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Universial Minkowski
Vector Distance VD

where

sit,p 1s the RSSIp of the fingerprint 724t measured Iin
the positioning phase on the test point to be positioned,
sir,p the RSSIp of the fingerprint £P4» measured in
the training phase on the reterence point,

g the norm parameter and

Llg 1s the norm g between two points
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VManhattan and tEuclidean VD
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Indoor Test Site
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4 Multiple-SSID Networks

SSID Characteristics
eduroam Network for students, staff and participants of this international network
et Network for students and staff as well as visiting scholars and conference
une
participants. The network is encrypted.

tunetguest | Alternative for network tunet, not encrypted.

, Network only for staff of TU Wien while using a VPN (Virtual Private Net-
wlanipsec

work) connection.
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L ong-time RSS Observations
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D E S eduroam tunet tunetguest wlanipsec total

min max min max min max min max min max

I n [m] I n NN 1.27 5.38 1.27 5.38 1.27 5.

8 1.27 6.83 1.27 5.38

0 0.60 4.67 0.60 4.67

Man-
hattan

the four KNN | 060 | 299 | 095 | 467 | 060 | 7.

3
2

KWNN 0.55 3.01 1.16 4.87 0.71 7.83 0.63 4.79 0.66 4.72
3

different I [ [ [ 58 [ |5

8 1.79 6.46 1.27 4.57

dean

Eucli-

KNN 0.42 2.46 0.42 3.90 1.74 7.20 0.42 5.49 0.42 5.49
SS I D KWNN 035 | 257 | 0.32 | 3.49 1.59 7-73 0.33 | 548 0.31 5.18

\ NN 1.27 6.46 1.27 4.57 1.27 8.06 1.79 6.46 1.79 6.34
netWO rkS -g g KNN 060 | 467 | 042 | 3.00 | 134 | 4.35 215 | 7.20 | 0.42 | 556
: C " IkwNN | 073 | 469 | 034 | 372 | 139 | 472 | 213 | 7654 | 035 | 557
and in NN 127 | 538 | 127 | 538 | 127 | 538 | 127 | 683 | 127 | 538
tOtaI § g KNN 0.95 2.09 0.95 4.67 0.60 7.29 0.60 4.67 0.60 4.67
=~ | KWNN 0.54 3.03 1.11 4.921 0.72 7.76 0.62 4.82 0.68 4.70
f or th e s |[MN 127 | 538 | 127 | 538 | 127 | 538 | 179 [ 646 | 170 | 4.57
- KNN 0.42 2.46 0.42 3.00 1.74 5.49 0.42 5.49 0.60 5.87
d Iffe re n't 8 KWNN 0.43 2.68 0.59 3.02 1.30 4.01 0.29 5.48 0.82 5.62
. NN 27 5.35 1.27 5.38 1.27 5.38 1.27 6.83 1.27 5.36
V D S g ; KNN 0.60 2.00 0.95 4.67 0.60 7.20 0.60 4.67 0.60 4.67
v KWNN 0.55 3.01 1.16 4.87 0.71 7.83 0.63 4.80 0.67 4.72
- NN 27 | 538 | 127 [ 538 | 127 | 538 | 179 | 6406 | 127 | 4.57
\[ _ f,, ?_’c KNN 0.42 2.46 0.42 3.00 1.74 7.20 0.42 7.20 0.42 2.00
DE(TP Z-)_ == KWNN 0.35 2.59 0.30 3.55 1.61 7.67 0.32 7.76 0.30 3.08
‘/ ( Y \l [ — v [N 127 | 5.38 27 | 538 | 127 | 538 [ 179 | 646 | 127 | 4.57
= 2 |KNN 0.42 2.46 0.42 3.90 1.74 7.20 0.42 7.20 0.42 2.99
x\ll—) 7\2 _I_ (y 3 KWNN 0.43 2.72 0.53 3.21 1.43 8.16 0.27 8.33 0.42 3.17
.. |NN 27 | 538 | 127 | 538 | 127 | 538 | 179 | 646 | 127 | 4.57
\[ Z‘ —_— y\l Z‘ ) 7\2 é KNN 0.42 2.46 0.42 3.90 1.74 7.20 0.42 7.20 0.42 2.99
v
)

3.21 1.43 8.16 0.27 8.33 0.42 3.17
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|
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n
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MD
SS|

-s in [m] in the
D network

edu

roam of

all six TPs for the
different VDs

MDE()=1/T

TPIt)

TP 1 TP 2 TP 3 TP 4 TP 5 TP 6

. = |NN 5.38 1.79 4.01 1.79 4.60 1.27
E- "-::: KNN 2.99 2.15 2.46 0.60 1.52 0.95
= = KWNN 3.01 2.21 2.56 0.61 1.07 0.55
Lo NN 5.40 1.79 4.01 1.79 4.57 1.27
Z S |KNN 215 | 2.5 | 246 | 060 | o042 | o.95
=" KWNN 2.01 2.19 2.57 0.63 0.35 0.58
+  |NN 1.79 4.01 6.46 1.79 4.57 1.27
E .é’ KNN 3.64 2.15 4.67 0.60 2.83 0.95
g KWNN 3.55 2.22 4.69 0.76 2.58 0.73
. = |NN 5.38 4.01 4.01 1.79 4.57 1.27
5 _‘S" KNN 2.99 2.15 2.46 1.79 1.52 0.95
KWNN 3.03 2.22 2.62 1.76 1.11 0.55

Y NN 5.38 4.01 4.01 1.79 4.57 1.27
E KNN 1.79 2.15 2.46 0.60 0.42 0.95
- KWNN 1.91 2.25 2.68 0.65 048 | 0.43
L _ NN 5.40 1.79 4.01 1.79 4.57 1.27
£ g [KNN 2.99 | 215 | 246 | 060 | 152 | 0.95
s KWNN 3.01 2.21 2.56 0.61 1.07 0.55
Lo NN 5.38 4.01 4.01 1.79 4.57 1.27
E é KNN 2.15 2.15 2.46 | 060 | 0.42 | o0.95
KWNN 2.22 2.22 2.59 0.64 0.35 0.57

L2 NN 5.38 4.01 4.01 1.79 4.57 1.27
= ’5‘; KNN 215 | 2.a5 | 246 | 060 | 042 | 0.95
“ |KWNN | 230 | 2.30 | 272 | 068 | 0.44 | 243

Z NN 5.38 4.01 4.01 1.79 4.57 1.27
&.:: KNN 2.15 2.15 2.46 0.60 0.42 0.95
- KWNN 2.30 | 2.30 272 | 0.68 | 044 | 0.43
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Comparison of resulting positions with the NN, KNN and
KWNN matching approach on test point TP 5
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DIScuUsSsIon

Results of 9 VDs do not show significant ditferences

Selection depends on the surrounding environment and
the present interference conditions

The use of the most commonly employed Euclidean VD
IS suitable

Only one network of multiple-SSIDs should be selected
Averaging over all networks is not recommended

KNN and KWNN have better performance than the NN
matching approach
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Conclusions and Future Work

« Current investigations are focused on the additional
integration of continuous long-time measurements to
consider temporal and spatial RSS signal variations

A performance increase is the additional use of the
compass data from the smartphone sensors and an
orientation dependent fingerprinting DB

Investigation of probabilistic approaches such as the
Mahalanobis VD

Combination of Wi-Fi positioning with fingerprinting using
present ambient geomagnetic fields yields to positioning
accuracies of around 0.5 m

Integration with the inertial sensors embedded in the
smartphone for dead reckoning

3D environments with barometric pressure sensor
augmentation
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Kinematic Measurements
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Kinematic Measurements
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Kinematic Measurements
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Kinematic Measurements

Mean lateral deviation Fingerprinting method

Wi-Fi Mag + Wi-Fi
Trajectory 1 0.72m 0.47m
Trajectory 2 1.34m 0.47m
Trajectory 3 2.00m 0.98m
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