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Context of the research 
activity 
 

Bioinspired guidance and control algorithms are emerging approaches, which are 
based on the principles and inspiration of the biological evolution of nature to 
develop new and robust competing techniques. Bio-inspiring computing includes 
different studies of computer science, mathematics, and biology. The behavior of 
some insects or groups of animals in the nature such as colonies of ant’s, flocks of 
birds, swarms of bees, and schools of fish have attracted the attention of 
researchers to solve several problems in science and engineering. 
The swarm intelligence is a subfield of artificial intelligence, which is concerned 
with the intelligent behavior of biological swarms by the interaction of individuals in 
such environments to solve real-world problems by simulating such biological 
behaviors. 
The applications of this bio-inspired algorithms can range from space systems, 
where critical environments increase the need of versatile and innovative robots, to 
civil scenarios, i.e. multi-rotor Unmanned Aerial Vehicles (UAVs), in which 
adaptation to different situations is the key of a successful mission. 
Moreover, many applications of interest require dealing with challenging 
environments, in which swarms of robots (from ground to space systems) should 
be considered for multi-purpose applications, including possible presence of 
unexpected obstacles. 

 

Objectives 
 
 

The scope of the research activity is to address the challenges pursuing the 
following high-level objectives, in which different fields will be considered: 
1. vision-based environment understanding, including artificial intelligence 
techniques, 
2. sense and avoid, with contributions on risk estimation and decision making 
algorithms, 
3. robust bio-inspired control system, to safely handle multipurpose missions, 
4. multi-systems cooperation, with a unified framework for cooperative planning 
and control.  
 
The main objective of this research will be the design of a fully integrated approach 
to cooperative planning and Guidance, Navigation and Control (GNC), to interface 



the human operator with the multi-unmanned systems both at planning level and 
during operation. In detail, guidance and control (GC) algorithms will be designed 
for a small UAV system and a ground robot, with bio-inspired features. These 
systems will be able to interact and to manage different tasks, such as tactical 
surveillance, power line inspection, aerial mapping and so on. Moreover, the 
proposed framework also includes autonomous reconfiguration strategies, which 
will extend at autonomous multi-unmanned system level the concept of cognitive 
guidance. 
An evolution of human supervision role is also considered, and one of the key 
concept is to significantly enhance "trustable" or "robust" flight/path autonomy, i.e., 
to provide high autonomy levels while keeping a reliability that is quantifiable and 
acceptable in complex civil scenarios. This concept of autonomy includes situation 
awareness and decision-making aspects. In other words, technology 
advancements are needed which merge the information technology culture of 
innovation and the concept of safety, while keeping a strong link with application 
fields and thus maximizing societal and economic impact. 
A vast literature exists on bio-inspired approaches for solving an impressive array 
of problems and, more recently, a number of studies have reported on the success 
of such techniques for solving difficult problems in all key areas of computer 
science. However, the focus of the proposed research will be on swarm-based 
algorithms for multi-autonomous systems, algorithms based on natural evolution 
and collective behavior, starting from evolutionary methods to innovative bio-
inspired GC algorithms. 
Finally, computationally affordable algorithms for autonomous GC systems will be 
designed and tested by hardware in the loop simulations and on experimental 
testbeds.  
 

 
 
 
Skills and competencies for 
the development of the 
activity 
  

A background in aerospace or mechatronics engineering and at least basic 
knowledge on robotic and applied mathematics is required as prerequisite for the 
present research activity. Minimum programming skills are also required. 

 
 
 
 


