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Abstract
Optimized interfaces should ease the take-over of partially
automated vehicles by providing information about the current traffic situation. Intelligent transportation systems provide vehicles and drivers with information that exceed the
individual vehicle’s perception range and might facilitate
driver take-overs. The concept of this paper is based on
the Providentia system, which combines vehicle and infrastructure perception to provide participants with a multiple
kilometer far-reaching view. A visual representation in 3D
of the highway and the traffic is modeled in which haptic
feedback with Ultrahaptics is given when interacting with
the in the air projected visual representation. Within this experience interface of Providentia additionally an augmented
reality windshield display is simulated to visualize work documents. To interact with the AR windshield display, haptic
feedback is given while editing work documents. Haptic
feedback thus improves the performance of the driver when
working or interacting with the simulated hologram within
the vehicle.
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Introduction to the interaction system

Figure 1: High precision
representation of the digital twin of
the highway

Highly automated vehicles will be more present on the highways in the next years but until fully autonomous vehicles
are produced in series, the task of driving will still at least
partly depend on the driver. During a take-over scenario the
driver has to understand the driving situation and needs to
take control in a timely manner. Therefor a safe take-over
request needs to be implemented in the car. In order to do
so the driver has to shift his attention from unrelated tasks
to driving. Within the project Providentia [1] a sensor system is set up and implemented on the highway. All the collected information from the highway is used for a digital representation that simulates the traffic and informs the user
of the processed information like V2X information or speeding offenders [1]. A picture of the simulation of a highway
scenario can be seen in figure 1. The additional information
provided by the sensor system, could make it possible to
warn the driver in a very early stage when dangerous situations, like traffic jams, are still developing on the highway.
The interaction unit in this system is a hologram, simulated
with VR glasses, in which a representation of the highway is
implemented. Within this 3D representation several interaction tasks are possible.
Due to the haptic feedback of Ultrahaptics it is possible to
give objects a haptic form. Within our project the highway is
represented by a haptic form and the vehicles and sensors
can thus be distinguished haptically. Further research is
considered to investigate the best size and form of interacting with small objects with a haptic form. The vehicles and
sensors will therefore be selectable and the user is thus
able to change to the sensor view or by selecting vehicles,

it will be possible to establish a link between the vehicles.
That can be interesting for example in a platooning task to
cooperate in the route planning or for cooperative gaming
while driving. In this hologram it should also be possible
to zoom to get a bigger view of the highway or a more detailed view of a certain scene on the highway. With gesture
control it can be possible to scroll through the whole highway to get an impression of the traffic in front of or behind
the Ego vehicle. The haptic feedback with Ultrahaptics enables the interaction to be as natural as possible. It is utmost important to provide the driver not only the support
in a normal driving situation, but also a warning before an
oncoming danger occurs. This provides an early warning of
the driver and a more confident take-over task. Another for
us interesting use case is a working environment simulated
by an augmented reality windshield display with interaction feedback. While preparing a presentation or having a
call, haptic feedback ensures button click and content drag
on the windshield display that feels as natural as operating
their physical counterparts. Gesture control can be used
to change pages in a presentation and accept or decline
phone calls. Especially in work related tasks it is important
that the user feels confident in the interaction unit to prevent mistakes. When typing on a small space haptic feedback can help to hit the right buttons and thus increase user
acceptance. Both authors would like to participate in the
workshop of Ultrahaptics at CHI 2018.
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