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802.11 is particularly suitable for positioning systems:
802.11 infrastructure is widely available

More and more modern cell-phones, PDAs, and laptops
are shipped with built-in 802.11

Most promising approach: Fingerprinting

Training phase: select signal strength measurements at
pre-defined reference points

Position determine phase: compare the current sample
with the data collected in the training phase

Position determination based on 802.11 is a hot topic in
research

RADAR, Horus, Compass, PlaceLab, ...
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The major metrics for positioning systems are:
Average position error

Standard deviation of the position error

What are the key factors that determine these metrics?
The grid layout

Grid spacing * impacts the time
I *
Number of reference points required to set up a

Number of training set samples * positioning system
Number of online set samples
Number of access points
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M = Reference point
M = Online set point
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Operation area:
15 meters in width, 36 meters in height
14 access points are covering the area

A Lucent Orinoco Silver network card is used to
sample the signal strength

612 reference points with a spacing of 0.5 meters
83 positioning points

At each spot 110 signal strength measurements are
taken
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Probabilistic Gaussian approximation (Bayesian filter)
[Haeberlen et al. 2004]
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Basic experiment is used as a basis for our study:
9 access points are used

20 training samples are randomly selected
3 online samples are used

Grid spacing of 1.0 meter is applied

The offset of the grid is set 0.5 meters north
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The time required to build a fingerprint database is
determined by

the number of reference points
the number of training set samples

The number of reference points depends on
the operation area

the grid spacing
offset of the grid

UNIVERSITY OF
MANNHEIM




==|g====

UNIVERSITY OF
MANNHEIM




Number of reference points for different offsets of a 2.0
meter spaced grid

Offset |# reference points Offset |# reference points
0.0, 0.0 41 1.0, 0.0 34
0.0, 0.5 26 1.0, 0.5 21
0.0, 1.0 50 1.0, 1.0 43
0.0, 1.5 47 1.0, 1.5 42
0.5, 0.0 44 1.5, 0.0 33
0.5, 0.5 30 1.5, 0.5 19
0.5, 1.0 51 1.5, 1.0 42
0.5, 1.5 48 1.5, 1.5 41
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For a human it is quite easy to determine if a grid smoothly
covers the operation area

Heuristic to automatically decide for a set of grids which
one fits best:

Randomly select points inside the operation area (one
point per square meter)

For each point calculate the distance to the closest
reference point

Calculate the average error for all these measurements
Select the grid that shows the smallest average error
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Average position error for different grid spacings
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A grid spacing in the range of 1.0 to 2.5 meters should be applied
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A grid spacing of 1.5 meters and 20 samples

operation area in less than 30 minutes

20 samples are suffient
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3 samples for tracking system, 15 samples for positioning systems




Use as many as possibly access points







Parameters are selected that produced the best results:
110 training set samples
110 online set samples
Grid spacing of 0.5 meters
All 14 access points

Average position error: 2.06 meters




The impact of the grid spacing is relatively small
The coverage of the grid is import
20 samples for the training phase are sufficient

The number of online samples depends on the way the
positioning system is used

The diminishing utility for access points is decreasing if the
number of access points is increasing but it is always
greater zero

The average position error is always greater than 2.0
meters




Thank you for your attention!

Questions?

Thomas King
king@informatik.uni-mannheim.de




