
Remark: Tne process M is in essence a Bartlett-Lewis cluster process.

Usually, this model is defined a finite renewal process at

each of the main process. Our formulation, which does not require

that the displacement is positive, is therfore a generalization of the

standard Bartlett-Lewis model. One advantage of our model is that it

admits an obvious generalization to several dimensions, by letting the

displacement be a random vector. The price we have to pay for this is a

combinatoric mess to guarantee that no points occur before time zero.

We have chosen to ignore this problem, letting the time axis be the

entire real line. In a practical situation one can guarantee points

only on the positive line by requiring the rate A of cluster centers to

be small relative to the precision (inverse sd) of the displacement

distribution.

3. Testing for the Presence of a Target

In this section we will discuss the possibility of identifying the

presence of a target in the signal. A target will be thought of as a

fixed point, subjected to iid random translations, each with density

g(x). In order to distinguish a from reverberation noise, we

need to assume that the moves more than the noise.

, we need to have
2 2

x g(x)dx « J x $(x)dx. In addition, we

will ass~~e that J x g x)dx = J x f x dx = O. In the presence of a

t, intensity of the received 1 is



where is the epoch of the target return. A test of the presence of a

target is obtained by comparing the observed number of returns to its

variance. If a t is present, this would cause the counting process

to increase more rapidly than the variance-time curve Vt, computed under

the hypothesis of no target, would allow. The following results yield

the necessary tools for carrying out this program.

Lemma 3.1: In the absence of a target,

V Var M(o,t)
t
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Proof: This is equation (2.27) of Cox and Isham (1980), applied to

equation (2.3) of the present paper.

Prl'"\r,l'"\c,; tion 3.2: In the absence of a target I

Proof: Let be the under Poisson process. Since each of

wi have K ts we have
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We

and

a test

M - KAt
t

by looking at

, t .; T

to a normal distribution.

Remarks: (1) Note that the asymptotic variance in proposition 3.2 is

independent of the perturbation density f. This indicates a certain

robustness of the procedure relative to misspecifications of the

perturbation distribution.

(2) In fact, it is known that if Nt is a Poisson process of

rate A , then the normalized process (N - At)/~ converges weakly (in
t

the Shorokhod topology, cf Billingsley, 1968) to a standard Brownian

motion. Hence a simultaneous asymptotic level a-test detects a target

return if

- KAt
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where Wo solves the equation
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4. Discussion

In practice we will not be able to distinguish separate events from

a record, but will rather be observing overlapping smoothed versions of

the processes, i.e., filtered point processes. The filters will

generally have random parameters (such as amplitude), and the return

will furthermore be disturbed by some continuous background noise.

A possible approach may be to look at the large excursions of the

observed, continuous signal. Level crossings of a high level may be

considered approximately Poisson. An approach like that outlined in

section 3 of this paper may lead to a reasonable detector. The argument

in section 3 is based on the weak convergence of the underlying point

process to a particular Gaussian process. For a more general underlying

point process (which now would model the level crossings), we may still

be able to derive the distribution of the supremum of the weak limit.

Here the results of Bickel and Rosenblatt (1973) may be of some use.

Marcus (1977) computes moments for the point process of level crossings

of a stationary continuous process which is differentiable in quadratic

mean.
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