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Presentation of the post-doctoral project, context and objective

Inertial navigation systems (INS) are often the main source of navigation data in autonomous
underwater vehicles (AUV) since they are independant and reliable. However, it is well known that
these components drift due to alignment error and the accumulation of sensor errors over time.
This drift may be inconsistent with the navigation performance requirements. To correct the
navigation drift, IMU can be combined with other external sensors. A common aiding source is the
Global Positioning System (GPS) but resurfacing for GPS is often excluded for discretion
requirements and also because it can be easily jammed.

Usually, the multi-beam telemeter is used for underwater navigation applications[3][4]. This
sensor provides a series of depth measurements along the AUV trajectory. If the terrain contains
sufficient information, this sensor can be used to retrieve the state of the AUV using an embedded
numerical seabed map. Although multi-beam telemeter aided navigation is able to accurately
retrieve the vehicle position, the velocity is often challenging to be precisely estimated. In order to
enhance the accuracy of the velocity estimation, we propose to fuse the multi-beam telemeter with
an atomic gravimeter [4]. The atomic gravimeter is a promising absolute sensor for underwater
navigation. It provides an absolute and accurate gravity measurement. The gravimeter is
associated with a gravity anomalies map. This form of navigation is commonly termed Terrain-
Aided Navigation (TAN).

Performing INS/TAN fusion makes it necessary to resort to nonlinear filtering algorithms. The
state estimation problem is particularly challenging for TAN/INS applications. Indeed, the use of
embedded maps involves severe measurement ambiguities (i.e., when measurements may
correspond to several areas in the map). In the case of non-Gaussian uncertainty, non-linear
measurements, and severe ambiguities, the Kalman filter and its derivatives fail to estimate the
state.

Particle filters [6] are an efficient solution to the nonlinear filtering problem since they can, in
theory, approximate any posterior density without any hypothesis regarding the linearity of the
process or observation model or the Gaussian nature of process and observation noise. However,
particle filters are designed to tackle estimation problems where the law of the measurement noise
(likelihood) is a priori known. In our case, the likelihood of the multi-beam telemeter cannot be
analytically determined.
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In order to tackle the issue of unknown likelihood, an Adaptive Approximate Bayesian
Computation method was introduced by C. Palmier [4]. A2BC consists of approximating the actual
likelihood by a probability density kernel with an adaptive bandwidth. A2BC makes the Monte Carlo
methods more robust to measurement ambiguities as the number of estimation non-convergences
is significantly reduced.

Furthermore, particles filters based on interval analysis demonstrated promising performances
for ambiguous navigation problems and are still an active topic of research (see e.g. Box Particle
Filters [7][7], Set-membership state estimation by solving data association [9]). By combining kernel
density estimation and set manipulation, they offer remarkable robustness guaranties. The post-
doc project will also explore the link between adaptive likelihood approaches and set manipulation
particle filters.

The post doc will include an important theoretical part in order to improve the current versions of
A2BC particle filters. The bandwidth of the A2BC kernel plays a significant role in the convergence
of ABC method [1][2][5]. It would be interesting to link this parameter to the number of particles
which would guarantee the precision and consistent estimates of filter.

An experimental part will be planned to validate the A2BC filters. The sensor measurements will
come from:
- simulated data from Naval Group test stand ;
- real data collected on a UUV (IMU/Doppler Velocity Log data, bathymetry measurements).
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