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In tracking targets, there can be an uncertaInty associated 

witb the measurements In addition to their Inaccuracy, which 

Is usnalJy modeled by additive Gaussian noise. However, the 

Gaussian modelIng of the noise may not be true. Noise can be 

non-Gaussian. The non-Gaussian noise arising In a radar system 

Is known as gllnt noise. The distribution of glInt noise Is long 

talled and wIll seriously affect the tracking performance. A new 
aIgorllhm Is developed here which can slgnlllcanlly improve the 

tracking performance when the gIlnt noise is presenL 
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I. INTRODUCTION 

The Kalman mter is widely used in the tracking 
problem. It can optimally estimate the target motion 
from noisy radar data. The optimality of the Kalman 
mter is based on the assumption of the Gaussian noise. 
If the assumption is violated, the Kalman mter is no 
longer the optimal mter. 

In a radar system, due to the target glint, the 
measurement noise may present non-Gaussian 
behavior. This is referred to as the glint noise. A 
typical glint noise record is shown in Fig. 1 [6]. From 
the figure, we can clearly see the non-Gaussian nature 
of the noise. The spiky character manifests itself in the 
long-tailed distribution. It is well known that the least 
square estimate can be seriously degraded when the 
observation noise is non-Gaussian [26]. Unfortunately, 
very few results has been reported regarding this 
problem and the standard Kalman mter is continuously 
used in tracking applications. Hewer, Martin, and Zeh 
[6] treat the glint noise as the mixture of a Gaussian 
noise and outliers. Consequently, they employ robust 
estimation techniques to preprocess (clean) the 
radar data. Here, we use a different approach. We 
assume that the glint noise can be modeled by some 
non-Gaussian distribution. We then seek an optimal 
filter for the non-Gaussian noise. 

There have been a number of researchers who 
consider the problem of the Kalman mtering in 
non-Gaussian environment [8-18]. One of the most 
effective schemes is proposed by Masreliez [11,12]. 
He introduced a nonlinear score function as the 
correction term in the state estimate and the results 
are often nearly optimal. W hile this approach seems 
promising, it encounters the difficulty of implementing 
the convolution operation involved in the evaluation 
of the score function. This precludes the practical 
applications of the method. 

The score function implementation problem is 
recently solved by Wu and Kundu [19]. The method 
employs an adaptive normal expansion to expand the 
score function and truncates the higher order terms in 
the expanded series. Consequently, the score function 
can be approximated by a few central moments of the 
observation prediction density. The normal expansion 
is made adaptive by using the concept of conjugate 
recentering and the saddle point method. It is shown 
that the approximation is satisfactory and the method is 
simple and practically feasible. We employ this method 
in the tracking problem. 

The approach developed in [19] is easy to 
implement for the scalar observation. However, the 
radar observation is often not scalar. We can tackle 
this problem by using a spherical modeling of the 
target [1, 2]. The state is formulated as the range, the 
elevation and the bearing angle of the target. After 
the model linearization, the linear state equations 
are obtained. Since the state now is defmed in the 
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