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ABSTRACT

Vehicle automation has evolved from early systems, like cruise control, to more
advanced technologies requiring deeper exploration and understanding of human-
automation interaction and Human Systems Integration. Initially, research focused
on human-computer interaction, but it later shifted towards a dynamic cooperation
between humans and machines. As vehicle automation levels will vary in the future
from partially to highly and fully automated systems, new safety concerns arise.
These are particularly relevant for transitions of systems between automation levels
and migrations of humans and technology between different configurations of the
socio-technical systems. This paper describes a work-in-progress in the German DFG-
project MiRoVA (Migration of Road Vehicle Automation), especially subproject 4,
which focuses on internal interaction in the vehicles, e.g. between the automation
and the driver. In this subproject we aim to address gaps in understanding the
impact of automation migration on human-machine interaction. The focus is to
explore how changes in automation levels affect human-machine cooperation and
HMI design. This paper presents the fundamental aspect of human systems migration
of vehicle automation, followed by resulting goals and the research concept created
to investigate the impact of automation migration on human-machine interaction in
human-in-the-loop simulations of traffic systems.
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INTRODUCTION

The history of vehicle automation is nearly as old as modern vehicles
themselves, with the first forms of cruise control in cars, e.g., by Wilson-
Pilcher, in the early 1900s, and the first airplane autopilot system, e.g. by
Sperry (1915). These first systems were still primitive in design and the
possible interactions. With more complex vehicle systems, and especially
the rise of computer technology, automation also became more sophisticated
and broader in scope. With this came the need to investigate the interaction
between human and automation. This was initially done from a more
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technology-oriented perspective, which was then opposed with a human-
centered perspective (Billings, 1991), and combined with a balanced
perspective (Flemisch, 2003). The main paradigm of the time was that of
(human-computer) interaction, where the machine did nothing more than
realize the orders given by the human over a relatively static human-machine
interface.

Inspired by automation in aviation and automotive, Hoc (2000), based
on the ideas of Rasmussen (1983), proposed a shift from this paradigm of
interaction to a paradigm of cooperation to allow systems to be designed
with dynamic function allocation and transitions of control between human
and machine in mind.

The concept of cooperation within human-machine systems (HMS),
specifically in the context of cooperative vehicle guidance (Flemisch et al.,
2016), which draws inspiration from the H(orse)-Metaphor (Flemisch et al.,
2003), has been a focus of research and development in the automotive
domain for many years. While our work will focus on the local HMS between
driver and vehicle, it is important to note that this cooperation also takes
place between the local HMS and other traffic actors. A more holistic model
of how such a system of systems (SoS) works together is shown in Figure 1.

Figure 1: Holistic system model of human-vehicle cooperation, with the human-
machine system (HMS) (center), within a micro traffic system, which itself is embedded
in a macro traffic system (Flemisch et al., 2024, based on Flemisch et al., 2023).

LEVELS OF AUTOMATION AND HUMAN SYSTEMS MIGRATION

At the current time, no road vehicle is capable of fully automated
driving and not all vehicles offer the same automation features. Multiple
classification systems were developed that culminated in the formulation
of an international standard for Driving Automation Systems for On-Road
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Motor Vehicles (SAE, 2021). A basic overview of these levels is shown in
Figure 2.

Furthermore, the automation that is offered by the vehicle may not be
active at all times. It may also only be partially active, which means that
there can be multiple levels of automation in the vehicle at the same time.
Therefore, it is necessary to define transitions for the automation to take over
or give back control of the vehicle to the user. A typical example where such
a transition is safety critical, would be a situation for which the automation
is not designed. In that case, the automation has to give back control to the
driver. This is often abbreviated as the takeover request (TOR), and subject
of ongoing research (e.g. Melcher et al., 2015; Wan et al., 2018).

Figure 2: Linear presentation of the migration of automation levels, e.g. VDA, BASt,
SAE (Flemisch et al., 2024).

Flemisch et al. (2011) transfer the idea of human-technology migration
to the domain of road traffic, expand it to a socio-technological perspective,
and apply it to a migration and evolution capable human machine interaction
and automation. This human systems migration will also lead to increasing
automation of road vehicle systems. As a result, people will also become
accustomed to newer, more automated support systems.

In a perfect world, this migration of automation levels would happen
simultaneously with all road users, and all manufacturers would implement
e.g. automation state transitions the same way. However, this is not
reasonable to assume. In the future, as it is currently the case, there will be
a mix of different automation levels present. This means that in the future,
multiple migration paths have to be considered. The most straightforward
migration is from one automation level to the next (upwards migration).
Drivers may also change vehicles without changing the level of automation
(sideways migration). This is still a relevant process, however, as the same
automation features may be realized differently in the HMI. Lastly, there
may be cases where drivers will have to use a vehicle with a lower level of
automation (downwards migration). An example for a possible migration
path is shown in Figure 3.
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Figure 3: Example of a sideways and upward migration with focus on HMI. Notice
especially, how the two human-machine-interfaces on the left are structured with a
different transition scheme in mind. Based on Eom & Lee (2022) and ideas of the
Vorreiter project (Flemisch et al., 2020), (Flemisch et al., 2024).

SAFETY CONCERNS IN REGARD TO HUMAN SYSTEMS MIGRATION

There are multiple safety risks associated with human systems migration. In
this work, we will focus on the human-machine system between the driver
and vehicle, though a broadening to a micro- and macro-traffic system (see
Figure 1) will most likely reveal even more risks.

For upwards migration, a significant factor is an over-reliance on and over-
confidence in the automation. This was described by Flemisch et al. (2017)
as the uncanny and unsafe valley of automation. The most critical region
was identified to lie between SAE level two and level three/four systems,
where a less automated system could be assumed to be more capable than
it actually is. In the past, there were already multiple accidents with the
involvement of automated vehicles, where an over-confidence of the human
actors in the automation was identified as one of the main causes (National
Transportation Safety Board NTSB).

In case of sideways migration, safety concerns can arise when an
interaction of drivers and automation creates confusion or conflict. For
example, imagine a vehicle transitioning from a radar-based adaptive cruise
control system to a vision-based system for maintaining speed and distance.
In both cases, the vehicle operates at SAE 2 (partial automation), but the new
system relies on cameras to detect road conditions and other vehicles. If the
system fails to detect an obstacle due to poor lighting or weather conditions
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(e.g., heavy rain), the driver may not be prepared to take control immediately
because they were used to the radar system, which performed better in those
conditions.

In regard to downward migration, an over-familiarization with higher
automation levels can lead to safety risks. This is especially risky, if the driver
assumes an automation, e.g., a braking assistant, to be there, but it isn’t. In
this case, they may not react fast enough in case of an emergency situation,
because they assume that the vehicle would handle the event.

Considering these accidents and potential risks, we believe that changes
in critical aspects of the human-machine system, the micro or macro traffic
system are crucial. If the driver fails to account for such changes, it could
lead to disadvantages, incidents, or even accidents. These changes could
include shifts in environmental conditions, the behavior of automation
levels, or transitions between different automation levels. Managing these
changes relies heavily on the HMI, though this issue extends beyond just the
HMI itself. However, apart from Morris (2020), who addresses migration
problems in automation system functions related to risks and liability, little
research has been conducted on migration as a change management process
in road traffic.

OUR GOALS

A review of the research history reveals two contrasting trends. On one
hand, there has been limited exploration and insufficient attention paid to
the migration process and its relationship with human-machine interaction,
cooperation, and HMI. On the other hand, there are valuable models and
insights that detail how humans, machines – such as vehicle automation –
and the environment engage through HMI, influencing factors like mental
models, situation awareness, workload, and trust. Building on the progress
made in projects like DFG-CoInCar (e.g. Flemisch et al., 2024; Stoll et al.,
2019), we are motivated to expand this existing knowledge to address the
emerging challenges of human systems migration, especially in the context
of human-machine interaction and cooperation, with a focus on the crucial
role of the HMI. Understanding the various potential future states and
the transitions between automation levels is essential to guide the future
direction of research, development, and policy concerning traffic systems and
automated vehicles.

Our core objectives are 1) to deepen scientific understanding of both the
positive and negative impacts of migration on human-machine interaction,
cooperation with automation, and related HMI, and 2) to present this
knowledge to the research and development community in a way that
facilitates its practical application.

In the context of our second goal, we aim to integrate our findings into
a broader traffic system simulation. While our focus will stay on the HMI
between driver and automated vehicle, we recognise that it is crucial to
also consider how limitations in human interaction resources can impact
interactions not only within the vehicle but also with external systems.
Specifically, we will cooperate with other researchers to examine interactions
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with other road vehicles – automated and non-automated – and vulnerable
road users, such as pedestrians. These external interactions are critical to
understanding the broader context of driver decision-making and the safe
integration of automated systems into complex road traffic scenarios.

RESEARCH CONCEPT

The research structure will follow the turbine model for human systems
exploration (HSE) (Flemisch et al., 2022). The challenge is to condense the
many interaction, cooperation, and HMI options into a format that can be
efficiently used in design explorations. Those will then be implemented inside
a static driving simulator, where the design space is explored iteratively with
representative drivers and other stakeholders. To increase agility, aspects of
automation or the interface are initially emulated using the ‘Theatre Method’,
where a design team member acts out the role of the system, simulating
interactions with the driver. The identified qualitative interaction patterns
will then be formalized inside state machines, which are further developed in
the direction of probabilistic networks.

Based on this, the patterns will be properly integrated into the driving
simulator, so we can later validate them experimentally. The simulator setup
already includes a simulation environment to create use cases, a driving
automation system (Altendorf, 2018) that performs basic manoeuvres such
as lane keeping, following, lane changing, and emergency braking, an
interaction mediator (Baltzer et al., 2014; Baltzer, 2021) for HMI control
and structured conflict resolution between humans and automation, and a
pattern handler (Usai, 2024) to manage the interaction patterns developed.

This process will be done over multiple iterations. In each iteration, the
qualitative system model will be sharpened and more interaction patterns
will be identified, formalized, and validated.

CONCLUSION AND OUTLOOK

In this work, we have presented the challenges of human systems migration
with the example of vehicle automation, and the shortcomings of current
research into this topic. We plan to address this research gap to identify
positive and negative impacts of the migration between automation levels,
specifically in the domain of road traffic. While the research in subproject 4
of MiRoVA is focused on the local human-machine systems, the overall goal
is to integrate our findings of the subproject into the traffic system simulation
of the MiRoVA research group, which also includes the micro- and macro
traffic system.
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