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Overview 
 
The main goal of the PhD curriculum in Robotics and Autonomous Systems is to study, 
design and build novel solutions and behaviors for robots, teams of robots and, in 
general, autonomous systems capable of exhibiting a high degree of autonomy and 
intelligence when performing highly complex tasks in challenging real-world 
environments.  

The focus of the curriculum is two-fold: on the one hand, on key, innovative and 
disruptive methodologies and technologies, including such topics as sensing, state 
estimation, knowledge representation, software architectures for robots, real-time 
scheduling, motion planning, advanced robot control, robot coordination and 
cooperation, human-robot interaction and collaboration, design of macro/micro 
robot systems, design of sensors and actuators; on the other hand, on specific areas, 
e.g., underwater operations, aerial and space, or Industry 4.0,  as well as on such 
diverse application scenarios as manufacturing, material handling and transportation, 
search & rescue, surveillance and monitoring, ambient assistive living). 

The curriculum enforces research practices and education methodologies based on 
cutting-edge best practices at the international levels, and all the aspects outlined 
above are dealt with by focusing on the study and the adoption of theoretically 
sound methodologies and the design of experimentally verifiable solutions, with the 
goal of meeting robustness and predictability requirements even in unknown, 
dynamically changing, or even hazardous environments.  

The research topics offered in this intake are aimed at being carried out primarily as 
part of research teams and labs of the Department of Informatics, Bioengineering, 
Robotics and System Engineering at the University of Genoa, and when explicitly 
stated, jointly with other research institutions and companies worldwide. In 
particular, for this intake, the curriculum offers topics related to human-robot 
interaction and collaboration (topics 1, 9 and 14), tactile sensing (topics 2, 3, 4 and 
5), object manipulation (topics 6 and 12), naturalness in interaction (topics 7, 8 and 
13), robots and virtual/augmented reality (topics 9 and 14), state estimation 
methods (topics 10 and 11) and multi-robot cooperation and reasoning (topics 15). 
The curriculum also offers two Executive PhD positions jointly with the startup 
company Teseo srl (topics 16 and 17). 

The ideal candidates are students with a higher-level University degree, with a 
strong desire for investigating, designing and developing robot-based systems which 
can have a huge, disruptive, impact on the society in the upcoming future. 
 
International applications are strongly encouraged and will receive logistic support 
with visa issues and relocation. 
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1. Sensor-based control of robots for human-robot cooperative operations 
 
Tutors: 
 
Giorgio Cannata 
Alessandro Albini 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it  
 
Description: 
 
Innovative robot systems are expected to work and cooperate with other robots and 
humans for the execution of handling and manipulation tasks for industrial and 
service applications. To this aim highly sensorized robots are required to execute 
collaborative tasks safely side by side with humans and are expected to properly 
react to unexpected events as well as to estimate the human intentions or the 
changes within their working envelope to ensure the reliable and safe (in case of 
direct interaction with humans) execution of the planned tasks. Highly sensorized 
robot systems, or robot working cells (depending on context and application), 
typically feature multiple camera sensors, range sensors, tactile and force/torque 
sensors, and possibly task specific sensing devices.  
 
This doctorate project is part of the European Project Collaborate 
(https://collaborate-project.eu). The goal is to study robot control methods based on 
multisensory feedback (joint visuo-tactile feedback) for collaborative human-robot 
assembly operations for car assembly. 
 
These research topics have been part of relevant international research projects 
(Collaborate: https://collaborate-project.eu; CloPeMa: www.clopema.eu).  
 
Requirements: 
 
Applicants are expected to have good knowledge of: robot control, robot 
programming, mechatronics. Furthermore, good attitude for experimental work is 
mandatory. The candidates must have: very good programming skills with different 
languages (including C/C++, Python, Matlab/Simulink); confidence with electronic 
hardware and be capable to conduct experiments; attitude to problem solving, and 
be strongly motivated for team working. 
 
References: 
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[1] G. Cannata, S. Denei, F. Mastrogiovanni. Towards the creation of tactile maps for robots 
and their use in robot contact motion control. Robotics and Autonomous Systems 63(3): 
293–308, 2015. 
[2] S. Denei, F. Mastrogiovanni, G. Cannata. Parallel Force-Position Control Mediated by 
Tactile Maps for Robot Contact Tasks. Proceedings of the 2012 IEEE/RSJ International 
Conference on Intelligent Robots and Systems (IROS 2012), Vilamoura, Portugal, October 
2012. 
[3] Albini, G. Cannata. Pressure distribution classification and segmentation of human hands 
in contact with the robot body. The International Journal of Robotics Research, 2020. 

Contacts: 
 
Email: giorgio.cannata@unige.it 
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2. Robot skin for contact processing and robot control 
 
Tutors: 
 
Giorgio Cannata 
Alessandro Albini 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it  
 
Description: 
 
Novel applications require humans and robots supporting each other to execute 
complex tasks in unstructured environments. In such a scenario, different types of 
contacts or collisions with humans or the environment can occur. Robot skin systems 
allow to capture these complex contact phenomena, opening new scenarios on 
contact processing, both for control and cognitive level processing, enabling the 
interpretation of physical contacts. 
 
In principle, the robot skin would enable the realization of high-level robot 
behaviours. Indeed, depending on the information extracted from the contact, the 
robot can react accordingly. 
 
This doctorate project is part of the European Project Collaborate 
(https://collaborate-project.eu). The goal is to study techniques to process and 
classify tactile data feedback and to extract information that can be used to 
command specific robot motions, thus enhancing the collaboration between humans 
and robots.  
 
Requirements: 
 
Applicants are expected to have good knowledge of: robot control, robot 
programming, mechatronics. Furthermore, good attitude for experimental work is 
mandatory. The candidates must have: very good programming skills with different 
languages (including C/C++, Python, Matlab/Simulink); confidence with electronic 
hardware and be capable to conduct experiments; attitude to problem solving, and 
be strongly motivated for team working. 
 
References: 
 
[1] Albini, G. Cannata. Pressure distribution classification and segmentation of human hands 
in contact with the robot body. The International Journal of Robotics Research 2020. 
[2] G. Cannata, S. Denei, F. Mastrogiovanni. Towards the creation of tactile maps for robots 
and their use in robot contact motion control. Robotics and Autonomous Systems 63(3): 
293–308, 2015. 
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[3] S. Denei, F. Mastrogiovanni, G. Cannata. Parallel Force-Position Control Mediated by 
Tactile Maps for Robot Contact Tasks. Proceedings of the 2012 IEEE/RSJ International 
Conference on Intelligent Robots and Systems (IROS 2012), Vilamoura, Portugal, October 
2012. 

Contacts: 
 
Email: giorgio.cannata@unige.it 
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3. Tactile sensors for robot hands  
 
Tutors: 
 
Giorgio Cannata 
Alessandro Albini 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it  
 
Description: 
 
Tactile sensing is the key element for the development of robot hands capable to 
perform handling and manipulation of objects as well as to perform complex 
interaction operations with humans (e.g. objects handover). Tactile sensors are 
embedded transduction and sensing device which must fit on human sized gripper or 
multi-fingered robot hands.  
 
The goal of this Doctorate project is to design a multimodal tactile sensor to be 
installed on a robot hand. The challenges are related to the study of mechatronic 
design solutions for the implementation of arrays of tactile sensors over curved 
surfaces, with embedded electronics.   
 
Design of tactile sensors for perception and control are challenging research topics 
and University of Genova has gained a solid reputation in this area in the past few 
years, and has been involved in important international research projects related to 
this topic (ROBOSKIN: www.roboskin.eu; CloPeMa: www.clopema.eu). 
 
Requirements: 
 
Applicants are expected to have strong motivation to study and design mechatronic 
systems. The candidates must have very good skills in at least one of the following 
topics: mechatronics, robotics, electronics. The candidates must have also a very 
good attitude for laboratory practice and must be capable to conduct experiments. 
Programming skills for firmware development are considered a major plus. Finally, 
the candidates must prove capability of team working. 
 
References: 
 
[1] S. Denei, P. Maiolino, E. Baglini, G. Cannata. Development of an integrated tactile sensor 
system for clothes manipulation and classification using industrial grippers.  IEEE Sensors 7 
(19), 6385-6396 
[2] G. Cannata, S. Denei, F. Mastrogiovanni. Towards the creation of tactile maps for robots 
and their use in robot contact motion control. Robotics and Autonomous Systems 63(3): 
293–308, 2015. 



8 
 

[3] P. Maiolino, M. Maggiali, G. Cannata, G. Metta, L. Natale. A Flexible and robust large 
scale capacitive tactile system for robots. IEEE Sensors Journal, vol. 13, no. 10, pp. 3910-
3917, October 2013. 

Contacts: 
 
Email: giorgio.cannata@unige.it 
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4. Design of a multi-modal robot skin 
 
Tutors: 
 
Giorgio Cannata 
Alessandro Albini 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it  
 
Description: 
 
Flexible tactile sensors covering the robot body (i.e. robot skin) can be used to 
guarantee safe robot behaviours by exploiting their feedback to control the 
interaction forces between the robot and the environment. However, there are 
specific scenarios (e.g. industry) where it is preferred to avoid direct contacts. To this 
aim, multimodal robot skins, integrating both pressure and proximity sensors, have 
been proposed in the literature. However, state of the art solutions can detect 
obstacles within a small range.  
 
Recently, micro Lidar sensors became available on the market. With respect to IR 
based proximity sensors, they are far more accurate and they provide a longer field 
of view. 
 
A robot skin composed of pressure sensors only was developed within the Roboskin 
project (https://cordis.europa.eu/project/id/231500/it). The goal of this doctorate 
project is to extend the previous design to integrate new components allowing to 
measure the distances among the surrounding objects. 
 
Requirements: 
 
Applicants are expected to have good knowledge of: robot control, robot 
programming, mechatronics. Furthermore, good attitude for experimental work is 
mandatory. The candidates must have: very good programming skills with different 
languages (including C/C++, Python, Matlab/Simulink); confidence with electronic 
hardware and be capable to conduct experiments; attitude to problem solving, and 
be strongly motivated for team working. 
 
References: 
 
[1] Cannata, G, Maggiali, M, Metta, G, Sandini, G (2008) An embedded artificial skin for 
humanoid robots. In: 2008 IEEE International Conference on Multisensor Fusion and 
Integration for Intelligent Systems, pp. 434–438. 
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[2] S. Denei, P. Maiolino, E. Baglini, G. Cannata. Development of an integrated tactile sensor 
system for clothes manipulation and classification using industrial grippers.  IEEE Sensors 7 
(19), 6385-6396. 

Contacts: 
 
Email: giorgio.cannata@unige.it 
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5. Machine learning models for robot tactile sensing and perception 
 
Tutors: 
 
Giorgio Cannata 
Alessandro Albini 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it  
 
Description: 
 
Tactile sensing is one key topic for the development of future robots capable of 
complex interaction with humans and objects. Design of tactile sensors as well as 
tactile based sensing, perception and control are challenging research topics and 
University of Genova has gained a solid reputation in this area in the past few years, 
and has been involved in important international research projects related to this 
topic (ROBOSKIN: www.roboskin.eu; CloPeMa: www.clopema.eu). 
 
Tactile data convey information about the characteristics of the contact between the 
robot and the manipulated objects. This information is fundamental to proper 
control the grasping and manipulation; furthermore, controlled manipulation can in 
turn be used to extract further information useful to recognize and classify objects 
and contacts. 
 
The objective of the PhD program is to investigate techniques and methodologies for 
tactile data sensing, perception and interpretation. Furthermore, since tactile data 
are generated by active manipulation control another objective is the study of the 
mechanisms relating tactile based feedback robot control and tactile data 
perception. 
  
Requirements: 
 
Applicants are expected to have strong background and experience in at least one of 
the following topics: robot control, machine learning, system identification. The 
candidates must have: very good programming skills with different languages 
(including C/C++, Matlab/Simulink); experience with electronic hardware; be capable 
to conduct experiments and be strongly motivated for team working. 
 
References: 
 
[1] G. Cannata, S. Denei, F. Mastrogiovanni. Towards the creation of tactile maps for robots 
and their use in robot contact motion control. Robotics and Autonomous Systems 63(3): 
293–308, 2015. 
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[2] P. Maiolino, M. Maggiali, G. Cannata, G. Metta, L. Natale. A Flexible and robust large 
scale capacitive tactile system for robots. IEEE Sensors Journal, vol. 13, no. 10, pp. 3910-
3917, October 2013. 
[3] L. Muscari, F. Mastrogiovanni, L. Seminara, M. Capurro, G. Cannata, M Valle. Real-time 
reconstruction of contact shapes for large area robot skin. Proceedings of the 2013 IEEE 
International Conference on Robotics and Automation (ICRA 2013), Karlsruhe, Germany, 
May 2013. 

Contacts: 
 
Email: giorgio.cannata@unige.it  
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6. Robot manipulation of soft and flexible objects 
 
Tutors: 
 
Giorgio Cannata 
Alessandro Albini 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it  
 
Description: 
 
Highly sensorized robots are expected to execute highly coordinated motions to 
handle and manipulate soft and flexible objects (e.g. cables, fabrics etc.) 
autonomously or in cooperation with other agents (either robots or humans). These 
operations require a modelling of the manipulated objects along with sensors based 
(vision and touch) estimation algorithms to predict their deformation and to 
generate appropriate control strategies. Examples of relevant tasks of this class for 
industrial or service applications include, but are not limited to: handling of cables, 
assembly, packaging, co-operative human robot handling of non rigid/deformable 
objects, etc. 
 
These research topics have been part of relevant international research projects 
(Collaborate: https://collaborate-project.eu/; CloPeMa: www.clopema.eu).  
 
Requirements: 
 
Applicants are expected to have a strong motivation for at least one of the following 
key topics in robotics: robot control, robot programming, system identification. 
Furthermore, good attitude for experimental work is mandatory. The candidates 
must have: very good programming skills with different languages (including C/C++, 
Python, Matlab/Simulink); confidence with electronic hardware and be capable to 
conduct experiments; attitude to problem solving, and be strongly motivated for 
team working. 
 
References: 
 
[1] G. Cannata, S. Denei, F. Mastrogiovanni. Towards the creation of tactile maps for robots 
and their use in robot contact motion control. Robotics and Autonomous Systems 63(3): 
293–308, 2015. 
[2] S. Denei, F. Mastrogiovanni, G. Cannata. Parallel Force-Position Control Mediated by 
Tactile Maps for Robot Contact Tasks. Proceedings of the 2012 IEEE/RSJ International 
Conference on Intelligent Robots and Systems (IROS 2012), Vilamoura, Portugal, October 
2012. 
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[3] A. Del Prete, S. Denei, L. Natale, F. Mastrogiovanni, F. Nori, G. Cannata, G. Metta. Skin 
spatial calibration using force/torque measurements. Proceedings of the 2012 IEEE/RSJ 
International Conference on Intelligent Robots and Systems (IROS 2012), Vilamoura, 
Portugal, October 2012. 

Contacts: 
 
Email: giorgio.cannata@unige.it 
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Dual-arm Baxter manipulator, Pepper, Nao, and Pillo. 

7. Trust in human-robot interaction: perception, planning, and action 

Tutors: 
 
Antonio Sgorbissa,  
Carmine Tommaso Recchiuto 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it 
 
Description: 
 
Trust is a key factor in the acceptance of an autonomous robot as a peer, assistant or 
companion in human-centered environments. It can determine humans’ perception 
of the usefulness of imparted information and capabilities of a robot.  
 
There are different definitions of trust: one of the prevalent definitions is the 
following “Trust can be defined as the attitude that an agent will help achieve an 
individual’s goals in a situation characterized by uncertainty and vulnerability”. Even 
if the research field is quite new and has become very popular only in the last 
decade, there is already a corpus of literary work about it [1]. For instance, some 
researchers found that people favoured physically embodied interactions over both 
virtual and remote tele-conference interactions; that participants were happy to 
follow a robot’s instructions to throw books in the trash if the robot was present in 
the room with them, but not when the robot was not physically in the same room; 
that people generally preferred robots with more human-like appearance, but their 
personal characteristics changed their perception of the robot. For example, 
introvert people and people with lower emotional stability tend to prefer a robot 
with a more mechanical appearance.  Very recently, trust and economic games, 
based on game theory, have been used for analysing people’s trust in robots 
mimicking human behaviour, suggesting that in this context people are inclined to 
extend human models of trust to robots [2]. 
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In this general scenario, the PhD candidate will investigate models of trust involving 
one or more agents (either robots or humans), including the representations that 
agents create to describe the beliefs, desire and intentions of other agents, and 
ultimately the metrics to measure their trustworthiness.  
 
Different case studies can be considered: in the following we make two examples, 
which however should not be considered as binding: the candidate is invited to 
consider different scenarios.  
 
Object hand-over [3] between humans is common in many everyday scenarios. 
Although this is a trivial task for humans, it is still very challenging for robots since it 
includes several issues to address, all of them requiring a tight cooperation between 
the human and the robot. Suppose the human is a surgeon, and the object is a 
sterilized scalpel that the robot shall take and give to the surgeon in a safe and 
comfortable way. 
 
What is the optimal approaching direction, distance and direction of the robot arm 
holding the object? What if the surgeon is not looking at the robot and is expected to 
be given the scalpel exactly at the right time and in the right place, without being 
injured? Can the human trust the robot, and the robot trust the human in having a 
predictable and safe behaviour? How to find a mutual agreement such that the 
agent keeping the object can safely release it? What are the signals allowing the 
robot to understand that the human is holding the object and ready to receive it?  
How to cooperatively handle failures using gestures and speech, e.g., in case the 
sterilized scalpel falls, thus not being usable again? 
 
The second scenario assumes the presence of three agents: a table-top robot which 
is capable of dispensing pills to the right person at the right time (but has reduced 
functionalities in terms of social interaction), and an older adult which shall take 
her/his medication according to the treatment plan, and a social robot with 
advanced capabilities for verbal and non-verbal interaction which will supervise the 
whole process.  
 
How can the social robot check that the robot dispenser has really dispensed the 
medication as required by the treatment plan? How can it check that the older adult 
really took the medication, motivate her/him to take it if she/he hasn’t done it yet, 
or investigate the reason why this did not happen? How can the robot dispenser be 
sure that the human took the medication? Can it trust the social robot to have 
adequate perception and interaction capabilities to understand what happened and 
why? How can the human trust the robot dispenser to properly follow the treatment 
plan? Can she/he trust the social robot to supervise the whole process?  
 
The PhD candidate will explore solutions to the case studies above (and or propose 
other case studies), which will constitute a proof of concept to be implemented and 
tested. In addition to the implementation of low-level sensorimotor capabilities 
concerning autonomous motion, grasping, perception, verbal interaction, etc., the 
problems above raise a very important research issue. A robot needs to make plans 
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[4] not only by considering its own representation about how other agents will act, 
but also modelling the expectations that the other agent has. Having defined a 
proper metrics to measure “trustworthiness”, each agent will – at the same time – (i) 
analyse other agents’ behaviour to measure how “trustworthy” they are, and (ii) 
behave in such a way as to be “perceived as trustworthy” by other agents.  

Requirements 
 
Applicants are expected to have good programming skills, and a strong motivation 
for studying and making research. In particular, the workplan will be roughly as 
follow (to be periodically revised). 
 

 Analysis of the literature about “trust” in robotics, selection of appropriate 
metrics, formalization of the selected case studies above, choice of 
methodologies and tools; 

 Development of sensorimotor capabilities for the considered case studies, 
possibly involving a dual-arm Baxter manipulator (case 1) and the social 
robots Pepper or NAO and the robot dispenser Pillo (case 2) – or other 
platforms for other case studies. 

 Development of models of trust, based on appropriate representation of the 
environment and the expected behaviors of other agents, as well as 
algorithms to update such representation in run-time during the interaction;  

 Testing and evaluating the solutions through an experimental protocol 
involving real users in a realistic environment. 

 
The candidate will have access to the resources of the EMAROlab (https://master-
emaro.ec-nantes.fr/) as well as the Social Robotics Lab of University of Genova. 
International cooperation during the thesis may include: Hanson Robotics, Hong 
Kong; SoftBank Robotics Europe, France; Pillo Labs, Italy; UC Merced, California; 
JAIST, Japan; Örebro University, Sweden.  

References:  
 
[1] Jin-Hee Cho, Kevin Chan, and Sibel Adali. 2015. A Survey on Trust Modeling. ACM 
Comput. Surv. 48, 2, Article 28 (October 2015), 40 pages. 
[2] Schniter, E., Shields, T. W., & Sznycer, D. (2020). Trust in Humans and Robots: 
Economically Similar but Emotionally Different. Journal of Economic Psychology, 102253. 
[3] Andras Kupcsik, David Hsu, Wee Sun Lee (2017). Learning Dynamic Robot-to-Human 
Object Handover from Human Feedback, Robotics Research, Springer Proceedings in 
Advanced Robotics book series (SPAR, volume 2), 161-176 
[4] Chen, M., Nikolaidis, S., Soh, H., Hsu, D., Srinivasa, S., Planning with Trust for Human-
Robot Collaboration (2018) ACM/IEEE International Conference on Human-Robot 
Interaction, pp. 307-315.  

Contacts: 
 
Emails: antonio.sgorbissa@unige.it, carmine.recchiuto@unige.it 



18 
 

Autonomous interaction in care homes: CARESSES trial, interaction with NAO and Pillo. 

8. Natural, engaging and culture-aware verbal and non-verbal Interaction 
between robots and humans 

Tutors: 
 
Antonio Sgorbissa 
Carmine Tommaso Recchiuto 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it 
 
Description: 
 
The CARESSES project, an EU-Japan joint project (http://caressesrobot.org) [1] 
coordinated by the University of Genova, addressed for the first time the problem of 
embedding social robots with culturally competent interaction capabilities. Indeed, 
while it is true that socially assistive robots may help human caregivers in many 
tasks, it is also of the utmost importance that the robots are accepted by the user. 
The idea underlying CARESSES is that robots that are aware of the culture of the 
person they interact with and adapt their behavior accordingly will be more 
acceptable to older adults. In CARESSES the humanoid robot Pepper has been tested 
as a robotic platform for interacting with older adults in care homes, in order to 
increase their quality of life by reducing loneliness, improving mental health, limiting 
social exclusions, and reducing care givers’ burden. To this end, Pepper has been 
programmed to act as a companion robot, and it is now capable of talking with the 
person about general conversation topics, asking them about their preferences, 
encouraging them to perform some activities, reminding things to do. In all these 
aspects, the robot is aware of the beliefs, values, habits, preferences of the user and 
it adapted its behavior in an appropriate way. 
 
Given the nature of companion robot, it is crucial that the robot may talk in a natural 
way, replying to users’ questions, proposing appropriate conversation topics and 
activities to be performed. This requires the robot to know what is important for 
people, a result which has been achieved by creating a Cloud platform for cultural 
knowledge representation that relies on an ontology for storing (i) concepts of 
relevance and the role they play in different cultures as well as (ii) information about 
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the person and her/his preferences.  
 
In the current version, the cultural knowledge base has a major limitation: it has 
been designed by hand by Knowledge Engineers supported by Cultural Experts. This 
approach is not feasible if we want to embed the knowledge base with a huge 
number of concepts related to several cultures.  
 
In this general scenario, the PhD program will explore: 
 

 Models and algorithms enabling the robot to automatically acquire 
knowledge through data extraction and ontology learning [2], by 
automatically processing “culture specific” and “geolocalized” resources on 
the Internet (e.g., articles about Bollywood movies or Indian movie 
databases, Italian food blogs or Japanese recipes websites, public posts on 
Facebooks and TripAdvisors and “tweets” of French or English users).  

 Crowdsourcing models and algorithms allowing users to share their 
knowledge with the robot through verbal interaction [3], with the aim of 
enriching the Cultural Knowledge Base and improving their experience as 
well as the experience of other users connected to the Cloud. This requires 
exploring methods to find consensus in case different users provide 
conflicting information, as well as mediation and peer rating mechanisms. 

 Models and algorithms to allow a rich and engaging verbal interaction about 
concepts in the cultural knowledge base between the user and the system, 
through mixed initiative dialogue patterns designed in order to break the 
command-only barrier which is typical of most systems [4], paralleled by a 
rich non-verbal interaction. 

 
Requirements: 
 
Applicants are expected to have good programming skills, and a strong motivation 
for studying and making research. In particular, the workplan will be roughly as 
follow (to be periodically updated). 
 

 Analysis of existing techniques and tools in the Literature for text-mining, 
ontology representation & learning, Natural Language Processing, long term 
interaction. 

 Development of models and algorithms for automatically acquiring 
knowledge from data extraction and ontology learning. 

 Development of models and algorithms allowing users to share their 
knowledge through verbal interaction with the system. 

 Models and algorithms to allow a rich and engaging verbal and non-verbal 
interaction. 

 Integration of the solutions developed in the CARESSES Cloud. 
 Testing and evaluating the solutions with different prototype robots and 

home assistants (e.g., SoftBank Robotics Pepper and NAO, the pill-dispenser 
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Pillo, Alexa, Hanson Robotics Prof. Einstein) through multiple users 
connecting to the CARESSES Cloud.  

 
The candidate will have access to the resources of the EMAROlab (https://master-
emaro.ec-nantes.fr/) as well as the Social Robotics Lab of University of Genova. 
International cooperation during the thesis may include: Hanson Robotics, Hong 
Kong; SoftBank Robotics Europe, France; Pillo Labs, Italy; University of Bedfordshire 
and Middlesex University, UK; JAIST, Japan; Örebro University, Sweden.  

References:  
 
[1] Barbara Bruno, Carmine Tommaso Recchiuto, Irena Papadopoulos, Alessandro Saffiotti, 
Christina Koulouglioti, Roberto Menicatti, Fulvio Mastrogiovanni, Renato Zaccaria, Antonio 
Sgorbissa, Knowledge Representation for Culturally Competent Personal Robots: 
Requirements, Design Principles, Implementation, and Assessment. International Journal of 
Social Robotics, 3/2019 
[2] Petasis G., Karkaletsis V., Paliouras G., Krithara A., Zavitsanos E. (2011) Ontology 
Population and Enrichment: State of the Art. In: Paliouras G., Spyropoulos C.D., Tsatsaronis 
G. (eds) Knowledge-Driven Multimedia Information Extraction and Ontology Evolution. 
Lecture Notes in Computer Science, vol 6050. Springer, Berlin, Heidelberg 
[3] Zhitomirsky-Geffet, M., Kwasnik, B.H., Bullard, J., Hajibayova, L., Hamari, J., & Bowman, 
T.D. (2016). Crowdsourcing approaches for knowledge organization systems: Crowd 
collaboration or crowd work? Proceedings of the 79th ASIS&T Annual Meeting: Creating 
Knowledge, Enhancing Lives through Information & Technology, ASIST 2016. 
[4] N. Mavridis, A review of verbal and non-verbal human–robot interactive 
communication,” Robotics and Autonomous Systems”, Robotics and Autonomous System, 
vol. 63, pp. 22-35, 2015. 

Contacts: 
 
Email: antonio.sgorbissa@unige.it, carmine.recchiuto@unige.it 
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9. Hybrid deliberative/reactive robot architectures for human robot 
collaboration employing Augmented Reality techniques and wearable 
sensors. 

Tutors: 
 
Enrico Simetti  
Fulvio Mastrogiovanni 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it  
 
Description: 
 
Collaborative robots in manufacturing scenarios have been proposed to be deployed 
alongside human operators to perform a series of tasks traditionally considered 
stressful, tiring or difficult. Recently, we have proposed a comprehensive human-
robot collaboration (HRC) framework called FlexHRC [1], showing interesting results 
on the Baxter dual-arm robot and on cooperative mobile manipulators [2], while 
maintaining a uniform control architecture based on a task priority approach [3]. 
 
The goal of this research proposal is to develop the new version of FlexHRC, in at 
least two of the following directions. 
 

1. Extending the capabilities of the task-priority control framework, including 
force regulation, admittance schemes and integrating motion planning 
techniques.  

2. Enforcing the integration with such high-level planning frameworks as 
continuous-discrete approaches, e.g., based on PDDL+, or belief-space 
planning techniques. 

3. Extending the HRC experience by means of innovative approaches based on 
Augmented Reality (AR) and wearable sensing techniques, which are closely 
coupled with the robot control aspects as well as the robot reasoning 
processes. 

 
The overall goal is to design a HRC framework capable of exhibiting rich coordination 
capabilities as far as human-robot and robot-robot interaction is concerned. As a 
consequence, the development aspects will involve state-of-the-art software 
engineering methodologies to attain a novel framework usable in different 
configurations, e.g., dual arm robots and/or mobile manipulators. The framework 
will use improved techniques at the action sequencing and execution levels, and will 
show integrated capabilities in executing high-level (i.e., discrete) actions via low-
level (i.e., continuous) behaviours, monitoring the execution of such low-level 
behaviours and, in case of faults or unsuccessful executions, assign the high-level 
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layer with the task of finding an alternative course of action. Furthermore, it will 
leverage such capabilities to investigate novel approaches in information sharing 
using AR equipment, e.g., to visually show to human operators upcoming robot 
motions in the involved robot work workspace to enhance safety and 
understandability. 
 
Requirements: 
 
Sought applicants have good knowledge in rigid body kinematics and dynamics, as 
well as on robot control, excellent C/C++ skills, including also software engineering 
aspects, and a strong motivation for challenges. 

References: 
 
[1] Darvish, K., Wanderlingh, F., Bruno, B., Simetti, E., Mastrogiovanni, F., & Casalino, G. 
(2018). Flexible human–robot cooperation models for assisted shop-floor tasks. 
Mechatronics, 51, 97-114. doi:10.1016/j.mechatronics.2018.03.006  
[2] Simetti, E., Casalino, G., Wanderlingh, F., & Aicardi, M. (2019). A task priority approach to 
cooperative mobile manipulation: Theory and experiments. Robotics and Autonomous 
Systems, 122, 103287. 
[3] Simetti, E., & Casalino, G. (2016). A novel practical technique to integrate inequality 
control objectives and task transitions in priority based control. Journal of Intelligent and 
Robotic Systems: Theory and Applications, 84(1-4), 877-902. doi:10.1007/s10846-016-0368-
6 
 
Contacts:  
 
Email: enrico.simetti@unige.it, fulvio.mastrogiovanni@unige.it 
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10. Outlier robust state estimation methods for robotics and autonomous 
systems 

Tutors:  
 
Giovanni Indiveri 
Marco Baglietto 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it 
 
Description:  
 
State estimation in the presence of measurement outliers is a relevant and 
challenging issue in many applications. Likewise, fitting data to models in the 
presence of outliers as well as outlier identification are central topics in statistics. 
Indeed, the issues of robust model identification and state estimation are addressed 
in many research areas including statistics, computer vision, and automatic controls. 
Highly performing approaches for outlier robust data fitting and model identification 
as the Least Median of Squares (LMS) or the Least Trimmed Squares (LTS) are 
intrinsically batch algorithms [1]. They cannot be easily implemented recursively as 
required for online state estimation applications.  
 
The objective of the PhD proposal is two-fold: the former is to investigate and 
compare existing outlier robust state estimation methods and their applicability to 
robotic and autonomous systems navigation and control systems; the latter is to 
study, implement and test innovative outlier robust state estimation filters based on 
a receding horizon paradigm as applied to optimization criteria like LMS, LTS or the 
Least entropy-Like approach [2] that have been poorly analysed to date in state 
estimation scenarios. 
  
Requirements: 
Good programming skills (Matlab or C++); good background knowledge in systems 
theory and linear state estimation. 
 
References:  

[1] Rousseeuw PJ, Leroy AM. Robust Regression and Outlier Detection. John Wiley & Sons: 

Hoboken, NJ, USA, 2003.   
[2] Indiveri G. An entropy-like estimator for robust parameter identification. Entropy 2009; 

11(4):560–585   
 

Contacts:  
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Email: marco.baglietto@unige.it, giovanni.indiveri@unige.it 

11. Machine learning methods for active identification 

Tutor:  
 
Marco Baglietto 
 
Department:  
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it 
 
Description:  
 
The research will focus on system identification methods with particular attention to 
the role of the control action to improve (on line) the performance in terms of 
identification accuracy over a finite time or time. As for the system model, the so-
called “black box” paradigm will be addressed. No specific structure for the system 
to be identified will be assumed.  
 
Machine learning methods will be addressed. Use of parametrized approximation 
structures will be considered whose complexity could be tuned a priori in order to 
reach a suitable trade-off between model accuracy and online computational 
requirement. The parameters of the approximating structure will be tuned on line, 
when the control action will be used in order to improve the achieved model 
accuracy. Different control methods will be addressed, based on parameterization of 
the control laws as well as on approximate optimization methods. 
 
Requirements: 
 
Skills in system identification, machine learning, optimal control. 
 
References: 
 
[1] L. Scardovi, M. Baglietto, T. Parisini, “Active State Estimation for Nonlinear Systems: a 
Neural Approximation Approach”, IEEE Trans. on Neural Networks, vol. 18, no. 4, pp. 1172-
1184, 2007. 
[2] A. Alessandri, M. Baglietto, G. Battistelli, M. Gaggero “Moving-horizon State Estimation 
for Nonlinear Systems Using Neural Networks”, IEEE Trans. on Neural Networks, vol. 22, no. 
5, pp. 768-780, 2011. 
[3] M. Z. Babar, M. Baglietto, “Optimal feedback input design for dynamic nonlinear 
systems”,International Journal of Control, 2019. DOI: 10.1080/00207179.2019.1701711 

Contacts: 
 
Email: marco.baglietto@unige.it  
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12. Advanced robot manipulation skills acquired via human demonstrations 

Tutor: 
 
Fulvio Mastrogiovanni 
Alessandro Carfì 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it  
 
Description: 
 
Humans excel in the manipulation of everyday objects or tools, especially when 
learning new manipulation skills, or when adapting already acquired skills to 
different tasks. Manipulation is a key ability in a world full of human-made artefacts 
and human-oriented objects and tools. Such an expert ability to use the hands for 
manipulation results from a life-long learning process that draws upon the 
observation of other humans as well as ourselves, as we discover how to handle 
objects first hand.  
 
Unfortunately, today's manipulation capabilities in robots are unable to achieve such 
high level of dexterity in comparison to humans, and acceptable results are obtained 
only in very specific application scenarios and use cases. In order for robots to 
operate reliably in environments made by humans and for humans, robots must be 
capable of manipulating a wide variety of unknown objects modulating different 
parameters, such as contact strength, motion dexterity, and grasp stability. 
Furthermore, an object or tool may be considered (and therefore perceived) not 
only for its physical features, but also for the possibilities it entails, i.e., its 
affordances.  
 
The need arises to provide robot hands (in terms of the software architectures 
controlling them) with high-end cognitive capabilities, and specifically to deal with 
real-world uncertainties in perception and action, to represent heterogenous, multi-
modal object features, and to generalise previously acquired manipulation skills to 
new objects and tools, and for new tasks.  
 
This PhD proposal aims at (i) understanding how humans perform in-hand object 
manipulation, and at (ii) replicating the observed skilled movements with dexterous 
artificial hands. The work to be done will merge the concepts of reinforcement and 
transfer learning to generalise in-hand manipulation skills to previously unknown 
objects, tools, and tasks, starting from well-known experiments as those done in the 
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Open AI Gym scenario1, which will be considered as a simulation platform. An 
abstract representation of previously acquired knowledge, e.g., based on logic-based 
or belief-space frameworks, will be fundamental for reproducing acquired (learned) 
skills to different robot hand mechanical shapes. The learning process will use 
heterogeneous, multi-modal data that will be collected, annotated and assembled 
into a large dataset, using an ad-hoc setup involving different sensing modalities. The 
data and the methods developed throughout the PhD period will be shared with the 
whole research community to allow for testing against open benchmarks and 
reproduction of results.  
 
The core objectives of the PhD proposal are: 
 

1. to build a multi-modal robot perception architecture that extracts data about 
object manipulation via human demonstration; 

2. the creation of a multi-modal dataset of in-hand manipulation tasks including 
re-grasping, reorienting and fine repositioning; 

3. the development of an advanced object modelling and recognition method, 
including the characterisation of object’s physical properties and their 
affordances; 

4. to autonomously learn and precisely imitate human strategies in 
manipulation tasks.  

 
This work will be done in the context of the H2020 CHIST-ERA collaborative project 
InDex. The student will have the opportunity to spend research periods abroad at 
Aston University (UK), Sorbonne University (France), TU Wien (Austria), and the 
University of Tartu (Estonia). 
 
Requirements: 
 

 Notions related to machine learning, data analysis, trajectory and motion 
planning. 

 Software development in C/C++. 
 
References: 
 
[1] A. Carfì et al. A multi-sensor dataset for human-human handover. DiB 22, 2019. 
[2] A. Capitanelli et al. On the manipulation of articulated objects in human-robot 
cooperation scenarios. RAS 109, 2018. 
[3] A. Carfì et al. Online human gesture recognition using recurrent neural networks and 
wearable sensors. Proc. IEEE RO-MAN 2018. 

Contacts: 
 
Email: fulvio.mastrogiovanni@unige.it, alessandro.carfi@dibris.unige.it 

                                                        
1 For instance, see the Open AI page https://gym.openai.com/envs/HandManipulateBlock-v0/ 
for block-like object manipulation, and https://gym.openai.com/envs/HandManipulatePen-v0/ 
for a pen-like object. 
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13. Gesture-based human-robot interaction 

Tutors:  
 
Fulvio Mastrogiovanni  
Alessandro Carfì 
 
Department:  
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it 
 
Description:  
 
Gestures are an intuitive communication modality that humans can use to convey 
information. Sci-fi movies such as Minority Report have envisioned a future in which 
humans are able to interact with virtual and physical systems in an intuitive and 
appealing way by mean of hand gestures. However, the current state of the art for 
gestural interaction is not yet ready for real-world applications. Most advanced 
techniques for human motion sensing rely on computer vision, requiring a structured 
environment and rising privacy concerns. Methods for gesture tracking and gesture 
recognition are far from perfect. Interfaces for gesture-based interaction are often 
grounded on a specific application limiting the possibility of reuse [1].  
 
These issues are even more relevant in robotic scenarios where gestural interaction 
is critical to close the distance between humans and robots as envisioned by the 
Industry 4.0 paradigm [2]. Human co-workers can use gestures to cooperate with 
robots in the production line, gesture-based interfaced can mediate and facilitate 
the communication between rescuers and robots in a search & rescue environment, 
and gestures can be used as well in Ambient Intelligence systems to control home 
appliances. These scenarios require high flexibility since gestures should be 
perceived in an unstructured space, possibly while the person gesturing is doing 
other activities as well. The usage of wearable sensing technologies [3], currently 
attracting increasing research and market interest, could provide the necessary 
flexibility to allow for a seamless gestural interaction independently of the target 
scenario. However, this technology requires further development, either from the 
hardware and the software perspective, to break through in real robotic scenarios. 
 
This PhD proposal aims at (i) exploring human motion sensing alternatives for real-
world application scenarios guaranteeing the necessary flexibility, (ii) developing a 
software infrastructure on the edge to process multi-modal sensor data to track 
human motion and recognize specific gestures, and at (iii) designing a general 
prototypical gestural interface easy to deploy in different application scenario.  
 
The work to be done will merge the concepts of edge computing, machine learning 
and human robot interaction to obtain an easy to use gesture based interface.  
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The core objectives of the PhD proposal are 
 

 to design and build a prototype of the selected sensing solution, capable of 
perceiving human motion, 

 the development of a software architecture on the edge for tracking and the 
recognition of gestures, 

 the collection of a gesture dataset to train and test data driven models for 
gesture recognition; 

 the design of a general purpose gestural interface; 
 
to deploy and test the overall architecture in real-world environments, including 
industrial and consumer settings.  
 
This work may be integrated with work done in the context of the H2020 CHIST-ERA 
collaborative project InDex. The student will have the opportunity to spend research 
periods abroad at Aston University (U.K.), Sorbonne University (France), TU Wien 
(Austria), and the University of Tartu (Estonia). 
 
Requirements:  
 

 Notions related to machine learning and data analysis.  
 Software development in C/C++/Python.  
 Experience with electronic hardware is a plus. 

 
References:  
 
[1] T. Vuletic, A. Duffy, L. Hay, C. McTeague, G. Campbell and M Grealy. “Systematic 
literature review of hand gestures used in human computer interaction interfaces”. 
International Journal of Human-Computer Studies, 129:74–94, 2019. 
[2] H. Liu and L. Wang. “Gesture recognition for human-robot collaboration: A review”. 
International Journal of Industrial Ergonomics, 1-13,2017. 
[3] A. Carfì, C. Motolese, B. Bruno and F. Mastrogiovanni. “Online human gesture recognition 
using recurrent neural networks and wearable sensors”. In Proceeding of the 27th IEEE 
International Symposium on Robot and Human Interactive Communication (RO-MAN), pages 
188–195, Nanjing, China. 

 
Contacts: 
 
Email: fulvio.mastrogiovanni@unige.it, alessandro.carfi@dibris.unige.it 
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14. Human-robot interaction techniques mediated by speech-enabled 
holographic avatars 

Tutors:  
 
Fulvio Mastrogiovanni  
 
Department:  
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it 
 
Description:  
 
In the past few years, we have witnessed a renovated interested in Augmented 
Reality (AR), and in the related capabilities mediated by see-through displays to 
superimpose various forms of information on a human-centred first-person view. 
This perspective opens up unprecedented possibilities as far as human-robot 
interaction is concerned, e.g., to design new forms of communication allowing a 
robot to better share its intentions to humans, or to provide them with context-
aware instructions about how to cooperate with or use the robot itself. 
 
In this PhD proposal, we want to investigate the role of speech-enabled holographic 
avatars as mediators between a human wearing a see-through display and a robot. 
We want to enrich the human-robot communication experience by introducing an 
intelligent, context-aware holographic avatar verbally interacting with humans while 
they are interacting with the robot. Beside the appearance of the holographic avatar, 
the PhD work will focus on key linguistic theories to enforce the fruitfulness of the 
interaction, and in particular on aspects related to Politeness Theory [1].   
 
Starting from the work done in the context of the HoloBot project (web: 
https://github.com/ActiveNick/HoloBot), candidates will have to achieve a set of 
milestones: 
 

1. Formalise a computational framework considering relevant aspects of 
Politeness Theory in a number of Robotics-related use cases which will be 
identified beforehand. 

2. Encode using formal languages the previously developed computational 
framework, e.g., using logic-based (Boolean or Fuzzy Ontologies) techniques, 
or such probabilistic approaches as forms of graphical models. 

3. Deploy the models within suitable chatbots-related technologies, such as for 
example the Google Meena framework [2]. 

4. Integrate the resulting chatbot within holographic avatars as part of an AR 
framework. 

5. Perform real-world validation in the developed use cases. 
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Requirements:  
 

 Notions related to computational linguistics and ontology engineering.  
 Software development in Python.  
 Experience with chatbot technology is a plus. 

 
References:  
 
[1] P. Brown and S.C. Levinson. Politeness: some universals in language usage. Cambridge: 
Cambridge University Press, 1987. 
[2] https://arxiv.org/abs/2001.09977 
 
Contacts: 
 
Email: fulvio.mastrogiovanni@unige.it  
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15. Goal-based cooperation and reasoning models for heterogeneous robot 
swarms made-up of terrestrial and aerial robots 

 
Tutors: 
 
Fulvio Mastrogiovanni 
Marco Baglietto 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it  
 
Description: 
 
The use of unmanned aerial vehicles (UAVs) is getting much attention in Robotics 
research, due to the new research challenges such vehicles pose: low-level control 
aspects, navigation in real-world conditions, mapping of large areas, real-time 
obstacle avoidance, just to name but few. When considering multi-vehicle scenarios, 
also involving unmanned ground vehicles (UGVs), such challenges become even 
more difficult to face. 
 
In the literature, different approaches have been discussed to implement control 
strategies for heterogeneous systems involving UGVs and UAVs. However, most 
approaches are focused on low-level control aspects, and much less is present in the 
literature regarding advanced behaviours in challenging and unstructured 
environments, and their implications for high-level representation and reasoning 
processes, such as those involved in hybrid continuous/discrete frameworks, e.g.,  
belief-space based or modal logic-based planners. 
 
With this PhD proposal, we want to investigate methods and techniques to 
implement high-level coordination and reasoning behaviours allowing 
heterogeneous robot swarms to optimally cooperate with the aim of achieving a 
given task, such as rendezvous, coordinated exploration, or mapping, while 
maximising specific performance metrics defining the overall quality of the swarm 
behaviour. 
 
The work may require joint work with an international team working towards the 
Rainforest XPRIZE Challenge (web: https://www.xprize.org/prizes/rainforest). 
 
Requirements: 
 

 Concepts related to robot modelling, system identification, motion/action 
planning, and reasoning. 

 Software development in C/C++. 
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References: 
 
[1] A. Thomas et al. Task-motion planning for navigation in belief-space. Proc. of ISER, 2019. 
[2] A. Thomas et al. Towards perception-aware task-motion planning. Proc. of AAAI 2018 Fall 
Symposium on Reasoning and Learning in Real-World Systems for Long-term Autonomy, 
2018.  

Contacts: 
 
Email: marco.baglietto@unige.it, fulvio.mastrogiovanni@unige.it 
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16. Hybrid neuro-symbolic approaches to Artificial Intelligence techniques 
for robots and intelligent environments 

 
Tutors: 
 
Fulvio Mastrogiovanni 
Alessandro Sperindè (Teseo srl) 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it  
 
This topic is part of an Executive PhD program offered jointly with the startup 
company Teseo srl. 
 
Description: 
 
Recent development in Machine Learning have demonstrated that hybrid neuro-
symbolic approaches are viable methods for symbolic-mediated learning [1], 
navigation and exploration in graphs-based knowledge representation structures 
(such as metropolitan transport and family trees), and solving simple puzzles [2]. 
These results seem to challenge the traditional dichotomy between the cognitivist 
and emergent paradigms in Artificial Intelligence (AI), and can be considered as a 
step forward to hybrid architectures, which so far have always presented a shallow 
integration between techniques from the respective fields.  
 
On the one hand, such technologies as the Differentiable Neural Computer have 
been presented in the past few years, however to date nobody from the classical 
cognitivist AI community has explored their capabilities and compared their 
performance to traditional techniques in the field. Such techniques could offer 
significant performance improvements due both to their neural-like nature, and the 
possibility to accelerate the computations in hardware, as it is supported by most 
mainstream Machine Learning framework. On the other hand, these technique 
require an extensive training with properly prepared data. If significantly faster 
computation times could be achieved in online operations, that could be a huge 
benefit in a variety of AI applications requiring fast online responses, such as human-
robot interaction and Ambient Intelligence.  
 
The main goal of this PhD proposal is to perform a first assessment of their 
applicability to a number of prototypical, common use cases in these two fields and 
eventually compare their performance to determine whether the hybrid neuro-
symbolic approach is really a promising path forward. 
 
Requirements: 
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 Classical approaches in knowledge representation and reasoning; neural 
networks; computational architectures. 

 Software development in C/C++/Python. 

References: 
 
[1] Mao et al. (2019). The neuro-symbolic concept learner: interpreting scenes, words, and 
sentences from natural supervision. Proc. of ICLR 2019. 
[2] A. Graves et al. (2016). Hybrid computing using a neural network with dynamic external 
memory. Nature 538 (7626), pages 471-476. 

Contacts: 
 
Email: fulvio.mastrogiovanni@unige.it 
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17. Low-power and low-cost solutions for object tracking in resource limited 
and constrained scenarios 

 
Tutors: 
 
Fulvio Mastrogiovanni 
Alessandro Sperindè (Teseo srl) 
 
Department: 
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it  
 
This topic is part of an Executive PhD program offered jointly with the startup 
company Teseo srl. 
 
Description: 
 
Such emerging technologies as the Internet of Things (IoT), and more in general 
embedded computing methodologies and technologies, are now ubiquitous in our 
everyday life. Their presence has dramatically given a new shape to the environment 
around us.  
 
The goal of this PhD proposal is to investigate, design, and develop conceptual tools, 
techniques, and eventually a comprehensive framework to determine and track a set 
of parameters and indicators related to object positions, postures as well as object-
specific quantities using a distributed IoT infrastructure, specifically in scenarios 
characterised by challenging constraints imposed by the environment. When we 
refer to “object”, we mean indifferently animate (humans or animals), inanimate 
(assets), or intelligent (robots) objects. 
 
The PhD proposal will consider as use cases different application fields, such as (i) 
human indoor positioning, pose and biometric tracking in healthcare scenarios, (ii) 
asset localisation and tracking for inventory management and logistics, (iii) robot and 
personnel indoor localisation in such field applications as rainforest mapping. 
 
The first application scenario, which involves direct expertise for the core activities 
of Teseo srl, is related to the broader field of personalised health, which is paving a 
promising way for modern healthcare management, whereby the assessment of 
daily activities and biometric markers (which can be related to position, pose, 
postural transitions and wearable sensing) urge the adoption of novel solutions. The 
second scenarios, which will be carried out jointly with an assisted-living facility in 
Lecco, Italy, proves to be fundamental in the response of emergency situations, e.g., 
understanding the utilization of clinical resources and assets to improve the overall 
efficiency of the healthcare process, which requires at its very basis to accurately 
locate equipment and medical staff. The third application scenario involves the 
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monitoring of first responders or (partially) autonomous robots in challenging or 
hazardous situations. The work will be part of the Rainforest XPRIZE Challenge (web: 
https://www.xprize.org/prizes/rainforest). 
 
In all of these cases, the capabilities of localising and tracking and object, and doing 
so with a specific focus on energy efficiency, are particularly important, and will play 
a special role in the work to be done. 
 
Requirements: 
 

 Software development in C/C++/Python. 
 Embedded software development. 
 State estimation, belief space modelling and planning. 

References: 
 
[1] A. Thomas et al. (2019). Task-motion planning for navigation in belief space. Proc. of ISER 
2019. 
[2] F. Benedetti et al. (2018). Long-term area coverage and radio relay positioning using 
swarms of UAVs. Cooperative localization and navigation: theory, research and practice. CRC 
Press. 
[3] Carfì et al. (2018). Online human gesture recognition using recurrent neural networks 
and wearable sensors. Proc. of RO-MAN 2018. 

Contacts: 
 
Email: fulvio.mastrogiovanni@unige.it 


