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Context of the
research
activity

The research aims the design of reliable avionics systems that include
machine learning components on FPGAs, considering the trade-offs
between performance, reliability, and certification constraints. It explores fault-
tolerance strategies using algorithmic and domain knowledge to improve
efficiency.
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The introduction of advanced autonomy capabilities and the transition to
advanced embedded platforms are two concurrent and intertwined drivers in
the avionics domain today. Heterogeneous computing platforms can provide
the level of computing power required to support advanced features, such as
machine learning (ML) components, within the Size, Weight, Power, and Cost
(SWaP-C) constraints of the emerging class of small, energy-constrained
vehicles.

Safely integrating ML components into advanced embedded platforms,
especially when considering high levels of hardware acceleration, requires
new techniques to address hardware reliability, including fault tolerance,
detection, and recovery.

This research activity aims to define methods, tools, and reference
architectures for the design of dependable avionics systems, including
machine learning components, taking into account:



Objectives

- Optimal design strategies required to meet contrasting functional and non-
functional requirements (lower error, computation time, SWaP-C constraints,
reliability) when considering FPGAs as an implementation platform.

- In particular, strategies that address fault tolerance (algorithmic redundancy,
diversity, architectural redundancy, etc., using both algorithm characterization
and domain knowledge to improve the overall efficiency of the solution).

The proposed approach is intended to support the overall development and
integration of avionics systems and must therefore take into account the
constraints imposed by the aerospace certification process.

The research topics are mainly related to digitalization, innovation,
competitiveness and culture PNRR mission to strengthen the national
research system and its integration with the productive system, with particular
attention to strategic sectors such as aerospace, biotechnology, health, agri-
food, green chemistry, cybersecurity and artificial intelligence, as well as to
the green revolution and ecological transition PNRR mission to promote
renewable energy, sustainable mobility, circular economy and environmental
protection.
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Skills and
competencies
for the
development of
the activity

A plus for doctoral candidates is knowledge of:

- Machine learning, particularly for avionics applications.

- FPGA programming and hardware acceleration.

- Fault tolerance methods and strategies for embedded systems.

- Avionics systems design and development, including aerospace
certification.

- Research, communication, and collaboration skills.


