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Executive Summary
TrustVehicle project aims at developing adaptive Human-Machine Interface (HMI) for Level 3
Automated Driving (L3AD). One of the objectives of the TrustVehicle project and Work Package 4
(WP4) is to develop and demonstrate an intuitive HMI for the safe management of the transition phases
between automated driving and manual driving.
WP4 has developed a general HMI concept, which supports safe transition between automated and
manual driving modes during low-speed manoeuvring in mixed traffic situation. Adaptation of the
HMI is based on measuring the driver state and identifying risky traffic conditions by combining driver
state estimators with the information about the environment and other road users around the vehicle,
and adapting the information given to the driver.
This deliverable reviews the related state-of-the-art in HMIs in automated driving and driver
monitoring and describes the HMI general HMI concept. Implementation of an intuitive HMI is
focusing on Ford Otosan and Linkker demonstration scenarios, both of which are targeting on lowspeed automated driving scenarios in pre-defined urban areas. The HMI prototype implementations
for an electric bus (Linkker) and a truck (Ford Otosan) are described in high-level. The work outlined
in the deliverable will continue in WP4 HMI evaluation (in task 4.4) and towards integration of HMI
to test vehicles and field-tests in WP6.

Key Words
HMI, Driver Monitoring, Level 3 Automated Driving
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1 Introduction
TrustVehicle project has been developing trustable automated driving along with adaptive HumanMachine Interfaces (HMI). One of the main objectives is to develop and demonstrate examples of
intuitive HMIs for the safe management of the transition phases between automated driving and
manual driving. Work Package 4 (WP4) is focusing on the HMI development for Level 3 Automated
driving (L3AD). TrustVehicle project has adopted a human-centric approach in developing solutions
that will increase reliability and trustworthiness of L3AD vehicles including the HMIs.
One critical aspect for AD development especially in L3AD is represented by the required Human
Machine Interfaces for the safe transition phase between automated and manual driving. In order to
handle this, the driver monitoring (measuring driver behaviour, attention and availability) and the
situation awareness of the system concerning the vehicle surroundings are the key solutions, as
described already in D4.1. These solutions are utilised in the TrustVehicle HMI concept, which enables
the HMI adaptation and the driver interaction design.
The final HMI in the automotive industry is strongly competitive factor and always an OEM-specific
solution. Therefore, the generic HMI concept developed in WP4 will be modular and rather high-level,
which allows OEM-specific HMI designs and implementations based on the concept.

1.1 About this document
This report is the second deliverable from WP4. The first deliverable D4.1 described high-level
specifications and requirements for the general HMI concept concentrating mainly on transition phases
between manual and automated driving. D4.1 provided the requirements for the HMI prototype design
in WP4. This report provides results from task 4.1 (work completed after submission of D4.1) and task
4.2. The report describes the updated TrustVehicle HMI concept with HMI adaptation based on driver
monitoring and environment perception. High-level descriptions of the HMI prototype functionality
of TrustVehicle OEM demonstrations for heavy vehicles (city-bus and truck) low-speed driving
scenarios are presented in this report. The more detailed HMI implementation descriptions will be
included in the deliverable D4.3. The specifications presented in this report are subject to changes and
modifications during the final HMI implementation and integration phase, which will be done after
the completion of HMI evaluation in task 4.4.

1.2 Structure of the report
The structure of the report is as follows: Chapter 2 provides the background information and the stateof-the-art for the research in driver behaviour metrics (including driver monitoring), HMI in automated
driving, and driver monitoring in the automated driving prototype vehicles. The updated general
TrustVehicle HMI concept, and driver monitoring and environment perception systems used in the
TrustVehicle project are described in Chapter 3. The HMI concept implementation in Ford Otosan and
Linkker demonstration scenarios are described in high-level in Chapter 4, and finally Chapter 5
describes how the HMI evaluation and implementation work will be continued in WP4 and in WP6.
24.05.2019
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2 Literature review of driver monitoring and HMIs in AD
This chapter provides an overview of the literature on driver monitoring technologies and related ongoing EU funded projects and makes a brief summary to the HMI design and driver interaction in the
latest L2 and L3 automated cars on the market or close-to-the market today.

2.1 Driver monitoring technologies
A number of innovative start-ups and component suppliers are developing technology that could help
to monitor driver behaviour in real time. These companies as well as researchers are exploring various
different sensors for driver monitoring and support, as well as alternative approaches and use cases.
Use cases include detection of driver drowsiness, stress, distraction, intentions, and mental workload.
Technologies used for driver monitoring can be roughly divided into two categories: direct and indirect
methods. Indirect monitoring here means methods that track driving behaviour and driver’s actions.
Examples of such methods are monitoring steering patterns and vehicle position in lane. Based on
these parameters conclusion of driver’s state is made. Direct methods on the other hand monitor
directly the driver by tracking their physiological features (e.g. heart rate) or visually observing their
head and face.
Several different types of sensors are used in driver monitoring: cameras, in-built sensors, steering
wheel-based sensors, and wearable devices. Cameras monitor not only the drivers themselves, but also
the road ahead and track the lane position. In-built sensors track steering patterns and lane position
from which driver’s behaviour is interpreted. Using the steering wheel for driver monitoring,
information of their presence and physiological features is collected. There is some special wearable
equipment developed to monitor e.g. head pose. It is also suggested that same devices that are used in
fitness and wellbeing could monitor driver and their physiological features. [1]
Driver monitoring is suggested for driver support, safety monitoring, or driver behavior monitoring to
adapt the behaviour of autonomous vehicles to a human driver. Furthermore, support use cases such
as smart airbag support and driver identification are mentioned. In the following section, smart airbag
support, drowsiness detection, and driver identification will be discussed further. When applicable,
systems already on the market are mentioned but only briefly. They and many other systems are
presented more thoroughly in a deliverable D1.1 made in EU-project ADAS&ME which contains an
extensive review of the systems currently available [1].
Automatic pressure adjustment and airbag deactivation are proposed functionalities of smart airbag
systems. Those airbag adjustments are derived from seat occupant detection and classification
including seat occupant head detection. Alefs, Clabian and Painter describe an occupant classification
algorithm using a PMD depth sensor to decide if the seat is empty, occupied by a child seat or an adult
[2]. Depending on the seat occupant class and posture, airbags can be deactivated. For example, if a
seat is occupied by a rear-facing infant seat or an occupant that is not sitting in a proper position the
airbag will be deactivated. In these cases, an airbag release may cause additional even severe injuries
[3]. Seat occupant detection has also been implemented using face detection algorithms. The usage of
24.05.2019
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the PMD time-of-flight (ToF) camera for head position tracking was demonstrated on the 2018th
Consumer Electronics Show (CES) in Las Vegas. An automatic mirror and airbag pressure adjustment,
dependent on the position of the driver was implemented.
Driver fatigue, drowsiness or sleepiness are known causes for road traffic accidents. Various sensors
and approaches have been explored for drowsiness detection. Camera based approaches are often
monitoring eyes of the driver to derive drowsiness from the blink frequency, blink timings, eye and
pupil size changes, body and head posture and yawning [3]. Measuring these features is not limited to
vision-based systems. ElectroOculoGram (EOG) are contact-based sensors to monitor eye blinking.
Several camera-based systems tracking these features and using them for drowsiness detection are
already on the market. Car manufacturers have introduced and implemented their own built-in systems
in their vehicles. For example, Toyota, Hyundai and Saab all use head and face tracking in their driver
monitoring systems. Commercial sensors are even more widely available, and are used in the invehicle systems, too. For instance, Smart Eye is a multi-camera system that scales from 2 up to 8
cameras and thus allows a full view and tracking of head and eyes. It is also part of Saab Driver
Attention Warning System. [1]
Furthermore, drowsiness can be inferred from other biometric signals too, such as changes in body
temperature, skin conductivity, breathing and heart rate as well as heart rate variability (HRV) [4].
Heart rate is measured in two ways, either by electrocardiography (ECG) or by photoplethysmography
(PPG). Using PPG the heart rate can be measured remotely without the need of body sensor contact,
however this method is prone to erroneous measurement, due to motion interferences. As an example
of such a system already available, Texas Instruments have introduced a Biometric Steering Wheel
[1]. It measures driver’s pulse rate, respiration rate and ECG based heart from hands holding the
steering wheel.
Drowsiness of the driver has further been inferred from monitoring the driving performance such as
the steering behaviour of the driver [5]. In-vehicle sensors and systems are used to monitor the steering
patterns and lane position, and cameras facing forward are additionally used to obtain the same
information. Their information can also be fused together to obtain more reliable result. For example,
Mazda’s ACTIVSENSE system uses sensors and forward-facing camera to detect lane markings. By
monitoring vehicle’s position on the lane and steering angle, it learns how the driver usually behaves
and detects unusual behaviour and hence potential loss of concentration [1].
Many different hybrid approaches exist, combining the measurement of two or more of the described
drowsiness features. For example, Lee and Chung [6] proposed a combination approach of facial
feature and contact PPG measurement for driver alertness detection.
Another driver monitoring use cases is the driver identification. Driver identification was suggested
for the use in personalization as well as for securing the vehicle. Direct and indirect identification
mechanisms were discussed. We classify approaches that are not directly observing the driver as
indirect identification. For example, if the behaviour of the driver is observed to infer his or her
identity. Driver recognition based on driving behaviour has been proposed several times [7]. Another
24.05.2019
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research implemented a bus driver identification algorithm solely based on vehicle accelerometer data.
This research further implements the use case of recognizing vehicle thieves and employs their method
[8].
Other driver identification methods that observe the driver directly use biometrical measurements for
driver identification. Chen, She, Sun, Kong and Wu [9] suggested the use of a driver’s handgrip pattern
for driver identification. Another method for driver identification utilizes the driver’s joint angles
obtained by motion from capture [10]. Furthermore, accelerometer and orientation sensor data of a
smartwatch were explored for driver identification [11].
One thing that the previously mentioned direct and indirect identification methods have in common is
that they mostly consider the driver to be actively driving in order to identify him or her. In higher
levels of vehicular automation, the driver will not be required anymore to actively drive all the way.
Driver identification methods that use facial features for identification do not require the driver to
actively drive. Relatively few facial driver identification methods have been proposed using infrared
or 3D cameras. Makrushin et al. [3] proposed an infrared camera-based driver face recognition method.
Moon and Lee [12] proposed a 3D face data-based driver identification. While they propose a driver
identification method, it has to be noted that they did not use data that was actually collected within a
vehicle. A recent method that uses RGB camera data proposed the use of a Convolutional Neural
Network (CNN) for continuous real-time driver identification [13].
Inattention to the driving task or environment are also known to cause accidents in traffic. The same
signals that are used in drowsiness detection are also usable in detecting the driver’s distraction level.
Thus, the same sensors can also be used in distraction detection. Such systems have been introduced
and developed earlier (see [1]) but General Motors’ Driver Attention System (see Figure 1) is the first
to introduce the driver monitoring system in combination with their hands-free automated driving
system. It is a camera-based system, which monitors the driver, and detects if it is safe to give vehicle
control back to the driver. Other OEMs has noticed the importance of driver monitoring, too with
conditionally (L3) automated driving, and have started to introduce them to the new models including
BMW X5 (2019 model). Major automakers are investing in or collaborating with driver monitoring
startups, and developing their own in-vehicle sensor technologies to monitor driver behaviour. Driver
monitoring technologies are going to become a key component for the deployment of Level 2 and
Level 3 automation in vehicles.
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Figure 1. General Motors’ Driver Attention System [14].

2.2 Related ongoing European projects
ADAS & ME (EU H2020 project), http://www.adasandme.com/
“ADAS&ME (“Adaptive ADAS to support incapacitated drivers & Mitigate Effectively risks through
tailor made HMI under automation”) is developing Advanced Driver Assistance Systems that
incorporate driver/rider state, situational/environmental context, and adaptive interaction to
automatically transfer control between vehicle and driver/rider and thus ensure safer and more efficient
road usage. To achieve this, a holistic approach is applied which considers automated driving along
with information on driver/rider state. The work is based around 7 indicative Use Cases for cars, trucks,
buses and motorcycles, aiming to cover a large proportion of driving on European roads. Experimental
research will be carried out on algorithms for driver state monitoring as well as on HMI and automation
transitions. It will develop robust detection/prediction algorithms for driver/rider state monitoring
towards different driver states, such as fatigue, sleepiness, stress, inattention and impairing emotions,
employing existing and novel sensing technologies, taking into account traffic and weather conditions
via V2X and personalising them to individual driver physiology and driving behaviour. In addition,
the core development includes multimodal and adaptive warnings and intervention strategies based on
current driver state and severity of scenarios. The final outcome is the successful fusion of the
developed elements into an integrated driver/rider state monitoring system, able to both be utilised in
and be supported by vehicle automation of Levels 1 to 4.” [15]
ADAS&ME project is running parallel to TrustVehicle project. In addition to driver monitoring
technology review, ADAS&ME also includes use cases for a city bus and a truck. The truck use case
24.05.2019
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(attentive long-haul trucking) is very different from the low speed automated driving in urban
environment use case in TrustVehicle. However, the passenger pick-up/drop-off automation for city
buses use case is somewhat similar to Linkker use case in TrustVehicle. The end user survey done in
ADAS&ME provides some useful results for the city bus use case such as [15]:
•
•

“A large majority of the drivers wanted to interact with the system by pressing a button on the

steering wheel (68%) or on a separate dashboard (47%).”
“Overall, the bus drivers were positive to get support by automated functions as long as they
could keep the control of the driving control in urgent situations, at the same time they
wanted to be able to take back control any time (68%). They were more positive to get
informed and warned by the bus (58%) rather than having a bus taking over the control
completely from the driver (16%).”

The need for driver monitoring in automated driving has also been reported by ADAS&ME project.
According to the ADAS&ME stakeholder survey [15]: “a large majority of the stakeholders (70%)
reported that driver monitoring is a very high necessity to enhance safety in automated driving”.
BRAVE (EU H2020 project), http://www.brave-project.eu/
BRAVE’s approach assumes that the launch of automated vehicles on public roads will only be
successful if a user centric approach is used where the technical aspects go hand in hand in compliance
with societal values, user acceptance, behavioural intentions, road safety, social, economic, legal and
ethical considerations. User-centered development require engineers to be aware of, and to consider a
broad array of needs, expectations and concerns of various road users (potential drivers of automated
vehicles, drivers of non-automated cars, and vulnerable road users) and the human factors that
influence safe automation operation. These being met will facilitate acceptance and market entry.
Following the exploratory work of focus groups and expert interviews, a cross-cultural population
survey of the general public in the countries of the BRAVE-participants will explore societal values,
user acceptance, behavioural intentions, road safety, social, economic, legal and ethical considerations
regarding the implementation of automated vehicles. These insights will lay the foundation for the
integration of innovative Advanced Driving Assistance Systems and Human Machine Interface
concepts. [16]
BRAVE is running parallel to TrustVehicle project and BRAVE WP3 is focusing on vehicle-driver
interaction and driver monitoring concepts. BRAVE project has published an extensive literature
review on the acceptance, behavioural intentions, road safety, as well as ethical, legal, social and
economic considerations in the scope of vehicle automation. According to the report review of studies
related to human-machine-interaction, transfer of control, mental workload, situational awareness and
trust indicates that cars on SAE level 2 and level 3 of automation are shadowed by several issues that
are problematic from a road safety perspective. For example, it is shown that the driver finds it difficult
to understand the situational context when requested to take over. The report highlighted the oftenmentioned fact that humans are not well suited for supervision tasks and therefore easily lose track of
the situation at hand and intervene less well compared to being in control at all times. [17]
24.05.2019
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BRAVE deliverable D3.1 describes the test methodology and the use cases for the HMI development.
The HMI concept supports drivers according to their current level of distraction and aims to achieve
high levels of acceptance and trust. The driver’s current distraction level is monitored and recognized
via cameras. Therefore, it is possible to design HMI concepts that are adaptable to the driver’s state.
The most promising HMI concepts will be tested in user studies in a driving simulator. [18]
InterACT (EU H2020 project), https://www.interact-roadautomation.eu/
As Automated Vehicles (AVs) will be deployed in mixed traffic, they need to interact safely and
efficiently with other traffic participants. The interACT project will be working towards the safe
integration of AVs into mixed traffic environments. In order to do so, interACT will analyse todays’
human-human interaction strategies, and implement and evaluate solutions for safe, cooperative, and
intuitive interactions between AVs and both their on-board driver and other traffic participants. On the
vehicle side, the AV itself will be controlled by a newly developed Cooperation and Communication
Planning Unit that integrates the planning algorithms, provides synchronized and integrated interaction
protocols for the AV, and includes a safety layer that is based on an easy-to-verify software with novel
methods for fail-safe trajectory planning. In addition, the interACT project team will use a user-centred
design process to develop, implement and evaluate novel Human-Machine Interaction elements for
communicating with surrounding road users. One of the objectives of the interACT project is to
develop novel human-vehicle interaction designs and HMI elements to assist the interaction of the onboard user, the AV, and other road users, thus ensuring expectation-conforming behaviour by the AV.
[19]
L3Pilot (EU H2020 project), https://l3pilot.eu/
The European research project L3Pilot tests the viability of automated driving as a safe and efficient
means of transportation on public roads. It will focus on large-scale piloting of SAE Level 3 functions,
with additional assessment of some Level 4 functions. The technologies being tested cover a wide
range of driving situations, including parking, overtaking on highways, and driving through urban
intersections. The tests will provide valuable data for evaluating technical aspects, user acceptance,
driving and travel behaviour, as well as impact on traffic and safety. With the comprehensive piloting
of automated driving functions in test vehicles, L3Pilot will pave the way for large-scale field tests of
series cars on public roads. L3Pilot applications, or AD Functions, to be piloted are the following:
Traffic Jam and Motorway Chauffeur, Urban Chauffeur and Parking Chauffeur, all in SAE Level 3.
[20]
Guidelines for the deployment and testing of L3 automated functions will be provided in Code of
Practice document, due later on the project. It will be a continuation of the ADAS CoP document from
Prevent project [21]. L3Pilot project doesn’t have a project generic HMI design and development or
driver monitoring in its main focus; the systems to be piloted are OEM specific.
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AUTOPILOT (H2020 project), https://autopilot-project.eu/
Automated driving is expected to increase safety, provide more comfort and create many new business
opportunities for mobility services. The market size for automated driving functions is expected to
grow gradually reaching 50% of the market in 2035. The Internet of Things (IoT) is about enabling
connections between objects or “things” –connecting anything, anytime, anywhere, using any service
over any network. A giant IoT network is expected to consist of up to 50 billion objects by 2020,
enabling the advancement of a wide range of applications across various areas impacting our everyday
life. “Automated driving Progressed by Internet Of Things” (AUTOPILOT) brings IoT into the
automotive world to transform connected vehicles — moving ”things” in the IoT ecosystem — into
highly and fully automated vehicles. While using the IoT potential for automated driving,
AUTOPILOT also makes data from autonomous cars available to the Internet-of-Things. [22]. HMIdesign of automated driving functions or driver monitoring are not, however, in the center of the
AUTOPILOT-project.

2.3 HMI in L2 & L3 automated cars
In this chapter we make a brief overview to the HMI design and driver interaction in the latest Level2 and Level-3 automated driving systems on the market today (updated from TrustVehicle D4.1).
There are several Level-2 Advanced Driver Assistance Systems available today from many car
manufacturers such as Tesla and General Motors. In addition, the first Level-3 automated vehicle has
been introduced by Audi. Furthermore, Waymo has launched a self-driving taxi service in limited area
in US, aiming for Level-4 automated driving. These systems and their HMIs are described below.
These systems were used as a state-of-the-art starting point when the TrustVehicle concept and actual
HMI prototype implementations were designed.
TESLA Autopilot, https://www.tesla.com/support/autopilot
Tesla Autopilot is one of the most advanced driver assistance system on the market today. In its current
form, Autopilot is an advanced driver assistance system (ADAS) that classifies as a SAE Level 2
automated driving system. According to Tesla [23] Autopilot is a hands-on driver assistance system
that is intended to be used only with a fully attentive driver. Before enabling Autopilot, the driver must
agree to “keep your hands on the steering wheel at all times” and “maintain control and responsibility
for your car.” Once Autopilot is engaged, if insufficient torque is applied to the steering wheel,
Autopilot will also deliver an escalating series of visual and audio warnings, reminding the driver to
place hands on the wheel. If driver repeatedly ignore these warnings, Autopilot will be locked out from
using during the trip. Driver can override any of Autopilot’s features at any time by steering, applying
the brakes, or using the cruise control stalk to deactivate.
According to Tesla [23]: “Many factors can impact the performance of Autopilot, causing the system
to be unable to function as intended. These include, but are not limited to: poor visibility (due to heavy
rain, snow, fog, etc.), bright light (due to oncoming headlights, direct sunlight, etc.), mud, ice, snow,
interference or obstruction by objects mounted onto the vehicle (such as a bike rack), obstruction
caused by applying excessive paint or adhesive products (such as wraps, stickers, rubber coating, etc.)
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onto the vehicle; narrow, high curvature or winding roads, a damaged or misaligned bumper,
interference from other equipment that generates ultrasonic waves, extremely hot or cold
temperatures.“
Tesla Autopilot user interface has been designed to provide drivers with intuitive information via a
detailed visual display on the instrument panel and audible cues. The HMI in the instrument panel
shows what traffic, obstacles, and lane markings the vehicle is currently detecting.

Figure 2. Tesla Autopilot HMI view.
(image source: https://techcrunch.com/wp-content/uploads/2016/07/tesla-autopilot.png)

The Consumer reports ranked the automated driving systems in 2018 and provided following
remarks on the Tesla Autopilot HMI: [24]
•

•

“CR found that it’s easy to engage Tesla’s Autopilot and that it’s clear to drivers whether the
system is on or off. It has a unique display that provides the driver with information about
what the car’s sensors can recognize.”
“Each system behaves drastically differently when the driver fails to respond after warnings.
Super Cruise and Autopilot issue two visual warnings, followed by an audible alert, before
they start applying the brakes to stop the vehicle in its lane, and then turn on the hazard lights.
Autopilot will go through the escalation process three times during a trip before it locks out
the driver.“

GM Super Cruise, https://www.cadillac.com/world-of-cadillac/innovation/super-cruise
General Motors (GM) introduced Super Cruise on 2018 Cadillac CT6 models in US. GM Super Cruise
is hands-free driver assistance feature for use on limited access freeways. Super Cruise works with
Adaptive Cruise Control, which controls acceleration and braking while it is enabled and operating.
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Super Cruise is based on precision LiDAR mapping, and it works with in-car cameras, radar sensors,
and GPS. [25]
It includes proprietary head tracking software helps make sure that driver’s eyes are on the road, and
it alerts if the driver needs to pay more attention or take back control. System provides different alerts
[25]:
•

•

•

First alert: If the system detects that, the driver may not be paying attention sufficiently to the
road ahead, the steering wheel light bar flashes green to prompt driver to return your attention
to the road.
Second alert: If the steering wheel light bar flashes green for too long and the system determines
continued lack of attention to the road ahead, the steering wheel light bar flashes red to notify
the driver to look at the road and steer the vehicle manually. Also, either beeps will sound or
the Safety Alert Seat will vibrate.
Third alert: If the steering wheel light bar flashes red for too long, a voice prompt will be heard.
The driver should take over steering immediately; otherwise, the vehicle will slow in the lane
of travel and eventually brake to a stop. Super Cruise and Adaptive Cruise Control will
disengage.

Figure 3. GM Super Cruise: alerts on dashboard and steering wheel [25].

The Consumer reports ranked the automated driving systems in 2018 and provided following remarks
on the Super Cruise HMI [24]:
•

“Super Cruise by Cadillac tries to ensure that drivers stay focused by training a small camera
on their eyes that assesses whether they’re watching the road. If the system determines that a
driver isn’t paying enough attention, the driver gets red warning lights on the steering wheel,
audible alerts, and/or a vibrating seat before the system starts to slow the car down.”
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•

•

“Cadillac’s Super Cruise is the best system at knowing when it’s within its operational limits.
It can’t be used on back roads or in other places where it could be difficult for the car to
maintain control. Super Cruise is available only on limited-access highways that GM has
already mapped, and if it cannot be engaged, it lets the driver know why. Super Cruise is the
only system that provides ample warning to the driver as it approaches merging lanes, offramps, and difficult traffic patterns.”
“Super Cruise and Autopilot issue two visual warnings, followed by an audible alert, before
they start applying the brakes to stop the vehicle in its lane, and then turn on the hazard lights.
The Super Cruise system will then call an emergency contact number, and the system is locked
out until the car has been shut off and restarted.”

Audi AI traffic jam pilot
The Audi AI traffic jam pilot is the world’s first system that enables SAE level 3 conditional
automation. It handles the task of driving in traffic jam or slow-moving highway traffic up to 60 km/h.
When traffic jam pilot activated, driver does not need to continuously monitor the vehicle and the road.
The driver must remain alert and capable of taking over the task of driving if the system requests.
Introduction of the Audi AI traffic jam pilot requires both clarity regarding the legal parameters for
each country and specific adaptation and testing of the system. [26]
The driver can activate the traffic jam pilot with the AI button on the center console. After that the
driver can take their foot off the accelerator and their hands off the steering wheel, and can focus on
another activity, depending on the legal situation in the respective country. When the traffic jam pilot
is activated, a driver-monitoring camera checks whether the driver is ready to resume the task of
driving if needed. The system analyzes the position and movement of the head and eyes. For example,
if a driver’s eyes remain closed too long, the system alerts the driver to resume to the driving task. The
take-over request is given in three phases – ranging from visual and acoustic warnings all the way to
an emergency brake application. [26]

Figure 4. Audi Traffic jam pilot: active, image source: Audi AG [26].
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Figure 5. Audi Traffic jam pilot: ending, image source: Audi AG [26].

Waymo self-driving taxi service, https://waymo.com/
Waymo was born as the Google self-driving car project in 2009. Waymo is developing fully automated
vehicles (Level 4 or 5), where the car does all driving and the person in the vehicle is not expected to
take control at any time. In December 2018, Waymo unveiled a self-driving taxi service for passengers
in Chandler, Arizona, United States.
The passenger screen in Waymo self-driving vehicle is designed to reassure passengers that the car is
making safe decisions. The passenger HMI shows road, crosswalks, trajectory of the car and the
detected vehicles, pedestrians and cyclists, see Figure 6. On the passenger screen, other vehicles are
rendered in simple, flat blue rectangles, while white spotlights illuminate pedestrians. Objects like
pedestrians, cyclists, and even traffic cones are rendered realistically to reassure riders that the car sees
them. The passenger can see on-screen messages in “status layer”, where traffic signals, stop signs,
railroad crossings, speed limits, school zones, and trip progress are shown. In addition, UI to provides
messages that let you know, for example, exactly why the car has stopped. For example, when the car
is assessing a situation before making a turn at an intersection. [27]

Figure 6. Waymo passenger HMI during automated driving, image source: Google Design [27].
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3 TrustVehicle HMI concept
The trustworthiness of the automated systems is one of the key aspects in the introduction of the first
automated vehicle systems. The user’s perception is especially important during SAE Level 3
automated driving, where the driver has to be able to resume vehicle control in limited time. The
project develops and demonstrates intuitive HMIs for the safe management of the transition phases
between automated and human driving. [28]

3.1 Background for the HMI development of automated (L3) driving functions
3.1.1 Overall guidance of human centered design:
[29] listed the overall guidelines for human centered design as follows:
•
•
•
•

Make it easy to determine what actions are possible at any moment.
Make things visible, including the conceptual model of the system, the alternative actions, and
the results of actions.
Make it easy to evaluate the current state of the system.
Follow natural mappings between intentions and the required actions; between actions and the
resulting effect; and between the information that is visible and the interpretation of the system
state.

The list above gives also a good base for the HMI design for automated driving functions. The driver
needs to be well aware of what is the system status, and what is expected from him in various phases
or levels of automated driving. In addition, the actions needed should be clearly shown, and the driver
attention correctly guided to the events most critical at that point of time. The information provided to
the driver should rather include a clear guidance on what is needed to be done next.
3.1.2 Automated driving and traffic safety
Motor vehicle automation can potentially improve traffic safety by supporting or supplementing the
driver, thereby providing precise vehicle control during normal driving, and by maintaining
appropriate driver attention to traffic and roadway conditions [30]
Safety considerations in automation levels L2-L4 have the core in the safe handover from automated
systems to the human driver if and when the system cannot interpret its environment satisfactorily, or
when the vehicle is simply approaching the end of its designed Operational Design Domain (ODD).
The following issues need to be taken into account when assessing the potential safety effects of
automated driving [31]
•
•
•

Task allocation: which tasks are left to the humans, and which are handled by the
automation?
De-skilling: Lack of practice or imperfect situational awareness leads to reduces skills and
may hence cause delays for humans to carry out the driving tasks when required.
Cognition: Lack of cognitive engagement in the driving task leads to lower levels of
situational awareness, and hence longer reaction times if the automated driving function
disengages.
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•

Control: Driving is a learned skill. Less time spent driving can lead to worsening skills in
handling the vehicle.

All of the above listed safety relevant issues are closely related to the HMI design of the automated driving
functions. Automation in all levels below Level 5 (Full automation) means the allocated responsibility
between the human and the machine, both of whom have a bit different strengths (Table 1).
Table 1. Comparing humans and machines [30].

3.1.3 General Design Issues for Automated Driving Systems
National Highway Traffic Safety Administration (NHTSA) [30] listed also many general design issues
related to automated driving functions. Most of these are based on other domains (than road traffic
automation), due to lack on extensive real-life data on automated driving functions at the moment.
These issues are:
• Trust in automation: As vehicle automation is able to perform more functions for the driver,
the driver’s confidence in the automation’s ability to perform these functions, and a willingness
to rely on information provided by the automated system becomes more important. In terms of
L3 automation, the topic of trust in automation is particularly relevant because automation is
the primary source of ensuring safe operation of the vehicle within the ODD.
•

Misuse, disuse, and abuse of automation: Using automation when it should not be used,
ignoring or turning off automated alarms or safety systems due to reoccurring false alarms, or
implementing automation without regard for the consequences for human performance can
affect a driver’s trust in the automation system. Proper design of the automation system and
appropriately calibrated trust in the automation system may help support drivers’ appropriate
use of the automation. As higher levels of automation are implemented (L2 and L3), this is a
particularly relevant topic because the consequences to safety are higher as the driver is less
engaged in driving (in L2 automation) or is performing fewer safety-related functions (in L3
automation).

•

The out-of-the-loop problem: If a driver is not provided with the proper information about the
automation, and potentially road/traffic status, he or she may suffer from a diminished ability
to detect automation failures and to re-claim manual control of the vehicle if necessary. This is
becoming more important as higher levels of automation (L2 and L3) are implemented in
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•

•

vehicles and drivers are potentially able to perform non-driving related tasks while in the
vehicle. This can lead to the situation where driver cannot appropriately take over the control
when requested.
Failures in automation: Even with the most advanced automation available, the reliability will
never be perfect. In a scenario in which the automation fails, there may be benefits if the driver
could be alerted to the failure with plenty of time to re-claim manual control of the vehicle
from the automation. As L2 and L3 automation are designed and implemented in vehicles, the
status of the automation and being alerted to a failure of the automation system may become
even more important because a driver is unlikely to be in contact with either the steering wheel
or the pedals.
Workload and the implementation of automation: The implementation of automation is often
expected to reduce driver workload, which during periods of high workload can be helpful.
However, underload—resulting from fewer driving tasks—can also occur, potentially causing
a driver to be become bored due to the lack of tasks to perform. The prevention of the driver
becoming bored or fatigued due to underload is particularly relevant in terms of (primarily) L2
automation. Therefore, L2 automation could be adaptive, meaning that there could be a balance
between which functions the driver was still performing and which functions the automation
was now performing, impacting the workload experienced by the driver.

•

Clumsy automation: If the automation is designed to perform the easier task for the driver,
leaving him or her to perform the more challenging task, the result is clumsy automation. In
terms of workload, with this type of automation, the automation reduces the workload
experienced when it is already low and increases the workload experienced when it is already
high. This topic is important because if automation makes the driving situation more
challenging than it already is, it defeats the purpose of implementing automation.

•

Mode awareness: When a driver is using a level of automation and fails to detect a change in
the level of automation, it is called a mode awareness failure, or automation surprise, e.g., when
a driver engages a lane centering system and then, for an unknown reason, the lane centering
system disengages. Without proper feedback, the driver may not know the lane centering
system is disengaged and might not take the necessary steps to re-claim manual control of the
vehicle and to correct or change the course of the vehicle. As the ability of the automation to
perform functions for the driver increases, the potential for the driver to possibly engage in
non-driving related activities also increases, making the process of alerting the driver to any
critical changes in automation mode more important.

All the above listed issues need to be taken into account when planning the HMI for the L2/L3
automated driving functions. Overall, the automated driving in L3 involves two particular phases [32]:
•

The automated driving phase, where the technical system controls the vehicle. Consequently,
the human driver can carry out some secondary tasks.
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•

The transition from automated to manual driving where the human driver should reengage
cognitively and physically in the driving task. This phase is safety critical, if not completed
properly.

3.1.4 Automation transitions and driver awareness
A main concern with near-term and future levels of automation is the occurrence of planned and
unplanned transitions between human and automated system, and the impact that these transitions will
have on driving behaviour, and hence e.g. on traffic safety. To keep the driver in-the-loop as much as
possible, enabling him or her to re-claim manual control of the vehicle more quickly if necessary,
addressing the following questions may be of value [30]:
•
•
•

What information should drivers receive about the transition in level of automation?
When should drivers be alerted about the transition between one level of automation and
another level of automation?
How should drivers be informed about the transition in level of automation?

This is a particularly important topic because automation in L2 and L3 will, at least in the beginning
with limited ODD, likely consist of short cycles between the different levels of automation, meaning
a short duration of time between engaging the automation and then returning to manual mode. Until
higher level of automation (L4/L5) technology expecting a driver to only provide destination input and
then let the vehicle take care of all safety-critical functions, including monitoring the roadway exists,
there will continue to be some level of shared authority between the driver and the vehicle over the
driving tasks. [30]
Banks and Stanton [33] discussed in their paper the issue how to keep the driver in control. They
presented a term “driver-initiated”, highlighting the importance of keeping the driver in-the-loop. It is
important that the HMI is designed transparently, making sure that the driver is always aware of the
system state. In addition, driver needs to be well aware of the system capabilities and its limitations.

3.2 Why is HMI design of L3 Automated systems critical?
Automotive HMI quality determines, in part, drivers’ ability to perform primary driving tasks while
using in-vehicle devices. The design process has to be adapted in order to address human factors and
road safety challenges with the increased number of driver assistance systems and automation on
board. Overall, human-machine interface design has moved from technology-centred and featuredriven approaches to human-centred design approaches (i.e. applying human factors and usability
knowledge). Among human-centred approaches, user-centred design (i.e. considering the users’
perspective to achieve a usable system) has become the standard for automotive HMI design. Table 2
presents a framework to qualify automotive HMI cognitive ergonomic quality [34]
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Table 2. Framework to qualify automotive HMI cognitive ergonomic quality [34].

Overall, on top of the traditional usability criteria, the context (driving in real traffic with other road
users around), and hence distraction is added to the criteria. Moreover, the system is not reaching high
penetration, or high usage, if the drivers are not willing to use the system.

3.3 TrustVehicle HMI design process
Figure 7 describes the workflow from the HMI requirements (reported in TrustVehicle D4.1) collected
in WP4 via HMI concept design to the HMI design and implementation for the OEM demonstration
vehicles, which will be done in WP6. The HMI requirements were based on user (driver) tasks analysis
in relevant use cases for Linkker and Ford Otosan, and the analysis of the demonstration areas in
Finland and Turkey. From the HMI requirements, the work continued towards tailoring of the HMI
concept to the specific TrustVehicle demonstrations with Linkker electric city bus and Ford Otosan
truck.
The HMI design was started with the Linkker bus demonstration use case definitions, which was
followed by the demonstration site analysis, first design of the automated driving functionality and
finally the actual HMI prototype design. The Linkker bus demonstration and Ford Otosan truck
demonstrations are quite similar use cases (both slow speed automated driving in urban environment).
In addition, both Linkker and Ford Otosan decided to utilize similar HMI components in the bus and
truck including additional touch screen for the automated driving application, audio & voice outputs
and additional vehicle controls to start and brake pedal to cancel the AD if needed. Therefore, it was
decided that the Linkker HMI prototype will be designed first and the Ford Otosan will follow the
similar HMI design.
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Figure 7. Process from the requirements to HMI design & implementation by the OEMS.

The functionality and the first HMI prototype (HMI screen layouts) were designed as a “paper”
prototype and iterated with multidisciplinary team including experts of HMI design and programming,
user centered design and usability, and representative of bus company familiar with the driver tasks in
the planned use case. In the next phase, a working prototype was implemented with EB GUIDE HMI
design tool and tested by the multidisciplinary team including representatives from the OEMs. A few
iteration rounds were conducted, concentrating mainly into the information provided to the driver in
the main use case (approach and engagement of the automation when approaching the charging at the
bus stop), and the other use cases, where automation cannot be engaged (too close to the preceding
vehicle, too low visibility, too high speed etc.).
The information provided to the driver was selected based on the available L2/L3 [30] guidelines, and
to be aligned to the currently used icons and pictograms widely used in traffic (e.g. traffic signs). The
specific attention was paid on the timing and the visual demand of the information. The goal was to
keep the driver’s focus on traffic and vehicle surroundings, and the visually provided information
hence simple enough, to be able to be acquired with a few glances short enough not to distract the
driver. In the next step both TrustVehicle prototype HMIs will be tested with the real drivers in task
4.4 and later in WP6 field tests integrated to the test vehicle.
HMI
requirements /
Demonstration
area analysis

1st "paper"
HMI prototype

Working HMI
prototype
testing on
tablet

Iteration
rounds

HMI prototype
for user
(driver) tests

Figure 8. Iterative HMI design process.
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3.4 TrustVehicle human-centric HMI solution
The basis for the TrustVehicle HMI concept comes partly from the AIDE project (2004 – 2008;
http://www.aide-eu.org/). AIDE project was one of the pioneers in developing methodologies and
human-machine interface technologies required for safe and efficient integration of ADAS, IVIS and
nomad devices into the driving environment. AIDE developed innovative adaptive interface functions
and driver-vehicle-environment monitoring techniques for enabling real-time HMI adaptivity. AIDE
HMI concept aimed to realize I/O management of interfering output events and adapt driver system
interaction to the driver status and preferences and as well to the driving situation [[35]]. Although,
AIDE project didn’t include any automated driving functions. There are similarities in adapting the
HMI according to the current traffic situation, environment and driver availability.
Similar ideas have been presented later by several project. For example, TANGO project (Technologie
für Automatisiertes Fahren NutzerGerecht Optimiert; 2016 - 2020; https://projekt-tangotrucks.com/en/ ) aims at improving the user’s experience and the acceptance of automated driving
functions for trucks. The core of the project is to develop an “attention and activity assistant” that
provides the drivers with diverse secondary tasks based on their current status, the current traffic
situation, automation level and the interaction channel being used. The Attention and Activity
Assistant combines data from existing environmental sensors with new cabin-interior sensors and new
HMI concepts in order to mediate between automated driving system, traffic situation and the driver
(Figure 9). [36]

Figure 9. TANGO Attention and Activity Assistant [36].

Massachusetts Institute of Technology (MIT) has introduced a Human-centered Autonomous Vehicle
(HCAV) concept that lists the principles of shared autonomy used for the design and development
process. The main idea of the HCAV concept is to remove the boundary between human and machine
by getting humans and automated driving systems to collaborate effectively. Sensing the state of the
driver is the first and most impactful step for building effective shared autonomy systems. [37]
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3.4.1 TrustVehicle HMI concept
Preliminary version of the TrustVehicle HMI concept was presented in the deliverable D4.1. The goal
was to develop a human centred HMI for L3AD based on identification of risky conditions by
combining cockpit sensor supported driver state estimators with a good knowledge of the present
environment around the vehicle. This information enables implementation of adaptive HMI especially
for take-over situations. Figure 10 presents the general TrustVehicle HMI architecture, where general
HMI concept (developed in WP4) is on the left-hand side and OEM Automated Driving
implementation are on the right (to be integrated later in the project in WP6). The role of the driver
and HMI design implications are described in chapter 4.

Figure 10. TrustVehicle general HMI concept architecture.

The HMI concept enables use of multiple HMI modalities including graphics, animations, voice and
audio. Thus, providing HMI with corresponding reaction and vocal or audio feedback for each action
in order to improve user’s acceptance. However, the general HMI concept does not define any specific
HMI types or modalities. The implementation of HMI prototypes in WP4 was done by the OEMs, but
the design was based on the general HMI concept. The actual HMI implementation is OEM specific
task and each OEM may use various user interfaces in their vehicles. Therefore, the general HMI
concept needs to be flexible and modular.

24.05.2019

V1.0

27 of 48

This report is part of a project that has received funding from European Union’s Horizon 2020 research and innovation
programme under grant agreement No 723324.

D4.2

Driver behaviour metrics

The main features of the HMI concept modules listed in Table 3. The HMI concept modules
communicates with external modules including the TrustVehicle automated driving controller
application and in-vehicle sensors (or sensor fusion) systems for driver monitoring and environment
perception.
Table 3. Main components of the TrustVehicle HMI concept architecture.
Module

Environmental
Manager

Cockpit
Context &
Situational
Awareness

Acronym
(in Figure
11)
EM

CCSA

Main tasks

Environmental Manager (EM) does the risk assessment in terms of other
objects in vicinity of the ego-vehicle. This component receives
information from sensors of the environment perception block including
sensor fusion algorithms and sensors such as LiDAR, radar and stereo
camera, etc. EM also receives vehicle dynamics data such as vehicle
speed, acceleration (from IMU & gyro), steering wheel angle, gear,
brake, throttle, etc. The sensor information is processed and classified.
Module extracts features of the objects and performs classification.
These classified objects can be dynamic moving objects or static objects.
Dynamic objects are classified as e.g. pedestrians, cyclists, cars, vans,
trucks etc. Static objects are treated as landmarks to support the egovehicle’s positioning. This information is used in automated driving
control as well as in HMI concept (by CCSA).
Monitoring driver’s activity inside the cockpit and gaze/face direction
tracking i.e. tracking the visual attention towards the interior or the
exterior. This is done with stereo cameras installed inside the cockpit.
These cameras can detect hand and head movements as well as perform
eye tracking. Driver identification can be also included as an option (e.g.
for HMI personalisation).
Assessment of the current driver and driving environment context
(situational awareness) is based on input from Driver monitoring module
(e.g. driver’s gaze direction, availability and vigilance) and
Environmental Manager module, e.g. traffic environment risk level
assessment, which is based on
•

•
•
•
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detected other road users or other obstacles, their type (e.g.
vehicles, pedestrian, etc.), distance to obstacles, their speed and
accelerations
current traffic environment, e.g. number of other road users
current road environment, e.g. straight road, zebra crossing, bus
stop, …
current road weather conditions (e.g. ambient light level,
precipitation, road slipperyness)
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Acronym
(in Figure
11)

Main tasks

•
HMI & Mode
Transition
Manager

HMITM

ego vehicle movement data, including movement trajectories
(from Vehicle Control Application).

HMI & Mode Transition Manager handles the adaptation of HMI
modality/channels, intensity and timing and HMI message priorisation.
The main tasks:
•
•
•

•

Manages adaptive HMI, based on current context & driving mode
Adaptation of HMI modality/channels, intensity and timing (of
the information)
Message priorisation;
o HMI message conflict recognition; status and priority of
running HMI channels vs. new messages
o Terminate / start / delay outputs (e.g. availability
(starting) of automated driving could be delayed)
o Filtering or delaying non urgent messages and adapt the
presentation of high priority messages
Manages the driving mode transitions between Automated /
Transition phase / Manual driving modes
o Receives input from the Cockpit Context Situational
Awareness module regarding the current driver and
driving environment state
o The requests for driving mode change may come from the
HMI (driver initiated) or from the Vehicle Control
Application (system initiated)
o Mode change conflict recognition; e.g. current driver or
driving environment state does not allow mode change
o Communicates the driving mode specific information
to/from Vehicle Control Application

TrustVehicle Automated Driving Control Application provides the HMI output during manual and
automated driving and in the transition phase. Actual HMI implementation and outputs used will be
designed by each OEMs separately. HMI & Mode Transition Manager will keep track of the current
status of the HMI (I/O channels), the pending requests, etc. However, the Automated Driving Control
Application will directly feed the HMI output devices. HMI & Mode Transition Manager will not
define format or content of the information nor include the actual OEM specific HMI realization.
As an example, Figure 11 depicts the detailed system architecture for the Linkker Automated Driving
System implementation, including the HMI concept modules (marked with orange text). Linkker AD
system version is one possible version of HMI concept implementation. On the left-hand side, there is
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the perception block, containing all the environmental sensors as well as driver monitoring. Cameras,
radar and LIDAR will be used both for the detection of the obstacles in front of the vehicle and accurate
final positioning in the bus stop (including the charging station for the bus). For the Global Navigation
Satellite System (GNSS) the correction signal will be received over the internet. Chassis actuator
connections, paddle shifters, and CAN bus connections are on the right-hand side of the figure. CAN
bus provides data of e.g. the current steering angle. “Panic button” has direct power-off wiring to the
actuators (brake, steer and throttle). The middleware connectivity framework used is the OpenDDS,
which is an open source C++ implementation of the Object Management Group (OMG) Data
Distribution Service (DDS).

Figure 11. Linkker bus AD system detailed architecture with HMI concept modules.

3.5 Driver monitoring
3.5.1 VTT Driver monitoring system
The driver monitoring system developed by VTT continuously monitors the driver (or operator)
behaviour for their attention focus and vigilance. The operated system (in TrustVehicle/Linkker case:
L3 AD) can be informed if its driver/operator is no longer able to drive/operate the system safely. This
reduces the chance for accidents.
VTT’s driver monitoring system is going to be implemented to the Linkker bus demonstration. The
system indicates where the driver’s attention is directed to both mentally and physically (cognitive
and visual distraction). For visual distraction, the view in and from the cockpit is divided into regions
of interest into which the driver’s gaze would fall. These regions are defined beforehand and contain
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such regions as road ahead, side mirrors, in-vehicle dashboard, Automated Driving application touch
screen, etc. For the HMI concept, it provides the following outputs: driver attention focus (pre-selected
areas), driver’s attention to the driving task and possibly level of driver drowsiness.
For cognitive distraction the system is taught to detect situations when driver’s focus is mentally
somewhere else than on the driving task itself. The scenarios were generated by having the driver
perform mental tasks including calculations and conversations with a passenger. The system uses not
only facial information but also steering pattern information for detection. The system uses one or
several cameras looking at the driver and tracking their head and eye movements. From them, driver’s
face and gaze direction is evaluated as well as eyelid movements (opening and closing). In larger
cockpits like in buses and trucks, multiple cameras can be used to cover the whole cockpit and area
required for wide driving manoeuvres. This way the driver and their face is always in visible to the
system (see Figure 12) and tracking is not disturbed.

24.05.2019

V1.0

31 of 48

This report is part of a project that has received funding from European Union’s Horizon 2020 research and innovation
programme under grant agreement No 723324.

D4.2

Driver behaviour metrics

Figure 12. VTT Driver monitoring tracking operator inside large cockpit using two cameras

The VTT’s driver monitoring system does not provide information about driver’s drowsiness level.
However, since face and eye movements are used in drowsiness detection, too, it should not be too
much additional effort to implement this feature to the existing system. The system is not tied to any
particular camera model. In previous projects, we have used FaceLab by SeeingMachines and some
ordinary grayscale cameras, which are used as a stereo. For TrustVehicle project, DUO MLX miniature
stereo cameras, which come with built-in IR-LEDs for extra illumination and precision for eyetracking, will be used (Figure 13).
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Figure 13. DUO MLX stereo camera by Code Laboratories
(picture from https://duo3d.com/product/duo-minilx-lv1)

Infineon Driver Monitoring Unit for driver identification
The Infineon Driver Monitoring Unit (DMU) will be able to identify the driver and ensure the liveness
of the driver by using photoplethysmography (PPG), which is a simple, low-cost and non-invasive
optical technique that makes measurements at the surface of the skin in order to detect volumetric
changes in blood in peripheral circulation.
3.5.2

The DMU software stack will be provided as a compact solution on a laptop or a mini PC. The HMI
will be offered a network-based interface (e.g. TCP packets) to start the driver identification and
communicate with the DMU. Once a decision was made by the DMU the answer will be passed back
to the HMI. The answer will consist of a valid user identification (ID) in case of a successful
recognition. The ID is a unique identifier for the specific driver known and originally generated by the
HMI system.
In case of an unsuccessful recognition an invalid ID and potentially an error code will be returned. The
invalid ID states that the recognition was unsuccessful. In case an error code is provided, the HMI can
utilize a lookup table to provide the driver with additional information about the encountered error.
In case of a negative identification the DMU provides the HMI with the possibility to start the creation
of a new ToF face profile. The HMI sends a request containing an ID to the DMU. The face recording
is started by the DMU. Once enough reference images have been recorded, the data is processed and
the ToF driver face profile is stored.
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Figure 14. Infineon Driver Monitoring Unit and interface towards HMI.

3.6 Environment perception
In TrustVehicle WP4 some preliminary plans have been done for the environment perception sensors
to be installed to the test vehicles later in the project (in WP6). These preliminary plans have been used
to describe the output of the environment perception sensors, which can be used for HMI adaptation,
in addition to the Automated Driving. The following lists provides an overview of the sensor suite and
the outputs in general level. More detailed information about the in-vehicle sensors and the output will
be provided later in the WP6 deliverables.
Linkker demonstration vehicle environment perception sensors and output
•
•
•
•
•

Forward facing (stereo) camera installed on the bus windscreen
Lidar (with 360 view) installed on the front right-hand corner of the bus
Radar for detecting vehicles on the front
Upward facing camera for accurate positioning under the charging station
RTK GNSS system with IMU for vehicle positioning
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Environment perception system (after sensor fusion) provides at least following information for HMI
adaptation:
•
•
•
•

Accurate lateral position of the vehicle on lane (e.g. distance from the curb)
Accurate relative position to the charging station
Relative position, speed, and heading of the detected obstacles in vehicle coordinate system
Current driving condition: ambient illumination, rain, snow, etc.

Ford demonstration vehicle environment perception sensors and output
•
•
•
•
•
•

Front Facing Mono Cameras on Truck
Short Range Radars on Truck & Trailer
LIDAR
High Accuracy GPS on Truck
Rear Facing Camera on Truck Back Panel or High Accuracy GPS on Trailer
Rear Facing Cameras on Trailer

Environment perception system (after sensor fusion) provides at least following information (related
to HMI adaptation):
•
•
•
•
•

Position of the truck on the demonstration area,
Position of the trailer on the demonstration area,
Angle between the truck and the trailer,
Global position of the desired parking lot,
Relative position, speed, direction of the detected obstacles in global coordinates,
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4 HMI in TrustVehicle bus and truck demonstrations
The TrustVehicle generic HMI concept has been defined in high level in previous chapter. This chapter
describes the overview of the HMI design for Ford Otosan and Linkker demonstration scenarios. More
detailed information about the HMI implementations will be provided in deliverable D4.3.
Both Linkker and Ford Otosan scenarios are targeting on low-speed automated driving in predefined
urban areas, and the management of transition phases. This includes the safe hand-over from manual
to automated mode and vice versa. The HMI will take into account driver behaviour while supporting
seamless transition between automated and manual vehicle control. The similarities in the Ford Otosan
and Linkker scenarios enabled the generic HMI concept development and the HMI prototype design
in cooperation among these partners.

4.1 HMI design principles
Traffic safety is the first priority for the bus and truck manufacturers in HMI design. The information
provided via HMI must be easily readable, and there should not be possibility of disinformation or
false interpretation in any driving condition. HMI prototypes were developed for the Linkker city bus
and Ford Otosan truck automated driving, in which the target is to automatically drive accurately a
short distance in urban traffic environment. In urban environment, other road users may exist and that
can be a challenge for automated driving. In both cases, the driver of the vehicle is an experienced
professional driver who will specifically be trained to use the systems. The driver will use the vehicle
systems daily in his/her work and is expected to learn how the system operates relatively quickly.
The role of a professional driver and the L3 automation can be different compared to a regular (nonprofessional) driver in a passenger car utilising L2 or L3 automated features occasionally. With Level
3 automation, the driver does not need to monitor the road when vehicle is in automated mode.
However, in these TrustVehicle slow speed AD-scenarios the time for automated driving is very short
(< 60 seconds). The driver has been employed to drive the vehicle, and hence there are no other tasks,
which driver would need to carry out during the short-automated drive period. Therefore, it was
decided that the driver can take hands off the steering wheel when in automated mode but should
monitor the automated driving functionality and the environment all the time. The collaboration
between the professional driver and the system, and shared autonomy approach has been selected to
be one of the key principles of the TrustVehicle HMI concept.
The main HMI design principle in TrustVehicle has been that the driver stays on the loop and actively
monitors the vehicle surroundings. This is verified with driver monitoring and gaze direction
measurements (in Linkker demonstration). The visual information on the automated driving HMI is
kept minimum to avoid driver distraction. Directional audio, warning chimes or voice prompts are
used if needed to warn the driver and guide driver to look at the right direction. Alerts or messages that
might seem annoying for the user can have undesirable safety outcomes wherein users are likely to
disable the system [38]. This may happen even more with professional drivers who utilise the system
all day long.
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As discussed above, there are many similarities in the TrustVehicle bus and truck scenarios and HMI
design principles. However, there are also some differences when designing the implementation of
these two HMI prototypes. For example, the voice prompts or high-volume warning chimes could be
used in trucks, where the driver is typically alone. Those may, however, not be the preferred way of
warning the driver of a city bus, where there are usually be passengers on board.
Regarding professional bus drivers, there is no actual need for HMI personalization for the currently
planned HMI. However, the bus drivers in many cities today are multilingual group, so there might be
a need for several language options in the HMI. If the language personalization of the HMI would be
implemented, it should be combined with the driver identification to ensure that each driver then gets
his or her own personalized interface and doesn’t have to change it him/herself. HMI personalization
or adaptation could be also implemented for training purposes. For example, when the driver uses the
automated driving system in on-road driver training, the HMI feedback such as alerts and messages
could be more extensive (e.g. with more explanatory voice prompts) than when driving with the
passengers. Training could also be done in a vehicle while standing still with short video clips, where
functionality of the Automated Driving, HMI and the driver interaction would be covered. As software
over-the-air updates become more regular, there is more need to do quick training sessions where
changes are shown clearly to the driver for example right after the system start up.

4.2 Building the trust with feedback about AD
It is very important, that the users of the AD systems have realistic expectations of the system
capabilities and limitations. According to Beggiato and Krems [39] the expectation management is
very important when building the acceptance and trust towards new systems. In their case ACC.
In the Linkker HMI prototype, the feedback about automated driving will be provided in multiple
levels. Although, while driving the visual information on the HMI is kept minimum to avoid driver
distraction. After the vehicle has reached the final position, stopped and the charging has been started,
more detailed information and feedback of the recently completed automated driving is presented to
the driver including driver monitoring (e.g. detected distractions), possible obstacles, alerts (e.g.
reasons), handovers, etc. While vehicle is stopped for charging, the driver has most likely some time
to view more visually rich information. This information includes also the uncertainties and possible
limitations of the environment perception during the automated drive. The system imperfections are
reported to the driver with textual and visual representations if the driver wants to go deeper in the
information provided. For example, if there was a sudden handover from automated driving to manual
mode and the reason for that was unclear to the driver. The driver can easily check the event
information of the situation from the event log. Available information may include for example a short
video clip of the front view together with graphical illustration of the sensor output including degree
of uncertainty of each detected obstacle. The registered event could be e.g. a false-positive detection
of an obstacle, which actually was chunks of snow falling from the trees, see Figure 15.
Professional drivers could also provide simple feedback about specific events to the automated driving
system developers. For instance, the driver could validate possible false-positive detections.
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Furthermore, this open communication about the AD performance of the vehicle could build the trust
and understanding of the AD. Building the trust is one of the key research questions that the
TrustVehicle project is investigating.

Figure 15. Automated Driving event data visual representation example.

4.3 Linkker bus demonstration HMI
4.3.1 Linkker bus driver HMI prototype and driver interaction
One of the TrustVehicle demonstrations is with the Linkker electric bus, which drives automatically
accurately to a charging station at the bus stop in Helsinki Finland. In this scenario (the successful use
case); the automated driving system functionality runs a self-test every time when the bus is started.
The AD system built-in self-test covers in-vehicle environment perception sensors, vehicle positioning
and driver monitoring systems, etc. In addition, possible weather restrictions for automated driving
will be checked automatically. The driver HMI for automated driving consists of two displays: 1st for
360-camera view and the 2nd (a touch screen) for automated driving application. When the bus is
outside of the pre-defined automated driving route (on manual driving mode), the HMI shows basic
information such as vehicle speed and distance to area where automated driving is available. When the
bus enters the “Approaching area” (around 100 meters before the bus stop; Figure 16 and Figure 17),
the preconditions for automated driving are checked including current vehicle speed, lateral position
on the lane, heading, safe distance to a leading vehicle, angle of the steering wheel and status of the
driver. The automated driving system calculates the driving path and detects possible obstacles.
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Figure 16. Linkker automated driving demonstration area (map data: Google Earth).

When the bus is inside the “AD starting area” and all conditions for automated driving are met, the
AD can be activated, see Figure 17. The driver activates the automated driving with steering wheel
mounted paddle shifters or alternatively with the Start AD button on the touch screen. On automated
driving mode, the HMI shows to the driver only minimalistic information such as the current speed
and the location of the bus on planned driving path and distance to the destination. The driver can take
over the vehicle control at any time by turning the steering wheel or touching the brake pedal. When
the charging station has been successfully reached, the HMI indicates to the driver when the bus has
been parked correctly, and the charging can be activated. The driving mode is now automatically
switched back to the manual mode. After the bus has reached the final position, stopped and the
charging has been started, more detailed information about the automated driving is presented to the
driver including driver monitoring (e.g. detected distractions), possible obstacles, alerts (including
reasons), handovers, etc.
The traffic environment in Linkker demonstration scenario is very challenging. When approaching the
bus stop, on which there may be people waiting for a bus or even approaching the stop from various
directions, can be difficult task for automated driving. In addition, there can be other road users such
as other vehicles, cyclists and other vulnerable road users close to the intended AD path. Several
exception use cases have been pre-defined for Automated Driving mode as well as for the transition
phase. These cases are handled with various methods depending on the severity of the case. For
example, if there is a moving object on the planned driving path, the bus in automated driving mode
will inform the driver, slow down and wait for path to clear. In other case, for example if the AD
system can no longer handle a situation safely and requires human takeover the system provides timely
warning, and HMI shows a countdown to the required takeover. In more critical situation, the AD
system can stop the vehicle on its own lane, and request driver to takeover. In this case, the longitudinal
deceleration limits for buses with possibly standing passengers must be taken into account.
Environment perception as well as driver monitoring are used to estimate the criticality of each
situation.
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Figure 17. Linkker prototype HMI layouts: approaching, starting AD, AD and final position.

The prototype of the Linkker HMI was implemented with Elektrobit EB GUIDE HMI design tool
(https://www.elektrobit.com/products/ux/eb-guide/). The HMI design went through several expert
evaluations and iteration rounds as the details of the target environment and automated driving analysis
went further. The final version of the HMI prototype will next go through the evaluation in task 4.4.
4.3.2 Linkker bus passenger HMI
An HMI for passengers was also designed for the Linkker bus demonstration. It shows the basic
information about the current driving mode, vehicle speed and distance to the next bus stop to the
passengers. No warning audio or warnings are provided to the passengers., A simple design and
intuitive HMI was the target also in passenger information system. Only the relevant information is
provided, avoiding too many details. For example, the detected obstacles are not shown on the
passengers’ screen (refer e.g. the Waymo HMI for passengers). This decision was done in order to
avoid a possible dangerous situation where bus passengers would start to stand up to see what the AD
system detects in front of the vehicle.
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4.4 Ford Otosan demonstration HMI

Figure 18. Ford Otosan Scenario 1: Docking Station of company

Ford Otosan will be demonstrating autonomous truck and trailer back parking feature in TrustVehicle
Project. Within this demonstration there will be two different scenarios and each scenario starts with
manual driving where driver approaches from approaching area to the pre-defined transition area (see
Figure 18). For the successful use case, there will be an initialization phase where sensor, vehicle and
autonomous drive components are checked when the system is activated. After initialization, available
parking slots will be displayed on the HMI screen where driver can select the desired parking slot. All
driver-defined actions will be displayed on the HMI screen and complementary to screen, warning,
notification and confirmation chimes will also be a part of the HMI. During autonomous parking
manoeuvre, an abstract bird's-eye view will be used to show to driver the planned path, static or
dynamic obstacles around the surroundings and truck and trailers real time position on the planned
path, see Figure 19.
These manoeuvres will be tested on Ford Otosan’s proving ground in Eskisehir. In Inonu Proving
grounds, markers and objects will be placed in order to simulate the environment of the Scenario 1 and
2 (the scenarios described in TrustVehicle deliverable D2.3 Identification of Transition and Precise
Driving Scenarios for Use-Cases).
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Figure 19. Ford Otosan HMI prototype screen layouts.

4.5 HMI adaptation
The HMI adaptation in TrustVehicle is based on driver monitoring and environment perception. This
chapter focuses on adaptation principles designed for Linkker and Ford Otosan HMI prototypes. HMI
adaptation based on various events (driver monitoring and environment perception inputs) and level
of warnings in different HMI screens has been implemented to the HMI prototypes. The HMI
adaptation can be for example delaying of the following screen, delaying or cancelling the availability
of the AD, changing the preconditions for AD activation (e.g. maximum vehicle speed or minimum
distance to the leading vehicle, etc.), or reduced maximum speed in AD mode, etc. The events and
warnings may take place at the same time or in parallel. Therefore, warning and message priorization
has been defined, too.
As an example, Table 4 shows different levels of warnings, and how these are presented in Linkker
and Ford Otosan HMI prototypes. Different cases are handled with various levels of warnings
depending on the severity of the case.
Table 4. Levels of warnings used in Linkker HMI & Ford Otosan HMI porotypes.

Level of
warning

Acronym

Linkker HMI
(example)

Ford Otosan HMI

(example)

Level 0

L0

No warning or HMI adaptation

No warning or HMI adaptation

Level 1

L1

Driver Distraction or
Obstacle warning,

Obstacle Warning or
System Availability Warnings

e.g. visual & audio, HMI adaptation, speed
slowing down automatically in AD mode

e.g. visual & audio, HMI adaptation, speed
slowing down automatically in AD mode

Driver Distraction or
Obstacle warning

Obstacle Warning or
System Availability Warnings

Level 2

24.05.2019

L2

V1.0

42 of 48

This report is part of a project that has received funding from European Union’s Horizon 2020 research and innovation
programme under grant agreement No 723324.

D4.2

Driver behaviour metrics

Level of
warning

Level 3

Acronym

L3

Ford Otosan HMI

Linkker HMI
(example)

(example)

e.g. visual & audio, speed slowing down
automatically in AD mode, simultaneously
with Take Over Request (TOR) with
countdown timer

e.g. visual & audio, speed slowing down
automatically in AD mode, simultaneously with
Take Over Request (TOR) with countdown timer

Driver Distraction or
Obstacle warning

Obstacle Warning or
System Availability Warnings

e.g. visual & audio, vehicle stopped in AD
mode, simultaneously with immediate Take
Over Request (TOR)

e.g. visual & audio, vehicle stopped in AD mode,
simultaneously with immediate Take Over
Request (TOR)

4.5.1 Driver behaviour and intentions
Driver behaviour, such as intentions, can be detected at some level. In previous research driver
intentions have been studied for example to detect intention to make a certain manoeuvre in manual
driving mode, like a lane change, which is not relevant for the Linkker or Ford Otosan use cases. As
an example in TrustVehicle Linkker bus demonstration one driver intention detection and HMI &
automated driving functionality adaptation has been designed. Driver intention to take over in
automated driving mode can be detected with additional camera in the roof of bus cabin. During
automated drive the hands of the driver are off the steering wheel. If the driver makes a sudden move
with his both hands towards the steering wheel (in order to grab the steering wheel), it can be concluded
to be an intention to take over the vehicle control even before actual move of steering wheel or pushing
any pedals. This information can be combined with environment perception information, for example
an uncertain detection of an obstacle (e.g. a pedestrian). In this case, the automated driving speed will
slow down, and obstacle detection parameters are adjusted (e.g. uncertain obstacle detections could be
lifted to obstacles, etc.). The preparations to change to manual driving mode can be started, but the
actual mode change would be made after the actual move of steering wheel or pushing the pedals. This
intention detection with driver behaviour detection will be tested later in the project in WP6.
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5 Conclusions and next steps
In this deliverable, the TrustVehicle HMI adaptation focusing on driver monitoring and behaviour
especially has been described. TrustVehicle project has developed a general HMI concept, which
supports safe transition between automated and manual driving modes during low-speed manoeuvring.
Adaptation of the HMI is based on measuring the driver state and identifying risky traffic conditions.
Quick overview of the HMIs used in automated driving today and driver monitoring technologies has
been described together with the updated HMI concept. HMI prototypes for Ford Otosan and Linkker
demonstration scenarios have been presented in high-level.
5.1.1 Next steps
The HMI implementation and integration work will continue in WP4 and in WP6. The following tasks
will continue this work:
•
•
•

Technical verification and evaluation of the HMI prototypes (Task 4.4)
Implementation of the final HMI for OEM demonstrations (Task 4.3 & Task 6.2)
Integration of the HMI to OEM demonstration vehicles (Task 6.2)

The evaluation of the HMI prototypes will be planned and done in the task 4.4 by September 2019.
Most likely, the HMI evaluation will be based on expert evaluations and interviews of relevant
stakeholder, e.g. bus & truck drivers in task 4.4 and later in WP6 field trials. Evaluation of the final
HMI integrated to the demonstration vehicles will be done in cooperation with the field studies in
WP6.
The Key Performance Indicators (KPI) for HMI, defined in WP2, will be used when applicable during
the TrustVehicle project in the field studies (WP6) and evaluation of HMI (in WP4, task 4.4). The
KPIs may be slightly modified to take into account the relevant deployed use cases. As reported in
deliverable D2.4 KPIs are utilized to guarantee appropriate degree of quality of the proposed HW/SW
considering human centric approach, to reveal the effectiveness of the used technologies, and to allow
the re-planning of objectives and the decision-making process.
A list of 33 KPIs related to the Human Machine Interface has been proposed for the first round of the
survey among experts. In the meanwhile, a draft structure of interviews has been designed and reported
in deliverable D2.4. Some of the topics that will be covered during the interviews in task4.4 and in
WP6. In particular, the following HMI related KPIs are most likely used:
•
•
•
•

Ease of use
Comprehensibility of user interface
User satisfaction
Take over request understanding
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Moreover, even if the consensus process of KPIs is still in progress, human factor experts consider that
also the following KPIs could be investigated with drivers and professional drivers either in simulator
or in driving tests:
•
•
•
•

Indication of the current driving mode (automated or manual mode)
Driver stress level in autonomous driving mode
Graphics design; Warnings (visual, audible) of deactivation of L3AD
Latency of HMI
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