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A BSTRACT
We present a hybrid system combining immersive and nonimmersive technology for traffic engineering experts in the cooperative process of construction site planning and decision-making.
We exploit a four-sided CAVE setup, which allows a 360◦ view
of the actual real-world location, while an interactive tabletop positioned in the center of the CAVE provides a map-based 2D planning
view. By selecting different locations on the digital map, the 360◦
environment changes with respect to the selected spot. The tabletop can display more detailed data, e. g., traffic flow and traffic light
programs.
In the described setup group decisions can be made more effectively compared to current workplace situations. In preliminary
focus group discussions, we received positive feedback and plan to
expand the system’s features in the future.
Index Terms: H.5.1 [Information Interfaces and Presentation]:
Multimedia Information Systems—Artificial, augmented, and virtual realities; H.5.2 [Information Interfaces and Presentation]: User
Interfaces—Input Devices and Strategies; H.5.3 [Information Interfaces and Presentation]: Group and Organization Interfaces—
Computer-supported cooperative work
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I NTRODUCTION

AND

BACKGROUND

Hybrid virtual reality (VR) setups allow to combine different interactive display technologies in such a way that the benefits of each
technology can be exploited. In this poster, we describe a hybrid
decision support system, which we developed for traffic engineering experts to improve their cooperative process of construction site
planning and decision-making. Therefore, we combine an interactive tabletop with a CAVE projection that displays on-site 360◦
images, allowing an immersive look-around-view of the actual realworld locations during coordination meetings.
In the city of Hamburg, the Landesbetrieb Straßen, Brücken und
Gewässer (LSBG) is responsible for developing and maintaining
road infrastructure. By defining street alignment and programming
traffic lights, the LSBG plays a key role in ensuring free-flowing
traffic throughout the city. Having as much as 25,000 measures per
year, a careful coordination is essential in order to reduce the impact
on traffic as much as possible.
During this coordination process traffic engineers frequently use
map-based software. The software solution features an interactive
tabletop application, which is already used in coordination meetings. The experts of the LSBG prefer to use a table-based setup due
to the horizontal arrangement enabling the stakeholders to communicate face-to-face around the table. They work on a shared planning scenario creating a more cooperative atmosphere.
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In the applied research project iPlanB we explore ways to improve the coordination by developing novel interaction setups. In
focus groups and interviews, traffic engineers revealed that an onsite impression of processed locations helps during planning and
coordination. In a large city like Hamburg even native traffic engineers are not aware of all processed locations, roads and intersections. However, visiting these locations in person is time consuming and expensive and thus, not feasible on a frequent or spontaneous basis.
Hybrid approaches and concepts for cooperative decisionmaking have shown positive effects in the context of creative group
work [1] as well as disaster management [3]. In both examples, an
interactive tabletop is combined with a horizontal screen to provide
additional information. In [3], a map-based planning scenario is
described, however, the second screen is not used to provide a view
to real-world locations.
In the setup of [5] an interactive tabletop with 3D glasses is used
to provide a three-dimensional view on buildings in city planning.
However, the setup only features a horizontal projection and interaction surface.
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H YBRID D ECISION S UPPORT S YSTEM

Our prototype combines two components: (1) An interactive tabletop placed in the center of (2) a four-sided CAVE.
In this setup, users can interact with a feature-rich map-based
planning software on the interactive tabletop. It features an interactive map of Hamburg displaying construction measures and traffic
data throughout the city of Hamburg. Users can move through time
and space using several multi-touch gestures. Furthermore, the application is currently extended to (a) provide more planning relevant
data, and (b) simulation and machine learning to predict impact on
traffic and recommend alternative solutions.
With our hybrid setup, users can now select predefined locations
on the 2D tabletop surface, which causes the surrounding CAVE to
display a corresponding 360◦ view based on images from Google
Street View. When the user selects a different location on the map,
the 360◦ view changes accordingly. The CAVE projection is not
interactive and only used for displaying the real-world locations.
Projection mapping and rendering are implemented in the Unity
Engine. The two applications communicate via network. Since
there is sufficient distance between the tabletop and the walls of the
CAVE, users can move around freely while discussing planning
scenarios.
As illustrated in figure 1, the tabletop setup [2] consists of:
• a Samsung UE55F9000 55 UHD television,
• a PQ-Labs G4S touch frame,
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• a height-adjustable and tiltable stand, and
• the .Net-based multi-touch application for construction site
planning and coordination.

Figure 1: Our hybrid VR decision support system for cooperative planning of construction sites: The tabletop surface surrounded by the
CAVE (left) and three expert users discussing a planning scenario (right).
The surrounding CAVE setup [4] consists of:
• a four-sided white painted 3.15 m × 4.20 m × 2.36 m projection screen installation,
• four off-the-shelf Optoma projectors mounted on the ceiling
around 0.8 m in front of the walls, and
• the Unity-based application displaying 360◦ images from
Google Street View.
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L ESSONS L EARNED

While still maintaining the desired face-to-face meeting situation,
our setup displays locations in an immersive and detailed way, that
could not be realized using the tabletop alone. Multiple users can
observe the surrounding imagery in the same space and at the same
time—in contrast to head-mounted display setups. The projected
360◦ images help to better understand the situation on-site, while
saving money and time for travelling through the city.
Having a simplified overview over all related locations, intersections and roads of the city is crucial in the cooperative decisionmaking process. This is provided by the interactive tabletop: it
can handle the rich map-based application while being easy-to-use
thanks to multi-touch interaction and a simplified general user interface. The horizontal orientation of the tabletop allows face-to-face
communication while offering a shared view on the screen for all
participants.
The combination of different interactive display technologies in
our hybrid decision-support system allows to combine the benefits
of the tabletop and the CAVE projection. Indeed, a minor drawback
is the slightly reduced projection space on the ground floor where
the table is positioned.
A major challenge is consistent orientation among both representations of the same location. We implemented the 360◦ image
initially facing north according to the map on the tabletop. However, as rotation is not restricted in the multi-touch application, the
360◦ environment needs to be rotated in parallel. As quick horizontal movement might lead to discomfort, fast movement should be
avoided. Furthermore, projecting a compass overlay on the ceiling
or on the ground around the tabletop would help against disorientation.
So far, the 360◦ view is not interactive. Object selection and
overlays displaying additional information like construction site
meta information, street names or directions could be added in the
future, also further improving the overall orientation.

The currently used Google Street View data is mostly outdated
for the traffic engineers’ p urposes. To give a helpful and realistic
impression images must be up-to-date. Recording up-to-date aerial
images is an expensive and time-consuming process, for example, when captured during helicopter flights. In the future, drones
equipped with 360◦ cameras could handle this task more efficiently,
which would significantly improve our tabletop a pplication. Alternatively, already city-wide installed live traffic c ameras c ould be
upgraded to provide 360◦ images, or at least real-time 2D video
insets.
As a schematic alternative, a 3D city model of Hamburg in combination with aerial images could be used for both parts of the system. This would allow an abstract 360◦ view of every location on
the map, but might lack immersion and realism. Currently, we are
exploring the 3D alternative in the context of public participation
workshops in which the LSBG presents future construction projects
to the public.
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