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Curriculum Advanced and Humanoid Robotics 
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13. AI (DEEP LEARNING) SYSTEMS FOR MEDICAL IMAGE ANALYSIS AND DIAGNOSIS .. 15 
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MANIPULATION ................................................................................................................... 19 
18. DEVELOPMENT OF A ROBOT AGNOSTIC INTERACTION CONTROL FRAMEWORK ......... 20 
19. DISTRIBUTED AI IN SENSOR NETWORKS AND ROBOTIC PLATFORMS ......................... 21 
20. COMPUTER VISION FOR LEGGED ROBOTS .................................................................. 22 
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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 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”.  
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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. Online visual perception for service robots 
Tutor: 
Lorenzo Natale lorenzo.natale@iit.it, Lorenzo Rosasco lorenzo.rosasco@unige.it  
 
Department: 
Humanoid Sensing and Perception, and Laboratory for Computational and Statistical 
Learning, Istituto Italiano di Tecnologia 
https://www.iit.it/lines/humanoid-sensing-and-perception 
https://www.iit.it/it/centers/lcsl-mit 
 
Description: 
Visual perception is a fundamental skills for service robots to autonomously operate in 
dynamical and unstructured environments. To be able to navigate and perform useful tasks 
robots need to be able to analyze the scene, detect objects, recognize them, estimate their 
location and pose. Deep Learning methods are constantly evolving and demonstrate impressive 
performance on these tasks. However, in the large majority of cases, they are trained off-line 
using data that was previously acquired and manually annotated: these are important limitations 
for robotics that should be able to adapt to the environment either to improve their performance 
or to learn new objects.   
The goal of this project is to study methods that allow humanoid robots to learn on-line and, by 
actively interacting with the environment and humans. We will be looking at on-line, 
continuous, incremental learning methods and how to combine them with Deep Convolutional 
Neural Networks to reduce time and computational resources needed to re-train or adapt models 
that have been previously trained. In addition, we are interested in the study of active or weakly 
supervised learning strategies that allow robots to reduce or autonomously acquire training 
samples.  
This work will be implemented and validated experimentally using the robotic platforms 
available in the Humanoid Sensing and Perception, namely iCub, R1 and a Panda arm from 
Franka Emika.  
 
Requirements: 
This PhD project will be carried out within the Humanoid Sensing and Perception lab (iCub 
Facility) and Laboratory for Computational and Statistical Learning. The ideal candidate should 
have a degree in Computer Science or Engineering (or equivalent) and background in Machine 
Learning, Robotics and possibly in Computer Vision. He should also be highly motivated to 
work on a robotic platform and have strong computer programming skills. 
 
References:  

 Maiettini, E., Pasquale, G., Rosasco, L., and Natale, L., On-line Object Detection: a 
Robotics Challenge, Autonomous Robots (in press), 2019. 

 Maiettini, E., Pasquale, G., Tikhanoff, V., Rosasco, L., and Natale, L., A weakly 
supervised strategy for learning object detection on a humanoid robot, in Proc. IEEE-
RAS International Conference on Humanoid Robotics, Toronto, Canada, 2019. 

 Camoriano, R., Pasquale, G., Ciliberto, C., Natale, L., Rosasco, L., and Metta, G., 
Incremental Robot Learning of New Objects with Fixed Update Time, in Proc. IEEE 
International Conference on Robotics and Automation, Singapore, 2017, pp. 3207-
3214. 

Contacts: 
Email: lorenzo.natale@iit.it 
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2. Mobile manipulation for service robots in dynamic 
environment 

Tutor: 
Lorenzo Natale lorenzo.natale@iit.it 
 
Department: 
Humanoid Sensing and Perception, Istituto Italiano di Tecnologia 
https://www.iit.it/lines/humanoid-sensing-and-perception 
 
Description: 
Future service robots are expected to be able to successfully navigate and perform useful tasks 
like grasping and object manipulation in unstructured environments and in close interaction 
with humans. To be able to navigate in such situations robots need to be able to adapt online to 
cope with unexpected, dynamic, obstacles and the presence of humans. This requires advanced 
perception capabilities integrating information from different sensors (lidar, RGB and depth 
information coming either form a stereo system or cameras) to map the environment, localize 
the robot, identify obstacles and anticipate their behavior. Finally, motion planning and re-
planning algorithms allow the robot to move in the environment, and successfully interact with 
objects and manipulate the environment (opening a door or a drawer, operating a switch, 
pushing obstacles).  
The goal of this project is to advance the capabilities of service robots to interact with the 
environment, possible topics are: 

- Scene perception for mapping and navigation in dynamic environments; 
- Learning complex tasks which involve physical interaction with the environment 

(opening door or a drawer, operating a switch, pushing objects);  
- Planning and manipulation with constraints; 
- Scene perception and state estimation for walking robots. 

This work will be carried our on the R1 humanoid robot, a service robot developed at IIT, and  
the iCub humanoid robot. 
 
Requirements: 
The ideal candidate would have a degree in Computer Science, Engineering or related 
disciplines, with a background in Computer Vision or Machine Learning. He would also be 
highly motivated to work on robotic platform and have computer programming skills. 
 
References:  

 Parmiggiani, A., et al., The design and validation of the R1 personal humanoid, in 
IEEE/RSJ International Conference on Intelligent Robots and Systems, Vancouver, 
Canada 2017, pp. 674-680. 

Contacts: 
Email: lorenzo.natale@iit.it 
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3. Affordance based visually guided object manipulation 
Tutor: 
Lorenzo Natale lorenzo.natale@iit.it 
 
Department: 
Humanoid Sensing and Perception, Istituto Italiano di Tecnologia 
https://www.iit.it/lines/humanoid-sensing-and-perception 
 
Description: 
Grasping is a fundamental capability for humanoid robots, which has been extensively studied 
in robotics, and has recently achieved remarkable performance thanks to the adoption of data-
driven learning methods which rely on Deep Learning. The majority of this work, however, 
focused on the problem of picking up objects using grippers rather than articulated hands, 
without considering the task that the robot has to perform with the object, i.e. the specific object 
affordance the robot should exploit. 
The objective of this project is to develop algorithms for grasping of objects with the iCub 
robot, using visual feedback as primary source of information. Because dexterous grasping 
requires knowledge of the object shape, we will be looking at how to integrate Deep Learning 
state of the art methods for object detection, segmentation and pose estimation to aid the 
identification and localization of the objects and how to use depth information to estimate the 
shape of the object starting from a partial view (either by fitting elementary 3D shapes or, 
possibly, using shape completion techniques). Then, we will study how to compute grasping 
candidates starting from the 3D shape of the object and the model of the robot hand, either by 
considering optimization techniques or state of the art methods developed for grippers adapted 
for the iCub hand. Finally, we will study how to incorporate knowledge of object affordances 
to rank grasping candidates depending on the task to be performed with the object. 
This work will be implemented and validated experimentally using the Panda Arm from Franka 
Emika and the iCub humanoid robot. 
 
Requirements: 
The ideal candidate would have a degree in Computer Science, Engineering or related 
disciplines, with a background in Computer Vision and Machine Learning. He would also be 
highly motivated to work on robotic platform and have computer programming skills. 
 
References:  

 Vezzani, G., Pattacini, U., Pasquale, G., and Natale, L., Improving Superquadric 
Modeling and Grasping with Prior on Object Shapes, in Proc. IEEE-RAS International 
Conference on Robotics and Automation, Brisbane, Australia, 2018, pp. 6875-6882.  

 Mar, T., Tikhanoff, V., and Natale, L., What can I do with this tool? Self-supervised 
learning of tool affordances from their 3D geometry, in IEEE Transactions on 
Cognitive and Developmental Systems, vol. 10, no. 3, pp. 595-610, 2017. 

 Brahmbhatt ,S., Handa, A., Hays, J. and Fox, D.,  ContactGrasp: Functional Multi-
finger Grasp Synthesis from Contact, IEEE/RSJ International Conference on 
Intelligent Robots and Systems 2019. 

Contacts: 
Email: lorenzo.natale@iit.it 
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4. Enhanced Reproducibility of Robot Manipulation - Sim-to-Real 
Learning in Agri-Food Robotics 

Tutors: Fei Chen, Darwin Caldwell 
 
Department: Active Perception and Robot Interactive Learning Laboratory (APRIL Lab), 
Department of Advanced Robotics (ADVR) https://advr.iit.it/index.php/research/april 
 
Description: 
The acquisition of manipulation skills in robotics involves an elaborate combination of object 
recognition, action-perception coupling and physical interaction with the environment. When 
dealing with robot manipulation problems for agri-food applications e.g. fruit harvesting, this 
becomes even more challenging. The robot needs to try to refine its skills many times, through 
multiple learning cycles, and/or needs to observe many successful movements by other agents, 
to be able to adapt and generalize the learned skill to new situations. Performing such tasks on 
real robots in real environments is very expensive and time consuming, and on occasion almost 
impossible. 

The goal of this project is to enable the transfer of robot learning of manipulation skills from 
the simulated to the physical world. This will involve the use of an innovative toolset of 
components comprising one or more of the following elements:  

1) A simulator with realistic rendering of variations allowing the creation of datasets and the 
evaluation of algorithms in new situations;  

2) Modeling of challenging objects, e.g., deformable objects (e.g., fruits, plants), and 
reconstruction of challenging scenarios, e.g., plants, vegetation and  

3) Transfer of the learned skills: enabling the robots to transfer their newly acquired 
competences from the virtual simulator to real physical scenario.  

The targeted agri-food application is grape vine winter pruning and table grape summer 
harvesting. This will be in support of two on-going projects: (1) an agriculture robot for 
grapevine winter pruning (https://vinum-robot.eu/), and (2) sim-to-real learning for robot 
manipulation of deformable objects (e.g., fruits) using simulation with realistic variations 
(https://learn-real.eu/). 

 
Requirements/Desired Qualifications:  
A background in robotics, computer science, electrical, electronic or mechanical engineering 
or an appropriate mathematical subject is essential. Understanding of robot kinematics and 
dynamics is desirable. Experience on robot programing using simulators (e.g. Gazebo, 
pyBullet) or game engines (e.g. Unity 3D, Unreal Engine 4, Nvidia Isaac), and Python or C++, 
is also a plus. Hands-on knowledge of robot vision would also be useful. Finally you will want 
to be part of a highly dynamic and successful team with a passionate desire to develop robotics 
systems that will make a difference. 
 
References: 
[1] F Chen, M Selvaggio, DG Caldwell, “Dexterous grasping by manipulability selection for 
mobile manipulator with visual guidance”, in IEEE Transactions on Industrial Informatics, 15 
(2), 1202-1210, 2018. 
 
Contacts: fei.chen@iit.it 
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5. Snake Robot Arm for Inspection and Maintenance 
Tutors: Carlo Canali, Darwin Caldwell 
 
Department: Department of Advanced Robotics (ADVR). 
https://www.iit.it/research/lines/advanced-robotics 

Description:  
Power generation, chemical and steel, oil and gas, and nuclear industries/facilities have some 
(or many) environments that can be classified as hostile and/or dangerous, yet their safe and 
efficient operation requires that these areas are regularly inspected and maintained at the highest 
standards.  Often, however, access to these areas is difficult through long narrow portals. 
The successful PhD candidate will be involved in the study, design, operation and deployment 
of one or more innovative, versatile and flexible robotic systems (a snake robot arm) for remote 
inspection, maintenance and quality control in challenging industrial applications. The system 
must be able to access small spaces, navigate in harsh environments and carry a number of 
sensors and actuators depending on the application. The work will study the state of the art in 
robotics for industrial (particularly hazardous industrial) inspection, building on prototypes 
already developed in IIT: a cable actuated robot with a working range of 3.5m. The successful 
candidate will have the responsibility for developing and enhancing the design of the robot. 
This will include the control system and end effectors, which will be teleoperated (or possibly 
even partially autonomous through complex tasks in unstructured and unknown environments, 
in a human-oriented friendly way. The design phase will be followed by the construction of the 
actual prototype and its experimental test and characterization in relevant industrial 
environment will be performed. A further direct consequence of the introduction of this 
technology will be improvements in the safety of workers employed in hazardous working 
conditions. 
 
Requirements/ Desired Qualifications: 
The successful applicant is expected to have a strong background in robotics, mechatronics, 
mechanical engineering, electronic engineering, or equivalent mathematical/physical science. 
Experience with real hardware, and excellent hands-on practical skills are essentials, the ideal 
candidate has a strong proactive attitude and problem solving capabilities. 
Team working and competence in one or more of the following topics are required: 

 Mechatronics  
 Mechanical or Electronic design 
 Control and software engineering 

 
Reference:  
"Deep Endoscope: Intelligent Duct Inspection for the Avionic Industry," in IEEE Transactions 

on Industrial Informatics, vol. 14, no. 4, pp. 1701-1711, April 2018. doi: 
10.1109/TII.2018.2807797 

Guardiani, P., Canali, C., Pistone, A., Leggieri, S., Gloriani, C., Rahman, N., Cannella, F., 
Caldwell, D., Novel Integrated Robotic System for Tiny Duct Inspection, (2018) Procedia 
Manufacturing, 17, pp. 342-349. https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85060460234&doi=10.1016%2fj.promfg.2018.10.055&partnerID=40&md5=2657b8d4e954
96abef39d458e5da6352  

 
Contacts: carlo.canali@iit.it 
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6. Robot-Assisted Catheterization Systems 
Tutor: Leonardo Mattos, Darwin Caldwell 
 
Department: Biomedical Robotics Laboratory. Department of Advanced Robotics (ADVR). 
https://advr.iit.it/ 
 
Description: 
Catheterizations are frequently required in hospitals to create access to the venous system of 
patients. It is estimated that over 5 billion catheterizations are performed per year worldwide. 
However, the operation is very difficult and characterized by very low success rates, especially 
for pediatrics or special patients. Multiple needle insertions are often needed to successfully 
complete the operation, which can lead to injuries, serious complications and pain.  

This PhD will research and develop novel technologies to improve the current state-of-the-art 
in catheterization procedures, bringing significant benefits to patients, clinicians and the health 
system. Specifically, this position will be dedicated to research towards novel robotic systems 
for such procedures, which will include the development of new technologies to guide and 
control the catheterization process. 

Requirements/ Desired qualifications: 
Applicants are expected to have an MSc degree in engineering and interest in the design, 
fabrication and analysis of robots and mechanisms for medical applications. Experience in 
CAD-based mechanical design or biomedical sensors would be beneficial for this PhD. The 
candidate must be fluent in both spoken and written English. 
 
References:  

 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 

 Cheng, Z., Davies, B., Caldwell, D., Mattos, L., “A new venous entry detection method 
based on electrical bio-impedance sensing,” Annals of Biomedical Engineering, pp. 1–
10, https://doi.org/10.1007/s10439-018-2025-7, April 2018 

 Cheng, Z., Davies, B., Caldwell, D., Mattos, L., “SDOP: A smart handheld device for 
over-puncture prevention during pediatric peripheral intravenous catheterization,” 
International Symposium on Medical Robotics, Atlanta, USA, 
https://doi.org/10.1109/ISMR.2018.8333283, March 1 – 3, 2018 

Contacts: 
Email: leonardo.demattos@iit.it  
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7. Robotic Microsurgery 
Tutor: Leonardo 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. This 
research will contribute to the area of minimally invasive robot-assisted microsurgery. It will 
build upon results from IIT’s Biomedical Robotics Lab to create the next generation of robotic 
systems for high precision / high quality microsurgeries. This will involve the mechatronic 
design and control of new robotic instruments, as well as the evaluation and testing of new 
systems in collaboration with our partner surgeons. Application areas include ENT and 
pediatric surgery. During this PhD program the student will develop expertise in surgical 
robotics, medical equipment design, control systems, user interfaces and usability analysis. 

Requirements/ Desired Qualifications: 
Applicants are expected to have background in engineering and interest in the design, 
fabrication and analysis of robots and mechanisms for microsurgical applications. Experience 
in CAD-based mechanical design or microfabrication 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 

 Deshpande, N., Peretti, G., Mora, F., Guastini, L., Lee, J., Barresi, G., Caldwell, D., 
Mattos, L., “Design and Study of a Next-Generation Computer-Assisted System for 
Transoral Laser Microsurgery,” OTO-Open, vol. 2, no. 2, 
https://doi.org/10.1177/2473974X18773327, May 10, 2018 

 Olivieri, E., Barresi, G., Caldwell, D., Mattos, L., “Haptic Feedback for Control and 
Active Constraints in Contactless Laser Surgery: Concept, Implementation and 
Evaluation,” IEEE Transactions on Haptics, vol. 11, issue 2, pp. 241-254, ISSN 1939-
1412, http://dx.doi.org/10.1109/TOH.2017.2786243, April-June 2018 

Contacts: 
Email: leonardo.demattos@iit.it  
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8. Sensing and Automation in Robotic Surgery 
Tutor: 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 the detection and microsurgery 
operations for the treatment of diseases in the upper airways. Currently the group is developing 
robotic technologies for micro-laparoscopy and for endoscopic surgery. Both applications offer 
a vast opportunity for research in sensing and automation. The specific research topic of the 
successful candidate will be selected based on the students background and interests. It may 
involve, for example, research in real-time tumor detection, surgical planning, surgical 
automation, shared-control, and augmented reality. The research will involve close 
collaboration with partner clinicians and technology end-users, allowing the student to develop 
expertise both in engineering (biosensors, actuators, control systems) and ergonomics (human 
factors, usability, human-computer interaction). 

Requirements/ 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: Computer vision, robotics, medical devices. The candidate must be fluent in both spoken 
and written English. 
 
References:  

 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 

 Acemoglu, A., Fichera, L., Kepiro, I., Caldwell, D., Mattos, L., “Laser Incision Depth 
Control in Robot-Assisted Soft Tissue Microsurgery,” Journal of Medical Robotics 
Research, http://dx.doi.org/10.1142/S2424905X17400062, Vol. 02, No. 03, 
September 2017  

Contacts: 
Email: leonardo.demattos@iit.it  
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9. Telesurgery 
Tutor: Leonardo Mattos, Darwin Caldwell 
 
Department: Biomedical Robotics Laboratory. Department of Advanced Robotics (ADVR) 
https://advr.iit.it/ 
 
Description: 
Research and development in telesurgery started over 30 years ago with the conception of 
robots specifically designed for surgical procedures. From the beginning this has been highly 
multidisciplinary work involving, by necessity, progress and innovation in robotics, surgical 
science and telecommunications. Currently, robot-assisted surgery is routinely performed in 
hospitals all over the globe, but telesurgery is still far from being commonplace – it is still 
limited to a few meters distance, with the surgeon sitting at a master console typically located 
in the same room as the slave robot and the patient. The reasons for this are varied, but a major 
bottleneck currently preventing long distance telesurgery is the available telecommunications 
infrastructure. Fortunately, this is changing with the new 5G telecom systems. At the IIT we 
are collaborating with major telecom companies currently designing and implementing 5G 
systems. Together, we are developing and customizing both robotic and telecom systems with 
the goal of creating effective and safe telesurgery systems. This PhD topic will contribute to 
this work through research on the development of tele-mentoring and teleoperation systems, 
with special focus on adaptive, robust and safe controllers for remote surgical care and remote 
training of surgeons. This will involve the design and development of software and interfaces 
to “teleport” the surgeon to the operating room by offering an immersive, intuitive and safe 
teleoperation interface. The primary surgical application will be transoral laser microsurgery, 
which will benefit from IIT’s advanced system for robot-assisted laser microsurgery and from 
its long-standing collaboration with renowned ENT surgeons. 

Requirements/ Desired Qualifications: 
Applicants are expected to have background in engineering, computer science or related 
disciplines, and interest in the design, implementation and assessment of teleoperation systems 
for tele-mentoring and tele-surgery. Experience in robotics, teleoperation, and software 
development would be beneficial for this PhD. The candidate must be fluent in both spoken 
and written English.  
 
References:  

 P. J. Choi, R. J. Oskouian, and R. S. Tubbs, “Telesurgery: Past, present, and future,” 
Cureus, vol. 10, no. 5, 2018. 

 A. Lacy, R. Bravo, A. Otero-Pin˜eiro, R. Pena, F. De Lacy, R. Menchaca, and J. 
Balibrea, “5g-assisted telementored surgery,” British Journal of Surgery, vol. 106, 
no. 12, pp. 1576–1579, 2019. 

 A. J. Hung, J. Chen, A. Shah, and I. S. Gill, “Telementoring and telesurgery for 
minimally invasive procedures,” The Journal of urology, vol. 199, no. 2, pp. 355–
369, 2018. 

Contacts: 
Email: leonardo.demattos@iit.it   
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10. Optimization based Operational-space Control of High-
Performance Robots 

Tutor: Jinoh Lee, Darwin Caldwell 
 
Department: Department of Advanced Robotics (ADVR) https://advr.iit.it/ 
 
Description: 
The need for robots to deal with practical and realistic tasks has become an important challenge 

in areas ranging from human-robot collaboration in industry to disaster response in hazardous 
environments. Rendering dexterity and versatility into the robot system demands a high number 
of degrees of freedom (DoFs) in kinematics, and there is a particular interest in dealing with 
under-actuation (e.g., floating base) and interactive contacts. Operational space control (OSC) 
is one of the classic yet effective methods to cope with such problems, which can compute 
optimized joint torque solutions to achieve multiple tasks.  
  Recently, optimization methods have been incorporated into OSCs to improve potential body 
compatibility and capability. This allows us to address realistic tasks such as agile manipulation 
of industrial robots, balancing and locomotion of legged robots, and failure-tolerant and 
recovery control of a teleoperated robot. The research proposed here focuses on the 
development of an advanced OSC strategy for a redundant robot exploiting state-of-the-art 
optimization schemes, e.g., quadratic programming (QP), model predictive control (MPC), 
differential dynamic programming (DDP), etc. The successful candidate will have the 
opportunity to use a diverse of robotic platforms in IIT to test their algorithms, including 
commercial robots—LWR robot arm, IIWA (KUKA), Panda (Franka Emika), UR5 (Universal 
robots), as well as IIT-built state-of-the-art robots eg humanoids and quadrupeds. 
 
Requirements/ Desired Qualifications: 
Applicants are expected to have a strong background in robotics and control engineering or 
related disciplines e.g. mathematics/physical science. Knowledge on optimal control theory and 
operational-space control with redundant robots will be particularly useful. This is a 
multidisciplinary project where the successful candidates should have strong competencies in 
robot kinematics/dynamics/control and in software coding (e.g. C++ in Linux and MATLAB). 
The experience on dynamic simulators (e.g. Gazebo and V-REP) and ROS would be plus. 
 
*Note: It is compulsory to prepare a research proposal on this topic. 
 
References:  

 Y. Lee, N. Tsagarakis, Jinoh Lee "Agile Standing-up Control of Humanoids: Energy-
based Reactive Contact Wrench Optimization with Strict Dynamic Consistency", 2019 
IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS 2019), 
pp4652-4659, Nov. 4-8, 2019, Macau, China 

 Y. Lee, N. Tsagarakis, Jinoh Lee, “Study on Operational Space Control of a Redundant 
Robot with Un-actuated Joints: Experiments under Actuation Failure Scenarios”, IROS 
2020 (under review) 

 Jinoh Lee, H. Dallali, M. Jin, D.G. Caldwell, N.G. Tsagarakis, "Robust and Adaptive 
Dynamic Controller for Fully-actuated Robots in Operational Space under 
Uncertainties", Autonomous Robots, Vol. 43, Issue 4, pp1023-1040, April 2019. 

Contacts: 
Email: jinoh.lee@iit.it, darwin.caldwell@iit.it  
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11. Mixed Reality Interfaces for Robotics (2 positions) 
Tutor: Nikhil Deshpande, Darwin G. Caldwell 
 
Department: Department of Advanced Robotics (ADVR) https://advr.iit.it/ 
 
Description: 
In some work environments, e.g., nuclear, chemical, search-and-rescue, construction tasks, 
there can be extreme risks to the health and safety of workers. Robotics provides an advanced 
solution to mitigate these risks, 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 with the 
goals of improving the situational awareness of the operator, and 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 Dept. of Advanced 
Robotics, acquired through the successful implementation of various 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 
 Multi-sensor fusion: for intuitive displays in an AR system 
 Real-time rendering of complex remote information in an immersive VR interface 
 Motion tracking and pose estimation of master devices using motion capture 

systems 
 VR-based serious gaming for operator training 
 Machine learning for pattern analysis and smart monitoring 

 
Requirements/ Desired Qualifications: 
Applicants should have an excellent Master's degrees in Engineering (Electrical, Electronics, 
Computer Science, Robotics), or other related fields. Strong competencies/interest in human-
machine interface design, C/C++/Python programming, computer vision libraries, are highly 
desirable. Experience with commercial RGB-D cameras and Point Cloud Library, VR engines 
(Unreal, Unity3D), AR engines (Vuforia, ARToolKit), Robotic software (ROS, Gazebo), and 
Machine Learning (YOLO, TensorFlow) is a definite plus! Candidates 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:  

 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 
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12. Bio-inspired design and Smart Control of a Lower Limb Soft 
Exoskeleton 

Tutors: Jesús Ortiz, Christian Di Natali and Darwin G. Caldwell 
 
Department: XoLab, Department of Advanced Robotics (ADVR) https://advr.iit.it/ 
 
Description: 
In the XoLab group, within the Department of Advanced Robotics, we work on 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 musculoskeletal 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 will follow, 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 group (to be defined during the course of the 
PhD). 
 
Requirements/ Desired Qualifications: 
Applicants should have an excellent Master's degrees in Engineering (Electrical, Electronics, 
Computer Science, Robotics), or other related fields. Prior knowledge of robotics, with special 
focus on actuation and control would be a bonus as would experience in simulation, sensors, 
electronics, mechatronics and machine learning would be beneficial. 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:  

 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  
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13. AI (Deep Learning) Systems for Medical Image Analysis and 
Diagnosis 

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: 
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:  

 Moccia, S., Guarnaschelli, M., Savazzi, M., Laborai, A., Guastini, L., Peretti, G., De 
Momi, E., Mattos, L., “Confident texture-based laryngeal tissue classification for 
early-stage diagnosis support,” Journal of Medical Imaging, 
http://dx.doi.org/10.1117/1.JMI.4.3.034502, September 2017  

 Casella, A., Moccia, S., Frontoni, E., Paladini, D., De Momi, E., Mattos, L., “Inter-
foetus Membrane Segmentation for TTTS Using Adversarial Networks,” Annals of 
Biomedical Engineering, vol. 48, pp. 848–859, https://doi.org/10.1007/s10439-019-
02424-9, 5 December 2019 

 Moccia, S., Vanone, G.A., Laborai, A., De Momi, E., Guastini, L., Peretti, G., 
Mattos, L., “Learning-based classification of informative laryngoscopic frames,” 
Computer Methods and Programs in Biomedicine, vol. 158, pp. 21–30, 
https://doi.org/10.1016/j.cmpb.2018.01.030, May 2018 

Contacts: 
Email: leonardo.demattos@iit.it  
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14. Skippy: A Highly Athletic Monopedal Robot 
Tutor:  Roy Featherstone 
 
Department:  Advanced Robotics, IIT, Genova 
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. 
 
Right now, the design of Skippy is complete, and we are in the construction phase.  We expect 
that Skippy will be at least partially 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 

Contacts:  roy.featherstone@iit.it 
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15. Reconfigurable robotic systems for manipulation of Deformable 
Materials 

Tutor:  Syed Haider Jawad Abidi, Jinoh Lee, Mariapaola D’Imperio, Ferdinando Cannella 
ROBOTIC INDUSTRIAL UNIT 
ADVANCED ROBOTICS (Italian Institute of Technology) 
https://www.iit.it/research/lines/advanced-robotics 
 
Description: 
Soft material handling is a challenging task by itself. However, in scope of industry 4.0, where 
the target is to automate processes that have a low volume and high mix production scenario, 
the required re-configurability of the robot system is an added obstacle to surmount. The 
variable mechanical properties, models and corresponding control strategies encompass 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 in 
a manner to augment existing production goals and standard through novel gripping and 
manipulating systems. 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, Jinoh.lee@iit.it, Mariapaola.DImperio@iit.it, Ferdinando.cannella@iit.it 
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16. Design and Development of Non-Rigid Lightweight Dexterous 
Robot Manipulator 

Tutors:  Mariapaola D’Imperio, Jinoh Lee, Haider Abidi, Ferdinando Cannella, Darwin 
Caldwell 
ROBOTIC INDUSTRIAL UNIT 
ADVANCED ROBOTICS (Italian Institute of Technology) 
https://www.iit.it/research/lines/advanced-robotics 
 
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 replacing 
robots with human beings. Robotic manipulator, widely used in industry, plays an important 
role to accomplish this task. Consequently, it is very important to design novel End-effectors 
or robotic grippers/hands 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 end-effector based on the new concept developed by customers and researchers. 
That means a virtual prototype of this device will be done in order to simulate the manipulation, 
so the best solution will be found quicker, because few physical prototyping will be necessary. 
The manipulator design will be based on the experience obtained from previous projects, but 
also is inspired from the nature of human beings hands or other similar bio-mechanisms. Since 
it is very complicated to design a bio-inspired robotic mechanism, virtual prototyping 
development (co-simulation that involves multi-body and finite element and control) is required 
as a basic skill. 
Moreover, the research is carried out within the ADVR that concentrates on an innovative, 
multidisciplinary approach to humanoid design and control, and the development of novel 
robotic components and technologies. This encompasses activities from both the hard and soft 
systems areas of robotics. Thus, the industrial developments exploit these advances that permit 
to design the humanoid-like robots suitable for the industrial plants. Then the goals of this PhD 
will be study, design and build a novel flexible and adaptive manipulator based on the 
experience obtained from previous projects (Fameccanica, AvioAero, EuroC, Autorecon, 
Archaps, etc.) inspired from the nature of human beings hands, arms and/or other similar bio-
mechanisms. 
 
Requirements: 
This position is open to a PhD candidate with strong interesting in reconfigurable mechanism 
and skill in mechanics. The background must be in mechanical/mechatronic engineer or 
robotics. 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, Jinoh.lee@iit.it, ferdinando.cannella@iit.it  
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17. Development of reconfigurable multi-finger system for in-Hand Manipulation 
 
Tutors:  Massimiliano Scaccia, Khelifa Baizid, Ferdinando Cannella, Darwin Caldwell 
 
ROBOTIC INDUSTRIAL UNIT 
ADVANCED ROBOTICS (Italian Institute of Technology) 
https://www.iit.it/research/lines/advanced-robotics 
 
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 
manufacturing that reached very good results for simple boxes; the complex carton, in the 
inverse, are far from reliable solutions and large part of this production is still by hands. Despite 
this huge effort, until now, few manipulators are built suitable for factories (as D-RAPS or 
ARCHAPS) and that demonstrates the difficult of this challenge.  In fact, the reconfigurability 
of the cartons not only requires dexterous manipulator, but also for make competitive the 
device, even a deep knowledge of the cartonboard. Goal of this PhD is to design and build a 
new reconfigurable device able to in-hand manipulation. This mechanism will be useful for 
study the kinematics and dynamics of the in-hand manipulation.. That means a virtual prototype 
of this device will be done in order to simulate the manipulation, so the best solution will be 
found quicker, because few physical prototyping will be necessary. Therefore, the study will 
be divided in two part: trajectory and contact points investigation and force control 
development. Together will permit to simulate the physic modelling. Considering the small 
forces and torques used in these manipulation, the feedback in the control will be very complex 
because the measurement signal are always very weak compared to the noise given by the 
dynamics (e.g. the backlashes or body contact reactions). The 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: 
massimiliano.scaccia@iitit, khelifa.baizid@iitit, ferdinando.cannella@iit.it 
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18. Development of a robot agnostic interaction control framework 
 
Tutor:  Nikos Tsagarakis,  
Humanoid and Human Centred Mechatronics Research Line  
https://www.iit.it/research/lines/humanoids-human-centered-mechatronics  
Istituto Italiano di Tecnologia 
 
Description: 
SkipThis research theme will focus on the development of interaction control framework that 
will permit a human operator to perform heavy manipulation tasks in collaboration and direct  
interaction with a CENTAURO form mobile manipulation platform that uses legs and small 
wheels to combine the advantages of wheeled and legged locomotion (https://www.centauro-
project.eu/).  The project will look on the development of online generated and tuned interfaces 
and collaboration controllers to command and drive the execution of the heavy manipulation 
tasks. Autonomous motion and impedance regulation principles will also be applied at the robot 
side to assist the human partner in commanding the interaction behaviours of the robot assistant. 
 
Requirements: 
We are seeking for highly motivated candidates with a background in Electrical, Control 
engineering, Physical Sciences or Robotics. Candidates should have strong competencies in 
robot kinematics and dynamics and excellent programming skills in Matlab and C++. 
(Programing and Simulation 30%, Robot Modelling 30%, Control %40). The experience on 
dynamic simulators (e.g. Gazebo, etc.) and ROS would be plus. 
*Note: It is compulsory to prepare a research proposal on this topic. 
 
References: 

 L. Muratore, A. Laurenzi, N. G. Tsagarakis, “A Self-Modulated Impedance 
Multimodal Interaction Framework for Human-Robot Collaboration”, International 
Conference on Robotics and Automation (ICRA), pp 4998-5004, 2019. 

 N. Kashiri et al , “CENTAURO: A Hybrid Locomotion and High Power Resilient 
Manipulation Platform” IEEE Robotics and Automation Letters , Volume: 4, Issue: 2, 
pp 1595-1602, 2019. 

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

Contacts: nikos.tsagarakis@iit.it 
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19. Distributed AI in sensor networks and robotic platforms 
 
Tutor: 
Lorenzo Natale lorenzo.natale@iit.it 
Alessio Del Bue alessio.delbue@iit.it 
 
Department: 
Humanoid Sensing and Perception, Istituto Italiano di Tecnologia 
https://www.iit.it/lines/humanoid-sensing-and-perception 
Visual Geometry and Modelling Group, https://www.iit.it/research/lines/visual-geometry-and-
modelling 
 
Description: 
The integration of smart building technology and robotics has great potentials. Smart buildings 
equipped with robots have a much high level of autonomy, because they can physically interact 
with the environment and humans, in addition they can actively inspect the scene to get 
additional information if needed. Robots, on the other hand, can have access to a larger set of 
sensors and computing power, than what is available on-board. In this setting robots can 
monitor the environment from a different perspective, and adapt their behaviour depending on 
the situation. This research theme will develop AI approaches for egocentric and allocentric 
scene understanding by leveraging information form robotic platforms and camera networks 
deployed in indoor environments. Topics of research are related to self-localization, dynamic 
scene analysis, domain adaptation for object detection from different views, and attention 
mechanisms using egocentric and allocentric data. This research will be implemented on real 
hardware platforms already deployed at IIT with the target to deploy AI assistive systems that 
can interact with and support humans in several high-level tasks. 
This work will be carried out and validated on the R1 humanoid robotic platform. 
 
Requirements: 
The ideal candidate would have a degree in Computer Science, Engineering or related 
disciplines, with a background in Computer Vision and Machine Learning. He would also be 
highly motivated to work on robotic platform and have computer programming skills. 

Contacts:: 
Email:  lorenzo.natale@iit.it 
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20. Computer Vision for Legged Robots 
 
Tutor:  Geoff Fink and Claudio Semini 
 
Department:  Dynamic Legged Systems (DLS),  IIT, Genova 
https://dls.iit.it 
 
Description: 
DLS is currently working on the implementation of computer vision (CV) algorithms for a 
range of diverse applications for quadruped robots (stair climbing, terrain mapping, obstacle 
avoidance, visual servoing (VS), automatic sensor calibration, state estimation, among others). 
Autonomous legged robots are required to handle a wide range of tasks in complex 
environments. Current CV algorithms are not robust in dynamic environments, however, using 
CV is critical to improving  autonomy.  It is well known that video images provide rich 
information about the environment which is critical for localization in environments without a 
priori maps. For example, such uncertainty in environment would be expected in monitoring a 
disaster scene. 
 
We are currently looking for a highly motivated, talented PhD student to work on the design, 
implementation, evaluation, and further development of CV [1,2,3] and state estimation 
algorithms [3] into our legged robot framework. Task include: 

 Analyze the observability of legged robots with different sensor modalities 
 Explore ways to improve autonomy using VS, obstacle avoidance, and SLAM 
 Explore ways to improve state estimation using CV algorithms and sensor fusion 
 Explore ways to improve the accuracy and robustness of current algorithms 
 Design algorithms to increase computation efficiency, code readability, and reusability 
 Experimental verification 

 
Requirements: 
The candidate should have a background in computer science, systems and control, robotics, or 
related. Further requirements include: strong programming skills in C++ and Python, 
knowledge of CV including multiple view geometry, strong communication skills (written and 
spoken) in the English language, strong team player, knowledge about robot kinematics and 
dynamics, VS, SLAM, and control theory, hands-on experience in robotic systems is a big plus, 
ans programming skills in OpenCV, CUDA, and Matlab/Simulink is a plus. 
 
*Note: It is compulsory to prepare a research proposal on this topic 
 
References: 

1. IM. A. Bloesch, State estimation for legged robots–kinematics, inertial sensing, and 
computer vision. PhD thesis, 2017. 

2. S. Huang and G. Dissanayake, “Special issue on localization and mapping in 
challenging environments,” Robotics and Autonomous Systems, vol. 97, pp. 16 – 17, 
2017. 

3. F. Chaumette and S. Hutchinson, “Visual servo control. ii. advanced approaches 
[tutorial],” IEEE Robotics Automation Magazine, vol. 14, pp. 109–118, March 2007. 

4. S. Nobili, M. Camurri, V. Barasuol, M. Focchi, D. G. Caldwell, C. Semini, and M. 
Fallon, “Heterogeneous sensor fusion for accurate state estimation of dynamic legged 
robots,” in Robotics: Science and Systems XIII, MIT, Cambridge, Massachusetts, July, 
2017. 

Contacts: 

Email: geoff.fink@iit.it and claudio.semini@iit.it  
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21. Machine Learning for Quadruped Motion Generation 
 
Tutors:  Victor Barasuol and Claudio Semini 
 
Department:  Dynamic Legged Systems (DLS), IIT, Genova 
https://dls.iit.it 
 
Description: 
Machine learning to aid decision making and motion generation in legged systems is nowadays 
one of the most exciting and promising research topics in legged robotics. The DLS lab 
conducts various studies in this direction that explore the combination of  motion generation 
strategies for quadruped robots and machine learning techniques, like Convolutional Neural 
Networks (CNNs) and Deep Neural Networks (DNNs). The major targets are: 1) to enhance 
locomotion robustness over unstructured terrains, catastrophic scenarios and natural ground; 
and 2) to increase the autonomy of the robot in terms of foot placement management while 
receiving only high-level commands (e.g. locomotion directions,  via-points  or paths). 
The DLS lab is currently looking for a highly motivated and talented PhD student to work on 
the development of quadruped motion generation strategies based on machine-learning 
[1,2,3,4].  The main PhD activities include: 

 Study of  floating-base systems kinematics and dynamics; 
 Study of reactive motion generation and trajectory planning  for quadruped robots; 
 Study of  supervised and unsupervised machine learning techniques; 
 Explore machine learning techniques for robot decision making based on visual 

information; 
 Explore machine learning techniques to compute motion actions based on stability 

measurements and visual information; 
 Code implementation and simulation of the proposed algorithms; 
 Implementation and validation test of proposed algorithms on real quadruped research 

platforms. 
 
Requirements: 
The candidate should have a background in computer science, systems and control, robotics, or 
related. Further requirements include: strong programming skills in C++ and Python, 
knowledge on Matlab/Simulink, strong communication skills (written and spoken) in the 
English language, strong team player, knowledge about robot kinematics and dynamics, control 
theory, hands-on experience in robotic systems is a big plus as well as basic  knowledge on 
machine learning. 
 
*Note: It is compulsory to prepare a research proposal on this topic. 
 
References: 

1. V. Barasuol, M. Camurri, S. Bazeille, D. Caldwell, C. Semini, “Reactive Trotting with 
Foot Placement Corrections through Visual Pattern Classification”, IEEE/RSJ 
International Conference on Intelligent Robots and Systems (IROS), 2015 

2. 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. 

3. L. Chen et al., "CNNs based Foothold Selection for Energy-Efficient Quadruped 
Locomotion over Rough Terrains", 2019 IEEE International Conference on Robotics 
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22. Optimization-based planning for Legged Robots 
 
Tutor:  Michele Focchi and Claudio Semini 
 
Department:  Dynamic Legged Systems (DLS), IIT, Genova 
https://dls.iit.it 
 
Description: 
Legged robots present a potential advantage over traditional wheeled systems since they offer 
greater mobility in rough and challenging environments. However, often they are still confined 
to structured and flat terrain. One of the main reasons for this is the difficulty in planning 
complex whole-body motions while taking into account terrain conditions. 
 
Previous research in locomotion focused either on implementing different gaits, generating 
reactive behaviors [1,2] that tackle small terrain changes. Even though these are relevant results 
in the context of robot autonomy, there are specific situations in disaster recovery scenarios 
where there are obstacles much higher than the size of the robot leg. These obstacles cannot be 
crossed with usual state-of-the-art gaits (e.g. trot/walk) and the only way to overcome them is 
to perform very dynamic motions (i.e. a dynamic jump). 
 
Numerical optimization is a powerful tool that can help us to tackle this challenge because 
enables to find the feasible trajectories to push the machine up to its performance limits while  
taking into account the actuator limits and the dynamics of the robot. Optimization can also 
improve the efficacy of heuristic strategies [3] by planning/adjusting foothold locations to 
improve mobility and robustness to slippage. The scheduling of the contacts (i.e. the locomotion 
gait) can also be optimized according to energy expenditure metrics  depending on the 
locomotion speed in a similar fashion as animals do in nature [4]. 
 
However implementing optimization-based planning strategies during locomotion (i.e. online) 
it is still an open research problem because of the high computational complexity. 
 
Our aim, in this project, is to build a framework according to which the robot, given the map of 
the terrain, solves on-line an optimization problem to find the optimal foot-locations, the 
trajectory for the CoM and the optimal contact force pattern to traverse the terrain. This 
algorithms will first be tested in simulation and then on a real robotic quadruped platform (HyQ, 
HyQReal, Solo) for jumping on platforms and traverse complex terrain (e.g. pile of rubble). 
 
We are currently looking for a highly motivated, talented PhD student to work on the design, 
implementation, evaluation, and further development of the above-mentioned  framework to 
generate on-line highly dynamic motions or address very complex terrain. 
 
Task include: 

 Implementation of a Model Predictive Control re-planning strategy able to jointly 
optimize the CoM trajectory and foothold selection, considering mobility and 
feasibility metrics [5] for rough terrain. 

 Gait optimization. Development of a high-level optimization stage that enable to realize 
energetically optimal gait transitions according to the locomotion speed. 

 Jumping trajectories. Implementation of algorithms to compute optimal trajectories to 
overcome obstacles considering ballistic flight phases. Development of reactive 
algorithms for the landing phase. 

 
Requirements: 
The candidate should have a background in computer science, robotics, math, or related. 
Further requirements include: strong programming skills in Python and Matlab. Knowledge 
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about robot kinematics and dynamics, and control theory. Knowledge about Convex 
Optimization,good communication skills (written and spoken) in the English language, strong 
team player. Knowledge of  non linear optimization, of the CasADi toolkit [6] and strong 
programming skills on C++ is a big plus,  hands-on experience in robotic systems is a plus. 
 
*Note: It is compulsory to prepare a research proposal on this topic. 
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