMI design 
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ta
:  

I c
o

n
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p
t 

ca
r 

(A
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n

o
m

o
u

s 
M

o
d

e
) ▪ Welcome message for passenger 

 
Not applicable ▪ displays at the doors 

 
[44] 

▪ Message presented as written words 
▪ Goal: build a relationship with the driver and passenger warm, 

welcoming and fun mobility concept.  
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M
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) ▪ Personalized vehicle identification: 
passenger can easily identify the 
requested vehicle 

Not applicable ▪ Large display in front to display icon 
▪ App: icon , schematic view of seats and seat reservation 

 

 
 

[43] 

▪ Icon: Stylized avatar to identify the requested vehicle 

 
 
 
 
 
[43] 
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Operator HMI – (remote) operators 

Operator HMIs that are used to supervise or take control of an automated vehicle from a remote control or operator center. This type of HMI is of main interest for the transport 
modes rail, aviation and maritime where unmanned vehicles, operating fully autonomously, are already more established as compared to road transport.  

Table 14: Remote HMI - Operators 

Vehicle & 
function 

Feedback to user Transition of control HMI Elements HMI design 

RAIL 

R
A

-2
: 

 

e
m

e
rg

e
n

cy
 r

e
m

o
te

 c
o

n
tr

o
l  

(A
u

to
n

o
m

o
u

s 
M

o
d

e
) ▪ System mode: automated 

mode, take over request 
▪ System status: connected 
▪ Environment: real-time front 

camera view 
▪ Route: position, timetable 

etc. 

 

 

1. Visual and auditory signal on the 

display for SBOs to take over  

2. As soon as operator confirms manual 

takeover, real-time front-camera 

view on monitor turned on 

▪ Display for outside front view of the train (track and 

signals) 

▪ Signaller’s monitors for related information such as 

position, timetable etc. 

▪ Icons: system mode and state 

▪ Cab controller: throttles and buttons for speed  

▪ adjustment, start-stop, speed display 

 

▪ rail driver device or generic look-alike cab 

interieur to steer and operate the train 

▪ Red, flashing icon: Takeover request 

▪ Green icon: connected 

▪ Black icon: automated mode 

 

 

[36] 

U
-B

a
h

n
 N

u
re

m
b

er
g

:  

P
ro

je
ct

 R
U

B
IN

 

(A
u

to
n

o
m

o
u

s 
M

o
d

e
) ▪ System status:  

o early alarm to control 
center in case of 
emergency 

o emergency call from 
passengers: video 
surveillance and speaking 
connection to control 
center  

o past events memory: 
footage 10 seconds before 
incident occurred  

▪ Environment: automatic 
appearance of interrupted 
track section on control 
center screen 

▪ daily test runs still operated by 
normal drivers 

▪ manual control on train possible with 
emergency steering 

▪ Displays for video surveillance and position tracking of 
trains 

▪ Speaking connection from train to control center  
 

 
[37] 

▪ Schematic presentation of trains on separate 

“multivisionboards” (in real time) with different 

colors 

▪ Emergency steering in the passenger 
compartment 

 
 

AVIATION  

5a 

5b 

[36] 
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Vehicle & 
function 

Feedback to user Transition of control HMI Elements HMI design 

A
n

y 
U

n
m

a
n

n
ed

 A
ir

cr
a

ft
 S

ys
te

m
: 

G
ro

u
n

d
 C

o
n

tr
o

l S
ta

ti
o

n
 f

o
r 

B
V

LO
S 

(A
u

to
n

o
m

o
u

s 
M

o
d

e
) ▪ System status: signal quality, 

recovery procedure 
▪ Environment: telemetry 

data, location of aircraft on 
map 

1. first notification (plus auditory 
alarm) indicates signal loss 

2. second notification indicates 
beginning failsafe procedure 

3. no need for remote pilot to take 
action as recovery procedure is 
automated 

4. pilot can monitor through map and 
telemetry data if recovery going 
correctly 

5. In case of anomalies during 
procedure, pilot can terminate flight 

▪ Display of quality of the signal (e.g. level bars) 
▪ Text notification 
▪ Auditory signal: signal loss 
▪ Telemetry (latitude, longitude, altitude, speed) 
▪ flight management functions 

 
[38] 

▪ no standard interface for GCS and for C2 Link 
management 

▪ common elements, but actual design of such 
elements varies from interface to interface 

▪ signal quality and telemetry information always 
visible in interface, aural signal and text 
notification when signal lost 

▪ guidelines indicate that CGS HMI should ensure 
accessibility and visibility of displays 

MARITIME 

M
A

-1
: 

P
ro

Ze
ro

 E
le

an
o

r 

au
to

n
o

m
o

u
s 

w
o

rk
b

o
at

 

(A
u

to
n

o
m

o
u

s 
M

o
d

e
) ▪ System mode: AD turned 

on/off  
▪ Environment: map, obstacles 

above waterline etc. 
▪ Route: change trajectory if 

obstacles are met 
▪ Vehicle information: 

Condition monitoring of hull 
and machinery 

▪ Speed: Current operation 
speed 

▪ Manual control can be obtained 

through the remote steering control 

or by resetting whole system and 

restart the engines 

▪ user can also be onboard 

Remote HMI: 
▪ remote control with small screen, 2 joysticks (pilot-by-

wire propulsion and steering control), kill switch 
▪ offshore control 

workstation with large 
screen 

▪ icon for system mode 
 

In-vehicle HMI:  
▪ Screen on board which 

indicates current state of 
vessel 

[39] 

▪ low complexity and few colours 

▪ plain text 

 [39] 

5d 

5c 
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Vehicle & 
function 

Feedback to user Transition of control HMI Elements HMI design 

Is
ra

el
 A

er
o

sp
a

ce
 In

d
u

st
ri

es
 (

IA
I)

 /
 K

A
TA

N
A

: 

 A
u

to
n

o
m

o
u

s 
Su

rf
ac

e
 S

h
ip

s 
(M

A
SS

) 

(A
u

to
n

o
m

o
u

s 
M

o
d

e
) ▪ Environment: 360° camera 

view, video record/playback 
capabilities, weather 
conditions etc. 

▪ System status 
▪ Vehicle information: engine 

status etc. 
▪ Speed: current driving speed 

▪ manned operations also possible 
▪ collision and obstacle avoidance 

system ensures safety of 
autonomous vessel by minimising 
the risk of collisions at sea 

▪ lever for remote control 
▪ Displays at different workstations: 
o main display for vessel information 

and radar map 
o live forward view 
o 360° observation system control and 

playback 
o remote weapon access and control 

▪ Public address system: speakers on vehicle to address 
other sea-goers surrounding the vessel  

[40]  

▪ Several workstations with 2 displays each 
▪ colour codes: red – not active/,  

turquoise – active/okay 

[40]  
 

Fi
n

fe
rr

ie
s,

 R
o

lls
-R

o
yc

e:
 

SV
A

N
 p

ro
je

ct
 (

M
A

SS
) 

(A
u

to
m

at
e

d
/A

u
to

n
o

m
o

u
s 

M
o

d
e

) ▪ System mode: autonomous 
(incl. collision avoidance, 
automatic berthing), remote 
control (indicated per route 
section) 

▪ Environment: adjacent ships 
labelled, weather conditions, 
depth 

▪ Route: map, trajectory with 
start, end and own position, 
obstacles  

▪ Vehicle information: engine 
status etc. 

▪ Speed: current speed 

▪ just one person (captain) necessary 
for remote control of vehicle 
 

▪ curved wall with screens: live images of surrounding 
area of ferry 

▪ more displays: map with route and environment, 
vessel status information 

▪ throttle lever as on bridge 
 

 
 

 
 
 

 
 

[41]  

▪ Blue trajectory and text box: autonomous mode 
▪ Pink trajectory and text box: remote, manual 

control 
▪ Vehicle information: all information on board a 

manual vessel also presented in remote HMI  
o vehicle information: top view of ship with rate 

of turn relative to directions, thrusters and 
performance 

▪ Map: dark theme for better contrast, only 
relevant information included 

[41] 

 

5e 

5f 

5e 
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Vehicle & 
function 

Feedback to user Transition of control HMI Elements HMI design 

SE
A

-K
IT

 In
te

rn
a

ti
o

n
a

l L
td

 U
SV

 

M
a

xl
im

er
: 

M
A

SS
 

(A
u

to
n

o
m

o
u

s 
M

o
d

e
) ▪ System status: performance 

quality indicators (warning if 
loss of input data, 
unforeseen behaviour of 
devices or unexpected 
changes in positioning, 
speed, heading and attitude 
measurements) 

▪ Environment: live images, 
radar image etc. 

▪ Vehicle information: engine 
status etc. 
 

1. In case of an unexpected situation: 
autonomous control module will try 
to remedy the situation within its 
given constraints 

2. If the system cannot achieve this, it 
will request support from remote 
operator or start a fail-to-safe 
procedure if operator is not available. 

▪ 2 large screens: 
o Radar and vessel information 
o live transmission 

▪ 3 smaller screens 
▪ Hand-held remote control  
▪ alarm for malfunctions of autonomous system 
 
 

▪ functionality of shore control stations similar to 
usual bridge 

 [42] 

ROAD: Traffic management 

R
O

-7
 T

M
C

: 

Tr
af

fi
c 

Li
gh

t 
A

ss
is

ta
n

t 
fo

r 
C

C
A

V
  

(A
ss

is
te

d
 M

o
d

e
) ▪ System status: accuracy and 

availability of urban 
controllers 

▪ Location of road 
infrastructure on map 

 
 

 

Not applicable – TMC Operator is 
monitoring and controlling  the 
infrastructure;  a prediction algorithm is 
used to predict time to next signal group 
switching based on the situational 
conditions 

▪ Real-time dashboard for TMC operator: 

o Map with locations of road infrastructure (urban 

traffic controllers 

o Different monitoring data, e.g. rating on accuracy, 

availabilities and delays 

 

 

 

 

 

▪ Accuracy represented as bar and column chart 
▪ Colour use for rating of results:  
o red: poor 
o yellow: medium 
o light green: good 
o green: very good 

 
 
 
 
 
 
[14] 
 

 

 

 

 

5h 

5h 

5g 
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Appendix 3: Practical Recommendations for affective, persuasive and trusted HMIs 

Practical recommendations for HMI design and behavior 

User group(s HMI type(s) Interaction 
property 

Practical Recommendation Source(s) Example(s) 

1.  

Operator  
Passenger 
VRU 

In-vehicle 
remote 
external 

Persuasion  The HMI reduces a complex behavior into 
simple tasks in order to help users to 
perform the target behavior. 

(Oinas-Kukkonen 
& Harjumaa, 
2009) 

1. (Road, rail, maritime) Operator: Autopilot activation with one click 

2. (Road, Rail) Operator: Autopilot deactivation with one command 

3. (Drone) OPilot: integration of all HMI information into one HMI 

(weather, mission etc.) 

4. (Road) Passenger: “I am the vehicle you are waiting for” sign 

5. (Rail, maritime, road, aviation) Operator: Manoeuvre-based 

interaction (e.g. choose a “docking”, “loop” manoeuvre) 

2.  

Operator  
Passenger 
VRU 

In-vehicle 
remote 
external 

Persuasion  The HMI assists the users in guiding them 
through a process or experience. 

(Oinas-Kukkonen 
& Harjumaa, 
2009) 

1. Operator: Show next task or user action that is necessary, e.g. put 

hands on steering wheel for take-over 

2. (Drones) Operator: The HMI (will) guides the operator through the 

process of authorization request (however, the process is long and 

can’t be reduced to a simple sequence of actions) 

3.  

Operator  
Passenger 
VRU 

In-vehicle 
remote 
external 

Persuasion  The information provided by the HMI is 
tailored to the current needs in the 
performed activity or use case. 

(Oinas-Kukkonen 
& Harjumaa, 
2009) 

1. (Road) Operator: in conditional automation (Level 3), driver is 

reminded to keep his eyes on the road if distracted for too long, in 

case a take-over will be requested 

2. Rail-Use case) Operator: Updated route information in cases of 

automation failure 

3. Drones) Operator/Pilot: The information and functionalities of the 

HMI are different according the type of mission (e.g. 

photogrammetry, video/photos, environmental monitoring, etc.) 

4.  

Operator  
Passenger 
VRU 

In-vehicle 
remote 
external 

Persuasion - The HMI offers personalized content or 
services. 

(Oinas-Kukkonen 
& Harjumaa, 
2009) 

1. Passenger: Show frequent destinations or functions used 
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User group(s HMI type(s) Interaction 
property 

Practical Recommendation Source(s) Example(s) 

5.  

 

Operator 
Driver 

In-vehicle  
remote 

Persuasion  The HMI provides means for users to 
keep track of their performance or status 

(Oinas-Kukkonen 
& Harjumaa, 
2009) 

1. Wearable or sensors in the vehicle interior track status of user’s 

(emotional) state 

6.  

Operator  
Passenger 
VRU 

In-vehicle 
remote 
external 

Persuasion  The HMI provides means for observing 
the link between the cause and effect 
with regard to users’ behavior 

(Oinas-Kukkonen 
& Harjumaa, 
2009) 

2. VRUs: show demo-videos of how to behave near an AV and what 

the HMI communicates 

3. (maritime): show demo-videos of evacuation procedures along with 

signs and other appropriate instructions 

7. 

Operator  
Driver 
Passenger 

In-vehicle 
remote 

Persuasion  Nudging:  HMI suggests that users carry 
out particular behaviors while using the 
system  

(Oinas-Kukkonen 
& Harjumaa, 
2009) 

1. Operator (Road): Offer to start the autopilot when the driver is tired 

2. Operator (maritime): show availability of an automated system 

function (i.e. stand-by diesel generator) 

8. 

 

Operator  

Driver 
Passenger 

In-vehicle 
remote 

Affection The user should be able to access and 
check facts behind the nudges and then 
make a conscious decision to accept or 
reject a nudge. Nudging systems must be 
transparent. 

(The IEEE Global 
Initiative on Ethics 
of Autonomous 
and Intelligent 
Systems) 

1. Operator: If the HMI nudges the driver to turn automation on due 

to an insufficient driver state, the user is informed about the 

recognized driver state, e.g. by the use of an emoji. 

9. 

Operator  
Passenger 

In-vehicle 
remote 

Persuasion  The HMI gives the possibility to contact or 
receive information on the actual person 
or provider behind the system. 

(Oinas-Kukkonen 
& Harjumaa, 
2009) 

1. Passenger: A support hotline can be called if no operator is on-board, 
where personal contact is possible. 

2. Rail (Operator): Communication channels with dispatchers and rail 
staff in stations 

10. Operator  
Driver 
 

In-vehicle 
remote 

Personalisation/
Affection 

The HMI is adapted based on the 
recognized user state. 

(Hudlicka, 2002; 
Jeon, 2017) 

1. Operator: If user highly stressed, HMI adapts the content to the user 
state, e.g. by focusing only on the display of the most relevant 
information.  

11. Operator  
Driver 
Passenger 

In-vehicle 
remote 

Personalisation/
Affection 

The HMI compensates for biases of a user 
that stem from his affective state. 

(Hudlicka, 2002) 1. For novice users that are insecure about the usage of the system, the 
HMI offers additional information, guidance or support. 

12. Operator 
Passenger 

In-vehicle  Personalisation/
Affection 

The HMI is adaptable with regard to the 
display and modality preferences of a 
user. 

(Ekman et al., 
2018; Hudlicka, 
2002) 

1. The user can move a display he considers particularly critical to a 
central location of the overall UI  
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Recommendations for information display  

User group(s) HMI 
type(s) 

Interaction 
property 

Practical Recommendation Source(s) Example(s) 

15. 

Operator  
Passenger 
VRU 

In-vehicle 
remote 
external 

Persuasion  The HMI provides the user with information 
showing knowledge, experience, and 
competence. 

(Ekman et al., 
2018; Oinas-
Kukkonen 
& Harjumaa, 
2009) 

1. Passenger/Operator: Information on ETA 

2. Passenger/Operator: delays due to a traffic jam 

16. 

Operator 
Passenger 
VRU 

In-vehicle 
remote 
external 

Trust The HMI is transparent about the system 
status by providing a continuous feedback.  
 

(Beggiato et al., 
2015; Ekman et 
al., 2018; Miglani, 
Diels, & Terken, 
2016) 

1. Icon or LED indicating automation or system status 

2. (Drones) Pilot: The HMI offers updated information about the key 

parameters that determine the system status (eg. Signal quality, 

battery status, altitude, speed, etc) 

17. Operator 
Passenger 

In-vehicle 
remote 

Trust The HMI provides correct preliminary 
information about the system and its 
limitations. Even if the HMI communicates 
system failures, trust and acceptance are not 
negatively affected if failures are known 
beforehand. 

(Beggiato & 
Krems, 2013) 

1. Information to user that lane keeping function in level 2 still 

requires the constant attention of the driver and might be 

deactivated any time, if lane recognition fails 

18. Operator 
Passenger 

In-vehicle 
remote 

Persuasion, 
Trust 

The HMI provides truthful and unbiased 
information: It informs about system 
confidence or system uncertainty or system 
degradation.  

(Oinas-Kukkonen 
& Harjumaa, 
2009), Helldin et 
al. 2013; Stockert 
et al. 2015; 
Ekman et al. 
2018) 

1. System uncertainty is communicated by using a simple vertical bar 

2. information on sensors or GPS not working fully but within in 

acceptable range 

3. (Drones) Pilot: The HMI provides information about the strength of 

C2 (Command & Control) link between the drone and the GCS 

(Ground Control Station). 

19. Operator 
Passenger 

In-vehicle 
remote 

Trust The HMI provides route/trip related 
information, e.g. 

• distance driven 

• remaining time and distance 

(Beggiato et al., 
2015; Diels & 
Thompson, 2018) 

1. Operator: Map on dashboard showing the ego-vehicle and the 

current route with e.g., ETA , possible construction zones or 

congestions. 

13. Operator 
Passenger 
VRU 

In-vehicle 
remote 
external 

Trust The HMI is designed in a human-like way. (Ekman et al., 
2018) 

1. Passenger/Operator: When entering and leaving the vehicle the user 
is greeted by a welcome message and a goodbye phrase 

14. Operator 
Passenger 

In-vehicle 
remote 

Affection The HMI has an option for the user to 
provide feedback on the system. 

(Reynolds & 
Picard, 2001) 

1. Passenger: A feedback element such as a “frustrometer”, smileys or 
a star rating are offered to collect feedback from the user. 
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• oncoming special or critical situations  

• information on route options, delays and 

reasons for the congestion related 

scenarios 

 

 

2. (Drones) Pilot: The HMI provides information about the current 

execution of the  planned mission; the addition of an APAS 

(Advanced Pilot Assistance System) allows also the automatic re-

routing due to obstacle avoidance. 

20. Operator 
Passenger 

In-vehicle  
remote 

Trust The HMI provides information on the current 
speed and the current speed limit (depending 
on the situation, with an explanation such as 
weather conditions or narrow bend ahead) 

(Diels und 
Thompson 2018; 
Beggiato und 
Krems 2013; 
Beggiato et al 

1. Operator/Passenger: Speedometer on HMI indicates speed and 

speed limit 

21. Operator 
Passenger 

In-vehicle  
remote 

Trust The HMI provides the user with environmental 
information, e.g. surrounding traffic for lane 
change maneuvers 

(Beggiato et al., 
2015) 

1. Operator: Show sensor readings to users, e.g. recognized 

surrounding vehicles on map 

2. Rail (Remote operator): Information on weather, and the location 

of other trains in the vicinity 

3. (Drones) Pilot: the HMI provides the pilot with relevant 

environmental information such as weather conditions and 

telemetry 

22. Operator 
Passenger 
VRU 

In-vehicle 
remote 
external 

Trust The HMI provides the user with the system’s 
planned actions, regarding how and possibly 
also why an action is performed  

(Ekman et al., 
2018; Koo et al., 
2015) 

1. Operator/Passenger: HMI announces that the car will brake 
powerfully because an obstacle is detected ahead 

23. Operator 
Passenger 

In-vehicle 
remote 

Trust The HMI provides information in hazardous 
situations and when errors occur, e.g., 

• Causes for error 

• Effect of errors on system performance 

• Hazard detection 

• Safe to proceed 

• Ability to override or confirm vehicle 

actions  

(Diels 
& Thompson, 
2018; Ekman et 
al., 2018) 

1. Operator: Due to a sensor failure while an obstacle was detected 
ahead, the automation cannot handle the situation and requires a 
manual take-over by the user. 

24. Operator Remote Persuasion The HMI provides the user with information on 
the automated function`s efficiency. 

 1. Rail: Info display and assistance for energy efficient driving (e.g. 

driver assistance systems in partial automation) 
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Appendix 4: HMI Questionnaire  

In the following section, we are interested in your opinion regarding the interaction with the automated 
vehicle/system via its user interface. This includes in particular the feedback you received from the system 
(sounds, visual information, haptic feedback etc.) and the general operation or use of the interface elements 
(steering devices, buttons, etc.). 

1) Thinking about yourself and how you felt while using the system: Observe the following figures and mark the one 
which represents how you felt. 

 

     
     

 

     

     

 

     

     
Source:   The Self-Assessment Manikin based on Bradley and Lang (1994)  

with images derived from PXLab The Psychological Experiments Laboratory; http://irtel.uni-mannheim.de/pxlab/index.html 
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2) Keep again your interaction with the system in mind, including your impression when handling and working with the 
system, its reactions to your input and the information provided by the system. 

Check one of the circles to indicate your level of agreement with the individual terms. Try to make a spontaneous 
decision! Please always check one answer, even if you are insecure about your assessment of one pair of terms or if you 
think that it does not fit the product. 

 

 1 2 3 4 5 6 7   

annoying Á Á Á Á Á Á Á enjoyable 1 

not understandable Á Á Á Á Á Á Á understandable 2 

creative Á Á Á Á Á Á Á dull 3 

easy to learn Á Á Á Á Á Á Á difficult to learn 4 

valuable Á Á Á Á Á Á Á inferior 5 

boring Á Á Á Á Á Á Á exciting 6 

not interesting Á Á Á Á Á Á Á interesting 7 

unpredictable Á Á Á Á Á Á Á predictable 8 

fast Á Á Á Á Á Á Á slow 9 

inventive Á Á Á Á Á Á Á conventional 10 

obstructive Á Á Á Á Á Á Á supportive 11 

good Á Á Á Á Á Á Á bad 12 

complicated Á Á Á Á Á Á Á easy 13 

unlikable Á Á Á Á Á Á Á pleasing 14 

usual Á Á Á Á Á Á Á leading edge 15 

unpleasant Á Á Á Á Á Á Á pleasant 16 

secure Á Á Á Á Á Á Á not secure 17 

motivating Á Á Á Á Á Á Á demotivating 18 

meets expectations Á Á Á Á Á Á Á does not meet expectations 19 

inefficient Á Á Á Á Á Á Á efficient 20 

clear Á Á Á Á Á Á Á confusing 21 

impractical Á Á Á Á Á Á Á practical 22 

organized Á Á Á Á Á Á Á cluttered 23 

attractive Á Á Á Á Á Á Á unattractive 24 

friendly Á Á Á Á Á Á Á unfriendly 25 

conservative Á Á Á Á Á Á Á innovative 26 
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3a) Consider now the overall interaction and usage of the automated system and how it affected your attitude 
and overall impression of the system/product. Please rate the following statements on a scale from 1 (strongly 
disagree) to 7 (strongly agree).  

  Strongly 
disagree 

   
Strongly 

agree 

This system is exactly what I need to change my 
attitude towards automated technology. 

1 2 3 4 5 6 7 
 

Thanks to the system I reach my goals. 1 2 3 4 5 6 7 
 

I will use this system as often as possible. 1 2 3 4 5 6 7 
 

I think that I will also use such a system in the 
future.                       

1 2 3 4 5 6 7 
 

I will use this system regularly. 1 2 3 4 5 6 7 
 

Source: adapted from the PPQ (Persuasive Potential questionnaire),  
dimension “Individual Persuasive Potential” (Meschtscherjakov et al., 2016) 

3b) Consider now the overall interaction and usage of the automated system and how it affected your attitude 
and overall impression of the system/product. Please rate the following statements on a scale from 1 (strongly 
disagree) to 7 (strongly agree).  

  Strongly 
disagree 

   
Strongly 

agree 
After viewing this system, I will make changes in 
my attitude towards automated technology. 
 

1 2 3 4 5 6 7 
 

This system is trustworthy. 
 

1 2 3 4 5 6 7 
 

This system has the potential to influence user 
behavior. 
 

1 2 3 4 5 6 7 
 

Source: Thomas, Rosemary J.; Masthoff, Judith; Oren, Nir (2019). “Can I Influence You? Development of a Scale to Measure Perceived 
Persuasiveness and two Studies showing the Use of the Scale,” Frontiers in Artificial Intelligence, volume 2  

4)  Do you have any additional comments regarding the user interface or the interaction with the system? 

 

 

 
5)  Pilot-specific questions: Please coordinate with WP3 
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