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3D track of a pedestrian walking from outdoors into a building and
back out through the underground garage.

Sensors used: Compass, GPS, foot mounted IMU and barometric
altimeter

== EWF o | B0ATT
e P ) BRI

B 8B & &

Ersoi |
¥

0 S0 100 150 700 250 200 30 400 450
T [

The corresponding position error over time for a particle filter that
uses the building plan information to constrain motion (red) and a
straightforward EKF (blue) that does not use this information and
hence suffers from severe drift once GPS reception is no longer
possible
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DLR at a glance
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and Washington D.C.
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Indoor Positioning

The location of a mobile user is perhaps the most powerful
service and content discriminator and is the central compo-
nent for personalized navigation services such as ubiquitous
travel assistance. The European Satellite Navigation System
Galileo will significantly contribute to the quality of positio-
ning services. Together with GPS, it will drastically increase
the availability in critical environments such as urban canyons.
Compared to GPS, Galileo will provide more signal power

at the user’s device and not only one but two open signals.
Thus, Galileo will open the door for applications based on
localization in difficult environments. Since mobile devices are
very often used indoors or in urban canyons, new technical
solutions to enable accurate indoor positioning and navigation
have to be developed.

During our work on localization technology we have pi-
oneered the Soft Location principle that allows us to optimally
combine different localization sources such as signal level
measurements of radio systems, satellite navigation (GNSS),
orientation sensors, INS, RFID, as well as appropriate probabi-
listic models of subjects’ movement patterns. The purpose is
to ensure consistent Bayesian inference (in particular Sequen-
tial Monte Carlo or Particle Filtering) of the subject’s move-
ment, activity, and location. Furthermore, applications benefit
from the availability of soft location rather than just a point
estimate since it allows the reliability of the estimated location
to be taken into account. For instance, a routing algorithm
will try and compute directions to aid the user that take into
account any multi-modalities of the location estimate. Soft in-
formation of altitude information is important for emergency
applications: the system needs to handle the probabilities with
which the subject is located at different stories of the building.

In our work we are addressing sensor combinations that are
particularly suitable for addressing such challenging envi-
ronments. Long-term stability and accuracy as well as global
coverage will, of course, be provided by GNSS. Pedestrians’
motion can be estimated particularly well if their steps are
measured using a foot-mounted INS or step counter. To ensu-
re accurate altitude information — which is particularly difficult
for GNSS alone — simple barometric sensors are suitable. In
addition, magnetometers provide heading information that
improves location accuracy as well as orientation which itself
is vital for navigation services. Finally, maps of building layouts
and a human movement model are an important ingredient
of optimal sensor fusion. Animations of fusion algorithms, re-
ference sensor data recordings and publications can be found
at http://www.kn-s.dIr.de/indoornav/.

Overview of different sensor combinations which are useful for
pedestrian positioning. Long term accuracy and global coverage are
provided by GNSS, and this is augmented by additional sensors and
a suitable movement model that includes maps. Sensor Fusion is the
keystone

In order to process sensors at their appropriate rates we have
developed an architecture that operates at two different clock
rates: one for high rate INS data using an Extended Kalman
Filter and one at a lower clock rate to incorporate the step
measurements with all other sensors and maps.
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Block diagram of sensor fusion for combining foot mounted INS
with additional sensors

Prototype of a pair
of boot equipped
with MEMS inertial
sensors for indoor /
outdoor
positioning of
personnel with high
accuracy




