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Abstract: Traditional matched field processing is typically employed for
localization of a source with unknown amplitude and phase at transmission.
The spectral information of the source is estimated via maximum likelihood
and is used for localization with the Bartlett processor. Maximum a poste-
riori estimation of the spectrum of the source is here proposed along with the
estimation of source location and noise variance, where the joint posterior
probability distribution of all parameters is computed with Gibbs sampling.
It is shown that the proposed method has a higher probability of correct lo-
calization than the traditional approach.

© 2006 Acoustical Society of America
PACS numbers: 43.60.Jn, 43.60.Kx, 43.30.Wi [JVC]
Date Received: November 13, 2005 Date Accepted: December 8, 2005

1. Introduction

Matched field processing (MFP) is often employed for source localization in underwater
environments. Matching the true acoustic field to field replicas generated with a sound propa-
gation model, MFP produces estimates that generate the best match between true and replica
fields according to some specified matching criterion. The most widely used MFP technique is
the Bartlett or linear processor, which calculates inner products between the received data and
normalized replica fields.

In this work the derivation of the Bartlett processor using a simple, spatially white,
Gaussian noise environment is reviewed, with emphasis on the role of the source spectrum (and
uncertainty characterizing source spectrum information) on source localization. In contrast to
Ref. 3, where the source spectrum was deemed useful only when the exact times at which
measurements are made are available, we show that accounting for uncertainty in the source
spectrum is useful under more general circumstances.

The structure of the paper is as follows: Sec. II discusses the derivation of the Bartlett
estimator. Section IIT presents a maximum a posteriori (MAP) estimator for source localization
including source amplitude and phase and noise variance as unknowns; the posterior probabil-
ity distribution of all unknowns is estimated using Gibbs sampling. Section IV demonstrates a
comparison between the proposed MAP processor and a simple Bartlett processor for synthetic
data. Conclusions are presented in Sec. V.

2. Maximum likelihood source localization

In a typical underwater source localization problem, measurements of the acoustic field at fre-
quency f are acquired at a set of L spatially (here, vertically) separated hydrophones. In the
presence of spatially white, Gaussian noise, measurements X can be written as

X=aG(r,z) + W, (1)

where G(r,z,) is the Green’s function obtained by solving the Helmholtz equation,4 or the
theoretically expected field for a given source location and underwater environment for a
source at frequency f'with amplitude 1 and phase 0; it is assumed that the propagation environ-
ment is exactly known with the only unknowns necessary to determine G being source range »
and depth z,. Factor « is a complex number containing the source amplitude and phase at trans-
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mission, and W is additive noise drawn from a complex Gaussian distribution with 0 mean and
diagonal spatial covariance matrix 2 =2021, .

For the spatially white Gaussian noise environment selected here, the received field X
can be modeled with a Gaussian distribution,

1 1 #
p(X|r,z,, ) = Ty eXp<— ﬁ(X - aG(r,z,)) (X- aG(i’,Zs)))- (2)
Once data X are observed, Eq. (2) provides the likelihood function for a, 7, and z,,
1 *
I(r,z,, ar, 07| X) exp(— F(X - aG(r,zy) (X— aG(r,zS))>. (3)

We are interested in obtaining the maximum likelihood estimates of 7 and z; factors «
and o2 are nuisance parameters. Typically in MFP, the maximum likelihood estimate & of a is
found, and it is then placed instead of « in Eq. (3).5 The maximum likelihood estimate & of « is
G * (r,z)X

G @

Q=
Once « is placed in Eq. (3), the likelihood can be further maximized over o2 The
likelihood for range and source depth then becomes
G * XX * G)L
IGI?

Maximization of /., over r and z, is equivalent to maximization of P over » and z,,
s

(Y )

where
G*XX*G

AT

(6)
Maximizing quantity P (typically called an ambiguity surface) is referred to as the Bartlett or
linear matched-field processor.

3. Gibbs sampling for matched field processing

An alternative way of looking at the same estimation problem is through maximization of pos-
terior probability distributions. Estimation of unknown parameters can be obtained through the
maximization of the posterior probability distribution of these parameters given the observed
data and prior knowledge. Assuming that q is a vector containing all unknown parameters, this
posterior probability distribution is given by

1(q|X)p(q)
plalx) === F ™
r(X)

Distribution p(q) contains all prior knowledge on q and p(X) is a constant with respect
to q. Quantity /(q|X) is the likelihood for parameters contained in vector q after observing data
X.

Here, q=[r z,a 0>]7. Assuming no specific information on the source spectrum, the
prior distribution on « reflects that its real and imaginary parts can vary between —% and o;
specifically we choose the prior distribution of «,

pla)=C, —o<Re(a), Im(a) <, (8)

where C is a constant. This modeling of prior information is more general than the Rayleigh and
uniform modeling of prior information on amplitude and phase respectively® (it does 