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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 
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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. 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 
  

https://advr.iit.it/
https://doi.org/10.1109/LRA.2019.2892380
https://doi.org/10.1007/s10439-018-2025-7
https://doi.org/10.1109/ISMR.2018.8333283
mailto:leonardo.demattos@iit.it
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2. Sensing and Automation in 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 through 

the development of novel robotic devices, sensors, automatic controllers and supervisory safety 

systems. 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, pediatric surgery and retinal 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 robotic instruments and intelligent controllers 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 
 Z. Cheng, D. Dall’Alba, S. Foti, A. Mariani, T. Chupin, D. Caldwell, G. Ferrigno, E. 

De Momi, L.S. Mattos, P. Fiorini, “Design and integration of electrical bio-

impedance sensing in surgical robotic tools for tissue identification and display,” 

Frontiers in Robotics and AI, https://doi.org/10.3389/frobt.2019.00055, July 2019 
 Penza, V., Stoyanov, D., Du, X., Forgione, A., Mattos, L., De Momi, E., “Long Term 

Safety Area Tracking (LT-SAT) with Online Failure Detection and Recovery for 

Robotic Minimally Invasive Surgery,” Medical Image Analysis, 

https://doi.org/10.1016/j.media.2017.12.010, December 2017 
 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 
 

  

https://advr.iit.it/
https://doi.org/10.1109/TMECH.2019.2896248
https://doi.org/10.3389/frobt.2019.00055
https://doi.org/10.1016/j.media.2017.12.010
http://dx.doi.org/10.1142/S2424905X17400062
mailto:leonardo.demattos@iit.it


5 
 

3. 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:  
 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 
 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  

Contacts: 
Email: leonardo.demattos@iit.it  
  

https://advr.iit.it/
https://doi.org/10.1016/j.media.2021.102008
https://doi.org/10.3389/fonc.2021.626602
http://dx.doi.org/10.1117/1.JMI.4.3.034502
mailto:leonardo.demattos@iit.it
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4. Virtual Reality and Machine Learning for falling simulation and 

detection 
 

Tutor: Nikhil Deshpande and Darwin G. Caldwell 
 

Department: VICARIOS Lab, Department of Advanced Robotics (ADVR) https://advr.iit.it/ 
 

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 training of workers in 

simulated working at heights conditions. Latest developments in virtual reality software and 

hardware systems allow to simulate realistic training scenarios. Gathering data from virtual 

training simulations can aid in understanding: (i) how and why trainees are failing at specific 

tasks, (ii) causes of fall events; (iii) reasons for incorrect usage of fall protection equipment; or 

(iv) providing extra information where necessary to boost the power of the training itself. The 

gathered data from the virtual world can then be used along with focused machine learning 

tools to detect patterns in fall events and thereby detect and predict falls in the real world. The 

proposed topic would require studying the state-of-the-art of data collection and labelling from 

VR, machine learning tools, and the implementation of novel algorithms for this specific 

application. The VR based fall simulation and detection system will be integrated into a VR 

based training scenario. 
 

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 Machine Learning algorithms using Python or C/C++; 
 Experience in large data processing; 
 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. 

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

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 and Deep Learning 

techniques. The proposed topic would require studying the state of the art of 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; 
 Initial experience in wearable devices; 
 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. 

Contacts: 
email: jesus.ortiz@iit.it, antonios.gkikakis@iit.it, darwin.caldwell@iit.it  

  

https://advr.iit.it/
mailto:jesus.ortiz@iit.it
mailto:antonios.gkikakis@iit.it
mailto:darwin.caldwell@iit.it
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6. Development of Robot Perception and Manipulation 

Technologies for Grapevines Pruning and Grape Harvesting 

Using Mobile Manipulation Robots 
 

Tutor: Fei Chen, Darwin Caldwell 
 

Department: Active Perception and Robot Interactive Learning Laboratory (APRIL Lab), 

Department of Advanced Robotics (ADVR), IIT 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 the robot manipulation problems for agri-food application, e.g. plant pruning, fruit 

harvesting, it becomes even more challenging. The robot needs to try and refine the skill many 

times, and/or needs to observe many attempts of successful movements by other agents, in order 

to be able to adapt and generalize the learned skill to new situations. Performing such task on 

real robots together with real environment is very expensive and time consuming, or even 

impossible. 

The target of this topic is to enable the robot to perceive and plan the motions with an innovative 

toolset of components comprising the following elements to tackle the application “grapevine 

pruning and grape harvesting”: 1) A simulator with realistic rendering of variations allowing 

the creation of datasets and the evaluation of algorithms; 2) Modeling and generating of plants, 

leaves, fruits, etc., which are used for evaluating robot manipulation technologies inside 

simulator, 3) 3D/2.5D reconstruction of the target objects (e.g., grapevine) and cutting points 

generation, and 4) Transfer learning enabling robots to adapt learned skills from virtual 

simulators to physical scenario.  

The target agri-food application is supported by project VINUM tackling the grapevine winter 

pruning (https://advr.iit.it/research/april/grape-vine) and table grape summer harvesting 

(https://advr.iit.it/research/april/table-grape). Some of the recent work can also been found in 

the national newspapers and TV news.  

Requirements: Background in robotics, computer science, electrical engineering or 

mechanical engineering. Understanding of robot kinematics and dynamics. Experience on robot 

programing using simulator (e.g. Gazebo, pyBullet) or game engine (e.g. Unity 3D, Unreal 

Engine 4, Nvidia Isaac) as a plus. Hands-on knowledge on robot vision and the passion to apply 

it for advanced application. Programing skills with Python or C++. Spirit of team collaboration. 

Contacts:  fei.chen@iit.it  
  

https://advr.iit.it/
https://advr.iit.it/research/april/grape-vine
https://advr.iit.it/research/april/table-grape
mailto:fei.chen@iit.it
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7. Development of Robot Learning by Demonstration via Sim-to-

Real Technologies for Assisting Human Daily Life Activities 

Using Bimanual Mobile Manipulation Robots 
 

Tutors:  Fei Chen, Darwin Caldwell 
 

Department: Active Perception and Robot Interactive Learning Laboratory (APRIL Lab), 

Department of Advanced Robotics (ADVR), IIT https://advr.iit.it/index.php/research/april 

 

Description: 

The acquisition of bimanual manipulation skills in robotics involves an elaborate combination 

of object recognition, action-perception coupling and physical interaction with the 

environment. When dealing with the robot manipulation problems for assisting human daily 

life activities, e.g. dressing, handling, it becomes even more challenging. The robot needs to try 

and refine the skill many times, and/or needs to observe many attempts of successful 

movements by other agents, in order to be able to adapt and generalize the learned skill to new 

situations. 

 

The target of this topic is to enable the robot learning of bimanual manipulation skills from 

sim2real, with an innovative toolset of components comprising the following elements to tackle 

the research area “human daily life activities assistive robotics”: 1) A simulator with realistic 

rendering of variations allowing the creation of datasets and the evaluation of algorithms; 2) 

Modeling and generating of challenging assisting scenarios and datasets of manipulation 

behaviors demonstrated by human, 3) learning assistive skills for bimanual manipulation robots 

on the datasets, and 4) Transfer learning enabling robots to adapt learned skills from virtual 

simulators to physical scenario.  

 

The application is supported by project Learn-Assist, funded by the program Italy-Japan 

Government Cooperation in Science and Technology.  

 

Requirements: Background in robotics, computer science, electrical engineering or 

mechanical engineering. Solid knowledge of robot kinematics and dynamics. Experience with 

robot imitation learning methodologies. Experience on robot programing using simulator (e.g. 

Gazebo, pyBullet) or game engine (e.g. Unity 3D, Unreal Engine 4, Nvidia Isaac) as a plus. 

Hands-on knowledge on robot vision and the passion to apply it for advanced application. 

Programing skills with Python or C++. Spirit of team collaboration. 

 

Contacts:  fei.chen@iit.it  
  

https://advr.iit.it/index.php/research/april
mailto:fei.chen@iit.it
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8. Locomotion Planning and Control of a Hybrid Legged/Wheeled 

Robot Platform 
 

Tutor: Arturo Laurenzi, Nikos Tsagarakis 
Humanoid and Human Centred Mechatronics Research line  

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, Webot, RoboTran, etc.) 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. 

 

Contact: 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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9. Impedance regulation principles for Harsh and Agile Physical 

interaction 
 

Tutors: Enrico Mingo Hoffman, Arturo Laurenzi, Nikos Tsagarakis 
Humanoid and Human Centred Mechatronics Research line  

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. 

 

Reference:  

Hoffman E. M., Laurenzi A., Muratore L., Tsagarakis N. G. and Caldwell D. G., 2018. Multi-

Priority Cartesian Impedance Control based on Quadratic Programming Optimization. IEEE 

International Conference on Robotics and Automation (ICRA), pp 2267-2273, 2018. 

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. 

 

Contact: enrico.mingo@iit.it, 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-control
https://concertproject.eu/
mailto:enrico.mingo@iit.it
mailto:arturo.laurenzi@iit.it
mailto:nikos.tsagarakis@iit.it
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10.  3D Perception, Path Planning, and Mapping for Mobile Robot 

Navigation 
 

Tutor: Luca Muratore, Nikos Tsagarakis 
Humanoid and Human Centred Mechatronics Research line  

https://www.iit.it/research/lines/humanoids-human-centered-mechatronics  

 

Description: Enabling robots to deal with unstructured environments and replace humans in 

hazardous tasks is one of the main is an open challenge in robotics. Rapid advancements in 

actuation and control over the last few years enabled articulated legged robots to walk in uneven 

terrain. Still, the problem of foot placement in rough terrain for navigation using 3D perception 

remains one of the main challenges in robotics and is the key aspect for completing locomotion 

and manipulation tasks in unknown environments. The aim of this topic is to develop new 

geometric or machine learning (e.g. deep learning) methods for environment reconstruction and 

cognition that enable wheeled or legged robots, such CENTAURO 

(https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-control)  or other 

mobile manipulation platforms to move around in unstructured environments using 3D 

perception for foot placement, path planning, and mapping (SLAM). Several exteroceptive 

(stereo/event/RGB cameras, RGB-D sensors, 2D/3D Lidar scanners) will be used on our limbed 

robots, to acquire RGB images and dense 3D point cloud. Geometric simplifications for 

reasoning the contact between the robot's foot and the environment will need to take place. 

Moreover, path-planning methods need to be developed to extract primitives for locomotion. 

The development and testing will take place on our full-size quadrupedal/humanoid 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. 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. 

 

Reference:  

Kanoulas et. al., Vision-Based Foothold Contact Reasoning using Curved Surface Patches, 

Humanoids 2017. 

Kanoulas et. al., Footstep Planning in Rough Terrain for Bipedal Robots using Curved Contact 

Patches, ICRA 2018. 

 

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

https://www.iit.it/research/lines/humanoids-human-centered-mechatronics
https://www.iit.it/web/humanoids-human-centered-mechatronics/robot-control
mailto:nikos.tsagarakis@iit.it
mailto:luca.muratore@iit.it
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11. Agile Robot Design and Actuation Principles 
 

Tutor: Navvab Kashiri, Nikos Tsagarakis, 
Humanoid and Human Centred Mechatronics Research line  

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. Elastic components in the actuation may 

improve the motion efficiency of the robotic system through energy storage and release during 

locomotion or permit to generate high power motions during throwing, kicking and jumping 

actions.  However, this energy efficiency improvement has not yet demonstrated in real systems 

powered by compliance actuators. The aim of this topic is to develop and demonstrate break-

through robot design and actuation principles targeting to achieve agile motion performance 

and resilient interaction capacity that goes far beyond the current state of art.  To achieve this 

the project will explore both the mechatronic technological limits (lightweight structural 

materials, customized high power density actuation and transmission systems) and new 

actuation control philosophies to overcome of the actuator physical velocity limitations to 

eventually lead to enhanced agile performance.   The energy storage capacity of the 

transmission system will be also explored through the elastic energy recycling to further 

increase the robot agility during explosive motions. The developed robot 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 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. 

 

Reference:  

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. 

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. 

 

Contact: navvab.kashiri@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:navvab.kashiri@iit.it
mailto:nikos.tsagarakis@iit.it
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12. Efficient Robot Design and Actuation Principles 
Tutor:  Nikos Tsagarakis, Navvab Kashiri 
Humanoid and Human Centred Mechatronics Research line  

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 will exploit advancement in robotic actuation and energy recycling 

techniques, investigate state-of-the-art transmission units and research limb/structure design 

aspects. The outcome of this study will be a novel quadrupedal robot performing energy 

efficient dynamic motions such as trotting and jumping. 

 

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 60%, Kinematics/Dynamics/Control 

40%). 

Note: It is compulsory to prepare a research proposal on this topic. 

 

Reference:  

W. Roozing et al., “Design optimisation 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. 

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, 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.  

 

Contact: nikos.tsagarakis@iit.it, navvab.kashiri@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
mailto:navvab.kashiri@iit.it
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13. Modelling and Control of Modular Robots 
 

Tutor:  Jörn Malzahn, Nikos Tsagarakis 
Humanoid and Human Centred Mechatronics Research Line 

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:  
Giusti, A., et al. On the Combined Inverse-Dynamics/Passivity-Based Control of Elastic-Joint 

Robots. IEEE Transactions on Robotics, 2018, Nr. 99, S. 1-11. 

Giusti, A., Malzahn, J., Tsagarakis, N. G., & Althoff, M. (2017, May). Combined inverse-

dynamics/passivity-based control for robots with elastic joints. In Robotics and Automation 

(ICRA), 2017 IEEE International Conference on, pp. 5281-5288. 

Baccelliere, L., Kashiri, N., Muratore, L., Laurenzi, A., Kamedula, M., Margan, A., ... & 

Tsagarakis, N. G. (2017, September). Development of a human size and strength compliant bi-

manual platform for realistic heavy manipulation tasks. In Intelligent Robots and Systems 

(IROS), 2017 IEEE/RSJ International Conference on, pp. 5594-5601. 

 

Contact: jorn.malzahn@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:nikos.tsagarakis@iit.it
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14. Human-Robot Collaborative Control of a Hybrid 

Legged/Wheeled Manipulation Platforms 
 

Tutors: Nikos Tsagarakis, Luca Muratore, Arash Ajoudani. 
Humanoid and Human Centred Mechatronics Research line  
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 perform heavy manipulation tasks in collaboration and direct 

interaction with 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 impedance 

estimations to command and drive the execution of the manipulation task. Autonomous motion 

and impedance regulation principles will be applied at the robot side to assist the human partner 

in commanding the collaborative behaviours 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, Webot, etc.) and ROS would be plus.  
Note: It is compulsory to prepare a research proposal on this topic. 
 

Reference: Peternel L., Tsagarakis N.G., Caldwell D.G. and Ajoudani A., Adaptation of robot 

physical behaviour 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://concertproject.eu/
mailto:nikos.tsagarakis@iit.it
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15. Skippy: A Highly Athletic Monopedal Robot 
 

Tutors:  Roy Featherstone 
Department: Advanced Robotics (IIT) 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, many of Skippy's parts are being machined in our workshop, and we 

expect the front half of Skippy to be operational this Summer.  The rest of Skippy should be 

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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16. Design of a cable-driven hyper-redundant robot for industrial 

inspection 
 

Tutor:  Carlo Canali, Darwin Caldwell 
Department: Advanced Robotics (ADVR). 
https://www.iit.it/research/lines/advanced-robotics 
 
Description: 
Currently, inspection and maintenance operations in industrial and infrastructure environments 

are conducted by operators. Such inspections are often carried out in hazardous locations or in 

scenarios where conditions are extreme for humans. Thus, inspection robotics can be extremely 

helpful, reducing the operator’s risks and the intervention times. 
In this context, a novel cable-driven hyper-redundant robot is under development in IIT within 

the Advanced Robotics Department and the Robotic Automation INspection laboratory 

(RAIN). The successful PhD candidate will develop, design, and deploy an innovative, 

versatile, and flexible robotic system for remote inspection and maintenance in challenging 

industrial applications.   
The system must access hostile spaces, navigate harsh environments, and carry several sensors 

and actuators depending on the application. Starting from the existing system, the candidate 

will perform experimental tests on the current robot and develop an improved mechanical 

design for the novel prototype. The main goal of the PhD project will be the test of the robot in 

relevant industrial environments in collaboration with our industrial partners. The candidate 

will be supported by the technical staff and the other members of the laboratory. 
 

Requirements: 
The successful applicant is expected to have a strong background in mechanical engineering. 
Experience with real mechanical hardware and excellent hands-on practical skills are welcome. 

The ideal candidate has a proactive attitude and problem-solving capabilities. 
Team working and competences in the following topics are required: 

 Applied mechanics  
 CAD knowledge (PTC Creo, others) 
 Basic knowledge in FEM analysis (Ansys Workbench, APDL, others) 

The following competencies will be considered a plus: 
 Knowledge in multibody analysis  
 Knowledge in MATLAB 
 Knowledge in LabVIEW 

 
References: 

 External links: RAIN Laboratory website , Robot prototype video 
 Modeling cable-driven joint dynamics and friction: A bond-graph approach (2020) 

IEEE IROS - https://doi.org/10.1109/IROS45743.2020.9341763 
 Inspection Robotics for Harsh Environments, Industrial Applications and 

Infrastructures. (2020) 

I-RIM - https://i-rim.it/wp-content/uploads/2020/12/I-RIM_2020_paper_34.pdf 

Contacts:  Email: carlo.canali@iit.it 
  

https://www.iit.it/research/lines/advanced-robotics
https://advr.iit.it/index.php/research/rain
https://www.youtube.com/watch?app=desktop&v=HDgVDRqcmTY&feature=youtu.be
https://doi.org/10.1109/IROS45743.2020.9341763
https://i-rim.it/wp-content/uploads/2020/12/I-RIM_2020_paper_34.pdf
https://i-rim.it/wp-content/uploads/2020/12/I-RIM_2020_paper_34.pdf
mailto:carlo.canali@iit.it
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17. Design of gravity compensation mechanisms for long-reach 

manipulators 
 

Tutor: 
Carlo Canali, Darwin Caldwell 
 

Department: 
Advanced Robotics (ADVR). 
https://www.iit.it/research/lines/advanced-robotics 
 

Description: 
Nowadays, inspection and maintenance of industrial sites are often carried out by specialized 

operators who need to enter narrow and potentially dangerous environments. 
In this context, cable-driven long-reach manipulators support the operators to carry out 

inspection and maintenance tasks proving to be an effective solution in terms of safety. 
Long structures require more powerful actuators or a high reduction ratio in order to overcome 

the pull of gravity. In this scenario, the study of mechanisms reducing static force is crucial to 

increasing energy efficiency. Furthermore, avoiding a high reduction ratio allows designing 

faster actuators to deal with the vibration of the system. 
The successful PhD candidate will study different active or passive gravity compensation 

mechanisms to be employed on long-reach manipulators.  After a campaign of experimental 

tests, such mechanisms will be integrated with a robotic system under development in 

collaboration with industrial partners. The candidate will also be involved in laboratory 

activities and supported by the technical staff. 
 

Requirements: 
The successful applicant is expected to have a strong background in mechanical or mechatronic 

engineering. 
Experience with real mechanical hardware and excellent hands-on practical skills are welcome. 

The ideal candidate has a proactive attitude and problem-solving capabilities. 
Team working and competences in the following topics are required: 

 Applied mechanics  
 CAD knowledge (PTC Creo, others) 
 Experience in MATLAB 

The following competencies will be considered a plus: 
 Knowledge in optimisation methods 
 Knowledge in control theory 
 Knowledge in LabVIEW 
 Knowledge in FEM analysis (Ansys Workbench, APDL, others) 

 

References: 
 External links: RAIN Laboratory website , Robot prototype video 
 Design of Non-Circular Pulleys for Torque Generation: A Convex Optimisation 

Approach (2020) IEEE RA-L - https://doi.org/10.1109/LRA.2021.3056358  
 Inspection Robotics for Harsh Environments, Industrial Applications and 

Infrastructures.  (2020)  

I-RIM - https://i-rim.it/wp-content/uploads/2020/12/I-RIM_2020_paper_34.pdf 

Contacts:: 
Email:  carlo.canali@iit.it 
 

  

https://www.iit.it/research/lines/advanced-robotics
https://advr.iit.it/index.php/research/rain
https://www.youtube.com/watch?app=desktop&v=HDgVDRqcmTY&feature=youtu.be
https://doi.org/10.1109/LRA.2021.3056358
https://doi.org/10.1109/LRA.2021.3056358
https://i-rim.it/wp-content/uploads/2020/12/I-RIM_2020_paper_34.pdf
https://i-rim.it/wp-content/uploads/2020/12/I-RIM_2020_paper_34.pdf
mailto:carlo.canali@iit.it
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18. Reconfigurable Robotic Systems For Manipulation Of 

Deformable Materials 
Tutor: Syed Haider Jawad Abidi, 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 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/research/lines/advanced-robotics
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
mailto:Mariapaola.DImperio@iit.it?subject=Reconfigurable%20robotic%20systems%20for%20manipulation%20of%20Deformable%20Materials
mailto:Ferdinando.cannella@iit.it?subject=Reconfigurable%20robotic%20systems%20for%20manipulation%20of%20Deformable%20Materials
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19. Design and Development of Non-Rigid Lightweight Dexterous 

Robot Manipulator 
Tutors: Mariapaola D’Imperio, Syed Haider Jawad Abidi, Ferdinando Cannella 
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 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  

https://www.iit.it/research/lines/advanced-robotics
mailto:Mariapaola.DImperio@iit.it?subject=Reconfigurable%20robotic%20systems%20for%20manipulation%20of%20Deformable%20Materials
mailto:Syed.Abidi@iit.it
mailto:Ferdinando.cannella@iit.it?subject=Reconfigurable%20robotic%20systems%20for%20manipulation%20of%20Deformable%20Materials
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20. Development Of Reconfigurable Multi-Finger Grippers For In-

Hand Manipulation 
 

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

Cannella 
 

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 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. 
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21. AI Optimized Grippers for Flexible Material Manipulation 
Tutors: Syed Haider Jawad Abidi, Mariapaola D’Imperio, Gabriele Marchello, Ferdinando 

Cannella 
ROBOTIC INDUSTRIAL UNIT 
ADVANCED ROBOTICS (Italian Institute of Technology) 
https://www.iit.it/research/lines/advanced-robotics 
 

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 would have 

the following skills: 
 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 
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22. Development of pneumatic robot 
 

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

Cannella 
ROBOTIC INDUSTRIAL UNIT 
ADVANCED ROBOTICS (Italian Institute of Technology) 
https://www.iit.it/research/lines/advanced-robotics 
 

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  
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23. Development of Fully Autonomous Inspection and Maintenance 

Robot for infrastructures 
 

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

Marchello, Ferdinando Cannella 
 

ROBOTIC INDUSTRIAL UNIT 
ADVANCED ROBOTICS (Italian Institute of Technology) 
https://www.iit.it/research/lines/advanced-robotics 
 

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/ 
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24. Development of High Speed Manipulator for Fast Pick & Place 
 

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

Marchello, Ferdinando Cannella 
 

ROBOTIC INDUSTRIAL UNIT 
ADVANCED ROBOTICS (Italian Institute of Technology) 
https://www.iit.it/research/lines/advanced-robotics 
 

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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25. Visuo-haptic integration for object manipulation and 

perception 
 

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: 

Object manipulation is a fundamental capability for robots and as such has been extensively 

studied in robotics. In recent research several data driven techniques based on deep learning 

have been proposed demonstrating remarkable performance especially in pick-and-place 

scenarios with robotic grippers (e.g. [1]). The majority of such approaches, however, rely on 

visual feedback alone to estimate and evaluate grasping candidates, and propose open-loop 

strategies that do not allow corrective actions to be performed after the initial grasp pose is 

evaluated. In humans, on the other hand, grasping and object manipulation are largely 

influenced by tactile and haptic feedback that originates during the interaction between the 

fingers and the object.  

In this project we seek to explore how tactile feedback can be used to complement vision during 

object manipulation.  We will start from the state-of-the-art in robot grasping to provide the 

robot with an initial estimate of the object shape and grasping pose candidates, and implement 

active perception strategies that allow the robot to interact with the objects both to i) refine its 

knowledge on the object position, pose and shape and ii) simplify the task by pushing or 

repositioning objects that are touching. We will consider an initial scenario in which objects 

are presented in isolation and move to a more challenging, cluttered scenario that involve 

groups of objects on a heap. For this work we will use the iCub humanoid robot and the Panda 

Arm from Franka Emika and the tactile sensors described in [2-3].  

 

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:  

[1] Mousavian, A., Eppner, C., Fox, D., 6-DOF GraspNet: Variational Grasp Generation for 

Object Manipulation, ICCV 2019. 

[2] Jamali, N., Maggiali, M., Giovannini, F., Metta, G., and Natale, L., A New Design of a 

Fingertip for the iCub Hand, in Proc. IEEE/RSJ International Conference on Intelligent Robots 

and Systems, Hamburg, Germany, 2015, pp. 1799-1805. 

[3] Holgado, A. C., Piga, N., Pradhono Tomo, T., Vezzani, G., Schmitz, A., Natale, L., and 

Sugano, S., Magnetic 3-axis Soft and Sensitive Fingertip Sensors Integration for the iCub 

Humanoid Robot, in Proc. IEEE-RAS International Conference on Humanoid Robotics, 

Toronto, Canada, 2019, pp. 1-8. 
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26.  Learning body-schema for self-perception and tool use 
 

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: 

As humans we are constantly aware of how our body is positioned in space. The representation 

that the brain has of the body, individual body-parts and their reciprocal position in space is 

often referred to ad body-schema [1]: it integrates information from different sensory systems, 

in particular vision, touch and proprioception. Such representation is constantly updated, to 

maintain it efficient despite changes to our body that happen for example during development. 

The body schema is important for the control of action and to develop the sense of agency. An 

interesting property of the body-schema is that it can naturally extend to incorporate tools, 

which is probably responsible for our ability to seamlessly interact with the environment when 

using tools.  

A large amount of research in robotics has been devoted to the problem of learning the robot 

kinematics or dynamics. With some exceptions, much less attention has been devoted to the 

problem of learning the visual appearance of the robot [2-3], and to study how to develop 

methods that allow robots to autonomously acquire such representation, keep it updated 

during operation and quickly extend to incorporate tools.  

This project seeks to explore the development of a body-schema in a humanoid robot. We will 

study how to develop a representation of the robot body that incorporates visual, tactile and 

proprioceptive information from the motor encoders. Importantly, we will develop methods for 

the robot to autonomously acquire and update such representation. Finally, we will demonstrate 

the importance of such a representation for the control of action and tool incorporation 

 

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:  

[1] Schillaci, G., Hafner, V., Lara B., Exploration Behaviors, Body Representations, and 

Simulation Processes for the Development of Cognition in Artificial Agents, Front. Robot. AI, 

30 June 2016. 

[2] Ciliberto, C., Smeraldi, F., Natale, L., Metta, G., Online Multiple Instance Learning 

Applied to Hand Detection in a Humanoid Robot, IEEE/RSJ International Conference on 

Intelligent Robots and Systems, San Francisco, California, September 25-30, 2011, pp. 1526-

1532. 

[3] Yang, B., Jayaraman, D., Berseth, G., Efros, A., Levine, S., Morphology-Agnostic Visual 

Robotic Control, IEEE Robotics and Automation Letters, 5(2), 2020. 
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27.  Distribuited AI in sensor networks and robotics 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/it/web/humanoid-sensing-and-perception 

Pattern Analysis and Computer Vision, https://pavis.iit.it/ 

 

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 (egocentric) and camera 

networks (allocentric) deployed in indoor environments. Topics of research are active self-

localization, dynamic scene analysis, and attention mechanisms using egocentric and 

allocentric data. This research will be implemented on the hardware already available at IIT 

which include a distributed sensor network with 30 cameras and an R1 robot. The target will 

be to deploy AI assistive systems that can interact with and support humans in several high-

level tasks. 

 

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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28.  Data-efficient object detection and segmentation learning for 

robotics  
 

Tutors: Elisa Maiettini, elisa.maiettini@iit.it, 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: 

Reliable perception and fast adaptation to new conditions are priority skills for robots that 

operate in ever-changing environments. State-of-the-art Deep Learning based solutions have 

achieved accurate results on core Computer Vision tasks. However, they typically require to be 

trained on large, carefully annotated datasets. This hampers their adoption in applied domains, 

like robotics, since (i) publicly available, general purpose datasets cannot be used to train 

application specific vision systems and (ii) manually annotating a sufficient set of images is not 

a viable choice for those systems that require online adaptation. On the other hand, robots can 

actively explore the environment and are provided with multiple sensors, especially RGB-D 

cameras, that can collect plenty of (unlabeled) data. 

In this project, we seek to study a weakly-supervised learning framework [1] and its application 

to robotics. Specifically, we will consider core tasks of visual object detection and 

segmentation, starting from the results in [2]. We will draw from standard solutions in the 

computer vision literature, based on Active Learning and Semi-supervised Learning [1] and we 

will develop ad hoc algorithms for the considered robotic scenario. We will consider a robot 

actively exploring the environment, e.g. objects on a table-top or inside a room. Then, at a later 

stage of the project, we will increase the interactive capabilities of the robot, pushing, pulling 

and grasping the objects of interest to acquire different and diverse views. Moreover, data 

augmentation and synthetic data generation techniques [3] will be considered to enhance 

efficiency. For this work, we will use the two humanoid platforms, iCub and R1 and the Panda 

Arm from Franka Emika. 

 

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: 

[1] Zhou, Zhi-Hua. "A brief introduction to weakly supervised learning." National science 

review 5.1 (2018) 

[2] Elisa Maiettini, Giulia Pasquale, Vadim Tikhanoff, Lorenzo Rosasco, Lorenzo Natale, 

IEEE-RAS 19th International Conference on Humanoid Robots (Humanoids) Toronto, Canada 

(2019) 

[3] Xie, C., Xiang, Y., Mousavian, A., & Fox, D. Unseen object instance segmentation for 

robotic environments. IEEE Transactions on Robotics. (2021) 
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29. Computer Vision for Legged Robots (Quadrupeds) 
 

 

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] 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. 
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