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ABSTRACT

The drive towards highly automated vehicles is continuing to gain traction, however
when bridging the gap from SAE level 2 automated vehicles to highly automated level
4 vehicles, there is a phase that will require temporary takeovers by a human driver.
One approach is that a tele-operator is taking over the full control over the vehicle,
which requires a sophisticated control center and a data connection enabling video
with sufficient bandwidth and low latency. A slightly different approach can be cho-
sen: When a driving automation reaches a system limit or border (e.g. a construction
zone or an unclear traffic situation), it can request the support of an operator in a con-
trol center to support with the vehicle control. In this instance, the vehicle is not directly
tele-operated but instead proposes a possible maneuver, which then can be selected,
dismissed or approved by the operator, and will then be executed by the automa-
ted driving system. This is a likely scenario for vehicles with automation capabilities
limited to specific use cases or in mixed traffic situations in which not all vehicles
are capable of vehicle-to-vehicle communication. An additional role of the operator is
responding to emergency calls by occupants by assessing the situation in the vehicle
and its surroundings. Using a video and audio link, the operator can connect with an
occupant in case of security or health concerns. The paper presents a human system
analysis and sketches the requirements for a control center as an intermediate step
towards the rollout of highly automated or autonomous vehicles.
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INTRODUCTION

The concept of “driverless cars”was first presented in 1939, with GM exhibi-
ting the “Futurama” concept, which showed a platooning automated vehicle
(Kröger 2016). Until the early 1970s, the idea of a vehicle that drives itself
remained fiction but then the PROMETHEUS project developed the VaMoRs
(Versuchsfahrzeug für autonome Mobilität und Rechnersehen). The vehicle
travelled along a closed-off section of the motorway at nearly 100 km/h
in 1992 (Lossau 2017). Since there were some significant technological
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advancements and Google showcased a bespoke driverless car, without a ste-
ering wheel and foot controls, navigating the roads of California in 2015
(Waymo 2016). In parallel to this technology-driven development, research
and development in the field of human systems integration addressed the
integration of such an automation with the human, the organizations and
the environment. A central idea is that automation is not black and white,
there is not only full automation or no automation, but that the distribution
of control between humans and automation can be shared differently across
multiple levels of automation. Initially exemplified for air- and ground veh-
icles with the rider-horse metaphor (H-Metaphor, Flemisch et al. 2004ff),
this led to concepts such as highly automated driving (Flemisch et al. 2006;
Hoeger et al. 2011), the levels of driving automation (Gasser et al. 2012; SAE
2021), shared and cooperative guidance and control (Flemisch et al. 2014ff;
Abbink et al. 2012), fluid distribution of control (Goodrich et al. 2006;
Baltzer et al. 2015), and maneuver based driving (Flemisch et al. 2020a).

The advancement in vehicle automation technology has now reached a
point that allows to consider vehicles that are capable to navigate normal
driving situations fully automated, which would be defined as Level 4 ‘High
Automation’ or Level 5 ‘Full Automation’ according to the SAE Levels of
Automation (SAE 2021). Currently this level of automation is limited to
vehicles that operate in confined areas, such as technology parks, where
environmental hazards, traffic flows and general operational environments
can be closely controlled. Those are typically driverless vehicles providing
mobility on the first and last mile, whilst being monitored by an onboard
supervisor. These operators typically have no influence over the vehicle other
than being able to stop it in an emergency and in some applications to manu-
ally manoeuver the vehicle using a joystick or a similar interface (Wasser et al.
2020).

A potential solution to enable the technology to make the next step and to
breach the gap to partake in normal on-road traffic, is the remote supervi-
sion of these vehicles. In this scenario the vehicle automation is confronted
to a number of additional challenges, such as unknown environments and
situations as well as a mixed traffic situation where automated vehicles are
using the same space as traditional, manually operated vehicles. This is likely
to create situations in which the vehicle automation reaches the limits of its
functionality, requiring a human intervention to resolve the situation. Remote
connection is one potential solution, allowing a human operator to control a
highly automated vehicle and manoeuver it through a situation the automa-
tion is unable to resolve by itself. The operator can either directly control the
vehicle, typically described as tele-operated or instead, as this paper proposes
select an appropriate maneuver proposed by the vehicle automation, which
it will then execute independently.

MANEUVER-BASED COOPERATIVE DRIVING

Tele-operated driving describes a scenario in which a remotely located ope-
rator is directly controlling a vehicle without physically being in the vehicle.
This can be in the form of a small robot controlled by the operator whilst it is
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in the direct line of sight or a vehicle which the operator controls whilst seeing
the surroundings via a video stream. The later may be used over long dista-
nces, for example allowing an operator to safely control a vehicle in a hostile
environment such as a remote reconnaissance unit such (Wasser et al., 2021),
where an operator is able to directly control a small robotic platform, view-
ing the surroundings on a monitor array and can, classify unknown objects
highlighted in the viewing field.

However, tele-operated driving has significant disadvantages, especially in
environments with poor network coverage due to the high amount of data
required. In addition, there are difficulties due to operator and vehicle vari-
ations, responsibility for multiple vehicles and other moving objects (Fong
et al. 2001). Here, maneuver-based automation offers decisive advantages
(Flemisch et al. 2020a): It describes a scenario in which an operator does not
directly influence the vehicle movements, but instead supports the vehicle
automation in the decision making process by selecting the appropriate next
manoeuver, which is then executed independently by the automation. On the
one hand maneuver-based driving is particularly useful with regard to coo-
perative automated driving (e.g. Flemisch et al. 2014; Stiller et al. 2018; Usai
et al. 2021). Here, one of the most obvious advantages is that it allows the
driver to influence the automation (e.g., increase speed or initiate an over-
taking maneuver) without having to completely take over the driving task
(Flemisch et al. 2020b). On the other hand however, maneuver based control
becomes elementary especially for vehicles that do not have a driver on board.
In this scenario an operator in a control center does not have to continuously
monitor the vehicles behavior but acts as a fallback option if the automation
is unable to make a decision. This can be the case, for example, when the
right-of-way rules are unclear (e.g. in a bottleneck) or when a violation of
traffic rules must be actively cleared, such as when a stopped vehicle is blo-
cking the lane and the automated vehicle has to cross a solid lane marking
onto the oncoming lane to navigate around the obstacle.

Those possible maneuvers should be based on scenery, scene, situation and
scenario, as proposed by Geyer et al (2014). The scenery here describes prede-
fined possible road types (e.g., an intersection, or a rural road) in a necessary
level of detail with any number of dimensions (e.g., lane width, traffic lights,
or static obstacles). The scene extends the scenery with possible dynamic ele-
ments (e.g. other vehicles or VRUs) as well as driving instructions (e.g. right
of way rules). This does not require a complete description, but only a capture
of the relevant elements. The situation describes the set of criteria that need
to be true in order to perform the intended action of the ego vehicle. The
end of a situation is defined by a change in one of the criteria describing the
situation (e.g., passing through the intersection). The scenario is comparable
to a storyline, e.g. the ego-vehicle has to reduce speed at the intersection, stop
at the red light, accelerate again and then cross the intersection. Based on this
definition, eleven basic maneuvers were proposed as part of the ‘Vorreiter’-
project (Flemisch et al. 2020a): Start moving, move faster, stop moving, move
slower, emergency brake, change lane right, turn right, change lane left, turn
left, U-turn, overtake. This condensed set of maneuvers has several advan-
tages over very detailed sets or direct tele-operation: the maneuvers are easy
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to distinguish, they can be used to solve a wide variety of situations, and
they can be selected and executed both directly and remotely either using a
steering wheel or alternative controls (Kelsch et al. 2006).

POTENTIAL APPLICATION OF CONTROL CENTERS

A number of potential applications for the remote operation of vehicles can
be found in various domains, including military tasks such as remote recon-
naissance. In such a scenario, the reconnaissance task can be conducted from
a remote station where an operator controls a number of units transmitting
video feeds to a single workstation. The task for the operator, supported by
an intelligent software that highlights unknown objects, is to classify the obje-
cts using a gaze based interaction method, whilst also monitoring the remote
units (Wasser et al. 2021). In this concept the operator is monitoring highly
automated vehicles, whilst mainly focusing on the classification task. In the
future, when the reconnaissance units operate even more independently, the
task may be split up again into classification and a separate operator who
is monitoring a large number of units that only require infrequent support
to either set the initial target or in the case a system limit is reached and an
alternative manoeuver has to be selected. These roles could then be located
in a control center, from where a fleet of automated units is monitored.

In civilian application a control center would support highly automated
vehicles when they have reached a system limit and are unable to select the
next manoeuver themselves, making a human intervention necessary. This
can be caused by various reasons: situations with unclear traffic rules, limi-
ted sensory foresight or to authorize driving maneuvers that are not permitted
within the road traffic regulations, such as overtaking a broken-down vehicle
in a no overtaking zone. In such cases, the vehicle requests assistance from
the control center and provides information about the cause of the error and
communicates possible maneuvers. For example, an obstacle in the lane could
be the cause and the manual clearance of a lane change via the on-coming
lane could be the requested maneuver which requires authorization by the
operator. But also navigation outside the operational design domain (ODD),
for example in depots of mobility hubs, or in the context of maintenance
could make an external operation necessary. Another reason for an interven-
tion by the control center is an unreachable destination. If the automated
driving system is unable to reach a destination, for example due to parked
transporter at the shuttle stop, a new destination must be defined manually
by the control center.

However, the tasks of a control center may go beyond releasing maneuvers
or resolving deadlock situations. In a large-scale survey regarding the wishes
of potential users of autonomous shuttles in Germany, a large proportion of
respondents explicitly requested safety measures (Herzberger et al. 2019). In
particular, a contact person by telephone/video link via an emergency call
system was mentioned as an important acceptance criterion. However, these
emergency responses do not have to be limited to events inside the vehicle,
such as assaults or medical emergencies, but can also include the surroundings
(e.g., vandalism).
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Figure 1: System model showing the connections between an operator, a vehicle
subsystem and potentially a passenger (adapted from Wasser et al. 2021).

Another use case is the topic of fleet management. This involves providing
sufficient vehicle capacities at specific times at relevant locations for vehi-
cles used in public transport. Daily peaks, such as commuter traffic, do not
usually require intervention, but rather irregular major events such as confe-
rences. However, the specific route selection of the individual vehicles is not
made by the control center but is determined locally. Another aspect of fleet
management is the tracking of vehicle status, such as the state of charge, or
maintenance. Acute error messages, such as faulty sensors or those relating
to the drive, can also be transmitted to the control center.

SYSTEM MODEL AND REQUIREMENTS FOR A CONTROL CENTER

The main components of the system described in Figure 1, are the opera-
tor located in the control center and the vehicle which may have passengers
on board and is located in a different environment. Information from the
environment is shown in purple, from the operator in turquoise, technical
information in blue and passenger information in green. The passengers are
connected via the interior interaction system onboard the vehicle subsystem,
within which the external sensor data is processed to provide information
to the automation software as well as a video stream to the remote opera-
tor. The automation software or if required the operator can make strategic
decisions, selecting the next appropriate manoeuver, which is then however
always executed on the tactical and operational level by the automation sof-
tware. In both, the vehicle subsystem and the control center environment,
are interfaces connecting the operator, the passengers and the vehicle auto-
mation. On the passenger side it enables a direct interaction, such as selecting
a destination or contacting the operator in the case of an emergency as well
as an indirect interaction, where sensors within the cabin monitor the pas-
sengers in the case of a health emergency. The interface in the control center
presents any relevant information about the situation the vehicle is in as well
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as the proposed manoeuver. Overall the system model shows the different
components and the required information flow between the sub-systems to
enable a concept like a control center for highly-automated vehicles.

OUTLOOK

The applications presented in this paper point out both the technical and
safety-related need for control centers in the context of enabling the next
development step of automated driving. It can be assumed that the need for
maneuver clearances will initially be relatively high due to an increasingly
high proportion of mixed traffic. However, as automated and connected veh-
icles become more widespread, the need for driving task-related interventions
will subsequently decrease. Nevertheless, the use-case of a remote emergency
center will most likely remain for the acceptance of shared vehicles, such as
first and last mile mobility vehicles or to resolve traffic situations in unknown
areas.

A prototypical control center is to be set up as part of subsequent resea-
rch. Subsequently, the stakeholder and system requirements will be identified
within the framework of explorative workshops and user studies.
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