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1 Introduction
Redirected Walking (RDW) is used in immersive virtual reality applications to allow a user the exploration of virtual environments which are larger than the
available physical space while freely walking. In order to achieve this virtual extension of the space, so-called redirection techniques are applied which manipulate
the mapping between the user’s physical and virtual movement. When a user approaches the physical boundaries, e.g. walls, safety measures are activated in
order to avoid a collision. However, each safety measure itself is an immense intrusion into the virtual experience, which breaks the immersion for the user.
Therefore, Nescher et al. [1] designed a Model Predictive Controller serving as a path planner. Based on the physical layout of the environment and the current
user position and orientation, the planner determines which redirection technique needs to be applied such that potential collisions can be avoided. So far, for such
a path planner to be used effectively, it was necessary that the physical environment was known beforehand. This required information was entered into the system
manually by measuring the dedicated space defined by the tracking system. Accordingly, this dependency on the tracking space renders the system inflexible and
immobile. Thus, a new approach is aiming to eliminate the environmental dependency by adding a Simultaneous Localization and Mapping (SLAM) device,
which allows the system to be used ad hoc as it tracks the user’s movement while creating a map of the tracking space at the same time.

2 Methodology
In this approach, a Google Tango Tablet, which uses SLAM technology to track its own position in a

Evaluationspace (6x6m)

continuously recorded environment, is attached to the front side of an HMD such that the field of view of the
user and the tablet are aligned. In addition to the SLAM algorithms, we create a preliminary map of the
environment which shall later be used for RDW. In order to generate such a suitable representation, we access
the recorded data of the tablet’s depth sensor. This data consists of a cloud of 3D points found using the
reflection of infrared rays and a time-of-flight analysis. In a first approach, we showed a simple way of building
a representation of the surroundings in real-time by indicating the physical limitations of the room applying a
sequence of algorithms on the tablet [2]. In this approach, a complementing map is created simultaneously
which is then also transferred from the Tango Tablet to an external notebook where the maps are eventually
fused into one world scale map.
Transfer

Tango Tablet
In this newly adapted map we use a
tessellated grid with the tablet in the
center. With increasing distance from
the center, the grid cell resolution is
gradually reduced. Each cell can
assume three states (pending, free and
occupied) which are used to indicate the
occupancy of that specific cell. In order
to fill the map, each new 3D point cloud
is projected on top of the grid. Based on
the number of projections into each
particular grid cell, the state of the cell is
determined.

Occupancy Map Layout

In order to fuse the maps into one world scale map, a second occupancy grid is
chosen due to its compatibility and simplicity. Furthermore, the resolution is kept
constant and is much higher compared to the tablet's occupancy grid. Each cell of
this world map can either be pending, occupied or free and contains a value Γc
describing this state. Based on the information contained in the two transferred
maps, Γc is updated with each new measurement and the state of the cell is
changed using predefined thresholds. When updating Γc, a number of additional
properties are taken into account, e.g. the cell size of the tablet-based occupancy
map. In that way, the world map is populated and incrementally growing in size
and detail with each update. Note that in order to keep the map flexible to dynamic
changes in the environment, Γc is
bounded by a symmetrical upper and

center of the space. Besides certain
artifacts close to boundaries, the
algorithm
works
reliable
and
manages to capture the environment
in real-time. This environmental

is intended to complement the
occupancy map and its lower accuracy.
In this map, each wall or similar vertical
structure is represented by two control
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Wall Map

information can now be further
processed to be used in a RDW
application.

Discussion
In this poster, a sequence of algorithms was presented which is able to create a map of the
environment that is suitable for further usage in RDW applications. The resulting map is updated
in real-time while being capable of adjusting to a dynamic environment and works reliably
besides artifacts, which may appear close to the boundaries and objects. This map shall now be
further processed in order to generate the necessary input for existing RDW algorithms.
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Notebook

lower saturation value (shown in
black). This sequence of algorithms
is tested in a 6x6m evaluation space
with a single item placed in the

A wall map similar to what we showed
before is implemented due to its
simplicity and compatibility [2]. This map

points denoting its start and end point
respectively.

Hardware Setup
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World Map for the Evaluation Space

References
1.

2.

NESCHER, T., HUANG, Y., KUNZ, A., 2014, Planning redirection techniques
for optimal free walking experience using model predictive control. In 3D User
Interfaces (3DUI), 2014 IEEE Symposium on IEEE, p.111-118.
HIRT, C., ZANK, M., KUNZ, A., 2017, Real-time wall outline extraction for
redirected walking. In Proceedings of the 23rd ACM Symposium on Virtual
Reality Software and Technology, 2017 ACM, p.72.

