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ABSTRACT
Immersive analytics, especially for network visualisation, has been gaining more and more attention in
the recent years. In this position paper, we describe an example application for visualising real-world
geospatial network data and discuss its design combining different immersive analytics techniques
from literature. We describe how this composition of different approaches results in a coherent virtual
environment for the visual exploration of geospatial network data in a real-world business context.
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INTRODUCTION
In our age of "big data", using virtual reality (VR) technology [2] for immersive analytics is a promising
step towards visual exploration and analysis of large-scale data sets [7]. Especially for geospatial
network data, the visual clutter on non-VR 2D displays can become overwhelming and hide the
information inside the data from the observer [15, 36]. Example domains dealing with such data sets
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are logistics (e.g. transportation networks see Figure 1), telecommunications (e.g. network traffic see
Figure 2) or social networks (e.g. interconnection between users see Figure 3).

Figure 1: Visual representation of an air
traffic network [5]

Figure 2: Visualising the peak volume of
permanent virtual circuit traffic [1]

Figure 3: Visualising Facebook friends 1

1https://paulbutler.org/2010/visualizing-
facebook-friends/

We present a prototype application for visualising real-world global logistics networks from a
research project with industry partners. The application consists of a virtual scene with three different
views of the data for visual exploration. We give an overview of our underlying design considerations
concerning visualisation and interaction techniques. By this, we would like to contribute first steps
towards generalisable design recommendations for the visualisation of geospatial network data that
can help to build more productive immersive analytics applications in the future.

RELATEDWORK
While there are a vast amount of publications describing network layout and map visualisation in the
2D domain, we here focus exclusively on networks in 3D or VR.

VR visualisation of network data
To determine if a higher degree of realism has an impact on task performance in network graph
analysis, Bacim et al. [3] compared a four-sided CAVE (CAVE Automatic Virtual Environment) [11]
with a single wall display. They have shown that a more immersive display leads to a lower task
completion time. Even lower task completion times for collaborative abstract network data analysis
were demonstrated when using a head-mounted display (HMD) instead of projection technology.
Cordeil et al. [10] compared a curvedwalk-in display and anHMD system, withHMDusers being faster
and the physical engagement to be more balanced. To compare an immersive 3D graph visualisation
with planar 2D visualisation, Kwon et al. [26] conducted a study using an HMD displaying 2D and 3D
graph layout. The results showed that the 3D data layout provided better results regarding completion
time and number of interactions.
Several studies investigated interaction with controllers [23] and gestures [13] in the context of

network graphs. Erra et al. compared these input modalities with traditional keyboard andmouse inter-
action [17]. Different navigation techniques for 3D graph exploration were evaluated by Drogemueller
et al. [12].

Geo-Reference for Representation
Having a physical map representation of a known environment (e.g. world map) helps the users to
understand distances and spatial relations. Moran et al. visualised the quantity of Twitter messages
referenced to the model of a campus to provide enhanced situational awareness [33]. In cases of
disaster management, Ready et al. visualised data from weather sensors and used the underlying
world map as a known geographical reference [35]. Furthermore, this technique was also used by
Nguyen et al. [34] to visualise bee flight behaviour and by Wagner Filho et al. [19] to analyse the

https://paulbutler.org/2010/visualizing-facebook-friends/
https://paulbutler.org/2010/visualizing-facebook-friends/
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movements of people in a city. Despite these advantages, using map or globe representations also
restricts the use of traditional layout algorithms for graphs (e.g., [20]) that can reduce visual clutter.
For this reason, we discuss the use of spatial separation as an alternative approach below.

Figure 4: Virtual Environment Layout

SETUP OF THE VIRTUAL SCENE FOR GEOSPATIAL NETWORK DATA VISUALISATION
In our test scenario, we have chosen to visualise the global logistics network of a fictional automotive
corporation containing 500 nodes connected by 400 edges. The individual nodes contain numerical
information, e.g. load of the node, and the edges interconnect the nodes with different loads and
transportation types, e.g., ship, aircraft, railway, trucks. The numerical data on the nodes, as well as
the edge data can be dynamic.

We designed a virtual environment (VE) to display three different simultaneous views on the data
that enable users to rely on familiar real-world metaphors during exploration and analysis. All of them
use a world map as a familiar spatial reference. A fourth area contains additional interactive controls
for one of the visualisations. Figure 4 gives an overview of the spatial layout of the VE, showing
the three different views. In the following, we first introduce the setup of the virtual scene and its
views. This is followed by a more detailed explanation of the individual interaction and visualisation
techniques in the next section.

Global Spherical Visualisation (Figure 5). This view enables an overview of the nodes of the
network. The diameter of the displayed globe in the VE is 2m to support users who view it from
greater distances. The edges are omitted in this visualisation to avoid additional clutter. By mapping
the data to a globe, the geographical distances between the nodes are preserved and no major map
distortion affects the relative distances between them. The data can also be observed continuously,
due to the absence of geographical boundaries on a globe. Furthermore, the displayed globe is rotated
slowly to act as an overview that also reveals nodes on the far side of the globe. It can also be stopped
or manually rotated by the user.

Figure 5: Global Spherical Visualisation
Global Map Visualisation (Figure 6). This view enables an overview of the entire network. The

map is displayed on a wall with a size of 3x7m in virtual space. It shows the nodes as well as the
interconnecting edges. The nodes are visualised by cuboids instead of cylinders to reduce the amount
of rendered polygons. Cuboids stick out of the map with red or green colour coding. Edges are colour-
coded by connection type. The interaction space allows to alter dynamic behaviour on the global map
and to filter different connection types. The map itself is static.

Figure 6: Global Map Visualisation

Detailed Map Visualisation (Figure 7). This view uses a table metaphor for displaying a section
of the world map. The table surface is tilted by 20° and either shows a planar projection of the edges
onto the section of the world map or their extrusion into the space above map. To clearly distinguish
between different height levels, the spatial edge representation uses sharply bent height platforms
instead of fully curved edges.
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DESIGN CONSIDERATIONS
The design of the VE followed a set of carefully selected techniques and approaches from the informa-
tion visualisation and immersive analytics literature and merges them into a coherent application.
The following five design considerations were used in the application and should be considered first
steps towards generalisable design recommendations for the visualisation of geospatial network data,
not only for logistics but also including other application domains.

Figure 7: DetailedMap Visualisation (with
extrusion)

Figure 8: User analysing the data in the
simulated workspace

D1. Simulated Workspace
First of all, we provide a real-world metaphor of a workspace to the user in order to support easy
orientation and understanding of the different representations of the data. Global maps and globes in
general are often perceived as an instrument of overview, while the underlying world maps provide a
real-world reference to the abstract network data. Our Detailed Map View implements a virtual desk
similar to the approach chosen by Wagner Filho et al. [18]. In general, an abstract representation of
the surroundings was chosen to avoid distraction from the actual data representations.
The area is large enough to have the users bodily-engaged as suggested by Cliquet et al. [8]. For

navigating the environment, we opted for real walking instead of navigation techniques such as
teleportation. Real walking provides vestibular cues [28] which reduces the risk of cybersickness.
It also helps spatial understanding [6, 28]. With real walking, an increased degree of presence can
be observed [39]. Some researchers claim that a higher degree of presence leads to a better task
performance [41] although this topic is still controversial. In general the three scenarios standing,
sitting and walking identified by Bellgardt et al. [4] are supported.
For interaction purposes a virtual hand metaphor is used [32]. Buttons for filtering data can be

pressed by colliding with the controller and the visual button representation similar to pressing a
real world button. The map section in the table view can be shifted by dragging the controller on the
visual representation.

D2. Passive Haptic Feedback
Passive haptic feedback [29, 30] in VR is achieved by providing physical props and surfaces, which
can be touched by the users. This increases immersion and presence [21, 22, 24, 27] but also provides
additional advantages in the context of our visualisation.
Two views of the data make use of passive haptic feedback and implement the concept of substi-

tutional reality [37]. The global map visualisation is aligned with a physical wall since users have a
desire to touch areas on maps [25] shown in Figure 9. The detailed map visualisation is aligned with a
physical table that allows the user to lean on the physical table shown in Figure 10. This provides
posture stability while observing the different network layers.
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These physical props (table andwall) have to be registered correctly with their virtual representations
in an initial calibration step. Table and wall also act as a natural restriction of the users physical
movement space.

Figure 9: User at the Global Map Visualisa-
tion using passive haptic feedback

Figure 10: User at the Detailed Map Visu-
alisation using passive haptic feedback

Figure 11: Using spatial separation to map
an additional edge attribute

D3. Spatial Separation
A common issue with representation of big data is visual clutter [36], which can be reduced by
separating the data sets into individual clusters that are spatially offset [31]. Spur and Tourre achieve
this separation by bending the data upwards from the ground level to make distant data visible [38].
In our prototype, we use two approaches for spatial separation. First, we are able to reduce the

visual clutter by separating the data in individual layers based on the edge type. Second, we use the
spatial dimension to map an additional edge attribute like load resulting in separate high load areas
and areas of little load shown in Figure 11. A similar technique is used by Yang et al. where they used
the height to visualise the quantity of the international migration flows between countries. [42]. The
spatial separation of the data is only performed on the detailed map view, which is also tilted. This
arrangement of data allows the user to easily perceive the interconnection of the network, but also
provides a clear separation in 3D space. A central finding of Yang et al. was that people tend to look at
the spatially separated data from the side [42]. To support this finding, we have given the possibility
of leaning on the table with the help of passive haptics. By incorporating head tracking, different
perspectives on the data can easily be taken.

D4. 3D Globe
Using a globe visualisation provides the advantage of the display of correct distance and size relation-
ships opposed to maps which are distorted. The major disadvantage of a globe is the limited visibility.
The user is only able to observe one hemisphere of the globe.

A user study by Yang et al. also states that in overall an exocentric globe representation compared
to flat or curved maps or an egocentric globe representation performs best in terms of accuracy and
direction estimation [43].
The globe acts in our application as an important overview visualisation to estimate distances

between different nodes and sub-networks. It is the only display in the presented prototype not using
passive haptic feedback.

D5. Multiple Views
Different views act as a natural reference to well known real world metaphors in the scene. They
provide different degrees of detail as well as different visualisation and interaction types.
The user can switch between these different views, without using a virtual or physical interface.

Only head tracking is used, which again supports the mental map of the user of the scene. A similar
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approach was used by Cordeil et al. where the user can freely place different views of data and users
tend to place them in a circular pattern around them [9].
We designed a consistent colour scheme over the different views to support a smooth transition

between the views. In our specific use case, the colours also support the type of connection by providing
natural colours (e.g. land in green, sea in blue).

Figure 12: Global Spherical Visualisation
showing the geoposition of the nodes

Figure 13: Physical objects providing a
common reference

Additional Aspects
For additional separation and untangling of the different edges, we indicated the direction of an edge
flow by showing icons moving along the edges [40].
The icons used in our prototype resemble well known physical objects to provide a common

reference shown in Figure 13. This representation scheme is also used by Durbin et al. where they
used realistic 3D models to rapidly identify a model based on shape and colouring [14].

CONCLUSIONS AND FUTUREWORK
In this contribution we presented an initial prototype of a generic approach for network visualisa-
tions of global network data. Existing techniques from traditional information visualisation, VR and
immersive analytics were joined together in an interactive prototype.
The prototype was presented in different development stages at three events and initial user

feedback was gathered.

• Cybersickness does not seem to be an issue at all, since no virtual navigation through the scene
is required. Users can easily build up a mind map of their virtual environment.

• The interface was simplified after initial feedback. Controller interaction was reduced to pushing
of virtual buttons and shifting of the detailed map view.

• Users make extensive use of leaning on the detailed map view to look through the different
data layers. Passive haptic feedback of the wall is used.

We plan to refine the prototype and evaluate it in controlled user studies. Additional passive
haptic globe as with Englmaier et al. [16] and buttons are planed. For text input, e.g. for searching
specific items, we could incorporate a physical keyboard as suggested by Zielasko et al. [44]. Visual
interconnection between selected data points or areas between the views might help the orientation
of the user in the data set.
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