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Overview

} Introduction

1 Difference between GNSS and Indoor
1 Geometric approach

+ Probabillistic approach

} Conclusions




Problem description/Algorithm

1+ Given n devices with known location
B(reference devices)

1 Glven n distance measurements to reference
devices
B(from user device to reference devices)

1 Determine position of user device
BAs far as possible

1 Upgrade user device to reference device
BRecurring theme: Keep track of the accuracy




Canonical Example

1 Shopping mall with people having mobile
devices that can determine
BDistance to each other (wifi, BT,..)
BDistance to devices fixed on the wall (wifi, BT, ...)

BPosition if in range of a GNSS system
1 Near windows or outside

BPosition of devices fixed on the wall




Peer to peer

—> Sat.-range % Dynamic user: User-ranges and Sat.-
ranges (>4 satellites)

- - .
User-ranges @ Dynamic user: User-ranges and Sat.-

ranges (<4 satellites)

Dynamic user; User-ranges

@ Static user (base station): User-ranges

Shopping Mall




Abstract formulation

1 Problem in Euclidean geometry
BEuclidean space WITH EUCLIDEAN COORDINATES

1 Unknown point  ®
1 Reference Points @ 8 @
1 Distances Q o ®]

System of € coupled quadratic equations in the
coordinates of .

1 Basically same problem for GNSS
BHidden assumption in algorithm.




GNSS is for Wimps!
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Distance: 83,511 km

Radius 6.378.1 km

Apparent dameter. 8 08' 16.0"
Day length: 23.934 hours
Temperature 260 K

This addon for the Celestia

NAVSTAR GPS #R-05 PRN-28

NANRTSTARF GG vz

NAVSTAR GPS IIA-17 PRN-2G

3D Space Simulator can be found at

www.celestiamotherlode.net

Speed 0000 mvs

NAVSTAR GPS NA-24 PRN-O5'

2006 02 11 0114.114U5€
Reattime

NAVSTAR GPS 11A-25 PRN-03

MNAYSTAR GPS IIR-06 PRN-14

NAV:

ST

AR GPS 1IR-08 PRN-16

Follow Earth
FOV:38*12' 26" (100x)



Reference device

GNSS is for Wimps!
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Assuming: You are on Earth

GNSS is for Wimps!
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You are here
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You are here

2006 02 1101 14.134U5€
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Earth
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GNSS for Real Menl You are here
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Indoor is for Real Men!
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Indoor is for Real Men! , orhee
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Indoor is for Real Men! , orhere
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Mathematically GNSS is an almost
linearised problem

rFrom space based perspec

oonlyo I mproves posit.i




Mathematically GNSS is an almost
linearised problem

yFrom space based perspec
oonlyo I mproves position

1 Have an excellent a priori estimate @ , to
linearise equations for @ around.
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Mathematically GNSS is an almost
linearised problem

yFrom space based perspec
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Mathematically GNSS is an almost
linearised problem

yFrom space based perspec
oonlyo I mproves position

1 Have an excellent a priori estimate @ , to
linearise equations for @ around.
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Mathematically GNSS is an almost
linearised problem

yFrom space based perspec
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1 Have an excellent a priori estimate @ , to
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Mathematically GNSS is an almost
linearised problem
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Mathematically GNSS is an almost
linearised problem

yFrom space based perspec
oonlyo I mproves position

1 Have an excellent a priori estimate @ , to
linearise equations for @ around.
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Mathematically GNSS is a non
linear problem

yFrom space based perspec
menod GNSS or I ndoor posi

y DONOG T h awmor/ astimate @ , to
linearise equations for @ around, but still...
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Positioning is always a/mostlinear

1 Definecentreofmass: w -B w
» Rewrite equations as above, @ A ®©

1 Substract average of equations
} Get: 1 quadratic + n linear equations*

Bl &) Q o
Bew 8w w = @ Q I »S Ly WO

* With one dependency



Consequence

» If € T then linear equations determine solution

B Linearise around soln to get solution for the whole
system!

BIf ¢ owe gettwo solutions for whole system.

1 Everything is very explicit
B Can compute error analysis.

} To first order, position @ is Gaussian distributed,
Bprovided

1 Errors in positioning reference device are negligable

1 Distance measurements have Gaussian error.
B Covariance matrix is explicitly computable.




Probabilistic Approach

1 Alternative viewpoint:

1+ Given: probability distributions (padf)
By (WM ) ® for position of the reference devices
By ()M ) (i) for distance to the reference devices

1+ Find: pdf 1 @ of position ®
BVery precise way to keep track of the accuracy




Solution

1 Pdf of difference vector 3@ is given by

Bn (w) —n (lo)wee

1 Pdf of position using only measurement to N
BAO@ /2R @ .0 o0& O oRoee

1 Pdf of position using all independent
measurements

Bn (@ -6/ w “‘Mormalisation constant




Solution

1 Pdf of difference vector 3@ is given by
Bn (@) —n (jo)hwee

1 Pdf of position using only measurement to N
BROM@W H 2z o .N © 0@ o@oe

1 Pdf of position using all independent
measurements

Bn (@ -6/ w “‘Mormalisation constant

\ Like the intersection of fuzzy sets




Pdf of a user device from 3
reference devices




Pdf of a user device when some
neighbors have exchanged info

2




Seeing it in action

1+ RANDOM

.


random2.avi

Practical considerations

1 Geometric method is
Bvery simple,
BEasy to exchange required information
BCan be used as input for Probabilistic approach
BRequired to reduce oOsearch
method
1+ Probabilistic method
BHard to compute
BRequires lots of information to exchange
BVery general, and first principle




Conclusion

+ Positioning problem is solvable in great
generality (Indoor and GNSS)

» Peer to peer approach is complementary to
iIndoor positioning approaches
BProvided it works with Euclidean distances
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(11 y)/2 - (7 X)/2 - 1/281474976710656 = 0

[ [ [ [ [ [ [ [
0.25

0.2

0.15

0.1

0.05

-0.05

-0.15

f f f f
-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2 0.25

—
—
—

f f




Abstract point of view with drifting
clocks

1 Problem in Euclidean geometry
B Euclidean space WITH EUCLIDEAN COORDINATES

1 Unknown point  ®
1 Reference Points @w 8 ®

; Distances Q ¢ 'Q | [ARAY

System of € coupled quadratic equations in the
coordinates of .

1 Basically same problem as for GNSS

B GNSS has an extra quirck with callibrating drifting clocks
(i.e. solve for drift 7 , and..




Abstract point of view with drifting
clocks

1 Problem in Euclidean geometry
B Euclidean space WITH EUCLIDEAN COORDINATES

1 Unknown point  ® Uncallibrated distance
} Reference Points %V
1 Distances Q ¢ O O ©]

System of € coupled quadratic equations in the
coordinates of .

1 Basically same problem as for GNSS

B GNSS has an extra quirck with callibrating drifting clocks
(i.e. solve for drift 7 ,and..




1 berine centre of mass.:

» Rewrite equations as above, @ A ®©
BBut donot throw ter ms

1 Substract average of equations
} Get: 1 quadratic + n linear equations*

Bld & & 1 Q@ L O
B 8D ® ¢Q Q1=0Q Q L o

* With one dependency
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