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Abstract

Wireless sensor networks (WSNs) have become a rich research area through
the last few years. That is because of its high flexibility, mobility and cost efficiency.
WSNs have many application such as security, surroundings and battlefield moni-
toring. The very important part must be investigate in the design of WSN is how
to transact with the observed information at the decision fusion center (DFC) so as
to obtain the final decision about a certain phenomena.

We study several fusion rules such as optimum rule, maximum ratio com-
biner (MRC), equal gain combiner (EGC), max-log rule, chair varshney-maximum
likelihood (CV-ML) and chair varshney-minimum mean square error (CV-MMSE)
applied at the DFC for one hypothesis which requires both the channel state infor-
mation (CSI) and the sensors indices. The need of these information is assumed as
an overhead in power and bandwidth obliged systems such as WSNs. The above
rules used to fixed the matter about implementations and give a wide spectrum of
choices for reducing complication and minimal system knowledge. All these rules
still significantly interest from adding several antennas at the DFC.

We study in this thesis the fusion of decisions in distributed multiple input
multiple output (MIMO) WSN with M-ary hypothesis and binary local decisions,
where M is the number of hypothesis to be classified. The detection of distributed
schemes for testing of M-ary hypothesis often assume that for every observed phe-
nomena the local detector transmits at least logoM bits to DFC. We formulate
three fusion rules for the DFC such as Optimum maximum a posteriori (MAP) rule,
Augmented Quadratic Discriminant Analysis (A-QDA) rule and MAP Observation
bound.

A comparison performance has been obtained through simulation between
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three different fusion rules, optimum (MAP), MAP observation bound, augmented
quadratic discriminant analysis (A-QDA) applied at MIMO WSN system model.
We assumed Rayleigh fading and additive white Gaussian noise (AWGN) channels
between the local detectors (sensors) and the DFC. We investigate the system pa-
rameters effect on the system performance at the DFC. We study the effect of the
local detector (sensors) performance indices in the case in which all indices are iden-
tical. also investigate the effect of the total number of antenna at the DFC, the
number of local detectors, the number of hypothesis and the effect of the value of
channel signal to noise ratio (SNR) between the sensing elements and the DFC.
Results obtained by simulation show that the MIMO WSN system model provide
a relatively good performance in terms of detection performance when increasing
the number of antenna at the DFC with lower number of hypothesis for the applied
fusion rules. In addition, simulation results show that the optimum (MAP) rule
has the best performance than A-QDA rule, also the A-QDA needs higher signal to
noise ratio to obtain suitable performances comparable with the optimum (MAP)

rule.
Keywords: Wireless Sensor Networks (WSNs), Distributed hypothesis testing, De-

cisions fusion, fading channels, distributed detection, MIMO, Optimum (MAP) clas-

sifier, Augmented Quadratic Discriminant Analysis (A-QDA).
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MMSE Minimum Mean Square Error
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PMF Probability Mass Function
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