Southern Illinois University Carbondale

OpenSIUC
Conference Proceedings

Department of Electrical and Computer
Engineering

9-1-1995

Performance Loss Computation in Distributed
Detection
Hamid Amirmehrabi
Southern Illinois University Carbondale

R. Viswanathan
Southern Illinois University Carbondale, viswa@engr.siu.edu

Follow this and additional works at: http://opensiuc.lib.siu.edu/ece_confs
Published in Amirmehrabi, H., & Viswanathan, R. (1995). Performance loss computation in
distributed detection. 1995 IEEE International Symposium onInformation Theory, 1995,
Proceedings, 295. doi: 10.1109/ISIT.1995.535810 ©1995 IEEE. Personal use of this material is
permitted. However, permission to reprint/republish this material for advertising or promotional
purposes or for creating new collective works for resale or redistribution to servers or lists, or to
reuse any copyrighted component of this work in other works must be obtained from the IEEE. This
material is presented to ensure timely dissemination of scholarly and technical work. Copyright and
all rights therein are retained by authors or by other copyright holders. All persons copying this
information are expected to adhere to the terms and constraints invoked by each author's copyright.
In most cases, these works may not be reposted without the explicit permission of the copyright
holder.
Recommended Citation
Amirmehrabi, Hamid and Viswanathan, R., "Performance Loss Computation in Distributed Detection" (1995). Conference Proceedings.
Paper 76.
http://opensiuc.lib.siu.edu/ece_confs/76

This Article is brought to you for free and open access by the Department of Electrical and Computer Engineering at OpenSIUC. It has been accepted
for inclusion in Conference Proceedings by an authorized administrator of OpenSIUC. For more information, please contact jnabe@lib.siu.edu.

erfosmance Loss Computation in Distributed Detection
Hamid Amirmehrabi and R. Viswan athan"
Electrical Engineering Dept., Southern Illinois Univ.
Carbondale, IL 62901-6603
Abstract - The loss associated with a distributed signal detection
system as compared to a centralized scheme is evaluated with
respect to probability of error. Such a loss is numerically
computed for several members of the exponential family.
I. INTRODUCTION
An important problem in a Distributed Signal Detection
(DSD) scheme is the loss associated with the system. Hence,
eiror analysis plays a significant role in the design of DSD
processors. Here, we make an attempt to quantify the loss
associated with a DSD system as compared to a centralized
scheme by providing an easily computable probability of error
expression.
Consider a network of n distributed sensor
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communicating with a fusion center. Let U ,U2 ,.....,U

represent the quantized data passed from the sensors numbered 1
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through k to the fusion center. Let X

k + i

,X
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,....., X
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represent the observations at the remaining sensors, which are
passed directly on to the fusion center without any quantization.
Let us assume that u.'s, i = 1,2, ....,k are binary valued and
1

that the problem is to decide between two hypotheses H , and
fi, . Denoting the density of the ith sensor as

f ( X;

I

H;

),

= 0,1, and assuming that sensor observations given the
hypothesis are independent and identical, we can formulate an
optimum fusion center test based on a Likelihood Ratio Test
(LRT) [11. The LRT is given by the following

(311
In many problems of practical interest, sufficient statistics of
fixed low dimensions exist. Hence, the probability sets involving
the c k in (3) can be replaced by appropriate sets involving the
sufficient statistic. Moreover, the Dk in (3) can only take
discrete number of values, a maximum of k + 1 different values.
j

These possible values are Y S

k-j

, j = 0,1,

...,k ,where

Therefore, the pirobabilities of the type (3) can be very easily
computed as a function of k . Such computations are carried out
for the case when the density of observation belongs to an
exponential family.

El.PERFORMANCE ANALYSIS
Closed form error expressions for gamma, exponential
(for testing scale parameter) and normal (for testing location
parameter) densities are derived. Table 1 shows the ratio of the
error probabilities when n = 5 and Signal power to Noise power
Ratio (SNR)is I O dB. a is the shape parameter of the gamma
density. As a increases the ratio of the error probabilities also
increases.
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Table 1
Numeaical results indicate that for normal and gamma
(with large a )idensities the loss due to quantization is more
significant than for exponential density.

II.AVERAGE PROBABILITY OF ERROR
The average probability of error corresponding to (1)
can be written as
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