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PhD Program in Bioengineering and Robotics 
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In the spirit of the doctoral School on Bioengineering and Robotics, the goal of the “advanced 
and humanoid robotics” curriculum is to study the design, realization, programming and 
control of anthropomorphic and legged robots. Students will work at the forefront of 
mechatronics and computer science research jointly covering the full development cycle from 
software to mechanical design and from machine learning to realization of sensors, actuators 
and electronics. We address the development of the technologies for the next generation of 
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robots for sensing, actuation and computation. The goal is to develop robots that can 
adaptively interact with their environment, learn from their mistakes, and succeed in 
performing safely and reliably in real-world environments. Foreseen applications for 
anthropomorphic robots range from real-world practical scenarios -e.g., at home, as personal 
assistants- to industry as co-workers, to natural or man-made disaster scenarios. Humanoid 
robot software deals with vision, audition and tactile perception as well as the ability to look, 
reach and manipulate the world while walking freely to reach their targets, interacting 
naturally with the environment and their human “teachers”.  
 
The PhD themes in this curriculum are offered by research lines that are part of the Robotics 
research domain and whose laboratories are located in Genova at the Center for Convergent 
Technologies and Center for Robotics and Intelligent Systems of the Istituto Italiano di 
Tecnologia (IIT). IIT’s laboratories are equipped with state-of-the-art robotic platforms which 
include collaborative robots (e.g. Panda from Franka Emika, Kuka LBR iiwa), fully-fledged 
humanoid robots (e.g. iCub, R1, Walkman) as well as legged systems (e.g. CENTAURO, HyQ).  
 

International applicants are encouraged and will receive logistic support with visa issues, 
relocation, etc.  
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1. Deep Learning Systems for Disease Detection and Diagnosis in Medical 
Images 

 

Tutor:  Leonardo Mattos, Darwin Caldwell  
 

Department: 
Biomedical Robotics Laboratory. Department of Advanced Robotics (ADVR). https://advr.iit.it/ 
 

Description: 
Different types of imaging technologies are regularly used in clinics and operating rooms in 
diagnosis and surgical guidance, including endoscopy, MRI, CT, PET, etc. However, the analysis 
and use of the information provided by these sensing technologies suffer from severe 
limitations, namely: the dependency on expertise of the clinician that examines the images, 
and the intrinsic limitations of human beings regarding visual inspection capabilities and 
capacity to simultaneously process vast amounts of heterogeneous information. The goal of 
this research is to create novel technologies that will enhance and augment the diagnostic 
capabilities of the physician and contribute to overcoming current limitations. This will include 
research on novel machine learning and deep learning methods to process and analyze the 
medical images, with the goal of identifying, segmenting and classifying diseases. 
 
Requirements and Desired Qualifications:  
Applicants are expected to have an MSc degree in computer science, engineering or related 
fields, and have a genuine interest in research towards computer vision and AI methods for 
healthcare applications. Experience with image processing, computer vision, and AI would be 
beneficial for this PhD. The candidate must be fluent in both spoken and written English. 
International applications are encouraged and will receive logistical support with visas, 
documentation, etc. 
 

Applicants should prepare a research statement (3-4 pages max.), describing background, 
short literature search, motivation for this topic, and goals to be achieved during the 3-year 
PhD.  
 

References:  

• Azam, M.A., Sampieri, C., Ioppi, A., Africano, S., Vallin, A., Mocellin, D., Fragale, M., 
Guastini, L., Moccia, S., Piazza, C., Mattos, L.S. and Peretti, G., “Deep Learning Applied 
to White Light and Narrow Band Imaging Videolaryngoscopy: Toward Real-Time 
Laryngeal Cancer Detection,” The Laryngoscope, DOI: 10.1002/lary.29960, 25 
November 2021 

• Casella, A., Moccia, S., Paladini, D., Frontoni, E., De Momi, E., Mattos, L., “A shape-

constraint adversarial framework with instance-normalized spatio-temporal features 

for inter-fetal membrane segmentation,” Medical Image Analysis, 

https://doi.org/10.1016/j.media.2021.102008,  February 16, 2021 
• Alberto Paderno, Cesare Piazza, Francesca Del Bon, Davide Lancini, Stefano Tanagli, 

Alberto Deganello, Giorgio Peretti, Elena De Momi, Ilaria Patrini, Michela Ruperti, 

Leonardo S. Mattos and Sara Moccia, “Deep learning for automatic segmentation of 

oral and oropharyngeal cancer using Narrow Band Imaging: Preliminary experience in 

a clinical perspective,” Frontiers in Oncology, 

https://doi.org/10.3389/fonc.2021.626602, March 24, 2021 
 

Contacts: 
Email: leonardo.demattos@iit.it  

https://advr.iit.it/
https://doi.org/10.1002/lary.29960
https://doi.org/10.1016/j.media.2021.102008
https://doi.org/10.3389/fonc.2021.626602
mailto:leonardo.demattos@iit.it
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2. Surgical Augmented Reality 
 

Tutors: Leonardo Mattos, Darwin Caldwell 
 
Department: Biomedical Robotics Laboratory, Department of Advanced Robotics (ADVR) 
https://advr.iit.it/ 
 

Description: 
Technology can go a long way toward improving the safety and quality of surgeries. At IIT’s 
Biomedical Robotics Laboratory, we are pursuing these goals through the development of 
novel robotic devices, sensors, automatic controllers and supervisory safety systems. This PhD 
program will be part of ongoing research on enhancing awareness and safety during minimally 
invasive surgeries. Currently the group is developing sensing and robotic technologies for 
guidance and active safety supervision during such procedures. This includes APSurg, a GPS 
system for surgical applications able to provide to the surgeon a dynamically updated patient-
specific map of the operating area. This is based on a detailed 3D model of the patient, 
constructed from CT or MRI scans. This research will contribute to upgrading this system 
towards an augmented reality surgical environment. This will be done in close collaboration 
with partner surgeons from 3 major Italian hospitals: Gemelli (Rome), San Martino (Genoa), 
and Sant’Orsola (Bologna). This will allow the student to develop expertise both in engineering 
(sensors, surgical interfaces, AR), ergonomics (human factors, usability, human-computer 
interaction), and in the design of clinical devices. 
 
Requirements and Desired Qualifications:  
Applicants are expected to have background in engineering, computer science or related 
disciplines, and interest in the design, implementation and evaluation of assistive systems for 
surgical applications. Experience in one or more of the following areas will be considered a 
plus: Augmented reality, computer vision, robotics, medical devices. The candidate must be 
fluent in both spoken and written English. 
 
References:  

• Penza, V., Soriero, D., Barresi, G., Pertile, D., Scabini, S., Mattos, L., “The GPS for 
surgery: a user-centered evaluation of a navigation system for laparoscopic surgery,” 
The International Journal of Medical Robotics and Computer Assisted Surgery, 
https://doi.org/10.1002/rcs.2119, vol. 16(5), pp. 1-13, October, 2020 

• Penza, V., De Momi, E., Enayati, N., Chupin, T., Ortiz, J., Mattos, L., “EnViSoRS: 
Enhanced Vision System to improve Safety during Robotic Surgery,” Frontiers in 
Robotics and AI, http://dx.doi.org/10.3389/frobt.2017.00015, 24 May 2017 

• Penza, V., Salerno, D., Acemoglu, A., Ortiz, J., Mattos, L., “Hybrid Visual Servoing for 
Autonomous Robotic Laser Tattoo Removal,” Proceedings of the 2019 IEEE 
International Conference on Intelligent Robots and Systems (IROS 2019), 
https://doi.org/10.1109/IROS40897.2019.8968000, Macau, China, November 2019 

Contacts: 
Email: leonardo.demattos@iit.it 
 

  

https://advr.iit.it/
https://doi.org/10.1002/rcs.2119
http://dx.doi.org/10.3389/frobt.2017.00015
https://doi.org/10.1109/IROS40897.2019.8968000
mailto:leonardo.demattos@iit.it
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3. Pediatric Surgery Robot 
 
Tutors: Leonardo De Mattos, Darwin Caldwell 
 
Department: Biomedical Robotics Laboratory, Department of Advanced Robotics (ADVR) 
https://advr.iit.it/ 
 

Description: 
Microsurgeries are demanding operations that required high precision and dexterity. They 
also represent a surgical area in which robotics can have a deep impact, helping surgeons 
perform more precise and safer operations, or even pioneer previously impossible 
procedures. Surgery on small pediatric patients, such as newborns, can be consider 
microsurgery given the small size and fragility of the anatomy. This research will contribute to 
the area of minimally invasive robot-assisted microsurgery through the development of a 
novel robotic device for these small patients. It will build upon results from IIT’s Biomedical 
Robotics Lab to create the next generation of robotic systems for high precision / high quality 
pediatric operations. This will involve the mechatronic refinement and control of a new 
robotic device, as well as the evaluation and testing of the new system in collaboration with 
our partner surgeons from Gaslini Pediatric Hospital (Genoa). During this PhD program the 
student will develop expertise in surgical robotics, medical device design, control systems, 
user interfaces and usability analysis. 
 
Requirements and Desired Qualifications: 
Applicants are expected to have background in engineering and interest in the design, 
fabrication and analysis of robotic systems for microsurgical applications. Experience in CAD-
based mechanical design, sensing systems, or real-time control systems would be beneficial 
for this PhD. The candidate must be fluent in both spoken and written English. 
 
References:  

• Acemoglu, A., Pucci, D., Mattos, L., “Design and Control of a Magnetic Laser Scanner 
for Endoscopic Microsurgeries,” IEEE/ASME Transactions on Mechatronics, vol. 24(2), 
pp. 527-537  https://doi.org/10.1109/TMECH.2019.2896248, April 2019 

• Cheng, Z., Davies, B., Caldwell, D., Mattos, L., “A hand-held robot for precise and safe 
PIVC,” IEEE Robotics and Automation Letters (RA-L), vol. 4(2), pp. 655-661, ISSN: 2377-
3766, https://doi.org/10.1109/LRA.2019.2892380 April 2019 

• Chauhan, M., Deshpande, N., Pacchierotti, C., Meli, L., Pratticchizzo, D., Caldwell, D., 
Mattos, L., “A Robotic Microsurgical Forceps for Transoral Laser Microsurgery,” 
International Journal of Computer Assisted Radiology and Surgery, Volume 14, Issue 
2, pp 321–333, https://doi.org/10.1007/s11548-018-1887-3, February 2019  

• Mattos, L. S., et al., “μRALP and beyond: Micro-technologies and systems for robot-
assisted endoscopic laser microsurgery,” Frontiers in Robotics and AI, vol. 8, article 
664655, https://doi.org/10.3389/frobt.2021.664655, September 8, 2021 

Contacts: 
Email: leonardo.demattos@iit.it  
  

https://advr.iit.it/
https://doi.org/10.1109/TMECH.2019.2896248
https://doi.org/10.1109/LRA.2019.2892380%20April%202019
https://doi.org/10.1007/s11548-018-1887-3
https://doi.org/10.3389/frobt.2021.664655
mailto:leonardo.demattos@iit.it
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4. Mixed Reality and Machine Learning for Telerobotics 
 
Tutor: Nikhil Deshpande and Darwin G. Caldwell 
 
Department: VICARIOS Lab, Department of Advanced Robotics (ADVR) https://advr.iit.it/ 
 
Description: 
Robotics provides an advanced solution to mitigate risks in extreme work environments (e.g., 
nuclear, disaster response, etc.), through technologies such as remote teleoperation, 
advanced wearable systems, and smart monitoring. This project will develop new software 
and hardware systems for an immersive 3D user interaction experience for interfacing with 
robotic systems. The project will use, develop, and integrate advanced technologies in VR / 
AR / MR towards improving the situational awareness of the operator, providing an intuitive 
and intelligent user interface for robotic teleoperation and monitoring in high-risk 
environments. The project will build on the strong existing technological capabilities in the 
VICARIOS Lab, acquired through the successful implementation of high-tech projects in this 
field. During this program, the student will develop and utilize their knowledge in: 

• Real-time 3D reconstruction and tracking of dynamic remote scenes and objects 

• Real-time rendering of complex remote information in an immersive VR interface 

• Machine learning for pattern analysis and scene understanding 
 
Requirements: 
Applicants should have an excellent Master's degree in Computer Science, Engineering, or 
other related fields, and would be beneficial to have the following competencies: 
Required experience in computer vision, RGB-D cameras, and point-cloud processing 
Required experience in machine learning algorithms (YOLO, TensorFlow) using Python or 
C/C++; 
Required experience with robotic software (ROS, Gazebo) 
Experience in virtual reality simulations and hardware devices would be a definite plus! 
Initial Experience in simulated human motion analysis; 
Fluent in both spoken and written English. 
Applicants should prepare a research statement (3-4 pages max.), describing background, 
short literature search, motivation for this topic, and their own goals that can be achieved 
during the 3-year Ph.D. 
 
References:  

• MF Sani, B Emery, DG Caldwell, LS Mattos, N Deshpande, “Towards Sound-source 
Position Estimation using Mutual Information for Next Best View Motion Planning”, 
19th International Conference on Advanced Robotics (ICAR), 24-29, 2019 

• A Naceri, D Mazzanti, J Bimbo, D Prattichizzo, DG Caldwell, LS Mattos, N Deshpande, 
“Towards a Virtual Reality Interface for Remote Robotic Teleoperation”, 19th 
International Conference on Advanced Robotics (ICAR), 284-289, 2019 

Contacts: 
email: nikhil.deshpande@iit.it, darwin.caldwell@iit.it  
  

https://advr.iit.it/
mailto:nikhil.deshpande@iit.it
mailto:darwin.caldwell@iit.it
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5. Data processing using ML techniques for fall detection and prediction 
 
Tutor: Jesús Ortiz, Antonios E. Gkikakis, and Darwin G. Caldwell 
 
Department: XoLab, Advanced Robotics, IIT, Genova 
https://advr.iit.it/index.php/research/exoskeletons 
 
Description: 
Falls from heights are among the main causes of serious and fatal accidents at work, especially 
in the construction sector. The development of new strategies and solutions to prevent or 
reduce the number of accidents and the consequent effects would improve the protection of 
workers. A key aspect for the development of fall prevention systems is the detection and/or 
prediction of the falling event. Latest developments on embedded sensors and electronics, 
allow to integrate these technologies on a wearable device. However, the fall detection is still 
challenging due to: (i) data quality (in presence of interferences and unstructured 
environments), (ii) quantity and heterogeneous data, and (iii) the strict processing time 
requirements (the fall has to be detected within a certain time). For these reasons, traditional 
data processing techniques are being outperformed by Machine Learning (ML) or hybrid 
approaches. The proposed topic would require studying the state of the art in processing of 
temporal data using ML algorithms, data collection and labelling, and the implementation of 
novel algorithms for this specific application. The fall detection system will be integrated onto 
a wearable device, which will be tested in simulated scenarios. 
 
Requirements: 
Applicants should have excellent Master's degrees in Computer Science, or other related 
fields, and would be beneficial to have the following competencies. 

• Experience in Machine Learning (theory and algorithms); 

• Experience in data processing; 

• Knowledge of C++, Python and Linux; 

• Basic understanding of dynamics, including human motion; 

• Experience in wearable devices; 

• Fluent in both spoken and written English. 
 
Applicants should prepare a research statement (3-4 pages max.), describing their 
background, a short literature review, motivation, and goals to be achieved during the 3-year 
Ph.D. 
 
Contacts: 
email: jesus.ortiz@iit.it, antonios.gkikakis@iit.it, darwin.caldwell@iit.it 
  

https://advr.iit.it/index.php/research/exoskeletons
mailto:jesus.ortiz@iit.it
mailto:antonios.gkikakis@iit.it
mailto:darwin.caldwell@iit.it
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6. Bio-inspired design and smart control of a lower limb soft exoskeleton 
 
Tutors: Jesús Ortiz, Christian Di Natali, and Darwin G. Caldwell 
 
Department: 
XoLab, Advanced Robotics, IIT, Genova 
https://advr.iit.it 
 
Description: 
In the XoLab group, within the Advanced Robotics, we work in the development of 
exoskeletons for different applications, including industrial, medical and space. In particular, 
in the area of medical exoskeletons, we have coordinated the XoSoft EU project 
(www.xosoft.eu) where we developed a soft modular lower limb exoskeleton for the 
assistance of people with mobility problems. This research will focus on the improvement of 
the actuator arrangement following bio-inspired concepts, as well as the implementation of 
novel smart control systems that can adapt to the user’s conditions in real-time. Thus, the 
work will include the study of lower limb musculoscheletal biological structures, neural 
network algorithms for the smart control system, development of the required system 
improvements and laboratory testing with healthy subjects. Collaborations with external 
clinical partners are expected for the definition of the requirements, for the clinical 
assessment of the results and for the final validation of the system with the target patient 
groups (to be defined during the course of the PhD). 
 
Requirements: 
Applicants are expected to have previous knowledge on robotics, with special focus on 
actuation and control. Experience in simulation, sensors, electronics, mechatronics and 
machine learning would be beneficial. The candidate must be fluent in both spoken and 
written English. 
Applicants should prepare a research statement (3-4 pages max.), describing background, 
short literature search, motivation for this topic, and goals to be achieved during the 3-year 
Ph.D. 
 
References: 

• Di Natali, C., Poliero, T., Sposito, M., Graf, E., Bauer, C., Pauli, C., Bottemberg, E., De 
Eyto, A., O.Sullivan, L., Hidalgo, A. F., Scherly, D., Stadler, K. S., Caldwell, D. G. & Ortiz, 
J. (2019). Design and evaluation of a soft assistive lower limb exoskeleton. Robotica, 
37(12), 2014-2034. 

• Ortiz, J., Di Natali, C., & Caldwell, D. G. (2018, October). XoSoft - iterative design of a 
modular soft lower limb exoskeleton. In International Symposium on Wearable 
Robotics (pp. 351-355). Springer, Cham. 

• Sposito, M., Poliero, T., Di Natali, C., Ortiz, J., Pauli, C., Graf, E., De Eyto, A., Bottenberg, 
E. & Caldwell, D. G. (2018). Evaluation of XoSoft Beta-1 lower limb exoskeleton on a 
post stroke patient. In Sixth National Congress of Bioengineering, Milan, Italy 25-27 
June 2018. 

 
Contacts: 
email: jesus.ortiz@iit.it, christian.dinatali@iit.it, darwin.caldwell@iit.it 
  

https://advr.iit.it/
http://www.xosoft.eu/
mailto:jesus.ortiz@iit.it
mailto:christian.dinatali@iit.it
mailto:darwin.caldwell@iit.it
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7. Planning and Control of a Hybrid Legged/Wheeled Robot Platform 
 
Tutors: 
Arturo Laurenzi, Nikos Tsagarakis 
 
Research Lab: 
Humanoid and Human Centred Mechatronics Research line. IIT, Genova  
https://www.iit.it/research/lines/humanoids-human-centered-mechatronics  
 
Description:  
Emerging robots operating within man-made real-word workspaces will have to walk, reach, 
physically interact, pick up, retrieve and manipulate a variety of objects, tools and interfaces 
designed for human use. Such mobile manipulation is an activity that humans naturally 
perform by combining two motion capabilities: locomotion and manipulation. This need of 
mobile manipulation has been tackled in the past with the development of a variety of mobile 
manipulation systems made by robotic arms installed on mobile bases with the mobility 
provided by wheels and legs mechanisms. This research theme will focus on the development 
of hybrid locomotion planning strategies for a CENTAURO robot, which is equipped with 
wheeled and legged mobility (https://www.youtube.com/watch?v=F8F7aOxqZ6Y&t=13s,  
https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-control). On flat 
terrains directly driven wheels will move the robot quickly and efficiently in an omnidirectional 
way by independently adjusting their speed and orientation. When driving over uneven 
ground, the legs will adapt to the surface, such that the posture of the main body is stabilized. 
Different principles and combinations of leg gaits and wheel mobility mechanisms will be 
developed and evaluated in simulation and finally implemented and validated on the 
CENTAURO prototype.  
 
Requirements: We are seeking for highly motivated candidates with a background in 
Electrical, Mechanical or Control engineering, Physical Sciences or Robotics. Candidates 
should have strong competencies in robot dynamics, control and excellent programming skills 
in Matlab and C++. (Programing and Simulation 30%, Dynamics 30%, Control 40%). The 
experience on dynamic simulators (e.g. Gazebo) and ROS would be plus.  
Note: It is compulsory to prepare a research proposal on this topic. 
 
Reference:  

• Laurenzi A., Mingo Hoffman E., Tsagarakis N. G., Quadrupedal walking motion and 
footstep placement through linear model predictive control, IEEE/RSJ International 
Conference on Intelligent Robots and Systems (IROS), pp 2267-2273, 2018. 

• Kashiri et al, CENTAURO: A Hybrid Locomotion and High Power Resilient Manipulation 
Platform, IEEE Robotics and Automation Letters, Vol: 4, Issue: 2, pp 1595 – 1602, 2019. 

 
Contacts: arturo.laurenzi@iit.it, nikos.tsagarakis@iit.it 
  

https://www.iit.it/research/lines/humanoids-human-centered-mechatronics
https://www.youtube.com/watch?v=F8F7aOxqZ6Y&t=13s
https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-control
mailto:arturo.laurenzi@iit.it
mailto:nikos.tsagarakis@iit.it
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8. Agile and Modular Robot Co-Design Principles 
 
Tutors: 
Arturo Laurenzi, Nikos Tsagarakis 
 
Research Lab: 
Humanoid and Human Centred Mechatronics Research line, IIT, Genova  
https://www.iit.it/research/lines/humanoids-human-centered-mechatronics  
 
Description: The Humanoid and Human Centred Mechatronics research line is one of the 
world leading research labs in the development and new actuation and robotic systems 
(https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-hardware) powered 
by torque controlled compliant actuators to actuators.  The aim of this topic is to develop and 
demonstrate a break-through robot platform as a result of the joint design of the robot 
hardware, control and software components leveraging on agile and co-design development 
principles to maximize performance metrics (e.g., efficiency, physical resilience mass 
distribution, motion agility, payload capacity, etc.) subject to constraints in mechanics, 
actuation and control as well as in control and other available resources, e.g. cost. To achieve 
this the project will explore both the mechatronic technological limits (lightweight structural 
materials, customized high power density actuation and combination of transmission 
systems) as well as co-design optimization techniques.   Principles of energy storage will be 
also explored through the elastic energy recycling to further increase the robot agility during 
explosive motions. The developed robot co-design concepts and controllers will be applied to 
walking, hopping and in general legged robots performing high power bursts such as kicking 
and jumping. 
 
Requirements: 
We are seeking for highly motivated candidates with a background in Mechanical and Control 
engineering, Physical Sciences or Robotics. Candidates should have competencies in CAD 
mechanical design and/or robot dynamics and control. (Mechanical design 30%, 
Dynamics/Control 70%).  
Note: It is compulsory to prepare a research proposal on this topic. 
 
References:  

• Amara V.D., Malzahn J., Roozing W., Tsagarakis N.G., Blending of series-parallel 
compliant actuation with field weakening control for explosive motion generation, 
IEEE Robotics and Automation Letters 6 (2), pp 2076-2083, 2021. 

• Roozing W, Ren Z, Tsagarakis NG, An efficient leg with series–parallel and biarticular 
compliant actuation: design optimization, modelling, and control of the eLeg, The 
International Journal of Robotics Research 40 (1), pp 37-54, 2021.  

• Z Ren, W Roozing, NG Tsagarakis, the eLeg: A Novel Efficient Leg Prototype Powered 
by Adjustable Parallel Compliant Actuation Principles, IEEE-RAS 18th International 
Conference on Humanoid Robots (Humanoids), pp 1-9, 2018. 

 
Contacts: arturo.laurenzi@iit.it, nikos.tsagarakis@iit.it 
  

https://www.iit.it/research/lines/humanoids-human-centered-mechatronics
https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-hardware
mailto:arturo.laurenzi@iit.it
mailto:nikos.tsagarakis@iit.it
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9.  Intelligent End-effector Embodiment Principles 
 
Tutors: 
Eamon Barrett, Nikos Tsagarakis 
 
Research Lab: 
Humanoid and Human Centred Mechatronics Research line, IIT, Genova 
https://www.iit.it/research/lines/humanoids-human-centered-mechatronics  
 
Description: 
The realization of effective manipulation skills has strong dependencies on the robot end-
effector mechatronics including the articulated kinematics, the actuation and the sensing 
principles of the end-effector module.   
This activity targets to develop kinematically minimalistic end-effector modules that are 
equipped with intrinsic adaptation as well as multi-modal sensing capabilities to facilitate the 
manipulation robustness as well as the realization of low level autonomous grasping and 
manipulation skills.  The mechatronic design and the engineering of the end-effector modules 
will explore the instrumentation of the grippers with integration of visual and haptic sensing 
that will provide the cues for implementing autonomous grasping and manipulation 
functionalities. 
Control methodologies and a set of autonomous manipulation skills will be explored and 
implemented to enable the execution and adaptation of grasping actions. Such low level 
autonomous principles will include automatic execution of end-effector opening/closing 
actions when approaching the object to grasp, adaptation of the manipulation forces on the 
basis of the perceived properties of the object to grasp or reflex control principles e.g. for 
accommodating autonomously slippage during grasping. We will leverage on visual and haptic 
stimuli generated by the end-effector proprioceptive sensing and visual perception modules 
integrated on the robotic system. Proprioceptive feedback will be employed for the regulation 
of the grasping forces and for their adaptation through reflex controllers. 
 
Requirements: 
We are seeking for highly motivated candidates with a background in Mechanical and Control 
engineering, Physical Sciences or Robotics. Candidates should have competencies in CAD 
mechanical design and/or robot dynamics and control. (Mechanical design 60%, 
Dynamics/Control 40%). 
Note: It is compulsory to prepare a research proposal on this topic. 
 
References:  

• Barrett E., Mingo-Hoffman E., Baccelliere L., Tsagarakis N.G., Mechatronic Design and 
Control of a Light Weight Manipulator Arm for Mobile Platforms, IEEE/ASME 
International Conference on Advanced Intelligent Mechatronics (AIM), 2021, pp 1255-
1261. 

• Ren Z, Kashiri N., Zhou C., Tsagarakis N.G., Heri ii: A robust and flexible robotic hand 
based on modular finger design and under actuation principles, IEEE/RSJ International 
Conference on Intelligent Robots and Systems (IROS), 2018, pp 1449-1455. 

 
Contact:  eamon.barrett@iit.it, nikos.tsagarakis@iit.it  

https://www.iit.it/research/lines/humanoids-human-centered-mechatronics
mailto:eamon.barrett@iit.it
mailto:nikos.tsagarakis@iit.it
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10.  Enduring and Efficient Robot Design and Control 
 
Tutor: Nikos Tsagarakis 
 
Research Lab: 
Humanoid and Human Centred Mechatronics Research line, IIT, Genova 
https://www.iit.it/research/lines/humanoids-human-centered-mechatronics  
 
Description:  
The Humanoid and Human Centred Mechatronics research line 
(https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-hardware) is one of 
the world leading research labs in the development and novel robotic platforms ranging from 
child-size humanoid COMAN to Hybrid centaur-like CENTAURO. Legged robots demonstrate 
unique potentiality of passing over various terrains and entering unstructured environments. 
Despite the development of a variety of actuation units enhancing the system's energy 
efficiency, on the basis variable/fixed compliance and damping units in series and/or parallel, 
the energy associated characteristics of floating based platforms is subject to additional 
criteria that are often omitted, thereby preventing long time performance required for real 
world applications. This research targets to make advancements in robotic actuation and 
energy recycling techniques and investigate state-of-the-art transmission units and research 
limb/structure design aspects to realize efficient and enduring robot components 
demonstrated in the realization of a novel legged robot that is able to operate with increased 
energetic economy. Redundancy will be explored to further benefit the robot endurance and 
its ability to overcome highly stressful conditions that can compromise the reliability of the 
robotic platform. 
 
Requirements: 
 We are seeking for highly motivated candidates with a background in Mechanical, 
Mechatronic, Electrical engineering, Physical Sciences or Robotics. Candidates should have 
competencies in CAD mechanical design and understanding of robot dynamics/kinematics and 
control. (Mechanical design 50%, Kinematics/Dynamics/Control 50%).  
Note: It is compulsory to prepare a research proposal on this topic. 
 
References:  

• Z Ren, W Roozing, NG Tsagarakis, The eLeg: A Novel Efficient Leg Prototype Powered 
by Adjustable Parallel Compliant Actuation Principles, IEEE-RAS 18th International 
Conference on Humanoid Robots (Humanoids), pp 1-9, 2018. 

• Roozing W. et al., “Design optimization and control of compliant actuation 
arrangements in articulated robots for improved energy efficiency,” IEEE Robotics and 
Automation Letters, vol. 1, no. 2, pp. 1110-1117, 2016. 

 
Contact:  nikos.tsagarakis@iit.it  

https://www.iit.it/research/lines/humanoids-human-centered-mechatronics
https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-hardware
mailto:nikos.tsagarakis@iit.it
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11.  Efficient Robot Design and Actuation Principles 
 
Tutors: 
Jörn Malzahn, Edoardo Romiti, Nikos Tsagarakis 
 
Research Lab: 
Humanoid and Human Centred Mechatronics Research line, IIT, Genova 
https://www.iit.it/research/lines/humanoids-human-centered-mechatronics  
 
Description:  
The Humanoid and Human Centred Mechatronics research line is renowned for its fully 
humanoids and legged robots (https://www.iit.it/web/humanoids-human-centered-

mechatronics/robots), which can display the full spectrum from soft and gentle to harsh and 
impulsive physical interactions. On the shoulders of our previous work, the successful 
candidate will play a central role in the research and development aiming at the extension of 
the developed hardware towards modular “plug-and-play” torque controlled robots 
(https://www.youtube.com/watch?v=DHi7aI1HcpE&t=2s). The application domains are 
modular, efficient, flexible co-bots that pair high performance manipulation skills with soft 
human-robot interaction and meet the requirements of small human-centered production 
lines with substantial task fluctuations. In close collaboration with our interdisciplinary 
research team, the successful candidate will develop, implement and deploy control 
algorithms for a novel generation of modular torque controlled robotic systems in the 
described applications as well as inside the recently started CONCERT EU project 
(https://concertproject.eu/). 
 
Requirements: 
We are seeking for highly motivated candidates with a background in Mechanical or Electrical 
engineering and a focus in control theory or Robotics. This is a multidisciplinary topic where 
the successful candidates have strong competences in robot dynamics and control.  Excellent 
programming skills in C/C++ and Python complete the portfolio of the candidate. Traceable 
experience in open source software development and ROS are a plus. 
Note: It is compulsory to prepare a research proposal on this topic. 
 
References:  

• Romiti E. et al, Toward a Plug-and-Work Reconfigurable Cobot, IEEE/ASME 
Transactions on Mechatronics, 2021. 

• Giusti, A., Malzahn, J., Tsagarakis, N. G., & Althoff, M., Combined inverse-
dynamics/passivity-based control for robots with elastic joints., IEEE International 
Conference on Robotics and Automation, pp. 5281-5288. 

• Baccelliere, L., Kashiri, N., Muratore, L., Laurenzi, A., Kamedula, M., Margan, A., ... & 
Tsagarakis, N. G., Development of a human size and strength compliant bi-manual 
platform for realistic heavy manipulation tasks. In Intelligent Robots and Systems, 
2017 IEEE/RSJ International Conference on, pp. 5594-5601. 

 
Contacts:  jorn.malzahn@iit.it, edoardo.romiti@iit.it,  nikos.tsagarakis@iit.it 
  

https://www.iit.it/research/lines/humanoids-human-centered-mechatronics
https://www.iit.it/web/humanoids-human-centered-mechatronics/robots
https://www.iit.it/web/humanoids-human-centered-mechatronics/robots
https://www.youtube.com/watch?v=DHi7aI1HcpE&t=2s
https://concertproject.eu/
mailto:jorn.malzahn@iit.it
mailto:edoardo.romiti@iit.it
mailto:nikos.tsagarakis@iit.it
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12. Impedance Modulation Principles for Locomanipulation 
 
Tutors: 
Luca Muratore, Nikos Tsagarakis 
 
Research Lab: 
Humanoid and Human Centred Mechatronics Research Line, IIT, Genova 
https://www.iit.it/research/lines/humanoids-human-centered-mechatronics 
 
Description: 
This research theme will focus on the development of motion/impedance control principles 
for robots required to execute loco-manipulation with aggressive and powerful physical 
interactions with the environment. This will require generating high-force while at the same 
time ensuring the maximum robot protection against the task impacts.    
A physical interaction control framework that will permit the above will be developed and 
validated on a CENTAURO form mobile manipulation platform 
(https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-control) as well as on 
customized robotic platform developed within the CONCERT EU project  
(https://concertproject.eu/) that is equipped with torque/impedance controlled, intrinsically 
robust compliant actuators realized with high power and strength density motor drives.  To 
reach this target, the project will look on the development of motion/impedance regulation 
strategies, momentum control techniques and kinematic redundancy exploitation to robustly 
execute physical interactions during heavy and powerful manipulation tasks. 
 
Requirements:  
We are seeking for highly motivated candidates with a background in Electrical, Mechanical 
or Control engineering, Physical Sciences or Robotics. Candidates should have strong 
competencies in robot dynamics and control and excellent programming skills in Matlab and 
C++. (Programing and Simulation 30%, Dynamics 30%, Control 40%). The experience on 
dynamic simulators (e.g. Gazebo, Webot, etc.) and ROS would be plus. 
Note: It is compulsory to prepare a research proposal on this topic. 
 
References:  

• Polverini M.P., Laurenzi A., Hoffman E.M., Ruscelli F., Tsagarakis N.G., Multi-contact 
heavy object pushing with a centaur-type humanoid robot: Planning and control for a 
real demonstrator, IEEE Robotics and Automation Letters 5 (2), pp 859-866, 2020. 

• Luca Muratore, Arturo Laurenzi, Nikos G Tsagarakis, A self-modulated impedance 
multimodal interaction framework for human-robot collaboration, International 
Conference on Robotics and Automation (ICRA), 2019, pp 4998-5004. 

 
Contacts:  luca.muratore@iit.it, nikos.tsagarakis@iit.it 
  

https://www.iit.it/research/lines/humanoids-human-centered-mechatronics
https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-control
https://concertproject.eu/
mailto:luca.muratore@iit.it
mailto:nikos.tsagarakis@iit.it
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13. Semantics for Robot Locomanipulation 
 
Tutors: 
Luca Muratore, Liang Lu, Nikos Tsagarakis 
 
Research Lab: 
Humanoid and Human Centred Mechatronics Research Line, IIT, Genova 
https://www.iit.it/research/lines/humanoids-human-centered-mechatronics 
 
Description: 
Enabling robots to deal autonomously with structured and eventually unstructured 
environments and replace humans in difficult tasks is an open challenge in robotics. Rapid 
advancements in robot design and control over the past few years enabled articulated legged 
robots to walk in uneven terrain. Still, the problem of mobility planning on uneven terrain for 
navigation is the key aspect for completing locomotion in unknown environments. Similarly 
performing manipulation actions in an autonomous manner and enabling robots interact 
more richly with the world around them, requires a deeper understanding of the world in 
which they operate. The aim of this topic is to develop new geometric or machine learning 
(e.g. deep learning) methods for environment reconstruction and semantics that can  enable 
autonomous locomanipulation and permit wheeled or legged manipulation platforms, such 
CENTAURO (https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-control)  
or CONCERT (https://concertproject.eu/) to move around in unstructured environments and 
perform locomanipulation actions.  Such semantics information semantics will be explored for 
autonomous mobility planning (foot placement, path planning) and autonomous 
manipulation (object and environment feature and interfaces recognition and manipulation 
strategy selection). Several exteroceptive (stereo/event/RGB cameras, RGB-D sensors, 2D/3D 
Lidar scanners) will be used to acquire RGB images and dense 3D point cloud while geometric 
simplifications for reasoning will be explored. Moreover, mobility and manipulation planning 
methods need to be developed to select and modulate suitable primitives for 
locomanipulation. The development and testing will take place on our full-size quadrupedal 
and mobile robots in real-world environments. 
 
Requirements:  
This topic lies in the intersection of Vision and Robotics.  Ideal applicants should have strong 
C++ (Python and Matlab is a plus) programming skills. Machine learning and computer vision 
skills are required. A background in any of Robotics, Computer/Robotic Vision, Path Planning, 
and Robot Learning is desirable, while knowledge of the Robot Operating System (ROS) and 
the Point Cloud Library (PCL) is a very big plus. The applicants should be fluent in English and 
team players. 
Note: It is compulsory to prepare a research proposal on this topic. 
 
References:  
De Luca A., Muratore A., Raghavan V.S., Antonucci D., Tsagarakis N.G., Autonomous Obstacle 
Crossing Strategies for the Hybrid Wheeled-Legged Robot Centauro, Frontiers in Robotics and 
AI, Vol. 8, 2021. 
Kanoulas et. al., Footstep Planning in Rough Terrain for Bipedal Robots using Curved Contact 
Patches, ICRA 2018. 
 
Contacts:  luca.muratore@iit.it, liang.Lu@iit.it, nikos.tsagarakis@iit.it 
  

https://www.iit.it/research/lines/humanoids-human-centered-mechatronics
https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-control
https://concertproject.eu/
mailto:luca.muratore@iit.it
mailto:liang.Lu@iit.it
mailto:nikos.tsagarakis@iit.it
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14. Human-Robot Collaborative Control During High Payload Tasks 
 
Tutors: 
Nikos Tsagarakis, Arash Ajoudani 
 
Research Lab: 
Humanoid and Human Centred Mechatronics Research Line, IIT, Genova 
https://www.iit.it/research/lines/humanoids-human-centered-mechatronics 
 
Description: 
The robots are coming out of the cage, and getting closely involved into human life and 
physically interacting with them to execute tasks in a collaborative manner.  This research 
theme will focus on the development of a collaboration control framework that will permit a 
human operator to interact with a mobile robotic platform to perform manipulation tasks with 
high payload requirements. The execution of such high payload tasks requires great attention 
to the safety verification while yet permitting the robotic system to exert the high forces 
needed for the task. The developments of this activity will be realized and validated on the 
mobile manipulation platforms developed within the EU projects  SOPHIA (https://project-

sophia.eu/)  and CONCERT  (https://concertproject.eu/). The project will look on the 
development of control tools that take into account the human motion and intention 
estimations to command and drive the execution of the manipulation task. Autonomous 
motion and impedance modulation principles will be applied at the robot side to enhance 
safety along the directions of motion from where the human is interacting with the robotic 
platform during the executing of the high payload task and in this way to assist the human 
partner in commanding the collaborative behaviors of the robot assistant. 
 
Requirements:  
We are seeking for highly motivated candidates with a background in Electrical, Mechanical 
or Control engineering, Physical Sciences or Robotics. Candidates should have strong 
competencies in robot dynamics, control and excellent programming skills in Matlab and C++. 
(Programing and Simulation 30%, Dynamics 30%, Control 40%). The experience on dynamic 
simulators (e.g. Gazebo) and ROS would be plus. 
Note: It is compulsory to prepare a research proposal on this topic. 
 
References:  

• Torielli D., Muratore L., Laurenzi A., Tsagarakis N.G., TelePhysicalOperation: Remote 
Robot Control Based on a Virtual “Marionette” Type Interaction Interface, IEEE 
Robotics and Automation Letters 7 (2), 2022, 2479-2486. 

• Peternel L., Tsagarakis N.G., Caldwell D.G. and Ajoudani A., Adaptation of robot 
physical behavior to human fatigue in human-robot co-manipulation”, IEEE-RAS 16th 
International Conference on Humanoids, pp489-494, 2017. 

 
Contact:  nikos.tsagarakis@iit.it 
 

  

https://www.iit.it/research/lines/humanoids-human-centered-mechatronics
https://project-sophia.eu/
https://project-sophia.eu/
https://concertproject.eu/
mailto:nikos.tsagarakis@iit.it
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15.  Wearable Interfaces for Teleoperation and Human Robot Interaction 
 
Tutors: 
Ioannis Sarakoglou, Nikos Tsagarakis 
 
Research Lab: 
Humanoid and Human Centred Mechatronics Research line, IIT, Genova 
https://www.iit.it/research/lines/humanoids-human-centered-mechatronics  
 
Description: This theme focuses on the development of wearable kinesthetic input and 
feedback devices for the upper limp including systems for the hand and arm. One of the main 
objectives of the design of these systems is to move away from the traditional design 
paradigms of wearable devices that target to develop systems with many actuators following 
anthropomorphic exoskeleton structures attached to the upper limp segments using physical 
interfaces with multiple fixation points. With special attention on the systems ergonomics 
both a t the level of physical interface as well as at the level of the functionality this project 
will follow instead a different approach. At the implementation and physical interface level 
the project will attempt to minimize the complexity yet keeping the functionality of the device 
through the use of under-actuation and the employment of minimalistic physical interface 
principles that can resemble the interaction between the physiotherapist and the patients’ 
upper limp.  The activity of this project is strongly linked to the recently obtained EU project 
HARIA. 
 
Requirements:  
The successful candidates will have a Master degree in Mechatronics, Robotics, Mechanical 
Engineering or equivalent and will be able to work both in a team and independently. 
Experience in CAD mechanical design, programming with C/C++ and Matlab is mandatory and 
knowledge of robot kinematics and dynamics is preferable. (50% mechanical design, 50% 
software and control). 
Note: It is compulsory to prepare a research proposal on this topic. 
 
References: 

• Brygo A., Sarakoglou I., Grioli G., Tsagarakis N.G., Synergy-based Bilateral Port: a 
Universal Control Module for Tele-manipulation Frameworks using Asymmetric 
Master-Slave Systems, Frontiers in Bioengineering and Biotechnology, Volume 5, 
2017. 

• Sarakoglou I., Brygo A., Mazzanti D., Garcia Hernandez N.V., Caldwell D.G., Tsagarakis 
N.G., HEXOTRAC: A Highly Under-Actuated Hand Exoskeleton for Finger Tracking and 
Force Feedback, IEEE/RSJ Int. Conf. Intelligent Robots and Systems (IROS), 2016. 

 
Contacts:  ioannis.sarakoglou@iit.it, nikos.tsagarakis@iit.it  

https://www.iit.it/research/lines/humanoids-human-centered-mechatronics
mailto:ioannis.sarakoglou@iit.it
mailto:nikos.tsagarakis@iit.it
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16.  Skippy: A Highly Athletic Monopedal Robot 
 
Tutors:  Roy Featherstone 
Department: Advanced Robotics (ADVR) https://advr.iit.it 
 
Description: 
Skippy is the kind of robot that could jump out of a first-floor window, crash land on the 
concrete below, get up again unaided and undamaged, and jump straight back in through the 
same window.  Performance like this really is possible with today's technology.  The challenge 
is to convert it from a possibility into a reality. 
 
Skippy is a light (3kg), simple (3 joints), fully autonomous (no harness, tether, umbilical or 
remote brain) monopedal robot designed to attempt highly skillful and athletic motions, and 
to recover unaided and undamaged every time it makes a mistake.  It is a pioneer of physical 
performance: the power and speed to hop high and far, the skill to balance on a single point, 
and the robustness to survive large impacts. 
 
At the time of writing, Skippy is partially built and already able to balance in 2D; and we expect 
the rest of Skippy to be built and operational by the end of this year. Your job, if you join the 
Skippy project, is to do all of the following: to look after, adapt, improve and debug the 
hardware; to write low-level and high-level software to make Skippy move; to use dynamics 
simulation and other tools to design highly athletic movements; and to demonstrate those 
movements on Skippy. 
 
Requirements: 
Skippy is a pioneer, and so you must be too.  This project needs someone with a broad 
knowledge of kinematics, dynamics and control, of electronics and mechanical hardware, and 
of low- and high-level programming, simulation and optimization.  Familiarity with tools such 
as Matlab and Simulink, and experience with robot hardware will be helpful.  This is a difficult 
project in need of a versatile, adaptable, highly competent student. 
 
References:  http://royfeatherstone.org/skippy 
 
Contact:  roy.featherstone@iit.it 
  

https://advr.iit.it/
http://royfeatherstone.org/skippy
mailto:roy.featherstone@iit.it
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17.  Industrial exoskeleton for trunk and shoulders assistance of heavy 
working activities in the civil construction sector: development and 
assessment 

 
Tutors:   
Christian Di Natali, Darwin Caldwell 
 
Department: 
XoLab, Department of Advanced Robotics (ADVR): https://advr.iit.it/ 
 
Description: 
The exoskeleton is a robotic device that can reduce loads of physical handling activities, 
lessening the risk of musculoskeletal disorders and improving worker safety [1]. When 
considering the current state of the art in occupational exoskeletons and the highly interactive 
action of the back while accomplishing manual material handling, usually exoskeletons are 
designed to address specific single goal working tasks. The device comprises a mechatronic 
design, mechanical structure, and wearable sensors. In addition to the hardware, an early 
version of the control architecture framework with three levels allows us to apply and validate 
different control strategies. The architecture is composed of low-level motor control, mid-
level for ad-hoc assistive strategy, and a high level intended for activity recognition algorithms.  
The key innovation in the exoskeleton technology that the candidate will develop is the 
adaptation, customization and enhancement of an active exoskeleton that supports manual 
material handling and repetitive tasks to align these solutions to the very specialized demands 
that arise in the construction industry [2]. A lightweight active exoskeleton, which will be 
versatile, modular, and capable of assisting the most fatigue operations of the construction 
sector, will be developed. From a technical point of view, cutting-edge technology, 
including sensors, actuators, and smart concepts, will lead to a versatile device suitable for 
multiple purposes. When considering the current state of the art in occupational exoskeletons 
[3] while accomplishing manual material handling [4], these are designed to address very 
specific single goal working tasks. Considering that many (most) activities in manual material 
handling require a coordinated effort from both the arms and back, the candidate will develop 
and assess an exoskeleton that assists both the lower back and the arms in a unique combined 
and coordinated device. 
As a result, the exoskeleton will enhance workers’ working conditions and safety by providing 
a robotic assistive exoskeleton that will reduce the biomechanical loading and hence the 
perceived effort during heavy manual handlings. The reduction in the risk of injury will also 
impact the workers' health and safety [5]. Production efficiency will improve thanks to the 
exoskeleton, while absenteeism and related costs will decrease. Older workers and women 
will benefit from the robotic support, decreasing the required effort to accomplish heavy 
tasks. 
 
Requirements: 
The successful applicant is expected to have a strong background in Biomedical, Mechanical 
Engineering or related disciplines. Experience with wearable robotics, physical modelling and 
assessment techniques of human-robot interaction and excellent hands-on practical skills are 
welcome. The ideal candidate has a proactive attitude and problem-solving capabilities. Team 
working and would be beneficial to have the following competencies: 

• Modelling and synthesis of mechanisms  

• Modelling of Physical Human-Robot Interaction  

• Knowledge of assessment techniques 

• Fluent in both spoken and written English 

https://advr.iit.it/
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• Knowledge in MATLAB  

• CAD knowledge (PTC Creo, others) 

• Knowledge of C++ programming 
Applicants should prepare a research statement (3-4 pages max.), describing background, 
short literature search, motivation for this topic, and goals to be achieved during the 3-year 
Ph.D. 
 
References: 

• Crea, S., et al., Occupational exoskeletons: A roadmap toward large-scale adoption. 
Methodology and challenges of bringing exoskeletons to workplaces. 2021. 2. 

• Kim, S., et al., Potential of exoskeleton technologies to enhance safety, health, and 
performance in construction: Industry perspectives and future research directions. 
2019. 7(3-4): p. 185-191. 

• Peters, M. and S. Wischniewski, The impact of using exoskeletons on occupational 
safety and health. 2019: European Agendy for Safety and Health at Work. 

• Zhu, Z., A. Dutta, and F.J.A.i.C. Dai, Exoskeletons for manual material handling–A 
review and implication for construction applications. 2021. 122: p. 103493. 

• Di Natali, C., et al., Equivalent Weight: Connecting Exoskeleton Effectiveness with 
Ergonomic Risk during Manual Material Handling. 2021. 18(5): p. 2677. 

Contacs:  Email: christian.dinatali@iit.it 
  

mailto:christian.dinatali@iit.it
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18.  AI-based controller to enhance the capability and performances of 
industrial exoskeletons to be suitable for the civil construction sector 

 

Tutor: 
Christian Di Natali, Darwin Caldwell 
 
Department: 
XoLab, Department of Advanced Robotics (ADVR) http://advr.iit.it/ 
 

Description: 
The exoskeleton is a robotic device that can reduce loads of physical handling activities, 
lessening the risk of musculoskeletal disorders and improving worker safety [1]. When 
considering the current state of the art in occupational exoskeletons and the highly interactive 
action of the back while accomplishing manual material handling, usually exoskeletons are 
designed to address specific single goal working tasks. The device comprises a mechatronic 
design, mechanical structure, and wearable sensors. In addition to the hardware, an early 
version of the control architecture framework with three levels allows us to apply and validate 
different control strategies. The architecture is composed of low-level motor control, mid-
level for ad-hoc assistive strategy, and a high level intended for activity recognition algorithms.  
Typical exoskeleton control strategy can fall into several categories (e.g. model-based control, 
physical parameter-based control, and master-slave-based control). Some rely on a sensitivity 
amplification control with a precise model of the exoskeleton, thus not requiring any direct 
measurement from the wearer to pilot the exoskeleton while minimizing the interaction force 
between the two. Other solutions use the measured bioelectric signal from the wearer to 
estimate the torque required at each joint to support the activity. Exoskeleton control 
strategies still require improvement to meet safety, stability, controllability, and assistance 
expectations. 
The candidate, according to the requirements of the construction industry [2], will apply 
artificial-intelligence-based algorithms to enhance the active exoskeleton performance [3, 4]. 
A dynamically stable assistive multi-layer control algorithm will be developed: ad-hoc assistive 
strategies and a high performances activity recognition of the large variety of work tasks (e.g. 
walking, holding, lifting, lowering, load-carrying, pulling, and pushing). The exoskeleton 
control will be able to dynamically recognize the worker’s activities, leading to the 
development of a versatile device suitable for multiple purposes. Bioinspired sensor fusion 
and intelligent cognitive control algorithms will be essential to develop a versatile solution 
able to understand in real-time the worker activity [5]. The performances of the exoskeleton 
will be evaluated and continuously iterative between the developments and testing phases, 
with the full involvement of local companies acting as potential end-users. 
 
Requirements: 
Applicants should have excellent Master's degrees in Computer Science, or other related 
fields. Experience in Machine Learning, wearable robotics and human-robot interaction are 
welcome. The ideal candidate has a proactive attitude and problem-solving capabilities. Team 
working and would be beneficial to have the following competencies: 

• Experience in Machine Learning (theory and algorithms); 

• Experience in data processing; 

• Knowledge of C++, Python and Linux; 

• Basic understanding of dynamics, including human motion; 

• Initial experience in wearable devices; 

• Fluent in both spoken and written English. 
Applicants should prepare a research statement (3-4 pages max.), describing background, 

http://advr.iit.it/
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short literature search, motivation for this topic, and goals to be achieved during the 3-year 
Ph.D. 
 
References: 

• Crea, S., et al., Occupational exoskeletons: A roadmap toward large-scale adoption. 
Methodology and challenges of bringing exoskeletons to workplaces. 2021. 2. 

• Kim, S., et al., Potential of exoskeleton technologies to enhance safety, health, and 
performance in construction: Industry perspectives and future research directions. 
2019. 7(3-4): p. 185-191. 

• Chen, B., et al., Classification of lifting techniques for application of a robotic hip 
exoskeleton. 2019. 19(4): p. 963. 

• Poliero, T., et al. Assessment of an On-board Classifier for Activity Recognition on an 
Active Back-Support Exoskeleton. in 2019 IEEE 16th International Conference on 
Rehabilitation Robotics (ICORR). 2019. IEEE. 

• Poliero, T., et al., Versatile and non-versatile occupational back-support exoskeletons: 
A comparison in laboratory and field studies. 2021. 2. 

Contacts: 
Email:  christian.dinatali@iit.it 
  

mailto:christian.dinatali@iit.it
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19.  Quadruped Robot Control and Actions based on Visual Perception 
 
Tutors: Victor Barasuol and Claudio Semini 
 
Department: 
Dynamic Legged Systems (DLS), Istituto Italiano di Tecnologia – IIT, Genova 
https://dls.iit.it/ 
 

Description: 
The Dynamic Legged Systems research line (DLS lab) of Istituto Italiano di Tecnologia (IIT), 
conducts world-leading research and development of legged robots for challenging 
environments. Our flagship quadruped robots are HyQ and HyQReal and we work toward 
applications in the fields of disaster response, precision agriculture and space exploration.  
Based on our past research that combined the visual inputs from cameras, machine learning 
and locomotion control [1,2], we are currently working to extend our control framework with 
additional capabilities in this field. Visual perception is the input for high-level decisions and 
actions that the robot has to take autonomously.  
We are currently looking for a highly motivated and ambitious PhD student to work on the 
design, implementation, evaluation, and further development of novel algorithms in this field 
to be included into our legged robot framework. 
 
Requirements: 
The successful candidate must have an excellent background in robotics, computer science, 
automation, or related. Further requirements include: strong programming skills in C++ and 
Python, knowledge of machine learning, optimal control, hands-on experience with 
perception sensors and legged robots, strong communication skills (written and spoken) in 
the English language, strong team player, knowledge about robot kinematics and dynamics, 
state estimation, and control theory; programming skills in OpenCV, CUDA, and 
Matlab/Simulink are a plus. 
*Note: It is compulsory to prepare a research proposal on this topic. 
 
References: 

• O. Villarreal, V. Barasuol, M. Camurri, L. Franceschi, M. Focchi, M. Pontil, D. G. 
Caldwell, C. Semini, “Fast and Continuous Foothold Adaptation for Dynamic 
Locomotion through CNNs”, IEEE Robotics and Automation Letters, 2019. 

• O. Villarreal, V. Barasuol, P. Wensing and C. Semini, MPC-based Controller with 
Terrain Insight for Dynamic Legged Locomotion, IEEE International Conference on 
Robotics and Automation (ICRA), 2020. 

 
Contacts: 
Email:  victor.barasuol@iit.it and claudio.semini@iit.it 
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20.  Combining Machine Learning and Model-based Knowledge for 
Quadruped Motion Generation 

 
Tutors: Massimiliano Pontil, Victor Barasuol and Claudio Semini 
 
Departments: 
Computational Statistics and Machine Learning, Istituto Italiano di Tecnologia – IIT, Genova 
https://www.iit.it/it/web/computational-statistics-and-machine-learning 
Dynamic Legged Systems (DLS), Istituto Italiano di Tecnologia – IIT, Genova 
https://dls.iit.it/ 
 

Description: 
The main research directions of the Computational Statistics and Machine Learning  research 
line lies on machine learning theory and algorithms, with a focus on kernel methods, multitask 
and transfer learning, online learning, sparsity regularization, and statistical learning theory. 
The Dynamic Legged Systems research line conducts world-leading research and development 
of legged robots for challenging environments.  
Quadruped robots are nowadays one of the most promising platforms to support humans in 
a variety of tasks. For example, tasks that involve a high level of automation and data 
collection, during dangerous inspections and explorations, and human-robot collaboration. To 
be able to perform natural and robust locomotion on these scenarios, quadruped robots 
require high level perception that includes proprioceptive and exteroceptive feedback and the 
understanding of its own physical limitations. This PhD aims to explore and combine machine 
learning techniques and the knowledge of the robot model to develop robust controllers that 
will allow legged platforms to safely navigate on unstructured and natural grounds. 
 
Requirements: 
We are looking for a highly motivated and creative student, very committed to research and 
eager to explore new paradigms. An excellent Masters degree is expected in one of the 
following areas (or related): robotics, computer science, automation, electrical or mechanical 
engineering. As technical skills, the student must have solid knowledge of robotics (kinematics 
and dynamics), systems modelling and simulation, classical control theory, optimal control 
and machine learning. Due to the software tools used during the PhD, the candidate must 
have proven experience with Git, C++, Python and ROS. Experience with real legged machines 
and software tools for machine learning (e.g., Torch and Tensor Flow) are a plus.   
 *Note: It is compulsory to prepare a research proposal on this topic. 
 
References: 

• L. Clemente, O.Villarreal, A. Bratta, M. Focchi, V. Barasuol, G. Muscolo, C. Semini, 
Foothold Evaluation Criterion for Dynamic Transition Feasibility for Quadruped 
Robots, IEEE International Conference on Robotics and Automation (ICRA), 2022. 

• O. Villarreal, V. Barasuol, P. Wensing and C. Semini, MPC-based Controller with 
Terrain Insight for Dynamic Legged Locomotion, IEEE International Conference on 
Robotics and Automation (ICRA), 2020. 

• O. Villarreal, V. Barasuol, M. Camurri, L. Franceschi, M. Focchi, M. Pontil, D. G. 
Caldwell, C. Semini, “Fast and Continuous Foothold Adaptation for Dynamic 
Locomotion through CNNs”, IEEE Robotics and Automation Letters, 2019. 

 
Contacts: 
Email:  claudio.semini@iit.it  
  

https://www.iit.it/it/web/computational-statistics-and-machine-learning
https://dls.iit.it/
mailto:claudio.semini@iit.it
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21. Online Robot Plan and Action Refinement Under Uncertainty 
Tutor: 
Lorenzo Natale, lorenzo.natale@iit.it  
Michele Colledanchise, michele.colledanchise@iit.it  
 
Department: 
Humanoid Sensing and Perception, Istituto Italiano di Tecnologia, 
https://www.iit.it/it/web/humanoid-sensing-and-perception 
 
Description: 
Artificial intelligence (AI) planning algorithms allow to automatically synthesize actions to 
reach a desired goal, provided a set of possible actions. However, despite the significant 
efforts made in this direction, the success of AI planning robotics remains very limited, 
especially in real-world environments. The uncertain and dynamic nature of the real-world 
environment requires robots to adapt online both plans (i.e., the “what”) and actions (i.e., the 
“how”). Robots need to be endowed with geometric reasoning, identification of unfeasible 
actions, and a framework to re-plan actions depending on the situation. In this project, we 
seek to combine machine learning with classical AI methods to allow robots to adapt and 
update existing plans to face changes and ambiguity in the operating environment.  
 
The study will address the following challenges: 

- Ambiguity in the sensory data collected by the robot. The imperfect nature of robots’ 
sensors and the presence of latent variables yields to ambiguity in the robot’s 
perception system (e.g., reflections, static or dynamic obstacles sensed by the LIDAR, 
pictures of objects on the wall); 

- Uncontrolled nature of external actors, such as humans, may require the robot to 
change its plan or even its goal (e.g.,  humans prevent robots to perform their tasks, 
presence of humans impede the robot motion. 

 
References:  
Colledanchise, Michele, Damiano Malafronte, and Lorenzo Natale. "Act, perceive, and plan in 

belief space for robot localization." 2020 IEEE International Conference on Robotics and 
Automation (ICRA). IEEE, 2020. 

Safronov, Evgenii, Michele Colledanchise, and Lorenzo Natale. "Task planning with belief 
behavior trees." 2020 IEEE/RSJ International Conference on Intelligent Robots and Systems 
(IROS). IEEE, 2020. 

Kaelbling, Leslie Pack, and Tomás Lozano-Pérez. "Integrated task and motion planning in belief 
space." The International Journal of Robotics Research 32.9-10 (2013): 1194-1227. 

 
Requirements: 
The ideal candidate would have a degree in Computer Science, Engineering or related 
disciplines, with a background in Robotics and AI. They also be highly motivated to work on 
robotic platform and have computer programming skills. 
Contacts: 
lorenzo.natale@iit.it, michele.colledanchise@iit.it  

  

mailto:lorenzo.natale@iit.it
mailto:michele.colledanchise@iit.it
https://www.iit.it/it/web/humanoid-sensing-and-perception
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22. Human Aware Robot Navigation 
Tutor: 
Lorenzo Natale lorenzo.natale@iit.it 
 
Department: 
Humanoid Sensing and Perception, Istituto Italiano di Tecnologia, 
https://www.iit.it/it/web/humanoid-sensing-and-perception 
 
Description: 
Service robots need to operate in dynamical, unstructured environments, and in close 
interaction with humans. Despite remarkable progress, robot navigation in dynamic 
environment is still challenging, as it requires robots to identify reliable features and 
landmarks for localization, detect humans and anticipate their motion for safe navigation. 
Robot navigation, often focuses on the problem of reaching a specific target on a map. 
However, in real applications, robots need to perform tasks that involve interaction with 
humans. The navigation system of the robot needs therefore to be specifically designed to 
take humans into account and perform differently when moving from one location to another, 
or, for example, when approaching a group of people. In this project, we seek to address the 
issues above, and study perception and control algorithms that allow a humanoid robot to 
navigate safely in an environment populated by humans, and successfully engage in verbal 
interaction with them. We consider the specific use case of a robotic museum guide, in which 
the robot is programmed to guide visitors inside a museum and interact verbally using speech 
and gestures. This project involves the following problems: 

• detect visual landmarks that allow the robot to self-localize and navigate, when the 
presence of groups creates problems to the LIDAR; 

• detect humans and anticipate their movement for safe navigation and to re-plan the 
tour in case a group of people obstructs the path; 

• detect visitors to keep them engaged during the tour, maintain proper distance 
during the tour to ensure smooth interaction. 

The system will be based on the technology developed during the 5GTOURS EU project, and 
the R1 robot developed at IIT. End-users from a museum will be involved during the design of 
the system and for field trials. 
 
Requirements: 
The ideal candidate would have a degree in Computer Science, Engineering or related 
disciplines, with a background in Robotics and/or Computer Vision. They would also be highly 
motivated to work on robotic platform and have computer programming skills. 
 
References:  

• Colledanchise, Michele, Damiano Malafronte, and Lorenzo Natale. "Act, perceive, and 
plan in belief space for robot localization." 2020 IEEE International Conference on 
Robotics and Automation (ICRA). IEEE, 2020. 

• Macenski, Steve, David Tsai, and Max Feinberg. "Spatio-temporal voxel layer: A view 
on robot perception for the dynamic world." International Journal of Advanced 
Robotic Systems 17.2 (2020): 1729881420910530. 

• Holman, Blake, et al. "Watch where you’re going! gaze and head orientation as 
predictors for social robot navigation." 2021 IEEE International Conference on 
Robotics and Automation (ICRA). IEEE, 2021. 

Contacts: 
Email: lorenzo.natale@iit.it  
  

mailto:lorenzo.natale@iit.it
https://www.iit.it/it/web/humanoid-sensing-and-perception
mailto:lorenzo.natale@iit.it


27 
 

23. Software Architectures for Robot Long Term Autonomy 
Tutors: 
Lorenzo Natale lorenzo.natale@iit.it 
Michele Colledanchise michele.colledanchise@iit.it  
 
Department: 
Humanoid Sensing and Perception, Istituto Italiano di Tecnologia, 
https://www.iit.it/it/web/humanoid-sensing-and-perception 
 
Description: 
Today, robots are still incapable of operating autonomously to perform complex tasks when 
facing the variability of real-world environments. There are many examples of robots that 
have been deployed in real-world applications. In such cases, a high level of autonomy is only 
achieved for simple tasks or when the robots operate in structured or predictable 
environments. In recent years, research in robotics and AI has progressed remarkably. We 
have witnessed extraordinary advancement in terms of individual components spanning not 
only hardware and mechatronics, but also software that implements algorithms for 
perception and control. To increase the capabilities of robots to work without supervision, 
such components need to be correctly integrated and orchestrated dynamically depending on 
the specific context in which the robot operates to fulfill a given task and remain operational 
in the face of unexpected changes to the environment. One of the problems, today, is the lack 
of methodologies and software frameworks that support integration and orchestration of 
single components to achieve complex systems, while the dominant approach is to develop 
independent components and rely on a communication layer (a software middleware such as 
ROS) to interconnect these components in an architecture that solves specific tasks. In this 
project we seek to develop a software framework for the development of robot behaviors 
that are inherently robust and exhibit long term autonomy when deployed in highly 
unstructured environments. We seek to advance the state-of-the-art in robotics concerning 
formalisms for modelling behaviors (e.g., FSM or behavior trees), and develop the required 
tools for designing, deploying, and executing robot behaviors that orchestrate AI components 
for action (e.g., navigation, grasping) and perception (localization, object recognition and 
natural language processing). This work will be carried out on the R1 humanoid robot and in 
close interaction with end-users in the service domain. 
 
Requirements: 
The ideal candidate would have a degree in Computer Science, Engineering, or related 
disciplines, with a background in Robotics. They would also be highly motivated to work on 
robotic platform and have computer programming skills. 
 
References:  
Colledanchise, M., and Natale, L., Handling Concurrency in Behavior Trees, IEEE Transactions 

on robotics (in press), 2022 
Colledanchise, M., and Natale, L., On the Implementation of Behavior Trees in Robotics, IEEE 

Robotics and Automation Letters, vol. 6, no. 3, 2021 
Colledanchise, M., Cicala, G., Domenichelli, D., Natale, L., and Tacchella, A., Formalizing the 

Execution Context of Behavior Trees for Runtime Verification of Deliberative Policies, in 
Proc. IEEE/RSJ International Conference on Intelligent Robots and Systems, 2021. 

 
Contacts: 
Email: lorenzo.natale@iit.it, michele.colledanchise@iit.it  
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24. Robot Perception for Human-Robot Collaborative Tasks 
 
Tutor: 
Lorenzo Natale lorenzo.natale@iit.it  
Giulia Pasquale giulia.pasquale@iit.it  
 
Department: 
Humanoid Sensing and Perception, Istituto Italiano di Tecnologia, 
https://www.iit.it/it/web/humanoid-sensing-and-perception 
 
Description: 
There is growing intertest in the adoption of robots in tasks that involve strict collaboration 
with humans. A recent trend in the literature is to study in particular, how humanoid robots 
can support humans during joint tasks, with the goal of detecting and reducing bio-mechanical 
risks when lifting or carrying objects. This requires robots to be endowed with advanced 
perception and cognitive capabilities, to understand the scene, detecting humans and 
recognize the tasks they are performing, and take appropriate actions to seamlessly help 
humans in their task avoiding interference. We will be looking at machine learning and 
artificial intelligence methods to investigate the following problems: 

• Perception of objects: perceive objects in the scene and their pose with respect to the 
humans and the robot, considering known (i.e. familiar) and unknown objects. 

• Perceive humans in the environment and anticipate their actions, taking into account 
the task they are preforming and the current status of the execution. 

 
Requirements: 
The ideal candidate would have a degree in Computer Science, Engineering or related 
disciplines, with a background in Robotics and/or Computer Vision. They would also be highly 
motivated to work on robotic platform and have computer programming skills. 

Contacts: 
lorenzo.natale@iit.it, giulia.pasquale@iit.it 
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25. Learning Tasks Models for Human-Robot Collaborative Tasks 
 
Tutor: 
Lorenzo Natale lorenzo.natale@iit.it  
Giulia Pasquale giulia.pasquale@iit.it  
Michele Colledanchise michele.colledanchise@iit.it  
 
Department: 
Humanoid Sensing and Perception, Istituto Italiano di Tecnologia, 
https://www.iit.it/it/web/humanoid-sensing-and-perception 
 
Description: 
There is growing intertest in the adoption of robots in tasks that involve strict collaboration 
with humans. A recent trend in the literature is to study in particular, how humanoid robots 
can support humans during joint tasks, with the goal of detecting and reducing bio-mechanical 
risks. This requires robots to be able to recognize and understand the task humans are 
performing, so they can help humans by performing part of the task without interference. 
Robots can learn tasks from human demonstrations. Imitation Learning enables us to teach a 
robot's tasks from observations of a human's own execution, rather than requiring users to 
analytically decompose and manually program a desired behavior. However, the differences 
in acting and perception capabilities between humans and robots require actions adaptation 
not only from an operational point of view (i.e. humans and robots perform actions 
differently) but also from a descriptive point of view (i.e. humans and robots performs 
different actions). 
The goal of this project is to combine machine learning with classical AI planning to detect and 
adapt the actions, and their sequences, composing a task demonstrated by a human operator. 
The framework will systematically identify the boundaries of a subtasks in both time (i.e., their 
start and end) and space (i.e., pre- and post-conditions). 
 
The project will target several research questions: 

• Can the framework adapt the operational model of an action if needed? (e.g., use a 
different hand to pick an object) 

• Can the framework adapt the plan by replacing an action done by a human with a 
different one with the same operational model? (e.g., pick-and-place on a table 
replaced by pushing) 

• Can the framework produce plans to reduce possible ambiguities in the learnt actions’ 
models? (e.g., the robot tries to skip some actions to confirm that they are required 
for the task) 

 
Requirements: 
The ideal candidate would have a degree in Computer Science, Engineering or related 
disciplines, with a background in Robotics and/or Computer Vision/Machine Learning. They 
would also be highly motivated to work on robotic platform and have computer programming 
skills. 
Contacts: 
lorenzo.natale@iit.it 
giulia.pasquale@iit.it 
michele.colledanchise@iit.it  
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26. Neuromorphic Tactile Sensing and Perception 
 
Tutor: 
Chiara Bartolozzi 
 
Department: 
Event Driven Perception for Robotics (EDPR), IIT, Genova 
www.edpr.iit.it  
 
Description: 
The research focuses on the development of strategies for neuromorphic tactile perception. 
You will use the iCub robot to perform exploratory actions of increasing complexity. Tactile 
information will guide the movements of the robot, for example to find and follow the contour 
of objects. The recognition of the object at hand will be performed by integrating information 
from multiple sensory modalities over time: tactile sensor for texture and orientation, 
fingertip trajectories and movements from proprioception (motor's encoders, position 
sensors in the fingers, F/T sensors in the joints, etc.). 
This application will be instrumental to develop Spiking Neural Networks for spatio-temporal 
pattern recognition, multisensor fusion and decision making to guide the actions of the robot 
needed to generate information from event-driven sensors. In particular, you will be in a 
unique position to exploit multimodal event-driven sensors and neuromorphic computing 
platforms connected online to the iCub robot.  
 
Requirements: 
Applicants are expected to show: 

• A Master in computer science, robotics, biomedical engineering, physics, and similar 
disciplines 

• Documented experience on the ability to analyse, improve and propose new 
algorithms/solutions  

• The ability to properly report, organize and publish code and data 

• Good command in spoken and written English  
 
References:  

• Caviglia, S., Valle, M., & Bartolozzi, C. (2014, June). Asynchronous, event-driven 
readout of POSFET devices for tactile sensing. In 2014 IEEE International Symposium 
on Circuits and Systems (ISCAS) (pp. 2648-2651). IEEE. 

• Bartolozzi, C., Natale, L., Nori, F., & Metta, G. (2016). Robots with a sense of 
touch. Nature materials, 15(9), 921-925. 

• Janotte, E., Mastella, M., Chicca, E., & Bartolozzi, C. (2021). Touch in Robots: A 
Neuromorphic Approach. Brain-inspired Computing, 34. 

 
Contacts: 
chiara.bartolozzi@iit.it  
  

http://www.edpr.iit.it/
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27. Reconfigurable Robotic Systems for Manipulation of Deformable 
Materials 

Tutor: Syed Haider Jawad Abidi, Mariapaola D’Imperio, Ferdinando Cannella 
 
Industrial Robotic Facility (InBot) 
https://www.iit.it/it/web/industrial-robotics-facility 
 

Description: 
Soft material handling is a challenging task by itself. However, in scope of industry 4.0, where 
the target is to automate processes having a low volume and high mix production scenario, 
the required re-configurability of the robot system is an added obstacle to surmount. The 
system design has to consider variable mechanical properties, models and corresponding 
control strategies thus encompassing the full extent of Smart Manufacturing. Here at the 
Advanced Robotics Department, the goal is to develop systems that are not only able to adapt 
to the high mix solutions, but also integrate them in a manner to augment existing production 
goals and standards with minimal disruption.  The scope spans from novel gripping and 
manipulating systems to perception and control of the robotic manipulator. In this context we 
are looking for a PhD candidate with strong mechatronics skills who is passionate about 
creating feasible solution for the future. 
 
A successful candidate will join a multinational team, have exposure with EU and national 
projects and help develop cutting edge systems for the factories of tomorrow. 
 
Requirements: 
An ideal candidate will have a masters degree in Mechatronics/Mechanical (or equivalent) 
and would have the following competencies: 

• Experience in developing/prototyping mechatronics systems 

• Initial experience in modelling of soft (or highly-deformable) objects 

• Fluency in one or more of the following programming languages: ROS, C++, Python, 
Labview and Matlab (including Simulink). 

• Experience in integrating sensors (force, contact and vision etc.) 

• Ability and willingness to incorporate novel ideas and approaches into the projects. 

• Strong communication and English language skills (written and spoken). 

• Most importantly, would be bringing a very high motivational level to work in the field 
of robotics. 

 
References: 

• Rahman, N., Carbonari, L., Caldwell, D., Cannella, F., Kinematic Analysis, Prototypation 
and Control of a Novel Gripper for Dexterous Applications, (2018) Journal of 
Intelligent and Robotic Systems: Theory and Applications, 91 (2), pp. 193-206. 
http://dx.doi.org/10.1007/s10846-017-0655-x 

• D'Imperio, M., Ludovico, D., Pizzamiglio, C., Mentrasti, L., Caldwell, D.G., Cannella, F., 
FLEGX: Multibody approach in flexible structure design and control (2017) 
Proceedings of the 8th ECCOMAS Thematic Conference on MULTIBODY DYNAMICS 
2017, MBD 2017, 2017-January, pp. 181-188. 

• Cannella, F.,Garinei, A.,Marsili, R.,Speranzini, E., Dynamic mechanical analysis and 
thermoelasticity for investigating composite structural elements made with additive 
manufacturing, (2018) Composite Structures 185, pp. 466, 
http://dx.doi.org/10.1016/j.compstruct.2017.11.029 

Contacts: 
Syed.Abidi@iit.it, Mariapaola.DImperio@iit.it, Ferdinando.Cannella@iit.it  

https://www.iit.it/it/web/industrial-robotics-facility
http://dx.doi.org/10.1007/s10846-017-0655-x
http://dx.doi.org/10.1016/j.compstruct.2017.11.029
mailto:Syed.Abidi@iit.it
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mailto:Ferdinando.cannella@iit.it?subject=Reconfigurable%20robotic%20systems%20for%20manipulation%20of%20Deformable%20Materials
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28. Design and Development of Non-Rigid Lightweight Dexterous Robot 
Manipulator 

 
Tutors: Mariapaola D’Imperio, Syed Haider Jawad Abidi, Ferdinando Cannella 
 
Industrial Robotic Facility (InBot) 
https://www.iit.it/it/web/industrial-robotics-facility 
 

Description: 
Nowadays the manufacturing is facing an urgent demand on automation upgrade to meet the 
requirements from various types of manufacturing industry. One of the key features is placing 
robots alongside or at the workstations instead of human beings in gain productivity boosts. 
Robotic manipulators play an important role to accomplish this task, however they are not 
versatile or fast enough. Consequently, it is very important to design novel systems with 
variety of functionality so that the robot can grasp and manipulate different assembly objects. 
Goal of this PhD is to design and build novel industry-level robotic manipulators and end-
effectors based on a new design concept, i.e replacing rigidity for gaining speed. The 
manipulator design will be based on the experience obtained from previous projects, but also 
is inspired from nature. In order to accomplish the complicated design and integrate bio-
inspired robotic mechanisms, virtual prototyping development will be used (i.e. co-simulation 
that involves multi-body and finite element and control). That means a virtual prototype of 
this device will made and iterated to simulate the manipulation, so the best solution will be 
found faster.  
The research is carried out within the ADVR and concentrates on an innovative, 
multidisciplinary approach to humanoid design and control, and the development of novel 
robotic components and technologies. This encompasses activities in both hardware and 
software development, optimizing the hardware and the control of the designed components. 
The PhD candidate will study, design and build a novel flexible and adaptive manipulator 
based on the experience obtained from previous projects (Fameccanica, AvioAero, EuroC, 
Autorecon, Archaps, etc.) and using bio-inspiration to develop fast and versatile manipulator 
systems. 
 
Requirements: 
This position is open to a PhD candidate with strong interesting in reconfigurable mechanism 
and skills in mechanics. The candidate must have a masters in mechanical/mechatronics 
engineering. The ideal competencies should be in multibody simulation/finite element 
analysis and robot dynamics and control. Required technical skills: 70% mechanics, 30% 
control. 
 
References: 

• D’Imperio, M., Pizzamiglio, C., Ludovico, D., Caldwell, D.G., Genta, G., Cannella, F., 
Advanced modelling techniques for flexible robotic systems, (2018) Mechanisms and 
Machine Science, 49, pp. 381-388. 

• D'Imperio, M., Ludovico, D., Pizzamiglio, C., Mentrasti, L., Caldwell, D.G., Cannella, F., 
FLEGX: Multibody approach in flexible structure design and control, (2017) 
Proceedings of the 8th ECCOMAS Thematic Conference on MULTIBODY DYNAMICS 
2017, MBD 2017, 2017-January, pp. 181-188.  

Contacts:  
Mariapaola.DImperio@iit.it, Syed.Abidi@iit.it, Ferdinando.Cannella@iit.it  
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29. Development Of Reconfigurable Multi-Finger Grippers For In-Hand 
Manipulation 

 
Tutors: Syed Haider Jawad Abidi, Mariapaola D’Imperio, Massimiliano Scaccia, Ferdinando 
Cannella 
 
Department: Industrial Robotic Facility (InBot) 
https://www.iit.it/it/web/industrial-robotics-facility 
 

Description: 
Nowadays the packaging is one of the technology applied worldwide because all the goods 
exchanged (sold or bought) are packed. Half of the study in this field is on the speed of 
manufacturing that has reached very good results for simple boxes. For the complex cartons, 
on the other hand, the solutions are far from reliable. A large part of this production is still by 
hand. Despite this huge gap, until now, few manipulators are built suitable for factories (as D-
RAPS or ARCHAPS) that tackle and understand the difficulty of this challenge.  In fact, the re-
configurability of the cartons not only requires dexterous manipulator, but also a deep 
knowledge of the carton board. Goal of this PhD is to design and build a new reconfigurable 
device able manipulate cartons. This mechanism will be study the kinematics and dynamics of 
the in-hand manipulation. A virtual prototype of this device will be done in order to simulate 
the manipulation, so the optimized solution can be found quicker, and minimal physical 
prototyping will be necessary. The study will be divided in two parts: trajectory and contact 
points investigation and force control development. Together, these will permit to simulate 
the physics models. Considering the small forces and torques used in these manipulation, the 
feedback in the control will be very complex because the measurement signals are very weak 
compared to the noise given by the dynamics (e.g. the backlashes or body contact reactions). 
A patent should be another goal of this study. 
 
Requirements: 
This project is open to two different PhD candidates, one with more interest in 
kinematics/dynamics of mechanism and the other in control/computer programming. The 
candidates will work within an international environment on the development and control of 
new device. 
 
References: 

• Rahman, N., Caldwell, D., Cannella, F., VARO-Fi: A Variable Orientable Gripper to 
Obtain In-Hand Manipulation, (2018) IEEE International Conference on Intelligent 
Robots and Systems, art. no. 8594380, pp. 4568-4575, 
https://www.scopus.com/inward/record.uri?eid=2-s2.0-

85062986050&doi=10.1109%2fIROS.2018.8594380&partnerID=40&md5=f62155d

d701188a77eeb429e995b01ba 
• Nahian Rahman, Luca Carbonari, Carlo Canali, Darwin Caldwell and Ferdinando 

Cannella, "Dexclar: A Gripper Platform for Payload-Centric Manipulation and 
Dexterous Applications" accepted to the Proceedings of IEEE/RSJ International 
Conference on Intelligent Robots and Systems (IROS), 2017, Vancouver, Canada, 
September24 - September 28. 

Contacts: 
Syed.Abidi@iit.it, Mariapaola.DImperio@iit.it, Massimiliano.Scaccia@iit.it, 
Ferdinando.Cannella@iit.it 
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30. AI Optimized Grippers for Flexible Material Manipulation 
Tutors: Syed Haider Jawad Abidi, Mariapaola D’Imperio, Gabriele Marchello, Ferdinando 
Cannella 
 

Department: Industrial Robotic Facility (InBot) https://www.iit.it/it/web/industrial-robotics-

facility 

Description: 
In the last few decades, dozens of robotic hands have been developed in order to mimic the 
behavior of human hands, thus opening to a plethora of new application fields, such as 
assembly, and pick and place. The promise of dexterity in today’s increased reliance on 
automation has driven the interest in grasping via artificial hands. Conventionally, artificial 
hands are adopted to manipulate rigid materials as the forces applied by the fingers to the 
object to grasp are easy to calculate and control. Conversely, flexible objects undergoing 
handling processes results in changes of shape, requiring continuous adjustments of the 
applied forces. The aim of this PhD consists in designing and building a novel device able to 
manipulate flexible materials. The candidate will investigate the number and the flexibility of 
the fingers, the sensors to integrate on the manipulator, and will optimize the grasping 
process, based on novel AI techniques. Therefore, the study will be divided in two parts: 
design of the manipulator, and contact points investigation and control development.  
The candidate will work within an international environment on the development and control 
of new device. Most importantly, they would be bringing a very high motivational level to 
work in the field of robotics.  
 
Requirements:  
An ideal candidate will have a MSc in Mechatronic Engineering (or equivalent) and: 

• Experience in developing/prototyping mechatronics systems 

• Fluency in one or more of the following programming languages: ROS, C++, Python, 
Labview and Matlab (including Simulink) 

• Knowledge of one or more of the following machine learning framework: PyTorch, 
TensorFlow, Keras, Caffe, Caffe2, and Matlab 

• Strong communication and English language skills (written and spoken)  

• Ability and willingness to incorporate novel ideas and approaches into the projects 
Appreciated but not required skills:  

• Initial experience in modelling of soft (or highly-deformable) objects  

• Experience in integrating sensors (force, contact and vision, etc.) 

• Experience in AI  
 
References: 

• Rahman, N., D’Imperio, M., Carbonari, L., Palpacelli, M., Cannella, F., and Caldwell, D., 
2016.  Kinematic analysis and synthesis of a novel gripper for dexterous applications”. 
12th IEEE/ASME International Conference on Mechatronic and Embedded Systems 
and Applications (MESA), pp. 1–6. 

• Rahman, N., Carbonari, L., D’Imperio, M., Canali, C., Caldwell, D. G., and Cannella, F., 
2016. “A dexterous gripper for in-hand manipulation”. IEEE International Conference 
on Advanced Intelligent Mechatronics (AIM), pp. 377–382. 

• Chen, F., Carbonari, L., Canali, C., D’Imperio, M., and Cannella, F., 2015. “Design of a 
novel dexterous robotic gripper for in-hand twisting and positioning within assembly 
automation”. Assembly Automation 

Contacts: 
Syed.Abidi@iit.it, Mariapaola.DImperio@iit.it, Massimiliano.Scaccia@iit.it, 
Gabriele.Marchello@iit.it; Ferdinando.Cannella@iit.it  
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31. Development of pneumatic robot 
 
Tutors: Mariapaola D’Imperio, Syed Haider Jawad Abidi, Massimiliano Scaccia, Ferdinando 
Cannella 
 
Department: Industrial Robotic Facility (InBot) https://www.iit.it/it/web/industrial-robotics-

facility 
 

Description: Up to now, most of the robots are designed to be totally rigid, allowing them to 
be moved at high speeds with high precision and repeatability. However, rigid bodies are 
necessarily big and, above all, heavy. This means that to reach high performances those robots 
require a high energy consumption. Moreover, if those robots have to interact with people, 
they have to be moved very slowly in order to avoid injuring someone. This leads to a 
reduction of their performance possibilities. 
Pneumatic robots can fill the gap of speed and safety. The current main pneumatic robots 
examples are: Festo: BionicSoftArm, Festo: bionicsofthand and Pneumatic Robotic Arm and 
its control for Automation (Korde et al. 2019). Thanks to its modular design, the pneumatic 
lightweight robot can be used for numerous applications with free and flexible movements or 
defined sequences. In combination with various adaptive grippers, it can pick up and handle 
a wide variety of objects and shapes. At the same time, it is completely compliant and poses 
no danger to the user even in the event of a collision. 
However, the current pneumatic robots are only prototypes without any industrial 
implementation. The main limits are: 
- Dynamic parameter identifications 
- Robotic dynamics 
- Vibration control 
Then the aim of this PhD is to develop a pneumatic robot by exploiting the flexibility and 
lightness of the elastic links and pneumatic actuators and to control their dynamics, force, 
position, speed, and contacts, etc. The prototype performance should of course be 
comparable to the current industrial electrical actuated manipulators. 
 
Requirements: This project is open to two different PhD candidates, one with more interest 
in kinematics/dynamics of mechanism and the other in control/computer programming. The 
candidates will work within an international environment on the development and control of 
new device. 
 
References: 

• D’Imperio, M., Pizzamiglio, C., Ludovico, D., Caldwell, D.G., Genta, G., Cannella, F., 
Advanced modelling techniques for flexible robotic systems, (2018) Mechanisms and 
Machine Science, 49, pp. 381-388. 

• Rocco Antonio Romeo, Luca Fiorio, Edwin Johnatan Avila Mireles, Ferdinando 
Cannella, Giorgio Metta, Daniele Puccii. Closed-loop Force Control of a Pneumatic 
Gripper Actuated by Two Pressure Regulators. IROS 2019: 7157-7162 

• Haider Abidi, Giada Gerboni, Margherita Brancadoro, Jan Fras, Alessandro Diodato, 
Matteo Cianchetti, Helge Wurdemann, Kaspar Althoefer, Arianna Menciassi. Highly 
dexterous 2‐module soft robot for intra‐organ navigation in minimally invasive 
surgery, (2018) The International Journal of Medical Robotics and Computer Assisted 
Surgery  

Contacts: 
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32. Development of Fully Autonomous Inspection and Maintenance Robot 
for infrastructures 

 

Tutors: Syed Haider Jawad Abidi, Mariapaola D’Imperio, Massimiliano Scaccia, Gabriele 

Marchello, Ferdinando Cannella 
 

Industrial Robotic Facility (InBot) 
https://www.iit.it/it/web/industrial-robotics-facility 

 

 

Description: 
The bridges are one of the most challenging civil infrastructure. Governments, industries and 

societies have been increasingly recognizing the importance of keeping up the condition of 

critical transport structures. Continuous, reliable operation and resilience of such critical 

interdependent infrastructures is crucial for maintaining homeland/Europe security, economic 

prosperity, and quality of people's life. 
The I&M are one of the most important investments in the last years cause of the aged 

infrastructures there are in Europe and in Italy in particular. Following the successful of the 

Robot Inspection and Wash on the Genova San Giorgio Bridge, there are several chances to 

improve them and apply the second generation of the autonomous robot for I&M on the old 

and new infrastructures. 
The aim of this PhD theme is to join the reliability of the rail robot with the flexibility of the 

drones for developing a new generation of the I&M robots able to autonomously and safely 

monitor whatever infrastructures. It deals with the development not only a physical prototype 

to demonstrate the concept, but also to test in outdoor activities, and to demonstrate the 

applicability into the relevant environment. 
 

 

Requirements: 
This project is suitable for two different PhD candidates, one with more interest in 

kinematics/dynamics of mechanism and the other one in control/computer programming. The 

candidates will work within an international environment and multination companies. 
 

References: 
• https://www.powertransmissionworld.com/high-technology-for-genoa-

bridge/?utm_source=rss&utm_medium=rss&utm_campaign=high-technology-for-
genoa-bridge 

• https://www.publiteconline.it/inmotion/safety-of-the-new-genoa-bridge-is-
entrusted-to-robots/ 

 

Contacts: 
Syed.Abidi@iit.it, Mariapaola.DImperio@iit.it, Massimiliano.Scaccia@iit.it, 
Gabriele.Marchello@iit.it Ferdinando.Cannella@iit.it   
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33. Development of High Speed Manipulator for Fast Pick & Place 
 
Tutors: Mariapaola D’Imperio, Massimiliano Scaccia, Syed Haider Jawad Abidi, Gabriele 
Marchello, Ferdinando Cannella 
 
Department: Industrial Robotic Facility (InBot) 
https://www.iit.it/it/web/industrial-robotics-facility 
 
 
Description: 
Nowadays, tele-robotics is ever more spreading in all fields, because it not only guarantees 
the distance between the operator and the robots, but also a complete control of the system. 
Moreover, the latest improvements of the tele-robotics are the mobile manipulators with 
force control and HRI with force feedback haptic devices. That permits to sensorize operators, 
not only to feel the robot reactions, but also to send more accurate signals to the robot control 
in order to establish and even closer 1:1 communication ratio between the human and the 
robot. 
Tele-robotics has several limits because the aim is to establish a close relationship between 
the human&robot and robot&human. The main bottle necks are the following: 
- latency- delay time 
- bilateral force-reflecting control  
- HRI - sensorized operator 
This PhD aims to reduce these limits by selecting different approaches in order to improve the 
speed and make tele-operated robot more suitable for industrial applications. A high speed 
robotic cell with comparable flexibility and robotic performances as a human operator is the 
goal. The final prototype will be tested not only in the lab, but also in relevant environment, 
i.e. industrial plants. 
 
Requirements: 
This project is suitable for two different PhD candidates, kinematics/dynamics of robotics or 
the control-HRI programming. The candidates will work within an international environment 
and with multination companies. 
 
References: 

• Mariapaola D'Imperio, Luca Carbonari, Nahian Rahman, Carlo Canali, Ferdinando 
Cannella: A novel parallely actuated bio-inspired modular limb. IROS 2015: 347-352 

• Isiah Zaplana, Emanuela Cepolina, Fabrizio Faieta, Oronzo Lucia, Roberto Gagliardi, 
Khelifa Baizid, Mariapaola D'Imperio, Ferdinando Cannella: A novel strategy for 
balancing the workload of industrial lines based on a genetic algorithm. ETFA 2020: 
785-792 
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34. Advanced Human-Robot Interaction and Collaboration 
Tutor: 
Dr. Arash Ajoudani  
Department: 
Human-Robot Interfaces and physical Interaction  
Istituto Italiano di Tecnologia and Università di Pisa   
Description: 
This theme will aim to create advanced human-robot interaction control schemes for 
productive and ergonomic role-allocation and task coordination in hybrid manufacturing 
environments. 
This collaborative control scheme will enable real-time adaptation of collaborative robots to 
human dynamic factors and intentions. The focus will be on the development of real-time 
human dynamic models to track dynamic states and human ergonomic factors. Consequently, 
robot responses will be formed to assist the worker to perform the intended tasks in 
configurations in which the risks of injuries are minimum. MOCA robot from IIT (mobile 
collaborative robot assistant) will be used in the experiments and the control of mobility and 
manipulation will be central to the robot control developments. 
 
Requirements: 
The successful candidate must have an MSc degree with a strong background in Robotics, 
Teleoperation, and/or physical human-robot interaction. 
 
The successful candidate should have: 
• Good skills on C++ and Python 
• Experience with ROS  
• Confidence with version control tools (specifically git) 
• Good communication skills and ability/willingness to integrate within a 
multidisciplinary international research group 
• Good knowledge of written and spoken English. 
References:  
• Kim, Wansoo, et al. "A human-robot collaboration framework for improving 
ergonomics during dexterous operation of power tools." Robotics and Computer-Integrated 
Manufacturing 68 (2021): 102084. 
• Kim, Wansoo, et al. "Adaptable workstations for human-robot collaboration: A 
reconfigurable framework for improving worker ergonomics and productivity." IEEE Robotics 
& Automation Magazine 26.3 (2019): 14-26. 
Number of positions available: 
2 
Main Research Site: 
Center for Robotics and Intelligent Systems, Italian Institute of Technology Via San Quirico 
19D, 16163 
Contacts: 
Email: arash@ajoudani@iit.it 
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35.  Integrating and adjusting different shared autonomy levels in the 
scope of human-robot collaboration 

Tutor: 
Dr. Arash Ajoudani  
Department: 
Human-Robot Interfaces and physical Interaction  
Istituto Italiano di Tecnologia and Università di Pisa   
Description: 
This theme will target the development of advanced controllers for mobile manipulation 
systems. The objective is to create intelligent systems that can loco-manipulate and interact 
with humans and other robots to perform collaborative tasks. Hybrid machine learning and 
control algorithms will be developed to create flexible yet robust interactions between the 
robot and the external world. 
Requirements:
  
The successful candidate must have an MSc degree with a strong background in Robotics, 
Teleoperation, and/or physical human-robot interaction. 
 
The successful candidate should have: 
• Good skills on C++ and Python 
• Experience with ROS  
• Confidence with version control tools (specifically git) 
• Good communication skills and ability/willingness to integrate within a 
multidisciplinary international research group 
• Good knowledge of written and spoken English. 
References:  
• Balatti, Pietro, et al. "A collaborative robotic approach to autonomous pallet jack 
transportation and positioning." IEEE Access 8 (2020): 142191-142204. 
• Kim, Wansoo, et al. "Adaptable workstations for human-robot collaboration: A 
reconfigurable framework for improving worker ergonomics and productivity." IEEE Robotics 
& Automation Magazine 26.3 (2019): 14-26. 
Number of positions available: 
1 
Main Research Site: 
Center for Robotics and Intelligent Systems, Italian Institute of Technology Via San Quirico 
19D, 16163 
Contacts: 
Email: arash@ajoudani@iit.it 
 
 


