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1 Objectives
� Our objectives are:

–To generate both localization information and 2D environment maps
for pedestrians.

–To provide indoor localization of wearable computers and their users
without a-priori information.

� The incremental acquisition of maps during exploration of previously
unknown environments is referred to as thesimultaneous localization
and mapping (SLAM) problemin the context of mobile robotics.

–A robot needs a map of the environment for its localization.
–At the same time for generating a map, a robot needs to know itsown

position relative to this map.

� Our aim is to apply a SLAM technique to pedestrians equipped with
head-mounted inertial and laser range sensors.

2 HeadSLAM Application Scenario
� We mounted a light-weight(160g) short-range 2D laser scanner

(Hokuyo URG) onto the helmet of the pedestrian.

� Head motion makes it impossible to mount the scanner in a way that it
scans a �xed horizontal plane.

� We mounted an inertial measurement unit (IMU) alongside thelaser
scanner to estimate the head motion and correct the scan data.

Hokuyo URG XSens IMU
� We used the GMapping implementation which uses Rao-Blackwellized

particle �lters with grid maps as a solution approach for theSLAM
problem.

� The original implementation assumes that a long-range 2D laser scan-
ner scans a �xed horizontal plane and odometry information is available
from the robot platform.

� We ignore distance readings that we assume to be generated from the
ground or the ceiling.

� We then project the range scan data into a horizontal plane inthe global
coordinate system, generating corrected scan data in that plane.

� As initial pose estimate, we integrated a simple motion model which
detects a step occurrence by observing the vertical acceleration.

� If the vertical acceleration exceeds a threshold value in a de�ned time
interval, we assume the pedestrian to bewalking forward in the direc-
tion of view with a �xed speed. Otherwise, we assume the pedestrian
to bestanding.
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3 Results
� The data sets for the experiments were gathered in two distinct of�ce

environments.

� To provide ground-truth position information, both areas were
equipped with visual markers.

� In the �rst experiments, we provide precise, manually generated posi-
tion input.

� The results show that the algorithm under-estimates the real distance
travelled in cases where no laser-detectable features exist in the maxi-
mum range area of the laser scanner.

� The localization error is decreased from 12 to 6 meters when obstacles
exist in the detectable range.
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� In a second set of experiments, we used sensor-derived position data
i.e. yaw angle from IMU sensor for heading direction and a default
�xed translational velocity of 1.35 m/s in cases where the motion state
is classi�ed aswalkingand 0 m/s otherwise.

� In another experiment, we analyzed the noise behaviour of the head
motion and its effects on the estimated trajectory as well ason the map.

� We found that the holonomic motion of the human body leads to ap-
pearance of noises on the estimated locations.

� We recorded different data sets in a more complex structure.The gen-
erated maps are shown below:

� We also evaluated the ability of our approach to perform loopclosures
where alignment errors occurred in the map as shown below:

4 Conclusion and Future Work
� We demonstrated how simultaneous localization and mappingcan be

used by pedestrians to acquire maps of previously unknown environ-
ments.

� We showed that the existence of distinguishable obstacles in the range
of the laser scanner improves the performance of scan-matching and
consequently the estimation of poses.

� We aim to integrate improved pedestrian localization systems in order
to provide a better initial pose estimate.

� Combining our approach with RFID based SLAM may overcome the
problems encountered during loop closures.

� A further step will be the application of this scenario to acquire 3D
maps of the environment.


