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This deliverable is part of Work Package 3.2 of the European CityMobil project. When talking
about autonomous or semi-autonomous driving, there are several human factors concerns.
This report describes the Human Factors issues that come into play when introducing dual
mode vehicles, e-Lanes and cybercars. Besides acceptance and comfort, topics that are
discussed are situational awareness (does the driver still know what goes on around him and
what will the system do), loss of skill (if a driver becomes a passive monitor, will he still be
able to keep up his driving skills), behavioural adaptation and risk compensation (will a driver
behave differently if he knows the system will respond), workload (which may be too high or
too low), transitions from normal driving to autonomous driving and vice versa, the response
of the driver in case of a system breakdown and the usability and interface aspects.

Acceptance of driver support systems or of (semi) automated vehicles are of crucial
importance. This relates to the utility and usefulness of the system from the driver’s point of
view, the satisfaction with the system by the driver and the reliability of the system and trust
(subjective) in the system by the driver. Systems will only be accepted and used if driving
with the system is more safe or more comfortable than driving without a system. This also
means that the system should be reliable in performance and there should not be (m)any
system failures. An unreliable system will lead to constant driver monitoring and will be more
loading than driving the car completely manually.

Executive Summary

Also, it is very important that the driver understands what mode the system is in, and is still
aware of the traffic surrounding him. In case of a system failure, the driver still needs to
respond. How well a driver understands in what mode the system is also depends on the
HMI that is used for providing information. In the case of a completely automated vehicle, the
need is there to indicate whether the system is on or off, which can be done with a simple
green button that is activated when the system is in operation. When the system is off, the
light will not be illuminated. Since red is associated with danger, forbidden or something is
wrong, this colour can be used in case of problems. This is extremely important, since the
‘monitor’ or the operator suddenly needs to become a driver again, and responses need to
be adequate and fast. This information cannot just be provided visually, but will also need to
be supported with tactile or auditory information.

An identified risk with all driver support systems or (semi) autonomous vehicles is that there
may be behavioural adaptation by the driver. This means that a driver may start to show
other behaviour that increases the safety risk again since the driver workload is lower with
the system.

To verify the behavioural adaptation, it is necessary to consider what change in driver
behaviour is intended and what is not intended to happen. The last one is defined as
behavioural adaptation.

Automated systems can have profound effects on operator workload leading to automation
surprises. The aim to automation technologies was originally to reduce errors and increase
the economy of operations whilst attempting to reduce workload. However there are many
examples in the field of human factors where automation did not reduce workload.
Automation can induce extremes in workload, both high and low. High levels of automation
that leave an operator bored are understandable, but automation can also increase
workload.

Transitions from self-driving to autonomous driver and vice versa are a special topic. For
different reasons it is not possible to conclude which transition method should be preferred.
On the one hand, all reports and studies use different methods of transitions so that the
methods cannot be compared. On the other hand, the authors do not evaluate the transition
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methods at all or choose different evaluation criteria so that a comparison is difficult.
Transitions can either be planned (e.g. a driver wants to turn off the system) or unplanned
(the system suddenly does not function or there is a system failure and the driver needs to
take over. In either transition, the system should warn the driver that he or she needs to take
over control. It may be that it takes more time for the driver to get his hands on the wheel
again and put his foot on the brake compared to normal manual driving.

Based on current state of the art, a summary is given of possible future research. Topics are
the exploration of system parameters (no description exists of what safety margins and type
of driving characteristics the system should have from a human factors point of view), the
exploration of the needs of the surrounding traffic environment (e.g. do we need to have an
explicit labelling of automated vehicles to make the interpretation of vehicle behaviour
easier? How do ‘normal’ road users interact with automated vehicles?), trust in the system
(how soon or to what extent drivers will start to engage in other activities, such as reading a
magazine or talking on the phone. The trust in the system is also likely to be the result of
experience with the system and the amount of errors encountered), behavioural adaptation
and risk compensation (drivers/monitors starting to be engaged in other activities with a
system that partly or completely takes over the driving task, maybe driver tends to use safety
margins that are more in line with the safety margins that the system uses), situational
awareness (how long does it take before the driver knows where he is and what is going on
when he looks on the road after having been involved in other activities, does the driver
realise whether the system is on or off and what the system will or will not do?), exploration
of normal transitions from one dual model state to the other, controlling the vehicle in case of
system errors (what type of errors are acceptable to drivers and how often do errors have to
occur before they become unacceptable? How does the driver deal with errors and how does
he recover?).
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1 Introduction

This deliverable is part of work package 3.2 of the European CityMobil project and contains a
state of the art literature survey about the human factors’ aspects in the advanced urban
transport systems. The advanced urban transport systems are mainly based on future forms
of public transport, the (semi-) automation of the driving task and co-operative support
systems for vehicles and infrastructure to obtain effective, safe and economical efficient
transport. The human factor’s aspects in the advanced urban transport will mainly concern
the driver. Although the information regarding passengers, other road users and operators of
public transport like subways is important, this will not be part of this deliverable.

The main objective of CityMobil is to introduce advanced urban transport systems on a large
scale. In sub-project 3 of CityMobil, the technological issues of advanced urban transport
systems are considered in order to take away technological barriers that prevent the
introduction of these urban transport systems on a large scale. The examination of the
technological issues will eventually lead to the definition of the transport systems and to the
system requirements.

The advanced transport system definitions and the vehicle requirements are analysed in
work package 3.1. In this work package, 4 working scenarios were already defined in
Deliverable 3.1.1 that offer a good potential and generalisation for the CityMobil sub-project.
The 4 scenarios are:

- Town centre with Assisted vehicles

- Principal urban roads with dual-mode vehicles on an equipped lane

- Inner city centre with fully automated cybercar transport and

- Shared traffic space with automated buses and dual mode vehicles.

Concerning these potential scenarios, the different types of transport can be divided into:
1) Assisted vehicles (such as ADAS)

2) Dual mode vehicles?

3) Automated vehicles.

The advanced urban transport system requirements will be based on these 4 scenarios.

First of all, the future scenarios, as already defined in Deliverable 3.1.1, will be described in
paragraph 1.1. The different levels of automation at the present, the future and the far future
are described in 1.2. After this, human factors issues that play a role in either of these 4
scenarios will be described in Chapter 2. All relevant literature will be described. Chapter 3
will link the human factors in future scenarios. Conclusions and recommendations for future
research will be dealt with in Chapter 4.

1 Even though formally, dual mode vehicles only have two modes, that is completely manual or completely
automated driving. In this deliverable however, ‘dual mode vehicles’ can have various levels of automation. This
means that it could be manual or automated, or any of the intermediate levels (see also paragraph 2.6).
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There are 4 different future scenarios chosen in the CityMobil project that are also described
in the CityMobil Deliverable 3.1.1. These will be used as a basis for the state-of-the-art study
and are summarized in the following paragraph focusing especially on a user’s point of view.

1.1  Future Scenarios

1.1.1 Town Centre

Imagine an old town centre with a complex and intricate network of small roads. The area is
too wide to only allow pedestrians and too compact for conventional mobility tools. A future
scenario would be that cars are equipped with technology that can assist in driving through
this complex environment. In the automatic or assisted mode the vehicle is longitudinally and
laterally controlled. Starting from the navigation information (maps and localisation) and
considering the surrounding objects (information from sensors) a speed profile and a
trajectory is calculated. The driver, always present in his vehicle, will be able to override the
system in any moment.

1.1.2 Principal urban roads with an equipped lane (  “e-Lane”)

Imagine a dual-mode car that can be operated manually just like today’s vehicles but that
can also travel in a higher automated mode on specially equipped lanes, so-called e-Lanes,
which will relieve the driver of most driving tasks. When travelling on certain roads like city
motorways, you will find sign posts that identify these e-Lanes. After you spotted the e-Lane
sign and entered the lane, your car will tell you when it is ready to make the transition from
manual driving to driving in the higher automated mode. Now it is up to you to keep going
manually or to activate the higher automated driving. After doing so, the automation will take
over the primary driving tasks. During this mode, you will keep receiving feedback about the
driving state from the automation but depending on the situation you are allowed to do other
things like reading a newspaper without danger since lateral and longitudinal control will be
conducted by the automation in the vehicle.
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In this scenario, one lane of a principal urban road is provided to enable highly automated
driving. In an e-Lane the driver can choose if he would prefer to drive in a manual or in higher
assisted/automated mode if his car is adequately equipped. An “Open e-Lane” is not isolated
from normal lanes and allows mixed traffic of dual-mode vehicles, driving in highly automated
mode or in manual mode, and normal vehicles. In special cases, there might also be
“Restricted e-Lanes”, that are only open to equipped vehicles. As defined in the scenario
there are no other road users like pedestrians or bicyclist and there are no intersections or
level crossings. The vehicles, described in the scenario, are dual-mode vehicles, which can
either be driven in manual or assisted/automated modes. These cars are equipped with
technology for highly automated driving like sensors for obstacle detection, sensors and
control units for lateral and longitudinal control and a communication unit for car-to-
infrastructure communication. The speed range would be 0-120 km/h.

1.1.3 Inner City Centre

Imagine a small vehicle, called cybercar that drives fully autonomously without a driver.
These cybercars will be available in inner city centers and will be offered on demand for
covering relatively short distances at low speed. Whenever you like you can order a cybercar
to reach you at a defined access point. Upon entering the vehicle you can choose your
destination on pre-defined tracks. A fleet management centre will manage the vehicle
network state, receive your reservation, and decide which cybercar should serve your order.
In case of errors or technical problems you will be able to contact the fleet management
centre for information or help.

H
- |
]
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In this scenario, the area where cybercars are active is described as a specific urban area
dedicated to pedestrians, bicyclists, very low speed vehicles, and cybercar circulation. A fleet
management system organises the routing of the vehicles. The cybercars need to be
equipped with sensors allowing fully automated driving. The reliability of the sensors needs to
be high because there is no driver in the vehicle monitoring the system. The speed of the
cybercars is low and adapted to the complex environment.

1.1.4 Shared traffic space with automated busses an  d dual mode vehicles

Imagine that one lane of the roads you are driving daily will be equipped with a guidance
system for automated driving. In this lane automated buses and cybercars, each operating
fully autonomously, will be able to cover large distances much faster than on normal roads.
No traffic congestions will hamper the vehicles in the dedicated lane, so that buses will arrive
on schedule. During the day the buses will handle a large number of passengers, while you
can drive in smaller cybercars at night. If you are in possession of a dual-mode vehicle you
are allowed to use the dedicated lanes for automated driving.

In the scenario described above, two isolated lanes, one for each direction, are exclusively
dedicated to automated busses, cybercars and dual mode vehicles. The lanes are clearly
marked to ensure a safe separation between public and automated traffic. Dual mode
vehicles are allowed to enter or leave the lanes, but only at clearly defined entrances or exits.
A traffic management system is responsible for the entire organization of traffic in the
dedicated lanes: Among other issues it controls the position of each vehicle, manages the
bus stopping procedure, the crossing of pedestrians or public traffic at intersections.
According to the description in Del. 3.1.1., the traffic management system runs fully
automated. For reacting to abnormal situations like system failure or driver misuse, the traffic
management system has to be monitored and serviced by trained personnel. While there is a
driver on board in busses and dual-mode vehicles who monitors the system performance
and reacts in critical situations, cybercars are operated driverless.

1.2 Different levels of automation

In this document the Human Factors of Driver Assistance Systems, dual-mode vehicles and
fully automated vehicles will be considered. This will be related to the defined CityMobil
scenarios and the user needs. This will provide insight in the knowledge that is still missing
with respect to the Human Factors effects on advanced urban transport systems. This
relationship is shown in Figure 1.
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Figure 1: A summary of the project deliverable, with literature about ADAS, automated vehicles
and dual mode vehicles, together with the City-Mobil scenarios and the user needs leading to an
assessment of the missing knowledge.

When considering the relationship between assisted driving, dual-mode vehicles and
automated driving in an adapted environment, the transition from assisted driving to
automated driving is by transforming the active driver to a more passive passenger. Vehicles
with driver assistance contain systems that either support the driver in his or her task or take
over part of the driving task. In case of driver assistance, the driver will stay in the loop, while
the driver is out of the loop in the fully automated vehicle. In case of automated vehicles, an
operator that monitors the actions of the automated vehicle and is able to intervene when
something goes wrong has replaced the driver. The operator is more of a passive monitor,
only responding in emergency situations as back up. The dual-mode vehicle allows
transitions between manual and assisted/automatic driving. Especially the transition between
manual and assisted/automatic driving is an important research area with respect to human-
machine interaction, because of the change of controller. When the dual-mode vehicle is in
assisted mode or fully automatic mode, it behaves like an assisted or fully automated vehicle.

In assisted and dual-mode vehicle scenarios, the driver is an actor and not a passive monitor
only. The operator is an actor (or monitor) in automated scenarios, to start things up or to act
in case things go wrong. The passenger may be an actor in all three types of transport. In the
current CityMobil project, we focus on assisted driving in a complex environment, dual mode
vehicles and automated driving in an adapted environment. In the future beyond the
CityMobil project, there may be a technological push towards completely automated driving
in complex environments. From a human factors point of view, it is questionable whether this
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is the right way to proceed: From aviation we know that being an operator (supervising a fully
automated system that may still very infrequently fail) is a difficult role.

This relationship between the three types of urban transport and the different actors is shown
in Figure 2.

Figure 2: Relationship between 3 three types of systems (dual-mode, assisted driving and
automated driving), fitted between the two extremes of manual driving and automated driving
without an adapted environment. The black arrows represent the different types of dual mode
transitions.

When we combine Figure 2 with the 4 different scenarios, we place the Town Centre and the
E-lane close to the dual-mode vehicles, and the inner city centre and the mixed traffic close
to the automated driving in the adapted environment. This is shown in Figure 3.
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Figure 3 : Combination of the different levels of automation combined with the 4 future scenarios.

The following chapter will describe the human factors issues involved in the issues indicated
in Figure 3. Various Human Factors issues that play a role when introducing the concept of

the vehicles described for the four future scenarios. The information described stems from
literature reviews and expert opinions.
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2 Human Factors issues

2.1 Acceptance and comfort

Acceptance of driver support systems or of (semi) automated vehicles are of crucial
importance. Acceptance will determine whether systems will actually be used.

However, the term ‘acceptance’ is a rather wide concept. Acceptance of advanced driver
assistance systems (ADAS) and of (semi) automated vehicles can be divided into three
categories:

The utility and usefulness of the system from the driver’s point of view
The usability of and satisfaction with the system by the driver

The reliability of the system and trust (subjective) in the system by the driver.

The utility and the usefulness of the system provide information about the enthusiasm of the
people driving with the system towards the support that the system is providing. The usability
of and satisfaction with the system describes the amount of comfort when using the system.

The reliability of the system describes the amount of trust that the driver has in the system.

The utility and usability of a system

The utility of the system is closely related to the specific system operating characteristics and
thus the usability of the system. The results of the utility only provide absolute information
about the system compared to the same scenario without this particular system. When
systems are compared with other systems for the same scenario, this relative information
depends on the specific system operating characteristics and thus the usability.

For example, Feenstra and van der Horst (2007) tested different support systems in case of
a cut-in scenario. They found that the experienced comfort for a controlling system (like an
ACC) was larger than a system that was not able to intervene but only provided advice. The
difference in satisfaction between the ACC and the system with haptic feedback on the gas
pedal was not significant.

The usability and reliability of a system

The usability of and satisfaction with the system describes the amount of comfort when using
the system. This depends on the specific system operating characteristics and the reliability
of the system. Drivers executing a certain task could be supported in different ways. For
example, to prevent exceeding the speed limit, drivers could be warned if driving too fast or
they could be supported more actively by restricting the throttle or by using a tactile gas
pedal.

The subjects had a slightly more negative attitude towards the gas pedal configuration where
the throttle had been restricted than they had towards the tactile pedal (Rook & Hogema,
2005). The subjects considered the force feedback gas pedal to be satisfying and useful
(Vlassenroot et al, 2006). Fifteen of the thirty-four subjects decided to keep the ISA in their
car after the test period. They experienced that the ISA assisted them and provided for
comfortable driving. According to Hogema & Rook, (2004) the subjects in an Intelligent
Speed Adaptation (ISA) driving simulator experiment had a much more negative attitude
towards a high force feedback than a low force feedback. Although a lot of the subjects found
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the ISA useful, it seemed that the drivers who would normally exceed the speed limit quite
often were less likely to use the ISA (Jamson, 2000).

Usability also depends on the reliability of and the trust in the system. The system has to
work properly and if the system has malfunctioned it should inform the driver (integrity of the
system). On the other hand the system could operate properly, but the trigger range defined
for the system could be sub-optimal. One of the elements that determines the trust of the
system is the timing of the warning. There are systems that only provide advice and systems
that actively support the driver for instance by changing speed. The acceptance of the FCWS
is mainly dependent on the trust that the driver has in the system (Abe and Richardson,
2006). The timing of FCWS warning was found to be very important for the driver’s trust in
the system, even more so than the braking performance of the Forward Collision Warning
system. A warning signal should not be provided too soon for a potential collision, because
these alarms could then often be viewed as false alarms (Janssen et al., 1993). False alarms
will have a negative effect on the total driving task performance (Dingus et al., 1997). On the
other hand, a warning should also be provided in advance to give the driver time to respond.
If the FCWS provides late warning signals for potential forward collisions according to the
driver, the driver will initiate the brakes before these warning signals. When the system
provides warnings after the driver has already initiated the brakes, the driver considers the
warnings as late warnings and the trust in the system will substantially decrease (Abe and
Richardson (2006)).

It can be concluded that the acceptance of a system is dependent on three aspects. Firstly
the system has to fulfill a need, the utility of the system, where the utility is dependent on the
background characteristics of the drivers, the specific system operating characteristics
(usability and reliability) and the way the utility of the system has been evaluated.

Secondly, the system has to be user-friendly in terms of the usability of and satisfaction with
the system. The usability depends on the specific system operating characteristics and the
reliability of the system that results in the third aspect: the system has to be reliable and
encourage trust in the system.

To verify the acceptance in terms of utility, usability and reliability of a system, it is also
important to always consider the boundary conditions that will influence the outcome of the
acceptance study. In particular two boundary conditions are the type of drivers that are
driving with the system and the type of evaluation method.

It has been stated that the acceptance depends on the background characteristics of drivers.
For example, the acceptance of the Forward Collision Warning System was higher for the
older drivers according to the Automotive Collision Avoidance System Field Operational Test
by the National Highway Traffic Safety Administration (NHTSA) in May of 2005. Three-fifths
of the older drivers would definitely or probably purchase a FCWS. It was estimated that over
one-quarter would actually purchase a FCWS assuming 100% system availability and 100%
feature awareness.

Taking the effect of the system operating characteristics and the background characteristics
of the drivers into account it seemed that in general several ADAS are not considered by the
drivers as neither useful nor useless, according to Marchau et al (2001). Marchau et al
(2001) studied by interviewing drivers the utility of several ADAS such as systems for
distance keeping, speed limit adaptation and navigational support. They found that, in
general, drivers do not consider support systems in their vehicles either attractive or
unattractive. When these ADAS were considered, not by interviewing drivers, but by field
operational tests, the Automotive Collision Avoidance System (ACAS) Field Operational Test
by the National Highway Traffic Safety Administration in May of 2005, drivers were quite
enthusiastic about systems for distance keeping. It was found that the ACC of the ACAS was
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widely accepted although there were some concerns about its ungainly acceleration and
deceleration and there was some degree of uncertainty about brake light activation to alert
upcoming cars. It was estimated that almost half the subjects would purchase an ACC,
assuming 100% system availability and 100% feature awareness.

Research on lateral support systems, like Lane Departure Warning Assistance, resulted in
the opinion that the acceptance of the LDWA seems to be high (Hoedemaeker & de Ridder,
2003). In the FOT the majority of the subjects reported that they had used the LDWA in
almost all the trips. Eighty percent of the drivers had the system activated continuously. The
remaining twenty percent seemed to drive with the system mainly on the motorways and
deactivated the system on secondary roads. The group that indicated that they prefer driving
with the LDWA was fifty percent which was significantly larger than the group that preferred
to drive without the system (21%). The rest of the group (29%) was undecided. According to
the FOT (Hoedemaeker & De Ridder, 2003), it seemed that the LDWA increased the driver’s
comfort level.

It could hereby be stated that, next to the specific system operating characteristics and the
background characteristics of the drivers, the acceptance of the system also depends on the
way it has been evaluated. For example, a system could be evaluated by describing it and
interviewing drivers, evaluating it by simulator experiments or by field operational tests.

Considering the previous discussion, one could quantify all the concerning aspects to define
a general way of verifying the total amount of acceptance. This is summarized schematically
in Figure 5.

Figure 5: Acceptance of a system

For this quantification, the Van der Laan scale (Van der Laan et al (1997)) could be used as
a basis and extended with reliability and trust in the system and where information about the
way of validating the system (simulator, FOT’s etc.) and the group of users is added.
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2.2 Situational Awareness

The term Situational Awareness is often used in the field of Human Factors to describe how
much an operator is aware of what is going on around him or her. When we use this for the
driving task, it can be for instance how much a driver is aware of the traffic around him or the
type of actions they are about to perform. Endsley (1995b) defines situation awareness as
.the perception of the elements in the environment within a span of time and space, the
comprehension of their meaning and the projection of their status in the near future“. This
means that it does not know what is going on around you at this moment of time, but also
what will happen in the near future. Endsley distinguishes between three levels of situation
awareness. The first level involves the perception of the status, the attributes, and the
dynamics of the relevant situation elements. The second level, the comprehension level,
involves integrating the different situation elements to a holistic picture of the situation
resulting in the comprehension of the meaning of the different elements. The third level
involves the generation of assumptions about the future behaviour of the elements on the
basis of the comprehension of the situation.

In case of assisted or automated driving, Situational Awareness is often referred to as ‘being
aware, realising and understanding the modus of the vehicle’. That is, the driver or the
monitor has to realise whether a system is on or off, what the system does and does not
support and what the driver still needs to do.

Related to Endley’s description of Situational Awareness, the first thing is that the information
provided about the status of the system needs to be perceived. This can be done in different
modes, visual, haptic, or auditory. However, visual information can be provided more self-
paced; the driver can look for the information if he needs it and ignore it if he does not need
it. As an example, the amount of fuel is also permanently indicated in the vehicle, but is can
be easily ignored. Only in case of a deviation (e.g. low fuel level), there will be an auditory
warning, which is not self-paced; an auditory signal (if loud enough) cannot be ignored. The
same with a tactile signal, this will also (if strong enough) always be felt.

The second important item is understanding what is going on, or understanding what the
status is. The third one is being able to use the information to make a prediction for the near
future.

One very important issue in SA is the HMI that is used for providing information. In the case
of a completely automated vehicle, the need is there to indicate whether the system is on or
off, which can be done with a simple green button that is activated when the system is in
operation. When the system is off, the light will not be illuminated. Since red is associated
with danger, forbidden or something is wrong, this colour can be used in case of problems.
This is extremely important, since the ‘monitor’ or the operator suddenly needs to become a
driver again, and responses need to be adequate and fast. This information cannot just be
provided visually, but will also need to be supported with tactile or auditory information.

This issue of SA also plays a role in understanding a driver support system. If a driver is not
adequately aware of whether the system is on or off, and what it does and does not do, this
may lead to safety issues. A driver who is not aware of the Cruise Control being activated
may simply take his foot of the gas pedal to maintain a safe distance to the vehicle ahead.
He may not be aware or predict that the vehicle will remain at a speed of 120 km/h, which
may lead him to bump into another car if he does not brake quickly. Also, a driver with ACC
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may expect the system to brake, whereas the system can only decelerate by taking the ‘foot
of the gas pedal'. In this case SA is not adequate, resulting in unsafe situations. It has been
suggested (Parasuraman, Molloy and Singh, 1993) that automation of part of the driving task
may lead to driver under-load and hence loss of situation awareness.

There is not so much information with respect to SA in automated vehicles or dual mode
vehicles.

2.3 Loss of skill

Automation may lead to loss of skill. If people are able to perform a task relatively well, but
they do not perform this task for a long time, they lose the skill to perform that task. In
aviation, this is also well known, and pilots have to make a number of manual landings per
year in order to maintain levels of skill.

In case of fully automated vehicles, this may also be an issue. For instance, if someone gets
his bus drivers license but he only operates an automated bus (simply being a monitor), he
may lose his specific bus driving skills.

With this respect, dual mode vehicles do not pose a particular issue since normally drivers
still operate the vehicle manually. As was stated concerning the future scenarios, they may
choose automated or manually driven cars. Only in city transport or specific conditions, they
will not operator the vehicle. In case of large scale implementation of Dual Mode vehicles, it
is also necessary to have a minimum requirement for a driver to manually operate the
vehicle. By means of a personal smart card, the car may even register who is driving the car,
in what conditions (city, motorway etc) and how much time the driver is actually manually
driving the vehicle.

In case of fully automated systems, loss of skill will be high. In terms of Human Factors, this
can be associated with severe risks if an operator only monitors the system without often
practicing the task. Especially since the operator is officially responsible in case something
goes wrong, he has to perform a hardly practiced task.

Successful transfer of control upon system failure requires a skilled driver who remembers
how to take over from the system and continue the task as effectively as the automated
system. Consequently, while it is extremely important for users of an automated system to be
adequately trained and experienced in using and understanding the system, maintaining this
training and experience is also a crucial component in order to ensure that control is
regained as soon as a system malfunctions (Stanton and Marsden, 1996). For instance,
flight crews are known to disengage automated systems on a regular basis to refresh their
training (Barley, 1990). However, it may be useful to insist on a more rigorous and regular
form of retention training, to ensure operators are able to regain control quickly and efficiently
upon failure of an automated system.

No literature could be found about how often a driver should manually drive in order to keep
up his skills. This is probably also highly dependent on each individual.
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2.4 Behavioural adaptation and risk compensation

The behavioural adaptation by the driver due to ADA systems considered in this section will
only include direct changes in driver behaviour. Long term behavioural adaptation and risk
compensation are also mentioned in this section, because these aspects are closely
interdependent.

The standard definition of behavioural adaptation from the OECD report of 1990 is:

“Behavioural adaptations are those behaviours which may occur following the introduction of
changes to the road-vehicle-user system and which are not intended by the initiators of the
change.” The report continues: “For behavioural adaptation to occur, it must be assumed that
there is feedback to road users, that they can perceive the feedback (but not necessarily
consciously) that road users have the ability to change their behaviour, and that they have
the motivation to change their behaviour” (OECD, 1990). This behavioural adaptation needs
to be examined to validate these assistance systems. However, according to the behavioural
adaptation it is believed that such adaptations can be anticipated but they cannot be
predicted, certainly not in their precise form. In a recent comment on the unpredictability of
economic forces, Alan Greenspan, the chairman of the U.S. Federal Reserve, declared: “Do
we have the capability to eliminate booms and busts? The answer, in my judgment, is no,
because there is no tool to change human nature or to predict human behaviour with great
confidence.” (Financial Times, 26 May 2001) This same message applied in the area of
Driver Assistance Systems. We know that humans will find ways to maximize their personal
benefits from the systems, and once we observe those adaptations we can generally
understand them. But without observing them, we cannot predict them. Thus empirical
studies, informed by reasonable hypotheses, are a necessity if we are to learn how these
systems will actually be used.

Then there is also a difference in how these systems were analyzed. The subject could have
a different behavioural adaptation towards the system when driving in a car simulator
compared to driving in the real world, because the risks are different. This should be kept in
mind.

To verify the behavioural adaptation, it is necessary to consider what change in driver
behaviour is intended and what is not intended to happen. The last one is defined as
behavioural adaptation.

To have a general insight in what is intended to happen for the different systems, the type of
systems that can be found in assisted vehicles have been divided into three categories and
the intentions of these types of system are described:

Warning systems and improved vision systems — The intention of these systems is to
attract the driver’s attention and to decrease the driver’s reaction time

Haptic support systems — Haptic support systems provide information to the drivers my
means of forces on the steering wheel or the gas pedal. This is also sometimes
referred to as tactile feedback, since it is information that uses the skin or touch senses
as a means of providing information. Haptic support systems translate the driving task
to a force task to reduce the control errors (A haptic input channel for the driver, next to
visual and/or auditory channel). One example of a haptic support system is a force on
the steering wheel to the left of, people tend to cross the right road marking.

Automatic systems — These systems take over part of the driving task to reduce control
errors and decrease workload
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2.4.1 Warning systems & improved vision systems

One of the intentions of the warning systems is to generate warnings to decrease the driver’s
reaction time. Alarm timing of the Forward Collision Warning System (FCWS) is an important
variable concerning the effectiveness of the warnings. According to (Abe and Richardson,
2004, 2005) it seemed that the effectiveness of the warnings that were provided by a
concerned FCWS varied in the response reaction time for different driving conditions. Lee et
al. (2002) had already found that for early warnings (high time-headway), the driver reacted
more quickly, which means better driver performance compared with late warnings or
unassisted driving. However, according to Janssen et al., (1997), warnings in a very early
stage of a potential collision were often considered to be false alarms. This could lead to
unintended behaviour, i.e. the driver could ignore the warning in a potential collision situation
because he/she considers the warning to be a false alarm.

According to Hoedemaeker and de Ridder (2003) it seemed that the drivers that drove with a
Lane Departure Warning Assistance (LDWA) system did not change their driving behaviour.
The experimental data indicated that the drivers at first seemed to try to decrease the amount
of errors by driving more to the centre of the lane, but because the effort it took to have a
minimum amount of errors did not merit this decrease of errors, the drivers tolerated the
higher amount of errors and went back to their original driving style.

The performance of driving within the desired lane and without unintended cross-the-line
seemed to increase when subjects drove with the LDWA system in a Field Operation Test
(FOT). The reaction time of correcting the unintended lane departure was shortened with the
system. One could say that the chance of reacting too late was therefore reduced. The
warnings resulted also in less startled reactions when the subjects accidentally crossed the
line. The LDWA seemed to stimulate the intended effect of decreasing the driver’s reaction
time.

There was no clear indication found in the literature to support the belief that behavioural
adaptation did occur for warning systems with proper alarm timing. The warning systems,
according to the referred literature, resulted in an intended change of driver behaviour.
However, if the warning system is not working properly, e.g. wrong alarm timing with
warnings in a too early or too late stage, behavioural adaptation might be possible. The
warnings will then be considered to be false alarms and ignored.

Next to warning systems, the reaction time could be decreased by vision systems, improving
the driver’'s view especially in bad weather conditions or during nighttime. It seemed that
subjects drove faster with a vision enhancement system during fog and night condition
compared with driving without the vision enhancement system (Neville A. Stanton & Marcel
Pinto (2000)). They stated the following behavioural compensation hypothesis: “the reduction
in environmental risk associated with the activation of the vision enhancement system leads
to an increase in driver speed”.

It was commented that one should also investigate the driver behaviour of drivers who do not
have a vision enhancement system on board. They do not have a clear view and could be
caught by surprise when they are suddenly overtaken by a car that has a vision
enhancement system and is driving much faster. They might react inappropriately and cause
an accident.

2.4.2 Haptic support systems

For systems that support the driver by providing haptic feedback information such as some
form of Intelligent Speed Adaptation, it seems that the amount of feedback force on the gas
pedal is an important variable concerning the performance of the driving task. According to
Hogema & Rook, (2004) it seems that the driving behaviour in terms of speed reduction will
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be better with a larger feedback force on the gas pedal, assuming that there was no clear
indication of compensation behaviour. It appeared that even a low feedback force on the gas
pedal results in better driving behaviour compared to driving without an ISA system.

According to the SINTEF experiment in the Stardust project where an ISA/ISI with a haptic
accelerator pedal was studied, there was not a clear overall increase of performance when
the subjects drove the defined scenarios in the simulator with I1SI compared to driving without
the ISI (Stardust deliverable 6: Human Factors Investigation of ADAS/AVG Systems through
Driving Simulators, 2003). However there could be effects on performance for specific traffic
environments.

It seemed that the mean and top speed were significant lower for the condition where the
subjects drove the motorway scenario in the simulator with the ISI system with haptic
accelerator pedal compared to the situation without the ISI system. The urban city
environment scenario showed no significant mean and top speed decrease for the ISI
system. According to Vlassenroot et al. (2006) the ISA with a haptic force feedback gas
pedal, that was evaluated in a field experiment, did have an effect on speeding. It seemed
that the effect was highest in the 90 km/h zone where speeding decreased with almost 10%.
For lower speed zones, the effects were smaller. However the speeding did seem to increase
during the first months of usage, although the differences between drivers were large. It
appeared that for most drivers the speeding reduced with the system.

Concluding, it seems that there is hardly any unintended behaviour reported caused by
haptic support systems. The impact of haptic support for steer-by-wire or joystick steering still
needs to be investigated.

2.4.3 Automatic systems

Instead of pushing the gas pedal back against the driver’s foot with increased force (haptic
support system) when the driver is exceeding the speed limit, one could also influence the
car dynamics automatically in such way that the throttle is restricted to a certain speed limit.
Increasing the gas pedal angle does not give an increase of speed when the speed limit is
reached. This ‘dead throttle’ configuration resulted in better driver behaviour compared to a
tactile pedal that informed the driver about a speed limit violation by means of vibration
(warning) and compared to driving without an ISA (Rook & Hogema, 2005a).

It appeared that the dead throttle configuration had the best results on the driving behaviour
with respect to the allowed speed limit (Rook & Hogema, 2005b). The second best
configuration for improving driver behaviour was the gas pedal with a strong feedback force.
After that the low force feedback gas pedal was most effective. The tactile gas pedal
(warning) was less effective than the dead throttle gas pedal. It was sometimes as effective
as the high force feedback configuration and sometimes as effective as the low force
feedback configuration. There was no information found about behavioural adaptation for the
dead throttle system.

For systems that automatically take over part of the driving task, like Adaptive/Intelligent
Cruise Control (ACC/ICC), it appeared that in an experiment that was conducted by
Hoedemaeker (1999), the subjects increased driving speed especially in quiet traffic
conditions. The experiment was conducted on the University of Groningen driving simulator
with 38 subjects (Hoedemaeker, 1999). The subjects first drove a motorway route without
ACC and subsequently drove the same route three more times, each time with a different
version of ACC out of a total of six alternative versions. The ACCs varied in terms of the set
time headway and in terms of whether the system could be overruled in headway mode by
use of the accelerator or brake. All the ACCs had sufficient “authority” to bring the vehicle to a
safe stop. With ACC, speeds increased in both light and heavy traffic situations. Standard
deviation of lateral position increased with ACC, particularly in heavy traffic, which is not likely
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to be beneficial to safety. In the experiment conducted by Hoedemaeker (1999), differences
were found in the driving style. Fast drivers identified by the Driving Style Questionnaire of
West, Elander and French (1992) increased their standard deviation of lateral position with
ACC while driving in light traffic, whereas slow drivers decreased their standard deviation of
lateral position in the same situation. Use of the left (fast) lane also increased with ACC,
presumably because of the higher speed choice.

Another experiment conducted by Hogema & Janssen (1996) showed that when driving with
ACC, subjects selected a lower free-driving speed compared to the condition without ACC. A
similar effect was reported by Fancher et al. (1995): in a field study, subjects reported to (and
in fact did) drive at a slightly higher mean velocity when controlling the vehicle themselves as
compared to conventional or Intelligent Cruise Control. A simulator trial with ACC indicated
that drivers choose significant lower top speed when using the driver support system
(Stardust deliverable 6).

In another experiment conducted by Hogema, van der Horst & Janssen (1994) it was found
that there was no change in speed due to the ACC but only the intervening systems resulted
in a speed reduction on sections with a special speed limit. However, there seemed to be a
compensating mechanism in that actively reducing a driver's speed on a few limited sections
makes him drive faster on other parts.

According to speed change, it does not seem to be very clear what the effect of the ACC is.
When instead of the speed change, the effect on the time headway is considered it seems
that the ACC resulted in a reduced proportion of small time headways (Hogema, Van der
Horst & Janssen, 1994). This is the intention of the ACC. The automatic systems that take
over part of the lateral task, the Lane Keeping Assistance, seemed to increase the
lateral/steering task performance (de Vos et al. (2005)). It was found that the safety margin
that can be maintained increased when a Lane Keeping Assistance (HC) was used.

When the change in more critical behaviour is considered Hoedemaeker (1999) found that
when drivers have to respond to a suddenly braking lead vehicle, drivers braked more
strongly with ACC and the minimal time headway was smaller. It also appeared that the
combination of ICC with in-vehicle information resulted in a somewhat later braking reaction
of the driver in situations the ICC could not cope with (Hogema, Van der Horst & Janssen,
1994).

The most critical situations for ICC occur when the system's maximum deceleration level is
insufficient, and consequently the driver must take over control (Hogema & Janssen, 1996).
There were several of such scenarios in the experiment, such as a stationary traffic queue (in
free-driving and in car-following conditions) and suddenly braking lead cars. In the free-
driving approach to the traffic queue as well as in the braking lead cars scenario, there was
an effect on TTCgas showing that with the ICC type “on-gas”, the gas pedal was released
later compared to the condition without ICC. Additional effects were found on TTCbr and
TTCmin when only the first experimental block was included in the analysis, confirming the
later reaction when driving with ICC (both types). This is in line with the findings of the IRISS-
1 experiment (Hogema, Van der Horst & Janssen, 1994) where ICC was combined with an
in-car information system. Since these effects were confirmed in the current study, they
cannot be attributed entirely to the distraction caused by the in-vehicle information of IRISS-1
being presented at the same time that a critical situation is developing. Nevertheless, the
results do show that there are no adverse effects of ICC as long as the driver is sufficiently
prepared to take over control. When the frequency of the emergency-like scenarios is
reduced, less favourable results may be found. This is illustrated by a driving simulator
experiment by Nilsson (1995), where subjects were only confronted once with a stationary
traffic queue; another difference is that the ICC used in that experiment did not respond to
stationary obstacles (in correspondence with the functioning of many ICC prototypes). The
results of Nilsson's study showed that with ICC, more “collisions” occurred. The subjective
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results clearly confirmed the expectations from IRISS-1 (Hogema, Van der Horst & Janssen,
1994): drivers strongly prefer the ICC type “off-gas” compared to the “on-gas” type.

2.4.4 Combination of two or more automatic systems

Behavioural adaptation could occur when two or more automatic systems are combined. The
ACC could for example be extended by a stop & go system for very low speeds. According to
Brouwer, Hogema and Janssen (2003), the Stop & Go system hardly changed the driving
behaviour. Only for fast acceleration and fast deceleration, the subjects drove differently with
respect to the Stop & Go system. The Stop & Go system reacted slower in this case, or in
other words the subjects reacted quicker than the system. This is not concerned as a
behavioural adaptation, although it is an unintended effect. This effect was caused by the
bad specifications of the Stop & Go system. It was recommended to eliminate the input filters
of this particular Stop & Go system to increase the reaction speed of the system.

The same conclusion was drawn by Marsden, Brackstone and McDonald (2001). It was
concluded that the concerned Stop & Go system reacted slower than the subjects. Therefore,
larger decelerations were necessary for the system to brake in time. These larger
decelerations could decrease the driving comfort which could influence driver behaviour.

However, the driver still has the benefit that the driver does not have to control the distance
between the own car and the predecessor.

2.4.5 Combination of automatic system & warning sys  tem

To attract the attention of the driver when the situation becomes more critical, the ACC could
be combined with a warning system. A field operational test (FOT) was conducted by Najm et
al. (2006), where the Automotive Collision Avoidance system (ACAS) was considered as an
integrated system containing an Adaptive Cruise Control (ACC) and a Forward Collision
Warning system (FCWS). The safety impact was evaluated by comparing the driver
performance during a first period without the ACAS and a second period with the ACAS.
They concluded that the ACAS reduced the amount of conflict situations that lead to rear-end
crashes by 8-23 percent. This was only concluded for the conditions: daylight, clear weather,
moderate traffic and speeds greater or equal to 55 km/h. However it appeared that the ACAS
will also reduce the amount of conflict situations during night time, adverse weather and low
and heavy traffic levels, but the results were not reliable and should be investigated further.
When they combined this outcome from the TOF with estimated data by using a General
Estimation System (GES), ACAS, had a potential to prevent about 10 percent of all rear-end
crashes.

It seemed that also the amount of severe near-crashes, defined by time-to-collisions less
than 3 seconds, and maximum decelerations larger than 0.3g were reduced because of the
ACAS. To have a clear insight in the impact of the ACAS on safety, also the long term effects
should be investigated.
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Summary

Concerning warning systems and improved vision systems, one could conclude that there is
no behavioural adaptation when driving with a warning system with proper alarm timing.
However, when the alarm timing is too soon or too late, unintended behaviour could occur.
This is closely related to the acceptance of the system. Due to the improved vision system,
the driver seemed to increase the driving speed. This could also have a reflection on other
traffic that does not have an improved vision system in bad weather conditions.

It seemed that there was hardly any behavioural adaptation caused by haptic support
systems when the haptic support system is working properly. The system could initiate
behavioural adaptation when the feedback force is too strong or too low or when it acts too
late or too soon on the gas pedal.

According to speed change it does not seem to be very clear what the effect of the ACC is.
When instead on the speed change, the effect on the time headway is considered it seems
that the ACC resulted in a reduced proportion of small time headways which increases the
safety margin. The safety margin also seemed to increase by the Lane Keeping Assistance.
In more critical situations however, there seem to occur more collisions (experimental
research) when driving with an ACC, because the driver reacts too late to suddenly braking
lead cars. This is closely related to the situational awareness of the driver. The reaction time
could be increased by combining an automatic system with a warning system.

2.5 Workload

Automated systems can have profound effects on operator workload leading to “automation
surprises” (Woods et. al.,, 1994). The aim of automation technologies was originally to
reduce errors and increase the economy of operations whilst attempting to reduce workload
(and potentially training requirements). However, there are many examples in the field of
Human Factors where automation did not reduce workload but simply changed its
composition. Whilst physical workload may decrease under workload, mental workload may,
in fact, increase (Rumar, 1993; Singleton, 1989). This in turn can lead to different,
unforeseen errors occurring (Billings, 1997; Vicente, 2003). Automation can also offer,
however, substantial benefits in human workload reduction, improved performance, and
safety when properly designed and used (Lorenz, Nocera, Rottger, and Parasuraman, 2002;
Parasuraman and Riley, 1997).

Automation can induce extremes of workloads (both low and high). High levels of automation
that leave an operator bored are understandable, but one of the “ironies of automation”
(Bainbridge, 1983) is that automation can increase workload. An example of this is whereby
an automated function requires “babysitting” (e.g. data entry) at a time when an operator is
engaged in another task). Thus reductions in workload may not occur where they are most
needed (Wiener, 1988).

Another effect of automation is that it can reduce an operator’s situation awareness.
Undertaking a task manually may induce higher levels of workload but the benefit is a greater
awareness of the task itself. Miller and Parasuraman (2007) use the example of driving
whereby a driver’'s awareness of the behaviour of the car, the road condition and hazards is
high - although his or her workload is also higher compared to if someone else were driving.
This reduced situation awareness may then lead to a certain amount of unpredictability
(Milewski & Lewis, 1999), and optimum performance may then only be achieved through a
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combination of workload and unpredictability. Reducing both these factors simultaneously is
a challenge for designers of automated systems.

Traditionally, a system designer makes concrete the relationship between the operator and
the automated system across all situations. However, “adaptive automation” is able to select
a level of automation based on factors such as workload. The idea of adaptive automation
(Rouse, 1976) has been around for some time, but technology has now been able to catch
up and realise this function. Research has indicated that adaptive systems, which regulate
operator workload can enhance their performance while maintaining the benefits of
automation (Hilburn, Jorna, Byrne, & Parasuraman, 1997; Kaber & Endsley, 2004; Moray et
al., 2000; Prinzel et al., 2003).

Miller and Parasuraman (2007) suggest that design of automated systems should try and
emulate the human-human work relationship in order to fully take advantage of automation.
This is achieved by allowing an operator to smoothly adjust the “amount” or “level” of
automation depending on their workload. The question here is whether an operator can really
accurately estimate his or her own workload.

“In other words, the decision about how much and what kind of responsibilities to
delegate must still be made, but instead of a designer making it at design time (as in
traditional automation design), our approach places it in the hands of the operators at
execution time, enabling them to behave more like a supervisor in human-human
interactions.”

When we turn specifically to dual-mode systems within the context of the CityMobil project,
we can envisage a situation where workload becomes “lumpy” with peaks and troughs of
activity. An automated system may be able to effectively support an operator in times of low
workload, e.g. where other traffic is scant or the road layout straightforward. However, when
workload is high, an automated system may impede or hinder the operator in his or her task.
There is further complication when the automation is switched on and off, with the potential
for operator confusion (due to decreased situation awareness) which in turn could lead to an
unprecedented increase in workload in safety-critical scenarios.

2.6 Level of automation and normal transitions

The following paragraph describes important human factor issues regarding dual-mode
vehicles. In the context of CityMobil dual-mode vehicles can be defined as vehicles, which
can be driven either in a more manual/lightly assisted or in a more highly automated mode.
These dual mode vehicles are ordinary cars, which are equipped with a lateral and
longitudinal guidance system, a human-machine interface, car-to-infrastructure
communication system and an obstacle detection system. As described in chapter 1.2., the
CityMobil scenarios for dual-mode vehicles are: the “e-Lane scenario” and the “Scenario of
shared traffic space with automated busses and cybercars”. In the e-Lane scenario, the
driver is allowed to choose between different forms of automated and manual driving while
driving on the specially equipped e-Lane. In the scenario “Shared traffic space”, the dual-
mode vehicle is operated in fully automated mode while driving in shared traffic space. In
both scenarios the vehicle is operated manually on normal roads.

We assume that there are at least two main research issues considering the operation of
dual-mode vehicles. This is on the one hand finding the appropriate level of automation and
on the other hand exploring and designing the transitions to change between manual and
higher automated driving.
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2.6.1 Different grades of automation

Firstly, the question to what extent the driver has to be involved in driving is a matter of
research. Figure 6 shows that driving a car, or more general, operating a system, can not
only be classified as being under manual or automation control. There are several different
grades of assistance and automation between the outer positions of manual or automated
driving.

Figure 6 : System control as a spectrum between fully manual and fully automated control

For example, advanced city cars, as described in the scenario “Town centre”, can be
assigned to assisted levels of driving, while cybercars, as described in the scenario “Inner
city centre”, could be specified as autonomous/ fully automated vehicles. Dual-Mode vehicles
allow manual or automated driving and any level in between. The best level of automation in
the dual-mode vehicles is not yet defined, so we have to explore to what extent the driver
should be kept in the loop of the driving task. While the driver is highly involved in driving in
the so-called manual/lightly assisted mode of the dual-mode vehicle there are several design
options for drivers’ involvement in the highly automated mode. On the one hand, the driver
might be freed from all driving or monitoring activities and could deal with other activities like
sleeping or even change to the backseat (fully automated driving). On the other hand, the
driver might be still slightly involved in the driving task and receives for example haptic
feedback of the vehicles movements and manoeuvres (highly automated driving). The
automation enables him e.g. to read a newspaper or do some email communication. The
haptic feedback keeps him in the loop so that he is able to monitor the activities of the
vehicle, could intervene if he prefers to drive for example faster or slower and could take
control of the vehicle in case of emergency.

Research has shown that the question to which extend a system is automated is important
regarding human factors issues. Automation of tasks originally performed by human
operators can have negative effects for the efficiency and safety of human-machine-systems
(Bainbridge, 1983). With increasing automation, the task of the human often changes from
actively operating to passively monitoring the system. Several researchers address human
factors issues that are important to consider when increasing system automation, e.g.
vigilance effects, loss of situation awareness (Endsley, 1995; Endsley & Kiris, 1995), loss of
skills, increased or decreased mental workload (Stanton & Young, 1998). The effects of
different grades of automation in dual-mode vehicles regarding human factors issues e.qg.
situation awareness, workload, loss of skills, will be addressed in the experimental studies of
WP 3.2, Task 3.2.2 of the CityMobil project.

2.6.2 Transition of control

Secondly, the transition of control from the driver to the vehicle and vice versa has to be
studied. For dual-mode vehicles transitions take place each time the driver switches the
driving mode for example from manual to highly automated driving. The transition of control
to such a highly automated system like a dual-mode vehicle seems to be relatively new in
cars and trucks. By taking a closer look at modern vehicles, it becomes clear that the issue of
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transition already arises. There are several driver assistance systems in the vehicle, which
take control of a couple of driving subtasks. Cruise control, for example, regulates the speed
of the vehicle; Adaptive Cruise Control (ACC) combines the regulation of speed with a
distance control, and the Lane Keeping Assistant System (LKAS) from Honda supports
lateral guidance of the vehicle. Each of these systems implies a transition of control from the
driver to the assistance system and the other way around.

We postulate that similar principles of the transition can be applied to the complete spectrum
of assistance and automation (assisted, semi-automated, highly automated or autonomous
driving). Because we did not find an adequate classification of transitions in literature we
started to develop a more general framework, an “ontology” (defined as “a specification of a
conceptualization”, Gruber, 1995) for transitions. This ontology should help to define and to
structure human-factors issues considering transition of control and should help to find out
which research have already been done in this domain.

Figure 7 points out the basic principles of transitions that we postulate. For providing a more
generic view of human-machine-systems within our ontology, the human is labelled
“operator” and the assistance or automated subsystem is named “automation”. Figure 7
shows schematically the transition of control between operator and automation. Regardless
of the implemented assistance or automation system there are two directions in which a
transition can occur (indicated by the grey arrows in figure 7). On the one hand, control can
be transferred from the operator towards the automation. This case of transition occurs for
example when the driver switches the Adaptive Cruise Control on. On the other hand, control
can be given from automation towards the operator. An example for this kind of transition is
the deactivation of a lane keeping system when the lane markings are not detectable. In
addition, we postulate that the transitions of control can occur not only between manual and
automated driving but also between all of the different levels of automation. For example, the
driver can decide to switch from assisted to highly automated driving or the automation can
initiate a transfer from fully automated to semi-automated driving. Furthermore, we assume
that the classes of transition can be differentiated according to the question who initiates the
transfer of control. This can be either the automation or the operator. For example, in case of
emergency, the automation initiates a transfer of control back to the driver whereas the driver
initiates a transition of control to the automation in case of turning on the Adaptive Cruise
Control of his car.

Figure 7 : All possible transitions occurring between operator and automation at different levels of
automation (grey arrows)
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According to our considerations described above, the fundamental questions for a
classification of transition of control are at first:

Who has “it”
Who should get “it”

These questions describe in which direction the control is transferred for example from
operator to automation. Furthermore the question “Who initiates transition” can be answered.
For dual-mode vehicles, it is a question of research and design which kind of transitions will
be used and implemented. As it is shown in figure 8, if the dual-mode vehicle is designed for
both manual and highly automated driving, the operator can give control to the automation
and get it back from it (green arrows in figure 8). These transitions can either be initiated by
the operator or by the automation (upper and lower half of figure 8). For dual-mode vehicle,
driving either in a manual or fully automated mode, the same principals of transitions can be
applied (blue arrows in figure 8).

Figure 8: Example of possible transitions occurring between operator and automation in a dual-
mode vehicle for manual and highly automated driving (green arrows) and manual and fully
automated driving (blue arrows)

Table 1 summarizes the four different classes of transitions in our ontology. For describing
the different classes of transitions in a short and suitable way we introduce a short notation
for our classification scheme. The letter “O” stands for the human operator and “A” for the
system automation. The underline character indicates who is in control. The arrow specifies
in which direction the transition goes (from operator to automation or the other way around)
and the inferior letter “i” defines who initiates the transition of control. We speak about O A
(speak “O to A”) whenever the level of automation changes from a lower to a higher level of
automation, and O A (speak “O from A”) whenever the level of automation changes from a
higher to a lower level of automation.

The first two classes of Table 1 describe the transition of control from the operator to
automation which is either initiated by the operator O; A or automation O A;. The
transition from automation to operator is given in the two remaining classes. As described
above, the transition can be initiated either by the operator O; A or automation O A,
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Table 1. Transition of control from operator to automation

o A o A o A O A
Who has “it"? Operator Operator Automation  Automation
Who should get “it"? Automation  Automation  Operator Operator
Who initiates transition? Operator Automation  Operator Automation

The ontology and the short notation we described above are developed to structure the area
of transition research. In section 2.6.3, the short notation is used to classify different
transition mechanisms reported in literature. Considering the subsequent human factors
research for the project CityMobil the ontology and the short notation can help to define and
structure research topics that are addressed by each partner.

2.6.3 Review of research studies

We conducted a literature review to find out which methods for the transition of control have
already been designed and evaluated in the research community.

For our literature review we searched in several acknowledged literature databases with the
following keywords to find relevant literature considering normal transitions of control: “dual-

mode vehicle”, “automation + transition”, “automation + transition + vehicle”, “automation +

vehicle”, “automated highway system”, “automated highway system + ergonomics”.

This literature search showed that only very few articles are concerned with transition of
control for higher automated vehicles. Most of published research that we found has been
done in the context of Automated Highway Systems (AHS) or Advanced Vehicle Guidance
(AVG). The basic idea of these technologies is “to produce a highway system where fully
automated vehicles are guided to their destinations and the flow of traffic is controlled and
optimized for maximum efficiency and safety” (loannou; 1997; p.3). At the entry and exit of
such an AHS a transition of control from manual driving to automated driving is required.

In the following paragraph we summarise different transition methods, which are given in
literature and assign them to our classification described above. The main focus of the
summary is to describe the different transition strategies and to clarify the interaction taking
place between driver and automation. To improve the comprehension of the concrete human-
machine interaction, we have prepared three diagrams for one study which show the different
interaction steps in a timeline. The diagrams are based on the concept of UML-diagrams for
software programming and are modified for fitting human factors needs (see Appendix 1). In
case of a detailed evaluation of the transition strategies a summary of results considering
human factors issues like acceptance or technical issues like system efficiency is given.

At first, we review two reports, which give a detailed description of different transition
methods without an evaluation of the defined methods (Levitan, Burrus, Dewing, Reinhart &
Llaneras, 1998; Tsao, Hall & Shladover, 1993). Thereafter, we describe the results of some
experimental studies, which analyse the effects of different methods of transition.
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Reports considering the description of different tr ansition methods

Levitan et al. (1998): Preliminary human factors guidelines for automated highway system
designers

Levitan, Burrus, Dewing, Reinhart and Llaneras (1998) give a detailed report of human
factors guidelines for an automated highway system. Their report consists of two volumes.
The first volume describes general aspects of ergonomics and human factors design, e.g.
control design or visual displays (Reference). The second volume considers the transaction
of control between driver and automated system and gives a detailed description of three
different AHS scenarios and their transaction methods. Following the focus of this chapter,
only the transaction methods for entry and exit of an AHS are summarized. Undesired
transactions or emergency situations are not included here.

The three scenarios defined by the authors differ on the one hand in the mixture of traffic
allowed on the lanes and on the other hand in the way the transition of control is designed. In
all three scenarios the transition of control in the direction from manual to automated control,
O A aswell as transitions from automated to manual control, O A, are addressed.

In the first scenario, named “Free Agency/Self-Contained Scenario”, all instrumentation
necessary for automation is vehicle based and a free mixture of manually and automatically
driven vehicles is allowed in all lanes.

The transition methods defined for this scenario:

O  A: The driver decides which vehicle automation system he wants to activate and
switches them on, so that control is transferred initiated by the driver.

O A: not applied

O A: The automation transfer control by displaying a message that the driver has to
take over control, whereupon the driver starts controlling speed and steering manually

O A: The automated systems can be switched off by the driver at any time by
pushing a button or by taking over control manually.

In the second scenario, hamed “Barriers on the highway with grouped vehicles” a lane is
specially equipped for automated driving and can only be used by vehicles under automated
control. The automated lane can be reached via a transition lane, which lies between the
manual lanes and the automated lane.

The transition methods defined for this scenario:
Oi  A: not applied

O A: The driver enters the transition lane, where a message is displayed that the
vehicle will take control. After that the transition of control is done automatically by the
automation. The driver can abort the transition of control in the transition lane either by
entering an abort command or by steering back into the manual lane.

O A: The driver requests a so-called “immediate exit”. The vehicle drives into the
transition lane and transfers control of steering and after that of speed control to the
driver. Before transferring control a driver readiness test is conducted.

O A: The automation displays a message when the exit approaches. The vehicle
drives into the transition lane and transfers control of steering and after that of speed
control to the driver. Before transferring control a driver readiness test is conducted.
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The third scenario, named “Segregated highway with individual vehicles”, is characterized by
the complete isolation of the automated lane from the manual lanes of traffic, and a direct
access from an automated ramp.

The transition methods defined for this scenario are almost identical to the scenario “Barriers
on the highway with grouped vehicles”. However, there is no transition lane but a check-in
area where the system takes control and an exit ramp or rejected-vehicle lane exists where
the control is transferred back to the driver.

In summary, Levitan et al. give a description of different transition methods for three kinds of
scenarios. The authors do not focus on detailed descriptions of interaction elements and do
not evaluate their proposed transition method.

Tsao et al. (1993): Design options for operating fully automated highway systems

Tsao, Hall and Shladover (1993) provide set of design issues for an AHS based on human
factors considerations in their report. The authors briefly discuss that transitions of control are
a critical issue in the design of an AHS and they introduce several design issues which might
affect the quality of these transitions. The authors do not give a detailed description how the
issues can be handled or which effect different transition designs might have. Nevertheless
the list can be seen as a collection of human factors issues that should be considered when
exploring and designing transitions of control.

For the transition of control from driver to automation, O A, the authors identify three major
design issues, namely the transition location, the speed at transition and the driver
responsibility.

The authors assume that the transition of control from automation to driver, O A, is the
most difficult task for the driver using an AHS. For this transition, the major design issues are
described as: the transition location, the speed at transition, verification of driver readiness,
driver responsibility, and contingency plans. Furthermore, they add that the amount of
assistance received by the driver from the automated vehicle and roadside, the requirement
for a dialogue between the driver and the vehicle, the provision of cues to the driver by the
vehicle, gradual or stepwise resumption of control, and the sequencing of the steps needed
for a gradual resumption are major design issues which might influence the safety and
effectiveness of an AHS.

Reports considering the experimental evaluation of different transition methods

In the following paragraph, three studies are summarized which cover an experimental
evaluation of different transition strategies. In the studies different criteria are used for
evaluating the transitions considering human factors issues like acceptance or errors or
technical issues like system effectiveness.

The first two studies, summarized in the following paragraph, were conducted in the lowa
Driving Simulator. Based on a contract with the Federal Highway Administration of the United
States studies were conducted considering human factors aspects of AHS. Each of these
experimental studies was run in the lowa Driving Simulator and used a similar experimental
setting. The lowa Driving Simulator is a high-fidelity, motion based simulator, which is located
in the Centre for Computer-Aided Design at the University of lowa. Details of the simulator
and its operating systems can be found in Kuhl et al. (1995). The two experimental studies
summarized here used the same scenario of a three-lane expressway. The left-most lane
was dedicated to automated vehicles, whereas the centre and the right lane contained
manual controlled vehicles. The centre lane provided AHS entry and exit.
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Buck & Yenamendra (1997): Ergonomic issues on entering the automated highway
system

Buck and Yenamendra (1997) report a study considering amongst other issues the effect of
two different transition methods. Twenty-four subjects between 25-34 years old took part in
the simulation experiment. Half of the drivers were female, half male.

For the transition of control to the system two different methods were tested. When manually
driving at a constant speed of about 85 km/h in the centre lane, the system gives an
instruction for lane change which consists of a verbal countdown and an enter command.
Thereafter, the driver moves the vehicle into the automated lane. Control is transferred in one
of the following ways:

O; A: After the driver has moved the vehicle into the automated lane, he pushes a
button for transferring control.

O A; After the driver has moved the vehicle into the automated lane, control is
transferred automatically as soon as the vehicle is completely steered into the
automated lane.

O; A: not applied
O A: not applied

Based on simulator data and questionnaires, the authors concluded that both transition
methods appear to be easy, effective and safe with the AHS configurations used for in this
study. Considering system effectiveness the results showed a significant interaction between
transfer mode and velocity of the vehicles in the AHS for the factor response time defined as
the time between the “enter” command and the exit of the centre lane. For the manual
method, O; A, the transition of control takes about 2 seconds longer than for the automatic
method, O A. Considering system effectiveness, the authors recommended the use of a
low velocity differential for vehicle entry to the AHS and some automatic form of control
transfer.

Bloomfield et al. (1998): Driving performance after an extended period of travel in an
automated highway system

Bloomfield, Levitan, Grant, Brown and Hankey (1998) mainly explored effects on driving
performance after travelling an extended period in an AHS. Among other variables the
authors vary the method by which the control is transferred back to the driver. Forty-eight
drivers participated in the study. Half of them were classified as young drivers (between 24
and 34 years old), half as older drivers (at least 65 years old). Half of the drivers in each age
group were male, and half were female.

The authors introduced three different methods of control transition, which differ in the order
in which steering and speed control is given back to the driver. In all methods the driver is
informed by the automation that the vehicle will leave the automated lane and will be driven
in the transition lane. All transitions of control, described in the study, are directed from the
automation to the driver and are initiated by the automation, O A.

O A:not applied

O A “Speed first”: In the so-called “Speed-first method” the driver receives a message
that he has to take over speed control by using the brake or accelerator pedal. After
transferring speed control the automation issues a second message with an instruction of
taking over steering control by taking hold of the steering wheel. After transferring
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steering control the automation issues a third message to inform the driver that he is in
full control of the vehicle now.

O A “Steering first”: In the so-called “Steering-first method” similar techniques are used
as described in the “Speed-first method”. The automation issues two messages with
instructions for the driver. In this method the steering of the vehicle is transferred before
the driver gets control over the speed of the vehicle. At the end the automation issues a
message to acknowledge the transition of full control to the driver.

O A “Speed and steering simultaneously”: The so-called “speed and steering
simultaneously” method is characterized by a combined transition of speed and steering
at one point in time. The automation signalizes the transition by messaging an instruction
and the driver holds the steering wheel and uses the brake or accelerator. At the end of
the transition procedure the automation issues a second message to acknowledge the
transition of full control to the driver.

O  A: not applied
O;  A: not applied

The results showed that the method of transferring control from the vehicle to the driver had
no effect on subsequent driving performance. The questionnaire data of a post-hoc interview
revealed that the message instructing the driver to take over control was very easy to
understand. Subjects who gained control of both the steering and velocity simultaneously
rated this transfer method significantly better than those who gained control of velocity first.

For illustration, we schematically show the three different methods described by Bloomfield et
al. in UML based diagrams which illustrate the different interaction steps in a timeline
(Appendix 1, diagrams 1-3).

De Vos & Hoekstra (1997): Behavioural aspects of automatic vehicle guidance (AVG):
Leaving the automated lane

De Vos and Hoekstra (1997) conducted an experimental study to explore the task demands
at an exit of an AHS. They expected that the method of control transition would influence,
amongst other variables, exit performance and driver comfort.

The experiment was carried out in the fixed base-driving simulator of the TNO Human
Factors Research Institute. Twenty-four subjects, both female and male, participated in the
experiment. They were between 21-55 years old and experienced drivers.

The authors analysed three different transition methods to transfer control from the
automation back to the driver:

Oi  A: not applied
O A: not applied

O;  A:In one method, named “instantaneous transfer”, the control of steering, braking
and accelerating is fully handed over instantaneously when the driver pushes a button.

O A: In a more gradual mode they describe that “the automatic system, when
triggered by the driver, adjusts the speed and searches for a gap suitable for an easy
lane change to the manual traffic’. This mode is called “automatic gap search”. The
authors do not give information in which way the control is transferred back to the driver.

O A: In the third exit strategy, called “automatic exit detection”, the automation itself
detects an exit, searches for an appropriate gap and starts to move the vehicle to the
gap. After that there is a phased transfer of lateral and longitudinal control. A tone
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indicates that the driver can take over steering control and after completing the lane
change the longitudinal control is transferred.

Questionnaire and simulation data were collected and analysed. For the questionnaire data a
comparison of the scores of the three transfer modes showed significant differences between
the instantaneous transfer mode and the automatic gap search mode on the factor
“Perceived Usefulness”. Subjects rated the instantaneous transfer mode more useful than
the automatic gap search mode. No difference between the transfer modes was found for the
factor “Perceived Comfort”. A significant difference was found for the item “support level”. In
comparison to the instantaneous mode subjects rated the level of support for the automated
gap search mode as too high.

Simulation data showed that the transfer mode had a main effect on the variable location of
exit manoeuvre. The automated gap search mode in which the driver has to initiate the gap
search resulted in the shortest distances to the exit. Furthermore, a minimum time to collision
(TTC) below 5 seconds occurred less frequently with increasing automation.

The authors concluded that an instantaneous transfer of control achieves a high acceptance
and is preferred over a more supported and step wise transfer of control.

2.6.4 Summary

The reports and studies described above cover the description and evaluation of several
transition methods. The studies give us first hints how different transition methods can be
designed and which effects the different transition methods might have. But for different
reasons it is not possible to conclude which transition method should be preferred. On the
one hand, all reports and studies use different methods of transitions so that the methods
cannot be compared. A table summarizing the different transition methods and interaction
elements is added in Appendix 2, Table 1. On the other hand, the authors do not evaluate the
transition methods at all or choose different evaluation criteria so that a comparison is
difficult. Two studies cover an evaluation of stepwise transfer of control from automation back
to the driver. Results showed that this might be more problematic than a prompt transition of
control. Different evaluation criteria are taken into account to explore the effects on system
effectiveness. From the perspective of CityMobil, it is important to note that most results
showed some effects of transition design on technical system effectiveness. So, it seems to
be important for SP2 and SP4 to keep design and human factors issues in mind when
discussing about technical aspects of scenarios involving dual-mode vehicles.

2.7 Responding to system failures

This paragraph provides an overview of the literature on the Human Factors issues involved
during the undesired transition from assisted/automated driving to manual driving, and in
particular when this transition is because of some system error in the dual-mode condition. In
addition to the traditional task of controlling the vehicle on the road, drivers are required to
supervise the operation of the automatic systems: (i) to ensure they operate correctly and (ii)
to intervene if they do not.

Although automating the driving task has a number of advantages, there are also some
possible risks. Since many road accidents are caused as a direct result of driver-related
errors, we have to make sure that the lack of driver response to system failure actually
makes things worse. This may be the result of removing the ‘human’ out of the driving loop,
but still making the driver responsible for responding to system failure that occur only rarely.
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In the literature review, the searched keywords used were:
System error
Error in automation
System failure
Driver failure
Etc.

However, there is not a huge amount of literature published as concerns addressing these
issues for vehicles.

2.7.1 Elements related to driver response to system failures

In her article on ‘lIronies of Automation’, Bainbridge (1987) warns that when automation
changes the human operator’s role from controller to supervisor, the task of managing an
error or fault in the system becomes more complicated. She suggests that users’ cognitive
skills are required to identify the existence of the problem and for selecting the appropriate
solutions, whilst manual skills are required for successful control of a failed system.

Therefore, as supervisor of the system, the human operator has to either be familiar with
exactly how the system works (which can be a great undertaking), or be provided with
adequate feedback and information about whether or not the system is working effectively.
This may be done by providing the operator with a display screen, which allows monitoring
the operation of the system (e.g. see Seppelt & Lee, 2006), or by creating some kind of
alarm to warn operators of system failure. Of course serious consideration needs to be given
to both of these solutions. For instance, the use of too many auditory alarms or too many
visual displays is clearly not desirable or practical and is likely to lead to operator overload.

The use of too many warnings and alarms for system failure, and the method by which these
alarms convey information is a big issue in the Nuclear and Aeronautics and Medical
industries, to name a few. Typically, the problems associated with the use of alarms include
issues such as:

The use of too many alarms, resulting in operator overloaded if more than one alarm
is activated at any one time.

Operators are not always able to identify the source of an alarm (e.g. because of poor
sound localisation)

It is not always easy to remember what type of failure a particular alarm is referring to.
For instance, if more than one type of alarm is associated with a particular system.

Regardless of the method by which operators are informed about the failure of a system, it is
clear that upon failure of an automated task they need to know (a) the point at which it is
appropriate to take over from the system and (b) how to achieve this task successfully.

Stanton and Young (1998) suggest that a number of psychological factors play an important
part in determining how drivers interact with the automated systems and that these should all
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be considered before designing an empirical study to assess the effect of automation on
performance.

The factors thought to be relevant to this report are briefly discussed below:

Locus of control

Stanton and Young suggest that driver’s characteristics and their beliefs about who is in
overall control of the car will have an effect on their behaviour and how they interact with
automated systems in the car. In other words, some drivers will believe that they are in
overall control of the vehicle and will play an active role with the automated system (internal
locus of control). On the other hand, some drivers may play a more passive role, allowing the
automated system to control the vehicle, failing to intervene at all, or effectively during
system failure.

Mental representation and situational awareness

In some circumstances, users’ ‘mental model’ of a how a system should behave does not
actually match the observed behaviour of the system. Bredereke and Lankenau (2005) refer
to this phenomenon as mode confusion: a situation, which can sometimes lead to an
(unpleasant) surprise by the user. Of course ‘mode’ and ‘mode confusion’ are not uniformly
defined in the literature and definitions vary depending on whether this issue is being
discussed by psychologists, human factors experts, ergonomists or computer scientists.
Nevertheless, the general idea here is that driver’s beliefs and expectations of how a system
works determines how they interact with the system and what they expect from it (Stanton &
Marsden, 1996). Clearly, it is important that the correct mental model of the way a system
operates is drawn by drivers, and that they understand the system’s limitations, so that
unrealistic expectations of the systems capabilities are not created.

An example of how an operator’s expectations of what a system can do may lead to errors is
seen in an experiment by Nilsson (1995), which showed that drivers using an ACC in a
driving simulator experiment were more likely to be involved in a collision compared to those
involved in manual driving, similar results are report by Stanton, Young and McCaulder
(1997).

Mental and physical workload

Creating the correct balance of workload for drivers in an automated vehicle is crucial. When
acting as a supervisor, it is likely that the driver’'s workload will be quite low and whilst this
may feel comfortable to the driver, there is also the possibility that the driver will be bored or
feel ‘out of the loop’. This issue is then counterbalanced by a sudden and possibly
unmanageable increase in workload when there is an error in the system, requiring the driver
to quickly and efficiently reclaim control of the driving task.

Feedback

Norman (1990) suggests that for best results an automated system should provide up to the
minute communication about its operation to the driver. As well as keeping the driver up to
date and in the loop, this continuous feedback ensures that there is less chance of driver
boredom and under-load. It also ensures that any changes in system capability are not a
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complete surprise to the driver, and that the driver is able to take control efficiently and
calmly, without experiencing a sudden surge in workload.

Indeed a recent study by Seppelt and Lee (in press) has shown the successful use of such a
continuous feedback using an ‘ecological interface design’ (EID). These authors found that
by presenting drivers with a visual account of the workings of ACC (via the EID) they were
able to provide drivers with an accurate mental representation of the ACC and argue that
such continuous information is more effective than intermittent warning during system failure.

2.7.2 Recommendations and points for discussion

Based on the search of the literature it seems that the following considerations need to be
taken when examining how drivers will cope with error in a system and the fact that they
should then (re)gain control of the driving task:

One major issue is that of driver training and skills maintenance. Perhaps some kind
of regular check is required to ensure that the driver is completely able to control the
system when in manual mode. This may involve the transfer from automated to
manual control (and back again) on a regular basis?

Great consideration needs to be given to the best method for conveying information
about correct operation of the system and how this information should be displayed.
Of course this may depend on how much of the task will be automated and how many
driving manoeuvres are to remain in manual control. The results of Seppelt and Lee
would be a good starting point for further research. The idea of continuous feedback
and keeping the driver informed is also suggested by Rook and Hogema (2006).

Finally, whilst the issue of alarms may be a controversial one, some more effort
should perhaps be dedicated to this topic to allow the selection of the most suitable
method by which drivers are informed of system failure.

Future research could therefore focus on the following issues:

1. What are the acceptable errors from a system? In terms of number and type?
How does the driver deal with errors?
What is the consequence of the error?

Should drivers know that the error is going to occur?

2
3
4
5. How do drivers respond to errors?
6. How do drivers recover from errors?

7. How do we convey failure of the system to the driver?
8. How is recovery from failure suggested?

9. How important is training?

10. How can training be monitored?
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2.8 Usability and guidelines

Nowadays, after focusing on making the primary driving tasks easier, safer and less
tiresome, vehicle manufactures try to offer to the driver the opportunity to take advantage,
directly from the vehicles, of an increasing number of functionalities related to the
entertainment, comfort and driving assistance.

The challenge is represented by designing such functionalities in a way that effectiveness,
efficiency and safety are increased while the interference with the primary driving tasks is
kept as low as possible. So, the designing and the implementation of such devices represent
a challenge from both the ergonomic and technologic points of view.

It is crucial to ensure high level technical performance at sustainable costs and, at the same
time, design the Human-System interaction so as to be the most usable, efficient, effective
and satisfactory as possible for the end-user.

In order to design usable interfaces, it is essential to adopt a “User Centered Design”
approach. It is important to alternate, in an iterative way, design activities and usability
assessments during all the development’s stages of the product with the involvement of both
experts and end-users.

This may give a contribution in decreasing the driver's work load (especially the cognitive
work load) during the use of the functionalities. This is even more important in automotive
field due to the fact that the driver must always keep a high level of attention on the primary
driving task and must be helped in this from the devices and functionalities on board.

The following are general and already used design guidelines. These are extracted from
public literature about Human Computer Interaction in automotive field, are adopted as
reference and are made suitable for specific projects of CRF interest. They are based on
discussions with CRF employees working in the design area.

2.8.1 Interaction design

These guidelines have been provided by Nielsen (1993) and are a fundamental basis for
User Interfaces design and development. They cover different aspects of User Interfaces and
they can be applied during the design in order to make interaction effective, efficient and
satisfactory.

In particular, considering automated and semi-automated system, “Visibility of system
status”, “Error prevention” and “User control and freedom” (see below) seem to be
fundamental in order to enhance driver’s situation awareness of who controls the system
(human or machine).

However it is necessary to carry out ad hoc specific research, in order to collect valid data
about driver's expectancies, behaviour and attitudes towards semi-automated and
automated systems.

Visibility of system status

The system should always keep users informed about what is going on, through appropriate
feedback within reasonable time.

Match between system and the real world

The system should speak the users' language, with words, phrases and concepts familiar to
the user, rather than system-oriented terms.
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User control and freedom

Users often choose system functions by mistake and will need a clearly marked "undo”
button to leave the undesired state without having to go through an extended menu.

Consistency and standards

Users should not have to wonder whether different words, situations, or actions mean the
same thing. Follow platform conventions.

Error prevention

Even though proper error messages are requires, a good design that prevents a problem
from occurring in the first place is to be preferred.

Recognition rather than recall

Minimise the user's memory load by making objects, actions, and options visible. The user
should not have to remember information from one part of the dialogue to another.
Instructions for use of the system should be visible or easily retrievable whenever
appropriate.

Flexibility and efficiency of use

Special functions may be implemented to improve the interaction for the expert user such
that the system can provide services for both inexperienced and experienced users. Allow
users to tailor frequent actions.

Aesthetic and minimalist design

Dialogues should not contain useless information. Every extra unit of information in a
dialogue competes with the relevant units of information and diminishes their relative
visibility.

Help users recognise, diagnose, and recover fromer  rors

Error messages should be expressed in plain language (no codes), precisely indicate the
problem, and constructively suggest a solution.

Help and documentation

Even though it is better if the system can be used without documentation, it may be
necessary to provide help and documentation. Any such information should be easy to
search, focused on the user's task, list concrete steps to be carried out, and not be too large.

Further than the Nielsen guidelines, the following general indications can be followed in the
development of different output devices (visual interfaces, acoustical interfaces).

2.8.2 Visual output

If there are visual interfaces (like Head Up Display or similar) the location of the displayed
information is very important.

The optimal distance on x axis is between 700 and 1000 mm.

The location of the information in the upper part of the visual field may not be advisable, in
particular for older drivers: if a driver wears bifocal spectacles and has to read the information
in the higher part of windshield, he has to bend the neck and approach the windshield, thus
losing the visibility of the road ahead.

D3.2.1. — Human Factor’s aspects Page 37



Consequently it is advised to display the information in the central part of visual field (see
Figure 9).

Figure 9 : Different fields of view for a driver.

The contrast between the text/graphics and their background should be2:

Minimum 3:1
Preferred 7:1

Digital or analogical indicators have to have a brightness level that differs as much as
possible from the background.

Another help to read messages is the symbol spacing and symbol height ratio that have to
meet legibility needs of the drivers with less visual acuity (see Figure 10).

The symbol height should be:
Titles and other key elements = .50 degrees or 30 arcmin. - minimum
Dynamic or critical elements = .33 degrees or 20 arcmin. - minimum

Static or non-critical elements = .266 degrees or 16 arcmin. - minimum

2 This contrast ratio is calculated according to the following equation:

Luminance emitted by the area or element of greatest intensity (i.e. text/graphics)

Luminance emitted by the area or element of least intensity (i.e. background)
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Figure 10 : Example of visual angle, symbol height and distance from viewer to the display.

Space-to-symbol-height ratios of 0.1:1 are adequate for direct viewing of most displays.
Recommendations for larger spacing (up to 0.25:1) reflect data obtained under "suboptimal”
conditions that might be representative of reduced contrast conditions or drivers with reduced
visual acuity.

As for warning messages, moving warning messages are favorable for drivers with reduced
visual acuity instead of static messages, because moving messages capture more attention
by the drivers than the static one. The simplest form of moving message is a stroboscopic
message.

It would be better increase the display time or provide a function that allows to repeat the last
message so the driver knows that the information is not lost.

However when the vehicle is in motion the text of message should not be longer than 4 units,
whilst if the vehicle is stationary the message can be 6 or 8 units long.

2.8.3 Acoustical/Vocal output

If there is a warning signals tones their frequency should be from 500 to 3000 Hz, in this way
we are sure to include older drivers, whose ear sensibility for higher frequencies get lower
with age.

The volume of vocal messages and warning signals tones should be adjustable for allow to
the driver to adapt to his needs.

An auditory alert is suggested for older drivers since, due to their slower processing and
reaction times, they spend more time focused on the forward road scene and less time
scanning an information system.

The auditory messages length should not be more than 3 or 4 units. The messages that
require an immediate reaction of driver should be as short as possible. If the situation is not
of imminent danger the message can be longer and more detailed.

However we have to keep in mind that in all situations is better to keep message as concise
as possible.

2.8.4 Multimodal Interfaces

Considering both input and output modality, it is possible to set different concurrent
interaction modes, (i.e.: manual/visual interaction and vocal/auditory interaction) in order to
provide more natural interactions. Design of these composite interactions has to be carried
on taking into account specific features of interaction modalities, task to be accomplished and
global interaction behaviour elicited by the system.
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3 Human Factors issues in future scenarios

In this section the human factors issues that we may face with in future scenarios are
presented.

The four scenarios developed in previous work in this project are considered:
Assisted vehicles in a town centre
Principal urban roads with dual-mode vehicles on an equipped lane
Inner city centre with fully automated cybercar transport and

Shared traffic space with automated buses and dual mode vehicles

3.1 Assisted vehicles in a town center

In this case we are referring to small cars featuring technologies (mainly ADAS) that assist
the driver through a complex and intricate network of small roads in a town centre.

The adoption of automation in every task is strongly related with a very important human
factors issue: the acceptance of the device.

It is strictly necessary that from the point of view of the end user the system is perceived as
useful, easy to operate, satisfactory and reliable. If the system lacks in any of these features
it will not be used even that solution has a high technological value.

In case of assisted driving the driver has to realise (by a clearly perceived information by
means of screens for system information using symbols, scripts, pictures, voice commands,
animations or films) when the device is on or off, what the system does at any moment and
what the driver still needs to do. This issue is defined as Situational Awareness. Focusing on
the particular function/situation one or more of visual, auditory or haptic information
conveying modes have to be implemented.

In a situation like this an important issue is represented by all those methods by which a
behavioural change of the driver is required. We are referring, for example, to the warning
signals suitable to attract the attention of the drivers when a dangerous situation may happen
if an adequate behavioural adaptation is not quickly operated.

Another important human factor issue is represented by dealing with system failures. It is
clear that, upon failure of an automated system, the driver needs to know when it is
appropriate to take over from the system and how to accomplish the primary task safely and
successfully.

3.2 Urban roads with dual-mode vehicles on an equip  ped lane

The main human factor issues for dual-mode vehicles involve the implemented level of
automation for driving on an e-Lane and the design of the transition of control. It is an open
research question which involvement of the driver, driving on an e-Lane, would be optimal to
ensure a safe transition of control in emergency situations or to improve system
effectiveness. In addition, the design of the transition of control is crucial for the overall
system performance. This applies regardless of transitions occurring in normal situations due
to the signalised end of an e-Lane or transitions provoked by an emergency eg. an
automation break down.
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In order to operate dual-mode vehicles properly it is necessary to focus on the following
aspects:

What interfaces do we need for the communication between the e-Lane system and
the driver for signalising the readiness for automated driving, the end of an e-Lane or
a break down of the system?

What are appropriate designs for the different transitions that can occur (see section
2.6.1)? The design includes for example solutions for the following questions: What
is the best way for the driver to initiate a transition (button, slider, verbal command,
other methods)? Should a transition of lateral and longitudinal vehicle control be
executed stepwise or prompt? In which way should the automation initiate a transition
of control back to the driver in normal or emergency situations?

How can the driver be informed about the actual driving state and the automation
performance to enhance trust in automation, situation awareness and acceptance? .

Especially for the design of interfaces for dual-mode vehicle, human perception research and
usability criteria are important. For example, the precision in timing of the message is an
important factor. If the message is not provided at the right time it may lead the driver to
operate the device improperly. An unambiguous, clear signal (conveyed in visual, auditory
or/and haptic modes) must be provided and particular attention has to be paid to aspects
related with visual, auditory or haptic perception. A visual message has to be easily readable
(colour of background/text or icon, contrast and font type and number of points). Loudness
and spectral features of acoustic signals have to be designed in a way that they are easily be
distinguished from other environmental noises and not result annoying. Haptic signals of
active inceptors have to be linked to the driving situation so that they are easy to interpret.

When the driver has decided to transfer the control to the system it is possible to take away
from driving task but even in this situation situational awareness it is important. The user has
to quickly realise (by clearly perceived information) that the device is on, what the system
does at any moment and if any action is required to the driver.

Once more, an important human factor issue is represented by facing the system failures as
in the previous scenario.

3.3 Inner city centre with fully automated cybercar s

If the adoption of automation devices, as already discussed above, is strongly related to the
acceptance of the device itself, when we deal with full automated transport systems
(driverless cars) it is strictly necessary that from the point of view of the end user the whole
system is accepted and is perceived as safe, useful, easy to operate, satisfactory and
reliable. If the system lacks in any of these features it will always meet a discrete degree of
distrust. Human factors issue concerning the safety, the reliability of the systems have to be
considered even more carefully. Precision in obstacle detection and low speed go in this
direction.

Due that the end users have not to drive (and not to be necessarily drivers) human factors
issues in this scenario are mainly focused on safety and usability of the system.

Vehicles have to feature a suitable level of comfort; every user has to be allowed to enter/exit
the cars easily. The service has to be perceived as attractive and this depends significantly
on the degree of usability in all the stages of the service. Effectiveness of the fleet
management may contribute to a growing enthusiasm in the potential users. How easy is to
demand a car, how usable are the equipment on board (navigation systems, customer
identifying, ticketing methods) play an important role in this scenario.
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3.4 Shared traffic space with automated buses and d  ual mode vehicles
All issues discussed in the previous scenarios are applicable to this last.

This scenario, due its higher complexity, involves all of issues related to the different vehicles
and some aspects deriving from the interaction among the vehicles and the interaction of the
vehicle and the environment.

With this concept in mind, we may consider that the importance of trusting in the system is
even higher than other simpler scenarios.

Particular attention has to be given to the monitoring of system performance and the
conveying of status of the system to the user of the vehicles. Different approaches in
providing of information have to be adopted. It is necessary to distinguish between
information to be provided to automated buses and users of fully automated cybercars.
Reliability and situational awareness are very important factors at any steps in this context.
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4 Conclusions and recommendations for future resear ch

Even though this deliverable has shown that quite an extensive amount of literature is
available that touches the topic of dual mode vehicles or (semi) autonomous driving, many
fundamental issues have not been addressed in depth. This chapter describes the topics we
consider still require further research. This list will also be the basis for developing the
experimental research that will be performed in WP 3.2.2.

In more general terms, the following topics could be studied in future research:

Exploration of system parameters

Considering a future scenario with highly or fully automated vehicles like dual-mode vehicles
or cybercars, no description yet exists of what safety margins and type of driving
characteristics the system should have from a human factors point of view. This exploration
should include system parameters like headways, velocities, transition times and evaluate
driver acceptance or system safety.

Exploration of the needs of the surrounding traffic environment

With the increasing automation of vehicles, the surrounding traffic environment becomes an
interesting focus for human factors research. The following questions are relevant: Do we
need to have an explicit labelling of automated vehicles to make the interpretation of vehicle
behaviour easier? How do ‘normal’ road users interact with automated vehicles? For
example, how can a cybercar indicate its next driving manoeuvres so that pedestrians know
if they can cross the dedicated area?

Trust in the system

One way of studying the trust in the system is by evaluating how soon or to what extent
drivers will start to engage in other activities, such as reading a magazine or talking on the
phone. The trust in the system is also likely to be the result of experience with the system
and the amount of errors encountered.

Probably, the trust in the system will also depend on the type of system. If it is a system in
mixed traffic, with the consequences of failures being large, the trust in the system may be
less than when driving in dedicated lanes. How much this actually plays a role is yet
unknown.

Behavioural adaptation and risk compensation

This is also related to drivers/monitors starting to be engaged in other activities with a system
that partly or completely takes over the driving task. However another issue is that, after
driving with an automated system, the driver tends to use safety margins that are more in line
with the safety margins that the system uses. These safety margins may be too risky for a
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driver since, in the case of manual driving, there is always a driver response time (e.g. 1.5
seconds).

Also, it may be that drivers being a monitor accept a higher level of fatigue since they know
they are only monitoring the system and do not (only in case of errors) have to drive the car.
This may even be the case for driving under the influence of alcohol and drugs, although little
is known about this topic.

Situational Awareness

One of the interests is in situational awareness of the driver that is a monitor of the system.
This relates to two aspects:

Firstly, the effect of monitoring the system instead of driving the car in situational awareness
of the traffic environment. One could study for instance how long it takes before the driver
knows where he is and what is going on when he looks on the road after having been
involved in other activities (e.g. reading something inside the car).

Secondly, aspects related to situational awareness of the system. Does the driver realise
whether the system is on or off and what the system will or will not do?

Also the effect from speaking with a passenger or talking on the phone will be interesting,
since it is very likely that drivers will use their time in other ways.

Exploration of normal transitions

Transitions play a special role for both Dual mode vehicles and advanced city cars. There
are a couple of general research questions on transitions. Our literature review has not
yielded clear results to the question of what might be the best way to design transitions. We
need to explore whether the drivers prefer transitions initiated by themselves or by
automation, and whether this preference depends on driving situations. Furthermore it is a
guestion of research to evaluate a stepwise transition (for example transition of lateral control
first, of longitudinal control thereafter) and a prompt transition of control. Considering the
design of the human-machine interface, we need to know which kind of information do the
driver needs to know before, during and after a transition of control to be fully aware of the
driving mode and the vehicle behaviour. A further research question is if this information
should be presented visual, acoustic or haptic or in a combination of all three channels.
Based on ongoing research at DLR and other labs, our starting hypothesis is a haptic-
multimodal mixture, with haptic as a solid base enriched by visual and acoustic interaction is
promising.

Each of the aspects, mentioned above, can be varied to design different concepts for
transitions. These concepts can then be evaluated considering human factors issues and
technical variables like system capacity, with respect to a more technical view on the future
scenarios of CityMobil.

Controlling the vehicle in case of system errors

Although some studies have been conducted that look to responses to system failure, there
is still a lot of knowledge to be gathered. For instance, in many future systems the idea is that
the driver will still be there as a controller or monitor. In case of critical incidents that the
system cannot detect, for instance in case of mixed traffic or in case of an E-Lane (person on
the road), the driver still needs to respond. We do not have information about how much time
will be lost before the driver actually gets back into the loop and responds. More studies
need to focus on this issue in CityMobil settings. Also it would be interesting to study what
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can be done in order to avoid drowsiness or distraction in a monitor/driver. So after how long
does a driver start to loose interest and what can be done to overcome this.

Another question is related to task allocation. What type of functions does one leave to the
automated system and what functions does one still leave to the driver? It may be that it is
not self-explanatory to a driver that there is longitudinal control but no lateral control or vice
versa. Also, it may be more effective to have a driver perform some part of the task that the
system can also do, to make the task allocation more self-explaining and keep the driver
involved.

What types of errors are acceptable to drivers and how often do errors have to occur before
they become unacceptable? How does the driver deal with errors and how does he recover?
What is the consequence of the error? Do drivers need to be trained in driving with these
systems that sometimes fail? Should drivers know that the error is going to occur?

These issues will be the basis for the discussion in WP3.2.2. In this task, we will choose the
most promising research areas to conduct experimental studies. These studies will be
described in Deliverable 3.2.2.
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Appendix 1: Diagrams for interaction steps in timel

ine

These diagrams are based on Bloomfield, J. R.; Levitan, A. L.; Grant, A. R.; Brown, T. L.;
Hankey, J. M. (1998): Driving performance after an extended period of travel in an automated
highway system. (FHWA-RD-98-051).
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Diagram 1 : Schematic diagram (based on UML) for human-automation interaction during a transition
of control. In this example, the longitudinal vehicle control is transferred first (Method: Bloomfield et

al., 1998; Picture: DLR)
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Diagram 2 : Schematic diagram (based on UML) for human-automation interaction during a transition
of control. In this example, the lateral vehicle control is transferred first (Method: Bloomfield et al.,

1998; Picture: DLR)
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Diagram 3 : Schematic diagram (based on UML) for human-automation interaction during a transition
of control. In this example, the longitudinal and lateral vehicle control is transferred together (Method:

Bloomfield et al., 1998; Picture: DLR)
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Appendix 2

Table 1: Summary of different transition methods that were found in literature (see paragraph 2.6.3 for details)
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Levitan et al., 1998 The driver decides which vehicle automation systems he
Scenario: “Free Agency/Self- X wants to activate and switches them on. X
Contained”
Levitan et al., 1998 A message indicates a transition of control and the driver
Scenario: “Free Agency/Self- X takes back speed and steering control. (x) X X
Contained”
Levitan et al., 1998 The driver steers or brakes manually or actuates
Scenario: “Free Agency/Self- x| automation off button for taking over control. (X) X
Contained”
Levitan et al., 1998 A message indicates a transition of control and after that
Scenario: “Barriers on highway X the automation takes over control. (x) X
with grouped vehicles”
Levitan et al., 1998 When the driver requests an immediate exit, steering and
Scenario: “Barriers on highway X after that speed control is transferred. Before transferring X X
with grouped vehicles” control a driver readiness test is conducted.
Levitan et al., 1998 x| A message indicates an exit and automation transfers X X X
Scenario: Barriers on highway with control of steering and after that of speed control to the
grouped vehicles” driver. Before transferring control a driver readiness test
is conducted.
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Buck & Yenamendra, 1997 A verbal countdown and enter command is given after
X which the driver changes lanes and pushes a button for x) X X
transferring control.
Buck & Yenamendra, 1997 A verbal countdown and enter command is given after
X which the driver changes lanes and control is transferred x) X
automatically.
Bloomfield et al., 1998 A message indicates a stepwise transition of control and
x| the driver takes back speed and after that steering X X
control.
Bloomfield et al., 1998 A message indicates a stepwise transition of control and
x| the driver takes back steering and after that speed X X
control.
Bloomfield et al., 1998 A message indicates a transition of control and the driver
x| takes back steering and speed control all at once. X X X
deVos & Hoekstra, 1997 The driver pushes a button and after that the control is
X transferred to the driver. X X
deVos & Hoekstra, 1997 A tone indicates a stepwise transition of control. Speed is
x| transferred first, steering afterwards. X X
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