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Background

» Localisation techniques
— In the hospital
— In museums

* Qutdoor environment: GPS

* Indoor environment:
TOA, TDOA, RSS, AOA
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Problem Formulation

* Time difference of arrival techniques
M receivers with known location
’I”l, ’I”Q, cony TN

« N transmitters whose locations are to be

estimated
$1,82,..., SN

* The time of arrival (TOA) information

tij =c tri — s + nyj
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Pruning out erroneous TOA
measurements

* Erroneous TOA measurements
« TOA measurements

tij = |mi — 84

|

—(r; — TI)T(SJ' —81) = 0-5(757,23' - t%j - tzzl + t%1)

|
mser
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Pruning out erroneous TOA
measurements

- The set of all NV — 1 unique combinations
of the set of TOA measurements

UN—1==<A§T1>

* For a specific combination, construct T, ,
and compute €,

Ny
ew = |Tul} = 3 03(T,)
1=1
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Pruning out erroneous TOA
measurements

Algorithm 1 Pruning incorrect TOA measurements

I.Forn =0,1,N — Npin
2. Generate the set of all possible combinations of the set Sny—,

SN—n
UN-n+1 = (N —Nn + 1)

3. For eachu € Un—,+1, construct 7', and compute e,,.
4. Update the best TOA sets,

arg ming e, if mine,/ maxe, < «
SN—n+1 — .
SN—n otherwise

5. End if SN—n+1 — SN_n
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TDOA-based localization
—— Centralised localisation 1

« TDOA measurements

_lis=mll _ lls =l

Aty; =t1 — 1t + ny;

C C

* Define
= (z; — 0)” + (yj — 0)°
K; = x5 4+ yj

* For receiver j:
—T;To — Y;Yo = dj1dy + 5 (Gl2 - K)
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TDOA-based localization
—— Centralised localisation 1

* Vector form:
A1s =dib; +
- Least-square problem:
min [[Ays — (d1by + c1)l[3
+ Solution:

s§=(ATA)'AT(d1b) + 1)
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TDOA-based localization
—— Centralised localisation 2

- Least-square problem:

n;in | Ay sk — (dipbi + cx)||5

« Solution:
S = (AZAk)_lAZ(dkbk -+ Ck)

* Average location estimation:

1 M
s§=—9S 3
MI;"’
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TDOA-based localization
—— Distributed localisation

* Distributed localisation:

M,
. B 2
min kE_l |Aksk — (diby + ci)l|3,

subject to s, = s;,V(k,j) € E

« Solution: standard solvers.
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Experiments
—— Experimental Setup

Room: 6xX5xX4 m

8 receivers, 30 transmitters

A hit: an erroneous TOA measurement
being detected

A false alarm: a correct TOA measurement
being classified as erroneous
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Experiments

% hits
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Experiments
—— Experimental Setup

Room: 10 X 10 m

8 receivers uniformly placed on the
boundary

Two receivers can communicate when the
distance is less than 10 m

Propagation speed: ¢ = 340 m/s
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Experiments

Location Error(m)

TDOA Localization

0.12
—CRLB
-------- Centralized Localization: Reference Sensor 1
—0- Centralized Localization: Average Method
—=— Decentralized Localization: Fullly Connected Network
01— — Decentralized Localization: Neighboring Measurement Information R
0.08 - i

0.06

0.04

0.02

0 | | | | | | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

TOA Measurement Variance(ms)

15



]
TUDelft

Conclusions

» An algorithm to prune out erroneous TOA
measurements.

« TDOA-based localisation

— Centralised localisation
— Distributed localisation

* Accessing to neighbouring information
doesn’t decrease the accuracy.
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