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Abstract-Nowadays, the source localization has been widely 
applied for wireless sensor networks. The Gaussian mixture 
model has been adopted for maximum-likelihood (ML) source 
localization schemes. However, this model does not match the 
statistics of the real data in practice. In this paper, we study 
the probability density function of the sensor signals and 
demonstrate that the distribution is not Gaussian. We propose 
to employ the Gaussianity test based on the bootstrap 
algorithm to quantify the departure of Gaussianity for the 
received signals added with different kinds of noise. Our 
proposed Gaussianity test can be used as the robustness figure 
for evaluating the prevalent ML source localization schemes.   
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I. INTRODUCTION 
Recently, the sensor networks have been the ubiquitous 

wireless technology. The sensor signal processing 
techniques play a crucial role therein. Among these sensor 
signal processing methods, the near-field wideband source 
localization has drawn a lot of research interest in the signal 
processing and wireless communications. Extensive studies 
can be found in [1-6] for the wide-band source localization. 
Among them, the maximum-likelihood (ML) approach has 
been regarded as the optimal and robust scheme for the 
coherent source signals [1]. Then Expectation-Maximization 
(EM)-based localization algorithm is proposed to mitigate 
the computational complexity [7].  

All the existing localization methods are based on the 
Gaussianity assumption, which could only be justified 
asymptotically (the number of signals gets large). This 
assumption is not realistic especially when the signal 
sample size is finite and the signal-to-noise ratio is high [8]. 
Hence, in the real situation, the mismatch of the underlying 
statistical model would degrade the ML source localization 
performance and steer the performance away from the 
optimality.  However, no existing literature has ever been 
dedicated to the studies of this crucial statistical mismatch 
problem in source localization. Therefore, in this paper, we 
would like to address this mismatch issue. Two questions 
related to source localization will be discussed and 
answered here: (i) how do we measure the statistical 
mismatch? (ii) how does the statistical mismatch affect the 
localization performance? 

For the first question, we propose to employ the higher-
order statistics to resolve in this paper. Here we manifest the 
conceptual establishment towards the answer to this 
question. By means of the Edgeworth expansion, we may 

evaluate the mismatch between the Gaussian assumption 
and the true statistics directly extracted from the data [9, 10]. 
This approach belongs to the non-Gaussianity test (NGT). 
On the other hand, the Gaussianity test (GT) originated 
from the simple moment test proposed by Pearson [11]. 
Later on, Moulines categorized this GT approach into the 
time-domain and the frequency-domain Gaussianity tests 
[12]: the time-domain GT can be achieved via parameter 
estimation, characteristic function test, etc. [13,14]; the 
frequency-domain test can be based on the bispectral 
information, which arose from Hinich’s test [15]. Recently, 
the measures of Kullback Leibler divergence (KLD) and 
Shannon entropy were also widely used for non-Gaussianity 
tests [16, 17]. The aforementioned GT and NGT techniques 
pave a substantial foundation for the analyses of the new 
applications in wireless communications and signal 
processing. Therefore, we propose to employ the GT 
approach to derive the important robustness analysis of the 
ML source localization in this paper (NGT is just the duality 
of GT). To the best of our knowledge, this is the first ever 
attempt to establish such a robustness analysis for the source 
localization problems. Based on our proposed GT studies, 
we can relate the source localization performance to the 
statistical mismatch measure and it addresses the second 
essential question. 

The rest of this paper is organized as follows. The ML 
source localization problem and our previous EM algorithm 
for combating this problem are presented in Section II. In 
Section III, we define a new measure of the statistical 
mismatch between the underlying probability model and the 
actual data for source localization, based on the bispectrum. 
To illustrate the effectiveness of our proposed mismatch 
measure, we investigate the measure values and the 
localization performances over the simulations involving 
different kinds of noise statistics. The results are shown in 
Section IV. Conclusion will be drawn in Section V. 

Notations: �  denotes a column vector and �  denotes 
a matrix. R  is the set of all real numbers and C  is the set of 
all complex numbers. The symbol �  represents the 
mathematical definition. The statistical expectation 
operation is denoted as [ ]E .   
 

II. ML SOURCE LOCALIZATION 
According to [1], we consider a randomly distributed 

array of P sensors to collect the data from M sources. Since 
the sources are assumed to be in the near field, the signal 
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