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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 
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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 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. Robot sensing and perception of the environment and humans using 
proximity and tactile sensing. 

 
Tutors: Giorgio Cannata 
 
Department: 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genova 
Web: www.dibris.unige.it  
 
Description: 
Robots are expected to move and interact safely with objects and humans. To this 
aim robots require a complete perception of the surrounding space and the 
capability to physically interact with the environment properly. Physical interaction 
is often obtained using tactile sensors [1] (video) while space perception is obtained 
using cameras and/or proximity sensors.   
 
The goal of this project is to study and implement algorithms and motion strategies 
enabling the robot to build a complete model of its surrounding space by using 
proximity and tactile sensors mounted on the robot. Then the model is generated 
using robot motions and must be adaptive to capture the changes in the 
environment and provide the support to implement safe motion control and human-
robot interaction.  
 
The outcome of the research is to develop a self-standing robot capable to self-
localize and safely interact with unmodelled objects, as well as to properly react to 
sudden changes due to the motion of other agents (robots and/or humans) in the 
volume space surrounding the robot.  
 
To address this issue two main topics are explored in the project: (1) methods for 
multimodal space representations (e.g. [3]), and (2) robot motion and interaction 
control techniques for proximity-tactile based spatial exploration [2] (video).  
 
This doctorate project is part of the European Project Horizon Europe – Sestosenso: 
Physical Intelligence for Smart and Safe Human-Robot Interaction (starting in 
October 2022). The project develops a new technology based on proximity and 
tactile sensors on the robot body, providing a unified proxy-tactile perception of the 
environment, required to control the robot actions and interactions, safely and 
autonomously. 
 
Requirements: 
Applicants are expected to have good knowledge in at least two of the following 
topics: robot programming, robot control, machine learning, system identification. 
The candidates must have: very good programming skills with different languages 
(including C/C++, Python, Matlab/Simulink); good attitude for experimental activity 
to conduct experiments. The candidate is expected to work within an international 
research team and must be strongly motivated for team working. 

https://www.dropbox.com/s/mjlcex8m1cvoam0/CySkin%20-%20The%20flexible%20artificial%20skin%20-%20UPDATED.mp4?dl=0
https://www.dropbox.com/s/21qs6hzxpn8hhtd/Tactile%20Based%20Control%20and%20Exploration.mp4?dl=0
https://collaborate-project.eu/
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References: 
[1] 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. 
[2] Albini, A., Grella, F., Maiolino, P., Cannata, G. Exploiting Distributed Tactile 
Sensors to Drive a Robot Arm through Obstacles (2021) IEEE Robotics and 
Automation Letters, 6 (3), art. no. 9384158, pp. 4361-4368.  
[3] O. Williams, A. Fitzgibbon, “Gaussian process implicit surfaces,” in Gaussian 
Processes in Practice, 2007. 
 
Contacts: 
Email: giorgio.cannata@unige.it  

  

mailto:giorgio.cannata@unige.it
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2. Sensor-based control of robots for human-robot cooperative operations 
 
Tutors: Giorgio Cannata 
 
Department: 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genova 
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 contact events as well as to recognize the human intentions 
through touch 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.  
 
The goal of this project is to study and implement algorithms enabling the robot to 
recognize and properly react to human touch by exploiting tactile feedback (video) 
and using tactile data (video) to generate motion actions useful for teach-by-
demonstration robot control and programming . 
 
The outcome of the research is to demonstrate the execution of a human-robot 
collaborative assembly task (in a realistic industrial car manufacturing set-up – jointly 
with Centro Ricerche FIAT) exploiting the robot capability of react and adapt to 
operator touch commands. 
  
To address this issue two main topics are explored in the project: (1) Machine 
Learning methods (based on deep neural networks models) for tactile recognition [1] 
(this activity extends the outcomes of the European project Collaborate), and 
gesture recognition and classification; (2) robot control strategies for tactile driven 
motion and interaction learning through demonstration [2], [3].  
 
This doctorate project is part of the European Project Horizon Europe – Sestosenso: 
Physical Intelligence for Smart and Safe Human-Robot Interaction (starting in 
October 2022). The project develops a new technology based on proximity and 
tactile sensors on the robot body, providing a unified proxy-tactile perception of the 
environment, required to control the robot actions and interactions, safely and 
autonomously. 
 
Requirements: 
Applicants are expected to have good knowledge in at least two of the following 
topics: robot programming, robot control, machine learning, system identification. 
The candidates must have: very good programming skills with different languages 
(including C/C++, Python, Matlab/Simulink); good attitude for experimental activity 

https://www.dropbox.com/s/b9mnin7zieiydxf/Hand%20Recognition.mp4?dl=0
https://www.dropbox.com/s/lyadotrrparxqet/Hand%20Segmentation.mp4?dl=0
https://collaborate-project.eu/
https://collaborate-project.eu/
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to conduct experiments. The candidate is expected to work within an international 
research team and must 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] E. Pignat, et al, Learning from demonstration using products of experts: 
applications to manipulation and task prioritization, Intern. J. Rob. Res. (2021) 
[3]  Matteo Saveriano, Fares J. Abu-Dakka, Aljaz Kramberger, Luka Peternel, 
“Dynamic Movement Primitives in Robotics: A Tutorial Survey”, 
https://arxiv.org/abs/2102.03861  
 
Contacts: 
Email: giorgio.cannata@unige.it 
  

https://arxiv.org/abs/2102.03861
mailto:giorgio.cannata@unige.it
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3. Tactile based whole-arm robot manipulation planning and control 
 
Tutors: Giorgio Cannata 
 
Department: 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genova 
Web: www.dibris.unige.it  
 
Description: 
Robot handling and manipulation capabilities are always expressed in terms of their 
lifting and motion control at the wrist. As a matter of fact the whole robot body 
could be exploited for lifting heavier loads as humans usually do (video). Single or 
dual-arm robots exploiting whole body manipulation capabilities would outperform 
robots of the same size in handling heavy, bulky and possibly deformable objects.  
To manage the physical interaction between the robots and the load, tactile 
based sensing is required in order to control the contact force distribution over 
the various  robot links to avoid large internal forces (which might damage a 
fragile load) and ensuring at the same time a robust/firm grasp while the load is 
moved.  
 
The goal of this project is to study and implement planning and control algorithms 
for single-arm or dual-arm robots enabling the robot to grasp, through tactile 
feedback control, large, heavy and possibly irregular objects (e.g. big bag). 
 
The outcome of the research is to demonstrate the execution of a packaging task or 
stacking task where large loads are moved and placed into a container (a 
demonstration in a realistic logistic industrial scenario is planned jointly with Ocado 
Group and University of Oxford).  
 
To address this issue two main topics are explored in the project: (1) Multi-arm 
coordinated motion and force control; (2) tactile based control [2] (video), and 
localization [3].  
 
This doctorate project is part of the European Project Horizon Europe - Sestosenso 
(starting in October 2022). 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 in at least two of the following 
topics: robot programming, robot control, machine learning, system identification. 
The candidates must have: very good programming skills with different languages 
(including C/C++, Python, Matlab/Simulink); good attitude for experimental activity 
to conduct experiments. The candidate is expected to work within an international 
research team and must be strongly motivated for team working. 

https://www.dropbox.com/s/xd33hcfi8bw9zjb/Media1.wmv?dl=0
https://www.dropbox.com/s/21qs6hzxpn8hhtd/Tactile%20Based%20Control%20and%20Exploration.mp4?dl=0
https://collaborate-project.eu/
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References: 
[1] Mirrazavi Salehian SS, Figueroa N, Billard A. A unified framework for coordinated 
multi-arm motion planning. The International Journal of Robotics Research. 
2018;37(10):1205-1232. 
[2] Albini, A., Grella, F., Maiolino, P., Cannata, G. Exploiting Distributed Tactile 
Sensors to Drive a Robot Arm through Obstacles (2021) IEEE Robotics and 
Automation Letters, 6 (3), art. no. 9384158, pp. 4361-4368.  
[3] O. Williams, A. Fitzgibbon, “Gaussian process implicit surfaces,” in Gaussian 
Processes in Practice, 2007. 
 
Contacts: 
Email: giorgio.cannata@unige.it 
  

mailto:giorgio.cannata@unige.it
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4. Multimodal Sensing for Robot Self-aware Control 
 
Tutors: Giorgio Cannata 
 
Department: 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genova 
Web: www.dibris.unige.it  
 
Description: 
Robots are expected to move and interact safely with objects and humans. To this 
aim robots require a complete perception of the surrounding space and the 
capability to physically interact with the environment properly. Tactile sensors allow 
to collect information about objects and obstacles during robot motions in cluttered 
environment. Proximity sensors, integrated on the robot links can provide further 
contactless information of the space surrounding the robot during its motion, in the 
form of depth data forming sparse point clouds. 
 
The goal of this project is to study and implement a sensor system to be integrated 
on the robot body to form a multimodal proximity and tactile perception system 
capable to generate a complete proximity-tactile representation of the space 
surrounding the robot. The idea builds up from the tactile sensing technology 
developed at the University of Genova [1] (see the picture, and video), and aims at 
integrating on the robot link a set of tactile patches and proximity sensors based on 
time-of flight chip devices (commonly used on cars and smartphones), creating a 
multimodal skin allowing the robot to obtain a complete visuo-tactile perception of 
the space around it. 

 
 
The outcome of the research is to demonstrate the technology by designing and  
integrating various sensor patches onto a robot.  
 
To address this issue two main topics are explored in the project: (1) Electronic 
design of the proximity and tactile sensor network; (2) design and implementation of 
a data acquisition microcontroller based network for real-time proxy-tactile data 
acquisition and processing. This activity will be carried out together with the 
Research Institutes of Sweden, University of Oxford, and the company Inertia 
Technology. 
 

https://www.dropbox.com/s/mjlcex8m1cvoam0/CySkin%20-%20The%20flexible%20artificial%20skin%20-%20UPDATED.mp4?dl=0
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This doctorate project is part of the European Project Horizon Europe - Sestosenso 
(starting in October 2022). 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 in at least two of the following 
topics: robot programming, robot control, machine learning, system identification. 
The candidates must have: very good programming skills with different languages 
(including C/C++, Python, Matlab/Simulink); good attitude for experimental activity 
to conduct experiments. The candidate is expected to work within an international 
research team and must be strongly motivated for team working. 
 
References: 
[1] 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 
 
 

  

https://collaborate-project.eu/
mailto:giorgio.cannata@unige.it
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5. Boosting autonomy of Quadrupeds for Planning and Executing Complex 
Tasks in Hazardous Environments. 

Tutor: Antonio Sgorbissa, Carmine Recchiuto 
 
Department: 
DIBRIS, University of Genova, Genova, www.dibris.unige.it 
 
Description: 
A video on the Internet shows a 4-legged robot climbing in the woods, keeping 
its balance when kicked and slipping on ice, traveling through snow and mud, 
and climbing rubble1. Social media show a biped humanoid robot capable of 
climbing stairs, jumping, and even doing a somersault by landing on its feet2. A 
dog-looking robot with an arm in the place of its head can open doors: it looks 
exactly the same as the creepy killer robot of a popular sci-fi TV serial3.  
We are getting used to seeing quadruped (and biped) robots everywhere: at the 

cinema, on the 
Internet, on TV. They 
are characterized by 
outstanding 
mechanical design and 
control capabilities, 
making them capable 
of doing remarkable 
things. These robots 
might play a crucial 
role in different 
scenarios, from 
outdoor 
transportation to 
search and rescue 
after environmental 

disasters. However, at a deeper look, it turns out that they still lack fully 
autonomous behavior. Even if such robots are embedded with the capabilities of 
reaching a position by avoiding obstacles on their path [1] and building a map of 
their surrounding [2], robotic research has not yet made them capable of making 
decisions in complete autonomy for achieving their goals.  
For example, think about a team of quadruped robots for search and rescue, 
entering a large building after an earthquake to search for injured persons. 
Unfortunately, it is unlikely that all robots can be teleoperated for the whole 
duration of the exploration. However, no state-of-the-art software exists that 
makes a team of quadruped robots capable of exploring the area with complete 
autonomy. This may imply deciding which area of the building should be 
explored first, what stairs to climb to access the upper floors, whether it is better 
to climb the debris or open a door, how to approach injured people and 

 
1 https://www.youtube.com/watch?v=cNZPRsrwumQ 
2 https://www.youtube.com/watch?v=uhND7Mvp3f4 
3 https://www.youtube.com/watch?v=wXxrmussq4E 

http://www.dibris.unige.it/
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communicate with them, and finally how to understand the context and update 
decisions accordingly. 
The Ph.D. candidate will have to address a subset of the problems above by 
expanding state-of-the-art solutions for navigation [1], sensor fusion [2], 
planning [3], context-awareness [4], knowledge representation [5], etc. The 
ultimate objective is to develop a fully autonomous quadruped robot capable of 
operating indoors and outdoors to achieve the tasks assigned by a user in 
different application domains. 
From an implementation perspective, these issues will be addressed by using 
the robot Spot by Boston Dynamics, a popular quadruped equipped with 
cameras and a lidar for mapmaking and obstacle avoidance, integrated with ROS 
for taking benefit from the vast amount of existing solutions for navigation, 
perception, and localization developed by the robotic community [6]. 
Requirements: 
Applicants are expected to have good programming skills (C++, Java, or Python) 
and a profound interest in cutting-edge research in autonomous robotics. 
Previous experience with Artificial Intelligence solutions will be considered. 
The work will be performed at the DIBRIS department in the 
"Laboratorium/Social Robotics Lab," a fully equipped facility for software 
development with ground robots (quadruped and wheeled), humanoid robots 
for socially assistive applications, and aerial robots. 
When applying for the Ph.D. scholarship, we encourage the candidate to 
propose their own solutions to address one or more of the aspects above.  
References:  
1. Hoy, M., Matveev, A.S., Savkin, A.V. Algorithms for collision-free navigation of 

mobile robots in complex cluttered environments: A survey (2015) Robotica, 
33 (3), pp. 463-497.  

2. Thrun, S., Burgard, W.,, Fox, D. (2005). Probabilistic robotics. Cambridge, 
Mass.: MIT Press. 

3. Gerevini, A.E., Haslum, P., Long, D., Saetti, A., Dimopoulos, Y. Deterministic 
planning in the fifth international planning competition: PDDL3 and 
experimental evaluation of the planners (2009) Artificial Intelligence, 173 
(5-6), pp. 619-668. 

4. Afyouni, I., Ray, C., Claramunt, C. Spatial models for context-aware indoor 
navigation systems: A survey (2012) Journal of Spatial Information Science, 
4 (2012), pp. 85-123. 

5. Tenorth, M., Beetz, M. KnowRob: A knowledge processing infrastructure for 
cognition-enabled robots (2013) International Journal of Robotics Research, 
32 (5), pp. 566-590. 

6. Robot Operating System, www.ros.org 
 

Contacts: 
Antonio Sgorbissa, Email: antonio.sgorbissa@unige.it 
Carmine Recchiuto, Email: carmine.recchiuto@dibris.unige.it 
  

http://www.ros.org/
mailto:antonio.sgorbissa@unige.it
mailto:carmine.recchiuto@dibris.unige.it
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6. Teams of Autonomous Aerial Vehicles for continuous Monitoring and 
Inspection 

Tutor: Antonio Sgorbissa, Carmine Recchiuto 
 
Department: 
DIBRIS, University of Genova, Genova, www.dibris.unige.it 
 
Description: 
Unmanned Aerial Vehicles (UAVs) popularity has increased in recent years, and the 
domain of application of this new technology is continuously expanding. However, 
although UAVs may be extremely useful in monitoring contexts, the potential 
advantages of UAV patrolling services have still not been extensively exploited. 
While there are still limitations connected to safety, it is pretty likely that, in the near 
future, there will be the possibility to deploy autonomous UAVs for inspection and 
monitoring purposes, reducing costs and the cognitive burden of the operators. 
In this scenario, the project aims at implementing 
strategies allowing UAVs to fly autonomously in 
patrolling and inspection scenarios. In particular, 
different aspects may be considered, analyzed, and 
implemented in simulated and real setups.  
The first aspect is related to the problem of 
managing a team of UAVs assigned different 
targets distributed over a large area. These targets 
could be, for instance: port areas where containers 
shall be inspected after critical weather events or 
to search for leakage of dangerous materials; fields or woods whose dryness shall be 
periodically assessed to prevent fires; soil slopes whose stability shall be monitored 
before or after floods; critical infrastructure (hospitals, schools, 
roads, bridges, etc.) whose risk shall be evaluated before or 
after earthquakes. 
 In most cases, the maximum drone flight time, generally 
defined by the drone technical specification, is insufficient to 
visit all targets. For these reasons, we propose involving citizens 
in the monitoring process by introducing the new concepts of 
Social Charging Stations (CS). Specifically, based on previous 

works performed in our laboratory [1], this 
area of research will aim to develop and test a 
software architecture to coordinate flight 
plans depending on the type of scenario (pre-
event, during, or after). Civil authorities will interface with the 
platform to change the targets to survey depending on the need 

and visualize the CS available in the operative area. Resident volunteers will give 
their availability through a mobile application, which alerts them if their help is 
required to prepare the landing spot and recharge the batteries if the drone lands on 
their property. The purpose is that resident volunteers shall be actively involved in 
risk assessment and management areas: this may be particularly important, 

http://www.dibris.unige.it/
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especially in areas with low population density where a community-based approach 
is repaid by greater safety.  
The second aspect is related to the problem of guiding the UAV to inspect the target 
once it has reached it. For example, suppose that the UAV is requested to inspect a 
container that might contain radioactive material or a bridge after a flood. Our 
previous work at the DIBRIS department [2] was based on segmentation and 
clustering algorithms for finding particular objects and visual servoing algorithms for 
autonomously piloting the drone. The Ph.D. candidate will expand previous solutions 
through novel Deep Learning strategies for detecting and clustering environmental 
features by using Artificial Intelligence to enhance the UAV's capabilities to fly 
autonomously [3]. 
The project will foresee the usage of DJI drones, such as the Mavic Pro. The DJI 
Mavic Pro is a small yet powerful drone with 30 minutes of autonomy that offers up 
to 7km of transmission range, fly at up to 64km for as long as 27 minutes, and 
provides 4K gimbal-stabilized video to ensure smooth footage. DJI Mavic Pro drones 
are equipped with a three-axis stabilized gimbal-stabilized camera housing a side-by-
side 4K sensor for capturing visible light and a thermal microcamera for capturing 
thermal data. Given the presence of both thermal and RGB cameras, strategies for 
fusing information coming from multiple sensors will be possibly investigated and 
implemented.  
Depending on needs that may emerge during the research activity, the acquisition of 
a DJI Matrice with a larger payload may be acquired. Moreover, in addition to 
simulation, algorithms may be tested using a team of DJI Tello, a lightweight drone 
that can fly up to 15 minutes and allows for 720p video transmission with image 
stabilization, allowing performing experiments with larger teams of UAVs in smaller 
indoor areas. 
 
Requirements: 
Applicants are expected to have good programming skills (C++, Java, or Python) and 
a profound interest in cutting-edge research in autonomous aerial robotics. Previous 
experience with Machine Learning and Vision will be considered. 
The work will be performed at the DIBRIS department in the "Laboratorium/Social 
Robotics Lab," a fully equipped facility for software development with ground robots 
(quadruped and wheeled), humanoid robots for socially assistive applications, and 
aerial robots. 
When applying for the Ph.D. scholarship, we encourage the candidate to propose 
their own solutions to address one or more of the aspects above.  
 
References:  
1. Bisio Isabella-Sole, Morando Luca, Recchiuto Carmine Tommaso, Sgorbissa 

Antonio, Social Drone Sharing to Increase UAV Patrolling Autonomy in Pre- and 
Post-Emergency Scenarios, Frontiers in Robotics and AI, 9, 2022.   

2. Morando Luca, Recchiuto Carmine Tommaso, Callà Jacopo, Scuteri Paolo, and 
Sgorbissa Antonio, Thermal and Visual Tracking of Photovoltaic Plants for 
Autonomous UAV inspection, arXiv:2202.01003, 2022 
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3. Lee, T., Mckeever, S., & Courtney, J. (2021). Flying Free: A Research Overview of 
Deep Learning in Drone Navigation Autonomy. Drones, 5(2), 52. 
(https://www.mdpi.com/2504-446X/5/2/52) 

 
Contacts: 
Antonio Sgorbissa, Email: antonio.sgorbissa@unige.it 
Carmine Recchiuto, Email: carmine.recchiuto@dibris.unige.it  

https://www.mdpi.com/2504-446X/5/2/52
mailto:antonio.sgorbissa@unige.it
mailto:carmine.recchiuto@dibris.unige.it
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7. MRHAIDE: Modelling with Robots and Heterogenous Artificial 
Intelligence the Dynamics of Evil 

Tutor: Antonio Sgorbissa, Carmine Recchiuto 
 
Department: 
DIBRIS, University of Genova, Genova, www.dibris.unige.it 
 
Description: 

"Success is based on survival of the fittest; I am not concerned about the losers. 
For me, what's right is whatever I can get away with. In today's world, I feel 
justified in doing anything I can get away with to succeed. People who are 
stupid enough to get ripped off usually deserve it. I don't make a point of trying 
not to hurt others in pursuit of my goals. I often admire a really clever scam. If I 
ruled the world, it would be a better place. I like to be the center of attention. I 
have a natural talent for influencing people. I like to have authority over other 
people. The best way to handle people is to tell them what they want to hear. 
Anyone who completely trusts anyone else is asking for trouble. It is safest to 
assume that all people have a vicious streak and it will come out when they are 
given a chance. It is wise to flatter important people. It is hard to get ahead 
without cutting corners here and there. Never tell anyone the real reason you 
did something unless it is useful to do so. The biggest difference between most 
criminals and other people is that the criminals are stupid enough to get 
caught."  

The monologue above has been built by juxtaposing excerpts from self-report 
questionnaires to score Dark Triad (DT) traits of personality Specificata fonte non 
valida.. The expression 'Dark Triad' identifies three constructs that correspond to 
offensive yet not-necessarily pathological personalities Specificata fonte non valida., 
namely psychopathy, narcissism, and Machiavellianism. Even if they have different 

origins, DT personalities are likely to co-
occur in the same individual and share 
several features, as they all tend to 
reflect an interpersonal stance that is 
governed by self-interest rather than 
ethics, morality, or reciprocity in human 
relations: to mention a few, psychopathy 
may be characterized by lack of 
empathy, guilt or remorse, callousness, 
fearlessness, aggressiveness; narcissism 

may be characterized by grandiosity, self-promotion, self-centeredness, vanity, 
exhibitionism; Machiavellism may be characterized by a cynical attitude, duplicity 
and use of deception and manipulation. Sentences of the monologue are taken 
verbatim from items of the Levenson Self-Report Psychopathy Scale Specificata 
fonte non valida., the Narcissistic Personality Inventory - NPI Specificata fonte non 
valida., and the Mach IV test Specificata fonte non valida..  
The objective of MRHAIDE is to investigate, for the first time ever, DT constructs 
through cognitive models embedded in a humanoid robot. In doing this, research 
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will go through several scientific and technological steps to define and implement all 
the details of the required models: this will provide us with the opportunity to 
thoroughly understand DT constructs through simulated and robotic setups, 
shedding light on the underlying cognitive processes, their mutual relations, and 
behavioral correlates.  
In order to achieve this objective, DT conceptual models in the Psychology literature 
will be refined and adapted to make them suitable for the robotic context. This will 
also be done by gathering data through controlled interactions between recruited 
participants exhibiting DT traits and 'non-DT' interaction partners. The resulting 
interaction transcripts, which will reflect the behavior of participants with DT traits, 
will provide the reference for developing computational models. Finally, algorithms 
will be embedded into a humanoid robotic platform to be tested and evaluated 
through human-robot interactions. Please notice that developing MRHAIDE 
computational models will require considering the state-of-the-art in Artificial 
Intelligence and Robotics, including planning, knowledge representation, planning, 
action, conversation, and others. Existing AI and Robotic solutions will be adapted to 
produce a "dark version" mediated by DT traits. 
After evaluating the hypothesis that DT models embedded in a robot are capable of 
producing an autonomous behavior that 'would be rated as exhibiting DT traits' by 
an external observer, the resulting prototypes will provide unprecedented tools in 
the hands of psychologists and cognitive scientists for further advancing knowledge 
in the field, and pave the way to new areas of research in AI and Robotics. 
From an implementation perspective, these issues will be addressed using the robot 
Pepper by SoftBank Robotics, a popular humanoid robot widely used in the social 
robotics community. 
Requirements: 
Applicants are expected to have good programming skills (C++, Java, or Python) and 
a profound interest in cutting-edge human-centered research. Previous experience 
with software and hardware development and integration will be considered.  
The work will be performed at the DIBRIS department in two neighboring 
laboratories, "Laboratorium/Social Robotics Lab" and "Bioengineering lab," two fully 
equipped facilities for software and hardware development equipped with 
humanoid robots for socially assistive application, ground robots (quadruped and 
wheeled), and aerial robots. 
When applying for the Ph.D. scholarship, we encourage the candidate to propose 
their own solutions to address one or more of the aspects above.  
 
References:  
1. D. L. Paulhus and K. M. Williams, "The Dark Triad of personality: Narcissism, 

Machiavellianism, and psychopathy," Journal of Research in Personality, vol. 36, 
p. 556–563, 2002.  

2. A. Furnham, S. Richards and D. Paulhus, "The Dark Triad of Personality: A 10 
Year Review," Social and Personality Psychology Compass, vol. 7, no. 3, pp. 199-
216, 2013.  

3. R. M. Kowalski, Behaving badly: Aversive behaviors in interpersonal 
relationships, Washington, DC: American Psychological Association., 2001.  
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8. Empathic and Trustable Companion Robots for Social and Physical 
Assistance 

Tutor: Antonio Sgorbissa, Carmine Recchiuto 
 
Department: 
DIBRIS, University of Genova, Genova, www.dibris.unige.it 
 
Description: 
Social Robotics has, among the others, the purpose of developing companion robots 
that may assist people in their everyday life. Examples range from assistance to older 
people in their homes to educational applications for children. An example of an 
activity in this direction performed by the "Laboratorium/Social Robotics 
Lab" is the project CARESSES (see some videos at the address 
www.caresses.org). CARESSES developed culture-aware, socially assistive 
robots: robots capable of adapting their interaction behavior depending on 
the culture of the person they are interacting with.  
In order to work at their best and be accepted by people, companion 
robots shall be embedded with a portfolio of capabilities enabling them to 
interact with people in the same way as people interact with each other. 
This includes, among the others, the capacity to: 

• Socially interact with people using both conversation and the 
capability to recognize and express different emotions and 
personalities [1] through language and other social signs, including 
eye gaze, gestures, body postures, etc. [2];  

• Physically interact with the person and the environment by 
recognizing and manipulating objects, which includes understanding the 
best way for the robot to give an object to the human and vice versa so that 
object handover is comfortable for the person and the robot [3].  

• Exhibit a Theory of Mind (ToM), which is defined in Cognitive Science as the 
ability to attribute independent mental states to self and others, to the end 
of predicting and explaining the social and physical behaviors of the person 
by reasoning about the person's beliefs, goals, and intentions [4].  

These and other capabilities may play a key role in ensuring a successful and more 
rewarding interaction between the person and the robot. Additionally, they may 
increase the person's trust in the robot. Trust has been shown to strongly depend on 
the user's expectations of the robot's capabilities, physical appearance, and social 

skills to communicate appropriately with the 
person [5].  
The Ph.D. candidates will have to address some 
or all of the previous aspects or propose 
different ones for the development of 
companion robots with unprecedented social 
skills to interact with people. The quality of the 
developed solutions will be evaluated with 
recruited participants, using popular tools and 

http://www.dibris.unige.it/
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questionnaires for user evaluation and statistical analysis of results.  
From an implementation perspective, we will consider the three most popular 
platforms currently used for social interaction with people: the robots Pepper and 
NAO by SoftBank Robotics and the robot Tiago by PAL Robotics. During the Ph.D. 
studies, different robotic platforms will be used depending on the investigated 
aspects. 
 
Requirements: 
Applicants are expected to have good programming skills 
(C++, Java, or Python) and a profound interest in cutting-edge 
human-centered research. Previous experience in performing 
human-robot experiments with recruited participants will be 
considered. 
The work will be performed at the DIBRIS department in two 
neighboring laboratories, "Laboratorium/Social Robotics Lab" 
and "Bioengineering lab," two fully equipped facilities for 
software and hardware development equipped with 
humanoid robots for socially assistive application, ground 
robots (quadruped and wheeled), and aerial robots. 
When applying for the Ph.D. scholarship, we encourage the 
candidate to propose their own solutions to address one or 
more of the aspects above.  
 
References:  
1. Roccas, S., Sagiv, L., Schwartz, S. H., & Knafo, A. (2002). The big five personality 

factors and personal values. Personality and social psychology bulletin, 28(6), 
789-801. 

2. Breazeal, C. Emotion and sociable humanoid robots, (2003) International Journal 
of Human Computer Studies, 59 (1-2), pp. 119-155. 

3. J. Mainprice, M. Gharbi, T. Siméon and R. Alami, "Sharing effort in planning 
human-robot handover tasks," 2012 IEEE RO-MAN: The 21st IEEE International 
Symposium on Robot and Human Interactive Communication, Paris, 2012, pp. 
764-770. 

4. Scassellati, B. (2002). Theory of mind for a humanoid robot. Autonomous 
Robots, 12(1), 13-24. 

5. Malle, B. F., & Ullman, D. (2021). A multidimensional conception and measure of 
human-robot trust. In Trust in Human-Robot Interaction (pp. 3-25). Academic 
Press. 
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9. Immersive Human-to-Human Motion Transfer Through Wearable Haptic 
Devices 

Tutor: Antonio Sgorbissa, Maura Casadio, Carmine Recchiuto 
 
Department: 
DIBRIS, University of Genova, Genova, www.dibris.unige.it 
 
Description: 
The ground-breaking objective of this research is to develop a system that acquires 
and transfers body motion intentions from a 'Leader' in a controlled environment to 
an 'Executor' who operates in the real world and to develop a "haptic language" 
allowing them to cooperate towards accomplishing motion tasks. This can play a 
crucial role in rehabilitation or transferring "motion knowledge" to a person 

operating in a new, unknown context or environment. For 
example, think about a doctor who remotely guides an 
unskilled person to bring first aid to another person injured 
following an accident in a remote area far from hospitals. 
Or consider an experienced car factory worker able to 
remotely guide the trainees in another country on how to 
assemble parts using robotic welders and hand tools, 
control paint spraying machinery, fit interiors, wiring, 
lights, and dashboards or maintain a safe working 
environment.  

The solution for motion transfer to be explored in this 
research is to implement a 'Master system' that acquires 
the motion commands issued by the Leader and a 'Slave 
system' that transfers motion intentions to the Executor 
over a computer network. Specifically, the Leader's 

motions may be acquired by walking on a virtual reality treadmill and using a 
motion capture system. Then, they will be transferred to the Executor through a 
wearable haptic device that produces vibrotactile feedback on the Executor's body. 
In addition, the Leader will receive first-person visual feedback on how the Executor 
interacts with the environment through a head-mounted display for Virtual Reality, 
granting them the required situational awareness to experience what the Executor 
does and sees and update their commands accordingly.  
The core foundation of this research will be based on previous work on vibrotactile 
stimulation [1,2,3,4], which has been successfully exploited for motor training and 
replication of fundamental body motions. The key idea is that motion commands 
may be suggested to the Executor through vibration cues located adequately on 
their body.  
Existing solutions based on vibrotactile stimulation may be classified as instruction-
based or feedback-based. Instruction-based solutions are open-loop methods 
encoding the Leader's vibration commands that the Executor interprets and 
replicates. Feedback-based methods are closed-loop methods providing vibration 
feedback that depends on the error between the current (actual Executor 
position/motion) and the goal configuration (actual Leader position/motion) [4,1]. 

http://www.dibris.unige.it/
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This research shall consider hybrid strategies (both instruction and feedback-based) 
using vibrations at different locations of the Executor's body and modulating this 
feedback to effectively provide proper cues for motor replication. This will require 
addressing issues raised by previous approaches [1], showing that the production of 
effective stimuli strategies for effective communication of motion intent may require 
following different Spatio-temporal design guidelines, which also depends on the 
fundamental movement to be communicated. Stimuli strategies may be related to 
the pattern of vibration (e.g.,  by exploiting the effects of saltation [5], a perceptual 
illusion very effective in eliciting movement), the plane of vibration (by mapping 
vibrotactile patterns to the same plane as the fundamental movement), the 
direction of vibration  (by exploiting the push/pull metaphor [4]), and the location of 
vibration (by placing motors on or near the muscle/joint/body part involved in the 
fundamental movement).  
We expect that the final system may be composed of  

• a Head-Mounted Display, such as the Oculus Quest or similar, which will 
provide the human operator with highly immersive visual feedback;  

• a Virtual Reality omnidirectional treadmill, such as the KAT VR, which will 
acquire the user's walking motion as input for guiding the robot in space; 

• a motion capture system with cameras, such as OptiTrack, or a motion 
capture suit, such as Xsens; 

• a wearable haptic device based on preexisting prototypes developed at 
DIBRIS to be further improved in the course of the Ph.D. studies used to 
transfer motion intentions from the Leader to the Executor through vibration 
patterns on the Executor's body.  

 
Requirements: 
Applicants are expected to have good programming skills (C++, Java, or Python) and 
a profound interest in cutting-edge human-centered research. Previous experience 
with software and hardware development and integration will be considered.  
The work will be performed at the DIBRIS department in two neighboring 
laboratories, "Laboratorium/Social Robotics Lab" and "Bioengineering lab," two fully 
equipped facilities for software and hardware development equipped with devices 
for human-robot interaction, ground robots (quadruped and wheeled), humanoid 
robots for socially assistive application, and aerial robots. 
When applying for the Ph.D. scholarship, we encourage the candidate to propose 
their own solutions to address one or more of the aspects above.  
 
References:  
1. T. McDaniel et al., "MOVeMENT: A framework for systematically mapping 

vibrotactile stimulations to fundamental body movements," in HAVE 2010, 2010.  
2. Z. Ding et al., "The development of a real-time wearable motion replication 

platform with spatial sensing and tactile feedback," in IROS 2010, 2010.  
3. J. Lieberman et al., "Development of a wearable vibrotactile feedback suit for 

accelerated human motor learning," in ICRA 2007, 2007.  
4. D. Spelmezan et al., “A language of tactile motion instructions,” in Proc. Mobile 

HCI, 2009.  
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10. Synthetic Personalities for Social Robots 

Tutor: Antonio Sgorbissa, Carmine Recchiuto 
 
Department: 
DIBRIS, University of Genova, Genova, www.dibris.unige.it 
 
Description: 
Robots and virtual agents showing human-
like personalities can be found in several 
popular movies and novels, but recently the 
possibility of letting artificial agents speak 
and act with well-defined personality traits 
has started to raise the scientific 
community’s interest as well. Several recent 
works have dealt with the influence of 
personality traits of social robots and 
artificial agents in their interaction with 
humans, with interesting insights. Just to 
mention some of them, robots programmed 
to behave showing an extraverted behavior 
have been found to have a high level of 
acceptance [1], while a low level of agreeableness may be in some contexts key to 
making social robots more engaging and entertaining [2].  

Another relevant research question is related to the consequences of similarities and 
differences of personalities between a human and a robot: what happens when 
persons interact with robots that show a similar personality? And what happens 
instead when personality traits do not match? Results are not always consistent 
regarding whether matching or mismatching personalities may increase the 
perceived quality of the interaction [3,4]. The interesting aspect is that those results 
are in line with findings of psychological studies in human interactions: both the 
similarity hypothesis (we prefer individuals with similar personality traits) and the 
complementary hypothesis (opposites attract) have been proven to be true in 
different contexts [5]. 

On these bases, endowing robots with the capability of showing human-like 
personality traits, which could be tuned depending on the context and users' 
preferences, may have a profound impact on social robotics applications. But, all 
research works performed so far have adopted rule-based approaches, with very 
predefined robot personalities and very limited robot capabilities, applied to very 
short interactions taking place in very specific contexts.  

The PhD. Candidate will have to address this gap, with the overall aim to pave the 
way for an integrated framework for emotion and intent recognition, planning and 
execution, autonomous conversation and communicative gesture generation, finally 
providing social robots and artificial agents with human-like personalities.  

The work will have its roots in the psychological study of personalities: the popular 
Five-Factor model [6] and its alternatives (Myers‒Briggs, Hexaco, Eyesenck) [7] are 
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expected to provide the initial foundations to explore the more relevant personality 
dimensions in human-robot interactions, to define a novel model of 
personalities specifically conceived for social robots. The practical 
implementation of this model will be performed by focusing on the following 
areas (the candidate will focus on some or all the following areas):  

I) Perception, where multimodal approaches for developing an emotion 
and intent classifier will be adopted.  

II) Planning, where parametric representations of actions [8] for 
defining personality-based sequences of actions to achieve a goal, 
also choosing the most appropriate variant of the action to be 
performed depending on the considered personality traits; 

III) Autonomous Conversation, where data-driven approaches, possibly 
integrated with knowledge-based mechanisms for autonomous 
conversation [9], will be exploit to endow robots and artificial agents 
with the ability to talk and gesticulate with users in a personality-
driven way. 

From an implementation perspective, we will consider the three most popular 
platforms currently used for social interaction with people: the robots Pepper and 
NAO by SoftBank Robotics and the robot Tiago by PAL 
Robotics. During the Ph.D. studies, different robotic 
platforms will be used depending on the investigated 
aspects. 

Requirements: 
Applicants are expected to have good programming 
skills (C++, Java, or Python) and a profound interest in 
cutting-edge human-centered research. Previous 
experience in performing human-robot experiments 
with recruited participants will be considered. 

The work will be performed at the DIBRIS department 
in two neighboring laboratories, "Laboratorium/Social 
Robotics Lab" and "Bioengineering lab," two fully equipped facilities for software and 
hardware development equipped with humanoid robots for socially assistive 
application, ground robots (quadruped and wheeled), and aerial robots. 

When applying for the Ph.D. scholarship, we encourage the candidate to propose 
their own solutions to address one or more of the aspects above.  

References:  
[1] B. Tay et al., Computers in Human Behavior, 2014, 38: 75-84. 
[2] L. Garello et al., 17th International Conference on Ubiquitous Robots, 2020, 256-
263.  
[3] H. Salam et al., IEEE Access, 2016: 5: 705-721.  
[4] T. Dang et al., International Journal of Social Robotics, 2015, 7(2): 227-240.  
[5] W.B. Griffitt, J Pers Soc Psychol, 1966,11.4(5):581-4.  
[6] D.P. McAdams, Journal of personality, 1992: 60(2), 329-361.  
[7] J. Anglim & P. O'connor, Australian Journal of Psychology, 2019, 71(1): 16-25.  
[8] A. A. Khaliq et al, IEEE/RSJ IROS, 2018: 326-332.  
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11. Obstacle detection, tracking and avoidance in maritime environments 
 
Tutor: Enrico Simetti, Francesca Odone 
 
Department:  
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it 
www.isme.unige.it 
 
Description:  
Recently, there has been considerable interest in the development of unmanned 
surface vehicles (USVs) due to their increasing demand in various maritime 
applications. One of the main capabilities that unmanned vehicle must be endowed 
with is a robust, reliable, effective and real-time guidance, navigation, and control 
(GNC) system. The ability to detect, recognize and track different targets and 
obstacles in real-time is strongly required in order to reliably operate in the complex 
and dynamic marine environment, where environmental disturbances (winds, 
waves, and currents), sea fog, lighting conditions, and water reflection, have a great 
impact on the performance of the perception system. 
 
The goal of this Ph.D. proposal is twofold. On the one hand, research in multi-sensor 
detection and tracking is needed. Previous works have started lying down a possible 
detection and tracking pipeline based on camera and a LIDAR [1], using a state-of-
the-art object detection CNN (Convolutional neural network) YOLO [2]. Further 
improvements can be reached including a thermal camera and considering 
alternative GPU architectures such as nvidia Xavier or Google Coral. On the other 
hand, once the tracking is performed, the GNC of the vehicle should take this 
information into account to autonomously avoid the obstacle [3]. This proposal can 
exploit the ULISSE catamaran for the experimental validation [1]. 
 
Requirements:   
Good programming skills (Matlab, Python or C++); Background knowledge in 
computer vision and machine learning. 

References:  
[1] Mina Sorial, Issa Mouawad, Enrico Simetti, Francesca Odone, Giuseppe Casalino, 

Towards a Real Time Obstacle Detection System for Unmanned Surface Vehicles, 
OCEANS 2019, Seattle 

[2] Joseph Redmon, Ali Farhadi: YOLOv3: An Incremental Improvement (and 
references therein) 

[3] Casalino, G., Turetta, A., & Simetti, E. (2009, May). A three-layered architecture 
for real time path planning and obstacle avoidance for surveillance USVs 
operating in harbour fields. In Oceans 2009-Europe (pp. 1-8). IEEE. 
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12. Advanced underwater robotic operations: cooperative control of an 
autonomous surface vehicle and a tethered remotely operated vehicle 

 
Tutors: Giovanni Indiveri and Enrico Simetti 
 
Department:  
 
Dipartimento di Informatica, Bioingegneria, Robotica e Ingegneria dei Sistemi, 
Università degli Studi di Genova (nodo ISME) 
Web: www.dibris.unige.it    
http://www.isme.unige.it/ 
 
Description:  
ROV (Remotely Operated Vehicles) class underwater vehicles are submarine robots 
remotely piloted through an umbilical (tether) that connects them to a command 
station on the surface. The umbilical is used to exchange commands and data 
between the command station and the ROV. On some platforms, the tether is also 
used to transport the electricity needed by the ROV. Otherwise, if the robot is 
equipped with batteries or a form of power supply on board, the umbilical is used 
for communications only. In any case it is necessary to control the quantity of cable 
released from the reel as a function of the relative position between the control 
station and the ROV and as a function of their relative motion. Cable management 
must also take into account the dynamic loads on the tether and the presence of 
obstacles (including the ROV itself). In large ROV operations, cable management is 
mediated by a specific device known as the Tether Management System (TMS), 
while for smaller ROVs the umbilical is managed by a manually operated reel. 

The aim of the study is to develop cooperative control solutions between an 
autonomous surface vehicle connected to an ROV including the umbilical 
management system. Such a platform could be used for underwater intervention 
operations with a degree of autonomy much higher than the one currently known in 
the state of the art. 

Requirements:   
Good programming skills (Matlab and C ++); Good knowledge of robot modeling, 
navigation, guidance and control of autonomous robots. 

References: 
Fossen, Thor I. Handbook of marine craft hydrodynamics and motion control. John 
Wiley & Sons, 2011. 
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13. Control and planning architectures for human robot collaborative tasks 
 
Tutor: 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 have been proposed to work alongside 
humans to perform a series of tasks traditionally considered stressful, tiring or 
difficult. Recently, we have proposed 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 the research is to continue the work on FlexHRC, along two main trends. 
On the one hand, the architecture could be expanded by introducing predictive 
cognitive models for human-robot(s) collaboration. These models are related to the 
joint human-robot(s) execution of collaborative tasks allowing for run-time human-
in-the-loop simulations and prediction of human and robot(s) continuous motions 
and discrete actions. On the other hand, the architecture could also be expanded by 
adding cognitive-based strategies for force-based human-robot(s) interaction. In 
particular, the information from robot sensors and the cognitive models, will be 
jointly used to predict and assess the type of human-robot contacts with data-driven 
techniques (e.g., NNs). In the case of intentional 
contacts, shared control based on variable admittance will be implemented merging 
information from wearable sensors and human prediction module. A distributed 
formulation based on a minimal data exchange will be implemented to coordinate 
multiple mobile manipulators. This strategy will allow the team to react to unsafe 
situations while handling several robot inequality constraints. 
 
Requirements: 
• Good rigid body kinematics and dynamics knowledge 
• Good C/C++ and MATLAB coding skills 
 
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 
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14. Outlier robust state estimation methods for the navigation of marine 
robotic systems 

 
Tutor: Giovanni Indiveri 
 
Department:  
 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa (ISME node) 
Web: www.dibris.unige.it    
http://www.isme.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 and 
signal processing. 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 Ph.D. work is two fold: the former is to investigate and compare 
existing outlier robust state estimation methods and their applicability to marine 
robotic navigation; 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 as applied to the 
navigation of autonomous marine systems. 
 
Requirements:   
Good programming skills (Matlab or C++); Good background knowledge in systems 
theory, linear state estimation and navigation systems. 
 
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:  
giovanni.indiveri@unige.it  
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15. Metodi di stima dello stato robusti a dati spuri per la navigazione di 
robot marini 

 
Tutor: Giovanni Indiveri 
 
Department:  
 
Dipartimento di Informatica, Bioingegneria, Robotica e Ingegneria dei Sistemi, 
Università degli Studi di Genova (nodo ISME) 
Web: www.dibris.unige.it    
http://www.isme.unige.it/ 
 
Description:  
La stima dello stato in presenza di dati spuri ("outliers") è rilevante in molte 
applicazioni. Analogamente, l'identificazione dei modelli in presenza di valori 
anomali e la stessa classificazione delle misure spurie sono argomenti centrali nei 
campi della statistica e dell'elaborazione dei segnali. Le tecniche di identificazione e 
di stima dello stato robuste sono studiate in molte aree di ricerca, tra cui statistica, 
visione artificiale e controlli automatici. Approcci molto efficaci includono le tecniche 
dei Least Median of Squares (LMS) e di Least Trimmed Squares (LTS) che sono però 
algoritmi intrinsecamente "batch" [1]. Essi non possono essere facilmente 
implementati in modo ricorsivo come richiesto per le applicazioni di stima dello stato 
in linea. 
L'obiettivo della ricerca è duplice: il primo consiste nell'indagare e confrontare i 
metodi di stima dello stato robusti esistenti e la loro applicabilità alla navigazione 
robotica marina; il secondo consiste nello studiare, implementare e sperimentare  
filtri di stima dello stato robusti basati su un paradigma di orizzonte mobile applicato 
a criteri di ottimizzazione come LMS, LTS o l'approccio Least entropy-Like [2] che 
sono stati scarsamente analizzati nel contesto dei filtri di navigazione per sistemi 
marini autonomi. 
Requirements:  Buone conoscenze e competenze di programmazione (Matlab or 
C++); Buone conoscenze relative alla Teoria dei Sistemi ed ai sistemi Lineari; Buone 
conoscenze sui sistemi di navigazione per robot auotnomi. 
 
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:  
giovanni.indiveri@unige.it  

mailto:giovanni.indiveri@unige.it
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16. Advanced robot manipulation skills acquired via human demonstrations 
Tutors: Alessandro Carfì, Fulvio Mastrogiovanni 
 
Department: 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genova 
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. 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.  
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 [1]. In order for robots to operate 
reliably in environments made by humans and for humans, They 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 with high-end behavioural capabilities, and 
specifically to deal with real-world uncertainties in perception and action, to 
represent heterogenous, multi-modal (visual and haptic) 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 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 Open AI 
Gym scenario4, which will be considered as a simulation platform in this PhD 
research proposal. An abstract representation of previously acquired knowledge, 
e.g., based on logic-based or belief-space frameworks [2], will be fundamental for 
reproducing acquired (learned) skills to different robot hand’s 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 [3]. The data and the methods developed throughout 
the PhD research 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: 
 

 
4 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. 

https://gym.openai.com/envs/HandManipulateBlock-v0/
https://gym.openai.com/envs/HandManipulatePen-v0/
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1. to build a visuo-haptic 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.  

 
The PhD student will work within an engaging, stimulating, and multi-cultural 
environment. He or she will be involved in the activities carried out by the 
TheEngineRoom team. This will involve also helping the team supervise MSc 
students in their thesis work, most notably students from the UniGe’s Robotics 
Engineering program. To conduct the research activities, the PhD student will use 
state of the art dual arm manipulators (a Baxter robot from Rethink Robotics and 
Tiago++ from PAL Robotics, the latter provided with a dexterous 10-DOF hand), a 
network of RGB-D devices, motion capture systems (two combined OptiTrack 
systems), wearable devices (both commercial and custom IMUs, custom data 
gloves), AR/VR equipment (an Oculus Rift, a Hololens2), as well as advanced 
computational machinery. 
  
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] L. Seminara, P. Gastaldo, S. J. Watt, K. F. Valyear, F. Zuher, F. Mastrogiovanni. Active 
haptic perception in robots. Frontiers in Neurorobotics, vol. 13, 53, 2019.  
[2] A. Thomas, F. Mastrogiovanni, M. Baglietto. MPTP: Motion-Planning aware Task Planning 
for navigation in belief space. Robotics and Autonomous Systems (accepted), 2021. Preprint 
at: https://arxiv.org/pdf/2104.04696.pdf. 
[3] A. Carfì, F. Foglino, B. Bruno, F. Mastrogiovanni. A multi-sensor dataset for human-
human handover. Data in Brief 22, 2019. 

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

  

mailto:alessandro.carfi@dibris.unige.it
mailto:fulvio.mastrogiovanni@unige.it
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17. Robot cognitive architectures based on quantum computing 
Tutors: Davide Lanza, Fulvio Mastrogiovanni ,Paolo Solinas 
 
Department: Department of Informatics, Bioengineering, Robotics and Systems 
Engineering, University of Genova 
Web: www.dibris.unige.it 
 
Description:  
Formalisms inspired by quantum theory have been used in Cognitive Science for 
decades. Indeed, quantum-like approaches provide descriptive features which are 
inherently suitable for perception, cognition, and decision making. With the free 
availability of quantum computing backends, such as the IBM Quantum Experience 
[1], it is now possible to start developing software applications taking advantage of 
this new computational paradigm.  
In the past year, we conducted preliminary studies on the feasibility of quantum-like 
perception models for robots with limited sensing capabilities [2]. These preliminary 
studies have been extended to multi-sensory inputs with the aim of generating a 3D, 
quantum-like, multi-dimensional representation of the robot environment directly 
based on sensor readings [3]. In particular, it has been shown how quantum-like 
cognitive models provide a compact and elegant representation, embodying 
features which are extremely useful to model uncertainty, and define operators to 
inspect any world state, which quantifies the robot’s degree of belief in that state.    
The goal of this PhD research proposal is to design and develop a complete, 
quantum-like, cognitive architecture for robots. It is envisaged that the students will 
carry out the following activities: 

1. Design an appropriate quantum-like formalisation to express robot cognitive 
processes related to perception, knowledge representation, reasoning, and 
action.  

2. Starting from a framework developed in the last year [4], design and develop 
a novel, quantum-like, general purpose cognitive robot architecture allowing 
a robot to perceive its environments, maintain a set of beliefs about it, and 
perform goal-oriented decision making.  

3. Perform validation on a selected number of use cases, possibly related to 
robot navigation and manipulation, with the aim of benchmarking with 
respect to existing models.  

 
The resulting cognitive robot architecture will be the first of its kind. 
The PhD student will work within an engaging, stimulating, and multi-cultural 
environment. He or she will be involved in the activities carried out by the 
TheEngineRoom team. This will involve also helping the teams supervise MSc 
students in their thesis work, most notably students from the UniGe’s Robotics 
Engineering program. To conduct research activities, the PhD student will use state 
of the art dual arm manipulators (a Baxter robot from Rethink Robotics and Tiago++ 
from PAL Robotics), a network of RGB-D devices, motion capture systems (two 
combined OptiTrack systems), as well as advanced computational machinery. 
 
Requirements:  
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• Software development in C/C++/Python.  

• Knowledge of quantum computing principles is a nice plus. 
References:  
[1] https://quantum-computing.ibm.com/. 
[2] D. Lanza, P. Solinas, F. Mastrogiovanni. A preliminary study for a quantum-like robot 
perception model. arXiv:2006.02771, 2020. Available: http://arxiv.org/abs/2006.02771. 
[3] D. Lanza, P. Solinas, F. Mastrogiovanni. Multi-sensory integration in a quantum-like robot 
perception model. Proc. 17th Int. Symposium on Experimental Robotics (ISER), Anywhere on 
Earth, 2021. 
[4] http://www.quantum-robot.org/. 

 
Contacts: 
 
Email: davidel96@hotmail.it, fulvio.mastrogiovanni@unige.it, paolo.solinas@ge.infn.it 

  

mailto:fulvio.mastrogiovanni@unige.it
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18. Speech-capable Augmented Reality avatars to assist humans in daily 
activities 

Tutors: Alessandro Carfì, 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 the interaction 
between humans and cognitive systems is concerned, e.g., to design new forms of 
communication allowing such a system to better share its intentions to humans, or 
to provide them with context-aware instructions about how to cooperate with it or 
similar systems. 
In this PhD research proposal, we want to investigate the role of speech-enabled AR 
avatars as mediators between a human wearing a see-through display and a 
cognitive system, which may be an intelligent, autonomous robot, an intelligent 
environment, or a non-embodied artificial intelligence agent. We want to enrich the 
communication experience between a human and a cognitive system  by introducing 
an intelligent, context-aware AR avatar verbally and gesturally interacting with 
humans. Beside the appearance of the AR avatar, the PhD research project will focus 
on key linguistic theories to enforce the fruitfulness of the interaction, and in 
particular on aspects related to Politeness Theory [1, 2].   
Starting from the work done in the context of the HoloBot project (web: 
https://github.com/ActiveNick/HoloBot), PhD candidates will have to achieve a set 
of milestones: 
 

1. Design and develop the new generation of a cognitive architecture, initially 
developed for intelligent environment, to be deployed as a core component 
for intelligent robots, intelligent environments, or other classes of cognitive 
systems. 

2. Formalise a computational framework considering relevant aspects of 
Politeness Theory in selected use cases involving interaction with a wide 
range of cognitive systems. 

3. 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. 

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

5. Integrate the resulting chatbot with AR avatars. 
6. Perform real-world validation in the developed use cases. 

 
The PhD student will work within an engaging, stimulating, and multi-cultural 
environment. He or she will be involved in the activities carried out by the 

https://github.com/ActiveNick/HoloBot
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TheEngineRoom team. This will involve also helping the team supervise MSc 
students in their thesis work, most notably students from the UniGe’s Robotics 
Engineering program. To conduct the research activities, the PhD student will use 
state of the art dual arm manipulators (a Baxter robot from Rethink Robotics and 
Tiago++ from PAL Robotics, the latter provided with a dexterous 10-DOF hand), 
mobile robots (an autonomous robot from Husqvarna and a Kuka YouBot), a system 
of multiple RGB-D devices, motion capture systems (two combined OptiTrack 
systems), wearable devices (both commercial and custom IMUs, custom data 
gloves), AR/VR equipment (an Oculus Rift, a Hololens2), as well as different instances 
of intelligent environments based on Kibi technology from Teseo srl, a spin-off 
company from the University of Genoa. 
 
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] L. Buoncompagni, A. Capitanelli, M. Cristofanini, A. Giuni, F. Mastrogiovanni, Carola 
Motolese, A. Nisticò, A. Sperindè, R. Zaccaria. Persuasive and polite sentences to drive 
human-robot interaction in smart homes for elderly care. Proc. of the 7th Italian Workshop 
on Artificial Intelligence and Robotics (AIRO), November 2020. 
[3] https://arxiv.org/abs/2001.09977 

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

https://arxiv.org/abs/2001.09977
mailto:alessandro.carfi@dibris.unige.it
mailto:fulvio.mastrogiovanni@unige.it
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19. Augmented Reality approaches in robot-assisted surgery 
Tutors: Alessandro Carfì, Fulvio Mastrogiovanni 
 
Department:  
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genoa 
Web: www.dibris.unige.it 
 
Description:  
Robot-assisted surgery represents one of the major real-world achievements of 
robotics technology reached so far [1]. The availability of the Da Vinci robot from 
Intuitive Surgical has unlocked an unprecedented potential in intra-operative 
surgical setting by allowing surgeons to be projected inside a person’s body via a 3D 
camera, and providing them with incredible precisions as far as intra-body 
navigation is concerned via hand and foot control, which would not be attainable 
otherwise with conventional laparoscopic instruments. While looking at a magnified 
360 degree view of the operative field, the surgeon remotely moves the robot arms 
attached to surgical instruments [2]. 
In this PhD research proposal, we want to extend this support the surgeons further, 
by providing them with augmented visual information in their magnified 360 degree 
view. We want to superimpose such magnified view with a 3D model of the organ 
currently under surgery, previously obtained by PET or CT scans, in order to enable 
visibility of organ parts not visible in the magnified view. The 3D organ model’s pose 
and deformation will be tracked during the whole surgery process [3]. In particular, 
PhD candidates will have to work on the following tasks: 

1. Design and develop a distributed hardware/firmware/software architecture 
to obtain information related to the 3D organ model’s posture, orientation, 
and deformation. 

2. Design and develop model-driven and data-driven computational models for 
organ pose and deformation tracking. 

3. Investigate appropriate techniques to present superimposed, augmented 
data to surgeons during the intra-operative procedure.  

4. Perform real-world validation with a Da Vinci robot in a controlled 
environment. 

The PhD student will work within an engaging, stimulating, and multi-cultural 
environment. He or she will be involved in the activities carried out jointly by the 
TheEngineRoom team and the Urology Clinic and the San Martino Polyclinic in 
Genoa, in particular with Prof. Carlo Terrone and Prof. Paolo Traverso. This will 
involve also helping the team supervise MSc students in their thesis work, most 
notably students from the UniGe’s Robotics Engineering program. To conduct the 
research activities, the PhD student will use a Da Vinci robot from Intuitive Surgical 
hosted in one of the operating room at the San Martino Polyclinic, and as a mock-up 
a state of the art dual arm manipulator, a system of multiple RGB-D devices, motion 
capture systems (two combined OptiTrack systems), wearable devices (both 
commercial and custom IMUs, custom data gloves), as well as AR/VR equipment (an 
Oculus Rift, a Hololens2). 
Requirements:  

http://www.dibris.unige.it/
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• Firmware/software development in C/C++. 

• Hardware design.  
 

References:  
[1] B. Crew. Worth the cost? A closer look at the Da Vinci robot’s impact on prostate cancer 
surgery. Nature 580, S5-S7, 2020. 
[2] A. Navaratnam, H. Abdul-Muhsin, M. Humphreys. Updates in urologic robot assisted 
surgery. F1000Res. 2018;7:F1000 Faculty Rev-1948, 2018. 
[3] F. Mastrogiovanni, C. Terrone, P. Traverso. Apparato di rilevazione e tracciamento della 
postura e/o della deformazione di un organo corporeo. Italian Patent Application number 
10202000015322. 

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

mailto:alessandro.carfi@dibris.unige.it
mailto:fulvio.mastrogiovanni@unige.it
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20. Machine learning methods for active identification 

Tutor: Marco Baglietto 
 
Department: 
Department of Informatics, Bioengineering, Robotics and Systems Engineering, 
University of Genova 
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. 
 
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 or (possibly) 
modified on line, in order to reach a suitable trade-off between model accuracy and 
online computational requirement. 
 
The research will address methods for on-line tuning the parameters of the 
approximating structure and for optimizing the control actions to be used in order to 
improve the model accuracy. 
 
Applications will include exploration of unknown environments performed by 
autonomous robots and human-robot interactions, where mathematical models for 
the involved dynamics are not a-priori available. 
 
Requirements: 

• Skills in system Identification, machine learning, optimal control. 

 
References:  

• 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. 

• 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. 

• M. Z. Babar, M. Baglietto, “Optimal feedback input design for dynamic 
nonlinear systems”,International Journal of Control, vol. 94, no. 8, pp. 2264-
2281, 2021. 

Contacts: 
Email: marco.baglietto@unige.it 
 

http://www.dibris.unige.it/

