
D
ata association uncertainty occurs when remote sensing devices, such as ra-
dar, sonar, or electro-optical devices, yield measurements whose origin is un-
certain, that is, not necessarily the target of interest. This uncertainty occurs 
when the signal from the target is weak and, to detect it, the detection thresh-
old has to be lowered, in which case background signals and sensor noise 

may also be detected, yielding clutter or spurious 
measurements. This situation can also occur 
when several targets are present in the 
same neighborhood. Using spurious 
measurements in a tracking fi lter 
leads to divergence of the estima-
tion error and, thus, track loss. 
Consequently, the fi rst problem 
is to select measurements to 
be used to update the state of 
the target of interest in the 
tracking fi lter, which can be 
a Kalman fi lter (KF) or an 

extended KF (EKF). The second problem is to determine 
whether the fi lter has to be modifi ed to account for this 
data association uncertainty. The goal is to obtain the 
minimum mean square error (MMSE) estimate of the tar-
get state and the associated uncertainty. 

The literature on tracking targets in the presence of data 
association uncertainty is extensive [1]–[4]. This tutorial 
starts with an illustration of the data association uncertainty 
stemming from the ambiguity as to which measurements are 
appropriate for use in the tracking filter. Then we present a brief 
discussion on the optimal state-estimation algo-
rithm in the MMSE sense in the presence of data 
association uncertainty and how other approaches 
stand in relationship to the optimum. The opti-
mal estimator consists of the recursive computa-
tion of the conditional probability density function 
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