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Introduction

« GPS falls In _
urban/indoor areas due  Sexce
to the low received
signal power and low |
visibility of satellites N
In such environments. %

Ground 0 \\\\\_

* Therefore, non-GNSS T High-sensitivity GPS_
navigation technologies Urban/indoors Rural/Open
IS essential to fill the e
GPS navigation gap.
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 Utilising signals of opportunity
IS a viable alternative to GPS
due to much higher power
levels and wider coverage In
Indoor environments.

* Many studies have effectively
employed wireless networks for
Indoor localization based on the
Recelved Signal Strength
(RSS)-based location
fingerprinting technique.
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Location Fingerprinting

» Locates the user by trying to find a match between the RSS measurements
of the user and the RSS values of formerly fingerprinted reference points
(RPs) with known locations In the area of interest.

« Matching techniques
A Deterministic methods
A NN
A KNN
A KWNN
A Probabilistic methods
A Histogram
A Kernel
A Neural Networks
A Support vector machine (SVM)
A Smallest M-Vertex Polygon (SMP)
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Prior RSS! Info Known Position ( )
RSS! Fingerprint 1 Position 1 T
RSS! Fingerpeint 2 Position 2 Fingerprinting
- : Database
va: Position N-1 N =
RSSI Fingerpeint 1 Position N
v
e Estimated
Signal ek =
Receiver Matching >
Algorithm

Location fingerprinting technique [2]
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Problem: Distance Measures

 Minkowskli Distance
* Manhattan
* Euclidean
» Chebychev

e Canberra Distance
« Cosine Distance

« Sorensen Distance
« Hellinger Distance
 Chi-square Distance
« Jeffrey divergence
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Analytical Model

« Analysing NN method only as the simplest and popular algorithm.
« “Minkowski distance” between two points is defined by

P q
['E.nz-fﬂff — (Z ‘ S5;— §: Qr)
i=1

— P is the number of APs.

— ( Is the norm parameter.

- O=1 Manhattan distance

— =2 Euclidean distance

— g=Inf  Chebychev distance

— Fingerprint vector of rth RP s, = [57,53, ..., 5], ..., Sp

— Fingerprint vector of TP s = [S1,52, e, Siy +es Sp]
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U Gaussian distribution model assumption is considered
for RSS at all points.
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Probability of Error (POE) Definition

« When RP is the nearest neighbour to TP, the
correct positioning in NN method occurred when:

VD(s,5pp) < VD(s,Skp)’

or

Y, = VD(s,5kp) — VD(s,5kp) <0
forallr=1,2,...,R, [ *r
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The probability of correct positioning is then

Prf* =Pr[Y. < 0,r=1,2,...,Rand r # ]

The probability of wrong positioning or POE s

Pré™ = 1 — Pr“t
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Simulation and Numerical Results

6 m X 6 m indoor oy ¢
area o o o o, ol|2mw
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Analytical vs Simulation
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POE/ Mean Distance Error
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Vector Distance Comparison
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Real Experiment and Results

Dimension; 23m X
11m

Reference Points

(RPs) : 119
Test Points (TPs) :
28

Access Points (APs):
5

Sensed FM
channels:17

Data acquisition
time: 12 sec, 120
samples
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Minkowski Comparisons
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Other Distance Measures

WYi-Fi I l=rihiatan
2 , , I Eiclicesn
: I Chebychey
: [ Canberra
I o § It s RERREEEEREREPRPEPRERPRRRS B ERREITETRRTRPY [ Cosing
Bw : [ 1=orenzen
B T Helinger
: N Chi-zgLate

MDE ()

s & =
S S &

Euclidean distance is the best VD for NN.
Manhattan distance is the best VD for the KNN and KWNN.
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FM Positioning Results (Minkowski Comparisons)

MOE (m)
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FM Positioning Results (Other Distance Measures)

#IP = 15 #RP =33

g

MDE (rm)
| =S

=

Comparing all VDs,
the best accuracy Is
achieved by the
Canberra distance,
18% higher than
Euclidean distance.

oo

MDE ()
O R
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MDE ()
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O

- Manhattan - Euclidean - Chebychey |:| Canberra |:| Cosine
|:| Sorensen |:| Helinger - Chi-zquare - Jetfrey
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Conclusion

* Nine different VDs are investigated for NN method of indoor
location fingerprinting using the POE concept.

e The simulation results demonstrate that employing Euclidean
distance shows the lowest error.
» The real experiment results indicate that

 In a Wi-Fi fingerprinting system, Euclidean distance for
NN and Manhattan distance for KNN or KWNN give the
least error.

« In FM fingerprinting, however, Canberra distance provides
up to 18% higher accuracy than Euclidean distance.
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The End
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