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Statistical Inference for Communications and Positioning

Multi-user coding for next generation cellular
networks
Dr. MONICA NAVARRO – Dr. STEPHAN
PFLETSCHINGER
The design of next generation wireless networks is facing a complex
design and optimization problem, which needs to cater for diverse
services and constraints. Defining efficient and robust coding and
transmission schemes is one important aspect. The goal of this project is
to investigate the potential gains of multilevel coding for multiuser
systems and identify suitable transmission and decoding schemes, in
particular applied to multi-cast services

Non-linear control for mobile robots
Dr. CARLES FERNÁNDEZ – Dr. PAU CLOSAS
A mobile robot is an automatic machine that is capable of
movement in any given environment. Mobile robots are a major
focus of current research, and are also found in the industry and
home. Domestic robots are consumer products, including those that
perform certain household tasks such as vacuuming or gardening.
The aim of this project is to explore novel approaches to nonlinear
control theory (nonlinear Kalman filters and Nonlinear PIDs) applied
to the navigation problem of unmanned mobile robots.

Wireless Network coding
Dr. STEPHAN PFLETSCHINGER- Dr. MONICA
NAVARRO

Cooperative Positioning
Dr. PAU CLOSAS – Dr. MONICA NAVARRO
Location awareness is rapidly becoming an essential feature of many
applications. Also, the increase of mobile devices with ranging and
positioning capabilities boosted the research on cooperative
techniques for localization and positioning. In general, cooperative
localization can dramatically increase localization performance in
terms of both accuracy and coverage. This project aims at studying the
theory behind cooperative positioning, based on the statistical
inference tool named as factor graphs theory. Factor graphs will be
used to design cooperative methods for positioning and hybridization
of technologies.

Noise Statistics Estimation in Nonlinear Dynamic
Systems

Network coding has proven new capacity gains can be gained by coding at
packet level. In fact, it achieves the multicast capacity for error free links.
In wireless communications, the two-way relay channel is a good
candidate to exploit NC techniques. A well-known two-way relay channel
is the satellite link. The aim of this project is to understand the benefits of
network coding when the two-way relay channel is asymmetric and
identify optimum coding/decoding schemes.
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Dr. PAU CLOSAS – Dr. JORDI VILÀ-VALLS
Bayesian filtering methods are in the core of a huge variety of applications that
deal with dynamic systems formulated in state-space. The Kalman filter is
known to be optimal under linear/Gaussian systems, but more sophisticated
solutions should be considered in nonlinear setups. In case of unknown noise
statistics, legacy solutions exist for linear/Gaussian systems. The goal of this
project is to generalize these covariance estimation methods to
nonlinear/Gaussian problems and couple them into the sequential structures of
sigma-point Kalman filters. Applications include indoor localization by WiFi
measurements and synchronization of digital communications systems.

Random Set Theory & Bayesian filtering for multiple
target tracking applications
Dr. JORDI VILÀ-VALLS – Dr. PAU CLOSAS
The optimal Bayesian estimation solution provides a general framework to sequentially infer
unknown states of a system from a given set of noisy observations. In general, both the
number and evolution of states is set via the state-space formulation and a priori known.
But what happens when you do not know the number of things you do not know? Random
set theory (RST) provides the optimal solution to this question. In other words, in this
project we are interested in estimation problems where the number of states or parameters
to be inferred is unknown and possibly time-varying. The main goal is to understand the
reasoning behind RST, and to study its application in the Bayesian filtering context for
multiobject inference applications such as robust multiple target tracking.

Applications of Belief-propagation on Factor
Graphs
Dr. STEPHAN PFLETSCHINGER- Dr. MONICA NAVARRO
The belief propagation algorithm is an efficient algorithm to solve a wide
range of problems described by factor graphs. In this project, you will
explore the various forms of the belief-propagation algorithm and its
application to problem solving of factor graphs, in particular applied to
communication problems and Sudoku solving.

Online convergence assessment of synchronization loops
Dr. PAU CLOSAS – Dr. MONICA NAVARRO
Bayesian filtering methods aim at estimating the evolution of an unknown state of a
system from noisy observations. Depending on the characteristics of the state space
formulation (e.g. linearity, Gaussianity, etc.), there is a set of filtering solutions that a
practitioner might use. A collateral problem involves determining, sequentially, whether
the filtering method is converging. This is typically assessed testing the whiteness of the
innovations sequence. The goal of this project is to investigate state-of-the-art methods for
online consistency checks and its application in advanced filtering methods. Applications
include the design of loss of lock detectors in digital communications.

