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Abstract

The problem of distributed detection involving
N sensors is considered. The configuration of sen-

sors is serial in the sense that the (j-1)'! sensor
passes its decision to the j'D sensor and that the

jth sensor decides using the decision it receives
and its own observation. When each sensor employs
the Neyman-Pearson test, the probability of detec-
tion is maximized for a given probability of false

alarm, at the Nth stage. With two sensors the seri-
al scheme is better than the parallel fusion scheme
analyzed in the literature. For certain distribu-
tions of observations, the serial scheme performs
better for all N. Numerical examples illustrate the
global optimization by the selection of operating
thresholds at the sensors.

This research is sponsored by SDI/ISDO and is man-
aged by the Office of Naval Research under Contract
NOOO14k-0515.

Introduction

The theory of distributed detection 1s receiv-
ing a lot of attention in the literature [1-6].
Typically, a number of sensors process the data they
receive and decide in favor of one of the hypotheses
about the origin of the data. In a two class deci-
sion problem, the hypotheses would be signal present
(H1) or the signal absent (Hp). These decisions are

then sent to a fusion center where a final decision
regarding the presence of the signal is made. This
scheme can be termed parallel decision making. In
this paper, we consider a serial distributed deci-
sion scheme (Fig. 1). Though the performance of
this configuration is susceptible to link failures,
the performance of the serial scheme can exceed that
of the parallel scheme. Also, the geographical
closeness of some of the sensors might make a serial
or serial-parallel configuration desirable.

Development of Key Equations

Consider the serial configuration of distri-
buted sensors shown in Fig. 1. Denote the sensor

decisions as ujq, Up,..., uy. The jth sensor re-
ceives the decision uj-1 and its own observation Zj
to make its decision uj. The decision uy at the NEP

sensor is the fused decision about the hypotheses.
We assume that the data at the sensors, conditioned
on each hypothesis, are statistically independent.
This implies that ZJ- and uj-1 are also conditionally

independent. The j'N sensor employs an N-P test
using the data (Zj,uj-1). The optimality of this

assumption is shown by Theorem 1, discussed later.

Denoting the distribution of Zj as p(Zj|H1) and
p(Zj]Ho), the likelihood ratio test becomes
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Many times it is convenient f£o use the log likeli-
hood ratio, &n A(Zj) = A*(Zj). Hence,
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At the jth stage, the false alarm probability
is given by
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Using (3), (4) and the conditional independence as-
sumption, we have
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Similarly,
P . =c.(1-P_ . +d, P, 6
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Knowing the distribution of the observations Zj and

using (2) and (4 through 6), it is possible to com-
pute the PD,j 's recursively provided the PF’j's are
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specified. If the PF'j's are «ept the same, the
serial configuration exhibits some nice properties
[73. However, for a given Pp y at the Nth stage,
this procedure does not guarantee a maximum PD,N-

In order to globally optimize the performance, that
is to maximize Pp y for a given Py y, we need a mul-

tidimensional search with respect to the variables
Pp,j's,» J = 1,2,...,(N=1). The results obtained

using the numerical search procedure will be present-
ed in the next Section. The Theorem 1 stated below
shows that tne N-7 tests at the sensors is optimum
for the serial distrivuted decision problem. The
proof can be found in [8].

Theorem 1

Given that the observations at each stage in a
serial distributed detection environment with N sen-
sors are i.i.d., the probability of detecticon is
maximized for a given probability of false alarm, at

the Nt stage, when each stage employs the Neyman-
Pearscn test.

Performance Evaluation

Using standard numerical procedure, we evalu-
ated the performance of a serial scheme for the case
of the detection of a constant signal in additive
white Gaussian noise and compared it with the paral-
lel scheme. The result for two sensors is shown in
Fig. 2. In general, for 2 sensors, the serial
scheme is not inferior to the parallel scheme., The
proof of this follows from Theorem 2 [&].

Theorem 2

If the switching function corresponding to the
optimal parallel fusion can be realized in terms of
a sequence of two variatle functions with single
output, then the optimal serial scheme is better
than the optimal parallel scheme.

Conclusion

A serial distributed network of N senscrs detec-
ting the presence or absence of a signal is analyzed
in this paper. When the sensor observations condi-
tioned on the hypocthesis, are statically independ-
ent, the sensors employ Neyman-Pearson test for maxi-
mizing the detection probability for a given false

alarm probadility at the NN stage (Theorem 1). For
certain noise distributions, the parallel structure
requiring its fusiocn scheme to belong to certain
class of switching functions, is inferior to the
serial scheme (Theorem 2). As a drawback, any seri-
al network is vulnerable to link failures. Some
numerical examples illustrate the performance of the
optimal serial decision scheme.
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