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Abstract—Using a network of spatially distributed sensors to
track a moving object can be a challenging task. In applications
with limited communication between sensor nodes and packet
loss, it may be impossible to process measurements from these
distributed sensor nodes in a central unit. Therefore, it is often
necessary to use only the locally available measurements at
the sensor nodes and afterwards merge all local tracks into
one consistent result. In this paper, several different track-totrack fusion algorithms are compared to cooperatively track a
moving object using only bearing measurements. It is shown
that the Sample-based Fusion that uses a set of deterministic
samples to reconstruct the cross-covariances is a suitable fusion
algorithm for the considered setup. Furthermore, it provides the
means to efficiently keep track of the cross-covariances between
sensor nodes and therefore outperforms conservative methods.
The proposed approach is also tested in a real-world indoor
localization setup using bearings-only acoustic measurements
from three microphone arrays.

I. I NTRODUCTION
Target tracking is an important task in the field of surveillance [1], where different sensors are used to obtain information about the current state of a moving target. Distance
or angle measurements are often utilized for target tracking, which are related to nonlinear measurement equations.
Possible setups could use passive sensors, such as acoustic
sensors or electro-optical sensors that detect only the angle
towards the target [2]. Bearing measurements are particularly
challenging as they may not allow full observability of the
target position [3]. Therefore, the Bearings-only Tracking
(BoT) problem has been studied intensively during the last
decades, resulting in a large number of different approaches
and strategies, e.g., [4]–[7].
Using a centralized Kalman filter to obtain suitable results
is not possible in all applications. Especially in scenarios
with limited bandwidth and lossy communication, distributed
estimation is a more robust, flexible, and modular solution [8].
In distributed estimation, a local Kalman filter is used to
process the locally available sensor data. The quality of this
locally estimated track can further be improved by fusing it
with the tracks from other sensor nodes so that the fused
result is more accurate and the uncertainty is reduced. This
Track-to-Track Fusion (T2TF) problem is challenging since

the local estimates are correlated due to common prior information, double counting, and the incorporation of common
process noise [9]–[11]. By an adequate representation of these
correlations, a bandwidth-efficient exchange of the required
information among the nodes can be realized allowing various
interesting applications.
In [12], a decentralized solution for tracking in a sensor network with varying coverage has been presented. The
performance of various fusion methods has been compared,
including Safe Fusion [13], Covariance Intersection (CI) [14],
Inverse Covariance Intersection (ICI) [15], [16], and the Generalized Information Matrix Filter (GIMF) [17]. Many fusion
methods, e.g., Ellipsoidal Intersection [18] and Covariance
Intersection, employ an approximation or bound of the actual
covariance matrix and may therefore be too optimistic or pessimistic, respectively. Keeping track of the cross-covariances
yields optimal results but is cumbersome and often not feasible
in sensor networks with many nodes and unreliable communication. Therefore, approaches to reconstruct the crosscovariances between state estimates in a distributed fashion
were recently investigated to allow more accurate fusion
results [19]. In [20], a set of deterministic samples was used to
reconstruct the cross-covariances. This so-called Sample-based
Fusion (SbF) method yields optimal results if all process noise
terms are included and suboptimal results if the user-defined
time horizon is chosen to be smaller [21].
This paper offers a comparative study for different T2TF
methods used in an indoor tracking application, where a
moving, sound-emitting object is cooperatively localized by
a network of passive acoustic sensors in a distributed fashion.
The problem of estimating these bearings-only measurements
using passive acoustic sensors was introduced in [22]. The
necessity for distributed estimation is induced by the limited
feasibility of sending all acoustic measurements to a central
processing unit. In order to process the acoustic measurements directly, the sensor nodes need to be synchronized
accurately, which is not feasible in the considered setup.
Moreover, the communication of the locally preprocessed
bearing measurements is not appropriate since the loss of
measurements can lead to significant performance drops and

