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RESUME

Le probléme de Localisation Passive par
effet Doppler, pour geometries déterministes,
peut &tre formulé comme &tant l’estimation
d'un vecteur de paramétres a partir d'un
ensemble d’observations non linéaires avec
bruit. Ces  paramétres  deéfinissent 1la
position ‘relative entre 1la source et le
recepteur et peuvent Btre estimés d'aprés la
methode du Maximum de Vrxaisemblance, ou le
cas échéant, par filtrage de Kalman-Bucy.
Bien qu’adapté 2 des applications de temps
réel, la seconde méthode diverge freégquemment.
Les observations sont fortement nomn lineéaires
puisgu‘elles contiennent que de rares
informations pendant de longues périodes de
temps.

Cet article presente une nouvelle
méthode pour la 1localisation passive avec
trajectoires rectilignes, lors de problémes
de dispersion  temporelle, ou ensembles

linéaires de recepteurs lors de problemes de
dispersion spaciale. On approche le signal
Dopplexr grdce & um_signal a +txeis niveaux
differents. On etudie les xaports entre,
d’'un cb%é,les transitions entre niveaux, et
de 1l’autre, 1le vecteur de parametres et la
concentration d’informatvion dans les
observations recues. Grdce a cette
simplification, le probleme d’‘estimation non
lineaire de 1la localization passive est
reduit a la detection de sauts de moyenne du
signal regu. Comme les niveaux et le nombre
de <transitions sont connus, le Teste du
Rapport de Vraisemblance amene a une méthode
de sommes cumulées gque l‘on peut réalizer
d’une forme recursive et simple.

_ Pour que ce procédé soit valable, on
presente un ensemble de simulations, montrant
que l'approximation du signal de Doppler ne
deteriora pas trop la qualite des
estimatives. Les estimatives des .parametres
obtenues de cette fagon sont étudies
numérigquement par des techniques de Monte
Carlo et comparées
par le filtre de Kalman-Bucy.
l’algorithme de
beaucoup plus
meilleurs
inconnus.

On conclut gque
détection de sauts est
rapide et conduit EY de
estimatives des parametvres

a3 des résultats obtenus.

SUMMARY

The problem of Doppler Passive Bource
Locatvion, for deterministic geometries, can
be formulated as the estimation of a vector
of parametvers from a set of noisy
observations. These parameters define the
relative positiocn habween the spuree and the
receiver and may be estimated by the Maximum
Likelihood Method [2]1 or, recursively, by

Kalman-Buecy filtering 1[3],[41]. The second
method, being well suited for real time
applications, frequently diverges. The
observations are highly mnonlinear often
containing 1little information for long

periods of time.

This paper presents a new method for
passive location for both rectilinear
trajectories (temporal diversity problems)
and rectilinear arrays of receptors, (spacial
diversity problems). The Doppler signal is
approximated by a signal with three distinct

levels. It is shown how the +transitions
between levels are related to the vector of
location parameters and o the concentration

of the information in the received
observations. With this
simplification, the nonlinear estimation

problem of passive location is reduced to the
detection of +the Jjumps of the mean of the
received signal. As the levels and number of
transitions are known, the Likelihood Ratico
Test (LRT) leads, for +this problem, %0 a
cumulative sum method which is carried out,
recursively, in a very simple way.

To validate this procedure, a set of
=imulations is presented, showing that the
approximation of the Doppler signal does notb
deteriorate significantly the gquality of the
estimates. Comparison studies (by Monte
Carlo Techniques) with the Extended
Kalman—-Bucy Filter (EKBF) are carried out,
showing +that +the Jjump detection algorithm
being faster leads to bebter estimates of the
unknown parameters.
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1. INTRODUCTION

In +this paper, +two situations for
passive location are considered: 1 - =
temporal  diversity problem where the
trajectory is a straight line and the target

has a constant velocity v. 2 - a spacial
diversity problem with a rectilianear array.
Since the velocity estimation presents no
dificulties (it is +the mean value of the
Doppler signal for far away bargets) a
normalized Doppler

x01+5

2 2
\Ax01+5) + %02

h(xo,s)

will be used.

The vector x0=[x01,x0 JT defines the
Source/Receiver relative p051%ion {Figuxe 1).

Temporal Diversity
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Figure 1 - Source/receiver geometry

The problem of passive source location

can be formulated as the estimation of the
source location vector x, from a set of noisy
observations

z(s)=h(xo,s)+w(s) se[0,L]

where w(s) is assumed %o be white Gaussian
noise with speectral height r and h(x,,s) is
the normalized Doppler signal previously
defined.

2. THE FISHER INFORMATION MATRIX

The Fisher Information Matrix fel
defined as
L T
b 3 4
Jix,,L) = (1/x) f aﬁifoLEl _21% 25} ds
0 0 sxo axo

is analitically evaluated 1in £41. Its
asympbtotic value (L-->00) is
S SN - S .
I, = 3% [ 5 < 7= t arctan(§)> +
02
4(1+E™) 8(1+™)
1 -1
J = J =
12 21 Y x . 4(1+§2)2
1)1
= Lo |Eo (ZEL -
322 =z X33 [ 5 ( 5 + arctan(§)>
- g 27z ¥t g2 ]
4(14+%™) 8(1+%%)
where §=—x01/xoz.

Figure Z - Normalized Fisher information
mavrix J'=r ngh J

shows that most of the
information 1is concentrated in the interval
of length 4 xp, centered at the point of
closest appreach (D,xoz).

Figure 2

3. A_SIMPLIFIED MODEL FOR THE DOPPLER SIGNATL

The estimation of the vector of
parameters 9 from the set of noisy
observations can be conceptually decomposed
into the estimation of the zero cross instant
for the Doppler signal, which is —%g1+ and
the estimation of the derivative m=1/x5, at
this point (Figure 3).

A simplified model |is proposed for the
Doppler signal (Figure 4) which is adapted vo
the techniques of jump detection, and enables
the evaluation of the zero cross instant and
of the Doppler derivative from +the instants
of Jump S{ ;59 -
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After a discretization with step H, the
simplified model for the observations is

z{k) = y(k)+w(k) k=1,...n

where the perturbation w(k) is white Gaussian
noise with variance 0%=r/H,

. - 1
yi(k) = 0 rlg_k < r,
1 rzg {n
and,
r, = Si/H (i=1,2)
A
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Figure 3 - Doppler signal:
geometric meaning of x0
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Figure 4 - Simplified model
for the Doppler sigmnal
4, THE LIKELIHOOD RATIO TEST (LRT)
Two hypothesis will be tested. Under

HO only white Gaussian necise is observed.

Under Hl the observations consist of y(k)

corrupted by necise. That is,
HO: =z(k) = w(k) k=1,...,n
Hi: =z(k) = vik)+w(k) K=1,...,n
(1<r1,r2<n)
The likelihood ratio is
Atxy,xy) = -RAZ[HL)
p({Z/HO)
with 2 = {z(k):k=1,...nk}. The conditional
probability densities, p(Z2/HO) and p(2/H1),
can be evaluated easily and, following

closely [1] it gives

2 2
lnA(rl,rZ) =(1/0") { 23 z(k) -

k=1
¥. r.

i z )

- T (z(k)+1/72) = 3 (z(k)=1/2) 3
k=1 k=1

Substituting the unknown parametvers xrjp,xr»
by its maximum likelihcod estimates the test
is presented as ’

H1
- >
g, (1/2)+g_(~1/2) H<0A

where A is a threshold and

2 n
(/0 )y 1 3 (z(k)-a) -

g _{(a) =
a k=1
b 4
min 3 Azlk)-a) ¥
1<{rx<{n k=1
Letv
N;(n) =mn - fi(n) +1 (i=1,2)

be the number of terms that have contributed

to +the cumulative sum gp(a) from the last
time it was zero. The estimate ¥;(n) of rj,
(i=1,2), from +the first n observations is

expressed as

¥.(n) = n — Ni(n) +1 (i=1,2)

1

This means that the estimates for ¥, ,x, can
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be updated recursively since [1]
Ni(n+1) = Ni(n) u(gn(a)) + 1
where u({x) is the step function

0 x£0
u{x) =
1 %20

The function gn(a) verifies the recursion

gn+lia) = (gn(a)+z(n)-a)+

+
with (x) = x u({x). This method gives a
simple recursive algorithm.

very

5. APPLICATION OF THE LIKELIHOOD RATIO TEST
TO PASSIVE SOURCE LOCATION

If the signal y(s) 1is substituted by
the +true Doppler h{xo,s), +the instants of
jump in the absence of noise will be

S
s, = arg min [ (h(x,,t)+1/2) 4t
s 0
s
s, = arg min S (hixy,t)-1/2) d%
s 0

The instants of Jjump are, therefore,
defined by the set of equations (Figure 5)

h(xo,s y = -1/2

1
h(XO'Sl) = 1/2

1.5

Figure 3 - Geometric meaning of the
ianstants of Jjump

‘he solution is

o1 T 7

%gg = V3 (5,-5,)/2

(51+52)/2

if it is assumed that x0 must belong "to the
upper half plane. The estimates for si,s2
are obtained from the estimates of r;,ry by

E. = H 7,

i N (i=1,2)

6. NUMERICAL, SIMULATIONS

A set of numerical simulations was
carried -out assuming +that =x0 = (~-B,2) and
L=16. This insures that all the significant
information about the parameter is available.
The noise power level is »=0.01 and the
discretization step H=0.01 :

Figure 6 shows the result of 100 Moate
Carlo runs and +the 3¢ elipsoid. The
elipsoid was consbtructed from the Cramer-Rao
bound [6] (evaluating the Fisher Information
Matrix with {=4) being justified by numerigal
tests of gaussianity and biaseness [4]. This
figure is repeated in Figure 7 with anothex
scale so that it can be compared with the
results of the Extended Kalman—-Bucy Filter
(EKBF) initialized with x{0)=(-5,1),
P(0)=16 1. The EKBF resulbs are displayed in
Figure 8.
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Figure 6 - Passive location by
jump detection algorithm

The calculations with the jump
detection algorithm +took less than 4/min of
CPU against the 6 hours needed by the EKBF in

a MvVB000 computer. It should be noted that
the EKBF was implemented with a general
purpose routbine which had not been opbvimized

for +the particular problem of

estimation.

parameter
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Figure 7 - Passive location by
jump detection algorithm
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Figure 8 - Passive location by
Kalman-Bucy filtering

7. CONCLUSIONS

This paper has shown that the method of
abrupt changes detection can be successfuly
used in passive location problems. The
algorithm is simple, being an efficient way
of processing +the Doppler signal if +the
trajectory (or +the array) is linear and if
the observations span most of +thé relevant
information. '
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