Objectives

« Review the classical LS solution of the
TDOA-based source localization problem

« Employ data-selection to this solution

« Show the performance of the new approach

= Point out scenarios for this new solution

Introduction

« The source localization problem has applications
in many fields

= Usual strategies: received signal strength (RSS),

direction of arrival (DOA), time of arrival (TOA),
and time difference of arrival (TDOA)

« The TDOA strategy measures the difference of
transmission time of a single signal between the
receiver nodes

« It has a closed form, is more robust to reflections
and easier to implement (lower computational
burden and requiring no sensor arrays)

« The signal from the sensors must be synchronized

The Classical Approach

= In a 2D scenario, M sensors with known positions
given by Pm, I<m< M= N = M(J\24—1)
TDOAS

« We define the range-difference from the unknown
source and sensors ¢ and 7:

Adij:di—d]’:?}zj,i>j

« The TDOA 7;; (in number of samples) is

obtained from the peak of the cross-correlation of
the signals acquired by the sensors

« For the m-th sensor, d,, is the distance from the
source (unknown position p) to the m-th sensor

e

- Therefore, we can write ||p — p1||* = df and
D~ o2 = (di + Ady)? -

= - -+ which leads to (p,, — p1)T P+ Adydy = by,

2 2 A2
where by, = P nglll dml) 2<m< M

The LS Cost Function
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The closed-form solution

- &1 can be expressed ||e]|* where

(po — p1)" Adoy o by
(ps—p1) Adg | | p b3
€1 — —
: : _dl_ H
{ (P — P1)* Adyn] X [biv]
A, b

« Note (in a 2D scenario) that Ay is an
(M — 1) x 3 matrix ~» if we have at least four
sensors, an unconstrained solution is obtained

atter Vy,& =0

« The estimated position of the source is given by

. . —1
p=[I 0%, =[I 0(AjA;) Ajb,

Key Concept

We next extend the number of pairs from (M — 1) to M(]\g_l) (as in [Khalaf-Allah, 2014|) and, assuming
a number of incorrect TDOAS estimates, propose a criterion to select those leading to better results!

Using more TDOASs

« The previous solution uses only M — 1 from a

total of N = M(]\g_n TDOA measurements

« Assuming similar errors, we expect that using
more measurements leads to more accurate results

- Using ||p — pml|? = (ds + Ad,p2)” instead of d;:
M

2
&= 3 ((Pm—1P2)' P+ Adyady — by) = ||

m=3

2 2_ A2
where by, = P ngzH m 3 <m < M

« -+ and the (M — 2) x 1 error vector e, is given as
_(P3—P2)T Adw- _p_ _523_
€ — ; ; d — '
(Pm — p2)" Adps | S5~ XQ' s
\ ~ v 2 ———
AQ b2

« Similarly, we do the same for ds to dy;—1 defining
matrices As to Aj/_1 and vectors bs to b1

The Extended Solution

-

« The extended cost function is formed using all NV

-

I'DOASs measurements:
M

f — Z fma
m=1

where &, = e e,,, and e,, = A, [p* dwn|' — by,

« From the definitions of &,,, e,, and A,,, the
extended cost function can be expressed as
¢ =e'e, where

 (po—p)' Ady 0 0---0
(py—p)" Adyy 0 0---0 51 " by
(Ps—p2)’ 0 Ady 0---0 o || P
(pur — p2)! 0 Adpys 0---0 E b1
: : _dM_l_ ~ ?)r g
(Pyr — Pu—1)t 0 0 - 0Ady -1 x

| — 4
~
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= Such that the extended LS solution is given by
p didy - dyy)" = (ATA) AT
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The Proposed Algorithm

A\

Set v and f,,and choose n

Adij <
Ad,;;

U}” for all NV TDOAs
max < ||Pi — Pj|| for all N TDOAs

Form matrix A and vector b
P, « [I 0] (ATA) " A™b
dyy < ||Pn — Pmll for all 1 < m < M sensors
Ad;; < d; — d; for all N possible pairs {1, j }
. 2
Emin < ¥ L{ij) (Adz’j — Adz’j)

for ecach subset of measurements S,

d
O then -

\

return (p,)

\

< m < M, be the positions of M sensors

>
Let 7;; be the N available TDOAs (in # samples)

rlf all {‘Adzﬂ < ‘Adijlmaxa {Z,]} - Sn}
rAdjust A, and b,, according to §,

b, < [I 0](ATA,) " Alb,

A < ||Prn — Pl for 1 <m < M

ACZZ']' {— CZZ — CZ]' for {Z,]} c S,
A 2
En o Siges, (Adz‘j - Adz‘j)

Po < Pn

then

Experimental Results

= DS is effective in TDOA-based

= The algorithm is more success:

reverberant scenarios
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