Doctoral Course on Robotics, Cognition and Interaction Technologies – Annex A

ANNEX A-4

University of Genova – Italian Institute of Technology

Doctoral School on “Life and Humanoid Technologies”

Academic Year 2010-2011
Doctoral Course on

“Robotics, Cognition and Interaction Technologies”
32 positions available with scholarship

Research Themes
Table of Contents

31
ROBOTICS, BRAIN AND COGNITIVE SCIENCES – PROF. GIULIO SANDINI


3STREAM 1: Humanoid Robotics and Cognition


3Theme 1.1: Finite element analysis and CAD design of robotic components made from engineered stiffness composite materials


4Theme 1.2: Learning body dynamics and control


4Theme 1.3: Manipulation, touch & learning in a humanoid robot


5Theme 1.4: Advanced humanoid robot programming techniques


5Theme 1.5: Developing perception in a humanoid robot


6Theme 1.6: Variable impedance control and modelling


6Theme 1.7: Developing motoric perceptual categories for support relations


7Theme 1.8: Active perception for learning the self and others


7STREAM 2: Human Behavior, Perception and Biomechanics


7Theme 1.9: Cortical plasticity and body representation


8Theme 1.10: Biological control of redundant systems


8Theme 1.11: Decoding emotions through facial expression


9Theme 1.12: From somatosensory processes to cognition


9Theme 1.13: Multi-finger grasping


10Theme 1.14: Robot-based assessment of sensory-motor processes


10Theme 1.15: Understanding Human Actions: Social and Emotional Entrainment in Music


10Theme 1.16: Fast adaptation to novel kinematics and dynamics contexts


11STREAM 3: Interaction and Interface


11Theme 1.17: Speech perception using motor information


11Theme 1.18: Reaching and moving in peripersonal space for a humanoid robot


12Theme 1.19: Information theoretic learning of sensorimotor coordination


12Theme 1.20: Conformal epicortical electrode arrays


13Theme 1.21: Electrophysiology of the Human Cortex during Functional Mapping of Gliomas borders.


13Theme 1.22: Interfacing engineered tissue constructs with artificial materials in robotics


142
ADVANCED ROBOTICS – PROF. DARWIN CALDWELL


14STREAM 1: Humanoids and Compliant Robotics


14Theme 2.1: Building the Next Humanoids: Exploring the Mechatronic Technological Limits and New Design Philosophies


14Theme 2.2: Bipedal Jumping and Running Motion Generation and Control.


15Theme 2.3: Development and Control of a Variable Stiffness Actuated Humanoid Lower Body


15Theme 2.4: Bipedal Walking Motion Generation and Control on Uneven Terrains


16Theme 2.5: Balance Stabilizer and Falling Strategies for a Compliant Actuated Bipedal System


16Theme 2.6: Development of a High Performance Mechatronic Platform for Walking Simulation and Rehabilitation


17STREAM 2: Machine Learning, Robot Control and Human- Robot Interaction


17Theme 2.7: Incremental learning for compliant robots through the superposition of basis force fields


18Theme 2.8: From trajectory learning to force skills acquisition in compliant robotic arms


18Theme 2.9: Safe human-robot interaction


19STREAM 3: Haptic Systems, Virtual and Augmented Reality


19Theme 2.10: Enhancing the Stability of Haptic Systems: Novel Haptic actuators with Variable Physical damping


20Theme 2.11: Development of a Bi-manual Semi-Exoskeleton System for Enhanced Teleoperation and Virtual Immersion


20Theme 2.12: Tactile and Force feedback Integration in Virtual Reality and Teleoperation


21Theme 2.13: Evaluation of force and tactile feedback devices by measuring user performance


21Theme 2.14: Augmented Reality in Mobile Systems


21Theme 2.15: Interfacing Virtual Reality Environment with Physical World




1 ROBOTICS, BRAIN AND COGNITIVE SCIENCES – PROF. GIULIO SANDINI

The projects proposed under this heading will be developed within the multidisciplinary environment of the “Robotics, Brain and Cognitive Sciences” (RBCS) department of IIT (www.iit.it/rbcs ) At RBCS we are merging top-level neuroscience research and top-level robotics research by sharing fundamental scientific objectives in the field of action execution and interpretation (see RBCS list of publications as well as our international collaborations).

The research team at RBCS is composed of neuroscientists, engineers, psychologists, physicists working together to investigate brain functions and realize intelligent machines and advanced prosthesis. 

RBCS is where the iCub humanoid robot is developed in all its mechanical, electronic, software and cognitive components but it is also the place where studies of how visual, haptic and tactile integration develops in normal as well as sensory-impaired children. RBCS is where technologies for implanted, in-vivo brain machine interface are developed but it is also the place where electrophysiological experiments are performed to realize bi-directional direct communication between the brain and artificial systems. 

This year’s main theme is “Interaction and Interface” at the level of human-humanoid interaction, Brain Machine Communication through implanted microelectrodes arrays, and also at the level of mechanical interface between living tissue and artificial scaffolds. Some of these activities expoit multidisciplinarity at the level of IIT through collaborations with, Robotics, Nanobiotechnology, and Neuroscience Labs and centers of the IIT network.

Within this theme project’s proposals are grouped into three main streams: Humanoid Robotics and Cognition, Interaction and Brain Machine Interface, Human Behavior and Biomechanics. The themes proposed are to be considered as indications of the research activities planned. As such, research projects within the same areas are welcome and will be also considered.
STREAM 1: Humanoid Robotics and Cognition

The themes under this heading group the research activities targeting the humanoid platform iCub. The research themes proposed are examples of the planned activities in areas such as cognitive systems, sensorimotor coordination, advanced materials for actuation, sensing and scaffolding.

Theme 1.1: Finite element analysis and CAD design of robotic components made from engineered stiffness composite materials

Tutor: Prof. Giorgio Metta (or Dr. Alberto Parmiggiani)
N. of available positions: 1

Conventionally designed robots are made of metal parts, bearings, levers, gears or other components that are assembled with fasteners and screws, to obtain the desired functionality. An alternative approach is to derive this functionality directly from the properties of the materials and to embed components as for example in the “shape deposition manufacturing” (Merz et al. 1994, Cutkosky et al. 1999). CAD and FE simulations are essential tools to be used to design and optimize the details of the robot’s shape.

The aim of this PhD research program is to contribute to the transition from traditional robotics (metal & screws) to new, unconventional, compliant and more robust robots made of new materials (new with respect to robotics). The reference task will be manipulation, the goal of this project is to design a robot hand for the iCub (http://www.robotcub.org) featuring tuned stiffness mechanics, embedded sensorization (proprioceptive and tactile), wiring and tendon driven actuation. Appropriate controllers are also required to match and exploit natural compliance but also to compensate for non-linearity (e.g. backlash).

The ideal candidate would have a background in mechanical engineering or related disciplines, and in particular, skills in finite element analysis/modelling, robotics, and more in general in the use of polymers in mechanical design. The successful candidate is expected to be open minded, creative, and ready to work in a team contributing substantially to the design of a future release of the iCub robot (www.icub.org).

Requirements: physics, mechanical or material engineering

For further details concerning the research project, please contact: giorgio.metta@iit.it
Theme 1.2: Learning body dynamics and control
Tutor: Dr. Francesco Nori

N. of available positions: 1

Humans exhibit a broad repertoire of motor capabilities far beyond the capabilities of modern robots. Remarkably, there is strong evidence that these capabilities are strongly linked to human adaptability to novel dynamical contexts (J.R. Lackner and P. Dizio, 1994) (R. Shadmehr and F.A. Mussa-Ivaldi, 1994) (J. Konczak et al., 1995). Related neurophysiological experiments suggest that this adaptability can be the result of a modular organization of the central nervous system which forms forward and inverse dynamical representations by means of multiple modules.

The final goal of this research project will be to enhance a “state of the art” humanoid robot (http://www.icub.org) with a “beyond the state of the art” adaptive dynamical controller. The project should focus on the robot ability to develop, learn and adapt a multisensory representation of its own body dynamics and of the surrounding dynamical environment, possibly exploiting the generalization potentialities behind a modular representation. 

Requirements: engineering background, confidence with dynamical system analysis, (optional) machine learning, adaptive control. 

For further details concerning the research project, please contact: francesco.nori@iit.it and giorgio.metta@iit.it
Theme 1.3: Manipulation, touch & learning in a humanoid robot
Tutor: Dr. Lorenzo Natale

N. of available positions: 1

Object manipulation is a key ability for robots. However current robots are very poor at manipulating objects in dynamical environments or in the absence of precise models of the environment. Unfortunately this situation is quite common in practical scenarios and seriously hampers the possibility to employ robots outside industries or research laboratories.

In this project we will study the role of haptic information (touch, proprioception and force) for manipulation. The goals of the project are two: i) to implement control strategies for grasping and manipulating objects and ii) to investigate how to use the sensory information originating from the manipulation of objects (haptic but also visual or auditory) for learning about objects and the environment.

The project will be carried out working on the robot iCub (http://www.icub.org). The iCub is a 53 degree of freedom humanoid robot equipped with dexterous arms and hands (respectively 7 and 9 degrees of freedom). We have recently added torque sensing on the arm and realized tactile sensors to be mounted on the hand and the arm of the robot. We seek candidates with a strong background in computer science and engineering that are interested in studying perception and learning in artificial systems. Backgrounds of electronics and mechanics are not required, but the candidates should have a strong motivation to work on robotic systems.

Requirements: engineering or computer science background, machine learning, control systems. 

For further details concerning the research project, please contact: lorenzo.natale@iit.it and giorgio.metta@iit.it
Theme 1.4: Advanced humanoid robot programming techniques
Tutor: Dr. Lorenzo Natale

N. of available positions: 1

Humanoid robots are complex machines that are controlled by a mixture of general purpose, dedicated and embedded, CPU(s). Data from multiple sensory channels streams at high frame rate, and need to be collected, elaborated and redistributed across different layers of the software architecture. Behaviours are often obtained through the instantiation of cooperating modules running on different machines. The recent development of multi-core machines ([1] [2]) has pushed even further the requirement for algorithms that can take maximum advantage of parallelism.

The development of a robotic platform is rarely the main goal of academic researchers, who principally see robotic platforms as studying tools and not the goal of their research. Programming a robotic platform in particular is a task that has to be performed by trained and well motivated people. There have been recent attempts to develop software middlewares that facilitate robot programming ([3][4],[5])). However these tools mainly focus on providing convenient abstractions for the hardware and operating system, but still lack good support for fast prototyping of behaviours and parallel algorithms and their integration and deployment on the robot.

In this project we would like to investigate the following topics: 1) the development of software tools that support rapid realization of software components for robotics, 2) techniques for seamless development of software components running in parallel on distributed multi-core architectures and 3) programming paradigms that support development and integration of concurrent behaviours on humanoid robots. 

Requirements: electronic engineering or computer science, robotics. Strong motivation towards software development and software engineering.

References:

[1] http://www.intel.com/multi-core/
[2] http://www.nvidia.com/object/GPU_Computing.html
[3]  P. Fitzpatrick, G. Metta, and L. Natale, “Towards Long-Lived Robot Genes”, Robotics and Autonomous Systems, Volume 56(1),  pp. 29-45, Elsevier (2007).

[4] http://www.willowgarage.com/pages/software/ros-platform
[5] http://www.openrtm.org
For further details concerning the research project, please contact: lorenzo.natale@iit.it and giorgio.metta@iit.it
Theme 1.5: Developing perception in a humanoid robot
Tutor: Prof. Giorgio Metta, Prof. Francesca Odone

N. of available positions: 2

The ability of understanding the richness of the surrounding environments is a keystone of human intelligence and a will represent a main achievement in humanoid robots research. Although many important aspects of the discipline are still unsolved, the field of computer vision is now mature to conceive computational models for object, action and event recognition.

Such models will be studied with specific reference to the problem of endowing a humanoid robot with artificial vision capabilities. Computer vision methods will be studied, with the purpose of representing the content of the incoming video flow. They will be combined with state of the art machine learning for building data abstractions able to deal with the variability of objects or actions appearance. In order to deal with the complexity of the real world, data-driven methods will be favored both in the data representation and recognition phase.

The specific application domain will allow the candidates to exploit the interaction with objects and the environment to improve recognition performances. Multi-sensor models will be also explored.

To address these issues we seek candidates, strongly motivated on studying both the theoretical and applied aspects of computer vision and machine learning for recognition tasks in a humanoid robot perception model.

Requirements: engineering or computer science background, some experience in one of more of the following disciplines: machine learning, computer vision, control systems, neuroscience.

For further details concerning the research project, please contact: giorgio.metta@iit.it and odone@disi.unige.it
Theme 1.6: Variable impedance control and modelling
Tutor: Dr. Francesco Nori

N. of available positions: 1

Modeling robot manipulators as rigid mechanical systems is an idealization that becomes unrealistic when an efficient and safe interaction with the environment is requested. Compliance is all the more needed in humanoid robotics since humans exhibit the ability to adapt and control stiffness using internal models of the limb dynamics (Burdet et al. 2001). This research project will focus on the study of control strategies for a robotic system with flexible elements. In this context, a number of interesting questions arise.

1) What could be the optimal scenario for impedance control?

2) In the stochastic framework, is it optimal to increase joint stiffness to cancel out the effects of noise, as it is observed in human behavioral studies?

3) With respect to maximal safety requirements, what could be the optimal trajectories for the manipulator? Issues related to these points will be addressed using the (stochastic) optimal control theory and associated numerical methods. The final goal of the project would be to design efficient feedback control strategies for a robot with elastic joints, taking inspiration from the solutions found in humans.

Requirements: Backgrounds in control theory, optimization, engineering or mathematics.

For further details concerning the research project, please contact: francesco.nori@iit.it and giorgio.metta@iit.it
Theme 1.7: Developing motoric perceptual categories for support relations

Tutor: Prof. Giorgio Metta

N. of available positions: 1

Support relations are a pervasive feature of real world scenes (Biederman (1982)). They apply between many types of objects in a scene, and in many different configurations. How might a robot come to recognise and utilise support relations by exploring its surroundings? How can effectively exploit the pervasive contact with the environment?

One way to approach these questions is to group objects on the basis of similarity and co-occurrence of detectable object features. Abstracting a general 'concept' of support relations on the basis of such varied stimuli seems an enormously difficult computational task without excessive preprocessing and problem framing by the experimenter. Another option is to group objects on the basis of their suitability for a task, that is as equipment in the sense of Heidegger (1927). This perspective advocates the development of a 'concept' of support which is grounded in the support relationships the robot develops with its environment as it moves around and learns to deal with gravity.

Starting from these considerations, this research theme explores the possibility of effectively learning how to exploit contact with the world instead of avoiding it (which is more typical in robotics). Here the robot seeks contact with the environment since this can provide support for action rather than obstructing it. For example, objects can help getting to stand, can help in reducing the number of degrees of freedom, damp vibrations, and so forth. The reference experimental platform is the iCub equipped with the latest technological development and especially this theme builds upon a sensorized skin system and the measurement of contact forces via force-torque sensors.

This research activity will be supported by the EU grant RobotDOC (ITN grant number 235065).

Requirements: engineering or computer science background, some experience in one of more of the following disciplines: machine learning, computer vision, control systems, neuroscience.

For further details concerning the research project, please contact: giorgio.metta@iit.it
Theme 1.8: Active perception for learning the self and others

Tutor: Dr. Ryo Saegusa

N. of available positions: 1

How can a robot identify the self, and associate it with others?

This is a fundamental question for the early life of primates and also embodied intelligence (Metta et al.2006, Stoytchev 2007). Monkeys are able to recognize their own body under various conditions, and extend their body schema while using a tool (Iriki et al.1996,2001). Also, they associate others' behaviors with their own (Gallese et al.1996). This kind of cognitive functions may have potential to break a limit in existing hand-coded intelligence of humanoids, and bring more considerate interaction ability with humans.

Our goal is to realize a cognitive system which actively develops its perception of itself and others through sensorimotor interaction. The humanoid robot iCub (http://www.icub.org) will be the reference platform for this theme. Example of cognitive functions to be considered are (1) merging vision and proprioception for the acquisition of a body representation - distinguish the robot's body from others and the environment -, (2) learn hand-eye coordination exploiting knowledge of the robot own body, (3) reach and touch an object, then observe the effect, and (4) build models of objects. An object in sight is just a texture before interaction, but afterwards, the robot can recognize independence of the object as well as the executed action itself.

The scope of the theme, moreover, encompasses modeling of humans and their intentions. How do primates imitate or mirror others' behaviors, and why do they need it? One of interpretations, here we are drawing, is that primates might transfer motor intelligence by mirroring actions and sharing the intention. Here, we introduce a simple task which uses knowledge about objects and their behavior to "exchange" information between a human experimenter and the robot. How can we configure the interaction for them to share the intention behind the pointing action?

Examples of the solutions are (5) identify the robot hand, the human hand, and the object by the acquired knowledge, (6) mirror hand motions between the human and the robot by observation and performance, (7) mirror object motions (the effect of pushing) as well, (8) associate one's pointing action with the other's pushing action based on reinforcement feedback signals.

Requirements: engineering or psychology background, (optional) machine learning, visual/haptic processing

For further details concerning the research project, please contact: ryo.saegusa@iit.it, lorenzo.natale@iit.it, and giorgio.metta@iit.it
STREAM 2: Human Behavior, Perception and Biomechanics

The themes under this heading group research activities targeting the study of how humans learn, perceive and act. This year’s focus is on multimodal sensory integration, the control of redundant degree of freedom and a new topic addressing the neural correlates of biological motion inference.

Theme 1.9: Cortical plasticity and body representation

Tutor: Prof. Thierry Pozzo, Prof. Luciano Fadiga

N. of available positions: 1

The main topic of the research project will be cortical and behavioural plasticity in humans, in the framework of the strong relation between action and perception (Pozzo et al., 2006). Plasticity is an intrinsic property of the human brain that occurs as a result of everyday experience, such as learning but also during deprivation (Pascual-Leone et al., 2005). In particular, Ph.D. thesis work will study plastic changes within motor cortex after a brief period of short term arm non-use induced by immobilization. Cortical excitability will be evaluated by means of Transcranial Magnetic Stimulation. Then, we will try to better understand the strong link between action and body representation. To this aim dynamic proprieties of peripersonal space in a multisensory perceptive task (Serino et al. 2007; Bassolino et al. 2010) before and after arm non-use will be studied. The peripersonal space consists of a limited region immediately surrounding the body, characterized by a high degree of multisensory integration and that can be modify with sensory-motor experience. To clarify which information drives peripersonal space plastic modifications, different stimulation protocol, such as motor imagery and action observation will be performed. Results from the present projects would have applicative features in Robotic, bioengineering and neurorehabilitation.
Requirements: Backgrounds in cognitive neuroscience, engineering or psychology.

For further details concerning the research project, please contact: thierry.pozzo@iit.it and luciano.fadiga@iit.it  

Theme 1.10: Biological control of redundant systems

Tutor: Prof. Thierry Pozzo, Dr. Bastien Berret

N. of available positions: 1

The research project will be aimed at investigating the biological control of redundant motor tasks, such as arm or whole-body reaching movements (Pozzo et al. 2002, Berret et al. 2008, 2009). A number of interesting questions arise when considering the control of over-actuated limbs. For instance, (1) what are the control strategies used by the central nervous system to mix the control of task-level variables (finger accuracy, center of mass position…) with the control of actuator-level variables (muscle co-ordination, energy expenditure…)? (2) If human movements are near-optimal, what are the costs minimized during the planning of goal-directed actions, and, how are they combined and weighted depending on the task? (3) Is the modular control theory (motor primitives, muscle synergies) conceivable to generate efficient actions from certain primitives? Ultimately, such interrogations may result in biologically-inspired algorithms to control complex dynamics, such as humanoid robots. These questions and hypotheses will be investigated by using both experimental (EMG data analysis, 3D motion capture) and modeling (hierarchical approximate optimal control, stochastic optimal control theory, Todorov et al. 2005; 2009) approaches.

Requirements: Backgrounds in control theory, engineering or mathematics.

For further details concerning the research project, please contact: thierry.pozzo@iit.it and bastien.berret@iit.it
Theme 1.11: Decoding emotions through facial expression

Tutor: Prof. Thierry Pozzo

N. of available positions: 1

Inferring the emotional states of other people from their facial expressions plays a major role in shaping social interactions. Yet, we still lack a full account of how the components of this complex skill interact. According to the so-called Basic Emotion Theory (BET), the variety of human facial expressions can be subsumed under a few prototypical patterns that evolved as highly differentiated signals for a small number of emotions having a cardinal status. BET posits an intimate relationship between the way emotions are produced and perceived (Bimler & Kirkland, 2001; Dailey, Cottrell, Padgett, & Adolphs, 2002). On the production side, the motor commands to facial muscles are supposed to be triggered by genetically specified neuromotor programmes grouping sets of correlated responses for each emotion. On the perceptual side, facial displays are supposed to be identified by associating them to discrete categorical representations. 

In order to demonstrate that to each emotion is indeed associated a stable pattern of contractions of the expressive facial muscles, the analysis will be carried out by identifying and estimating the intensity of the contractions with the help of the Facial Action Coding System (FACS) (Ekman and Friesen, 1978), an anatomically based technique which allows the reliable measurement of any facial action in terms of the smallest visible unit of muscular activity.

The research project involves several steps. First, using a Vicon 3D motion capture system, we plan describe with a high temporal resolution the unfolding of the six basic expressive portrayals. The expressions will be generated by professional actors. A major concern in this phase is the positioning of the markers on the face, which must be selected with the goal of optimizing the description of the individual units of facial action (AU). In the second, crucial step computational strategies must be devised to map automatically the time course of the markers’ position onto the established FACS code. In this phase, the collaboration of a certified FACS coder will be required to validate alternative strategies. At this stage, we cannot be specific about the conceptual approach that will provide the best match between the predicted codes and those defined by FACS.  However, both the Bayesian approach and the Kernel method are likely to play a significant role. In the third and final phase of the project, the type of active AUs and the time course of their intensities will provide the empirical basis for testing BET against competing accounts of the generation of emotion expressions.

Requirements: Backgrounds in computational  neuroscience, engineering or mathematics.

For further details concerning the research project, please contact: thierry.pozzo@iit.it 
Theme 1.12: From somatosensory processes to cognition 
Tutor: Prof. Gabriel Baud-Bovy

N. of available positions: 1

Proprioception and kinesthesia are crucial for the control of action and provide a wealth of information about the environment in absence of vision (Longo, Azanon & Haggard, 2010). However, little is known about how sensorymotor information is processed by the central nervous system, in particular during movement.  Most studies have so far focused on simple stimuli, often applied in static conditions (e.g. posture matching or weight discrimination tasks). 

The aim of this project is to develop innovative experimental paradigms and theoretical concepts to study how somatosensory information is represented and processed centrally to yield knowledge about peripersonal space, body motion and about the touched objects. To that end, the student will systematically investigate human perception of extensive and intensive properties of force fields as well as the perceived properties real or virtual hand-held objects. This project will take advantage of robotic technologies to record and control precisely the mechanical interaction between the observer and his environment.

Requirements: engineering or experimental psychology background, capacity to assimilate and synthesize relevant literature in neuroscience, psychophysics and experimental psychology, willingness and motivation to realize psychophysical experiments with human participants, programming skills.

For further details concerning the research project, please contact: gabriel.baud-bovy@iit.it 
Theme 1.13: Multi-finger grasping
Tutor: Prof. Gabriel Baud-Bovy

N. of available positions: 1

Little is known about how higher-level signals in the parietal and premotor cortex are transformed into the motor commands that lead to the desired hand and/or finger movements or forces during the manipulation of objects. Understanding how these two levels of representation of motor action are related remains an enormous challenge and is crucial, for example, to control of a prosthetic hand.

The aim of this project is to analyze finger forces during the manipulation of objects to identify underlying motor synergies. Underlying neuronal processes will be investigated using transcranial magnetic stimulation and, possibly, recordings from the brain of patients. The project might include developing a biomechanical model of the hand and its validation and/or testing the validity of robotic measures of grasp quality. 

Requirements: engineering background, willingness and motivation to make experiments with human participants, knowledge of robotics and/or mechanics to model results, programming skills to develop the experimental setup.

For further details concerning the research project, please contact: gabriel.baud-bovy@iit.it
Theme 1.14: Robot-based assessment of sensory-motor processes
Tutor: Prof. Gabriel Baud-Bovy

N. of available positions: 1

The main objective of this research is to develop a cost-effective solution to assess a patient’s state and detect early age- or disease-related impairments during routine testing in clinical settings (Méary & Bayd-Bovy, 2009). The core idea is to measure performance on a variety of tasks that stress to different extents the various control processes postulated by current motor control theories (Desmurget & Grafton, 2000; Wolpert & Ghahramani, 2000; Todorov, 2004, Shadmehr & Krakauer, 2008).  One major objective of the project is to build a quantitative model of the predictive and feedback processes involved in the motor tasks and of the manner in which some pathology affect it.

Requirements: engineering background, signal processing, strong motivation in assimilating the relevant literature in motor control and willingness to participate to the collection of data in hospitals, mathematical and programming skills.

For further details concerning the research project, please contact: gabriel.baud-bovy@iit.it
Theme 1.15: Understanding Human Actions: Social and Emotional Entrainment in Music
Tutor: Dr. Alessandro D'Ausilio, Prof. Luciano Fadiga

N. of available positions: 1

Social interaction and communication are one of the fundamental components of human life, widely studied in psychology, and forming an emerging field in neuroscience. Music, language and action share similar communicative functions and mirror neurons might provide the physiological substrate to share motor representations among individuals, thus becoming a substrate ideal for unmediated communication. The goal of this project is to develop novel research on creative communication within groups of people. More specifically the candidate will be mainly involved in the development of European Community funded project SIEMPRE. SIEMPRE aims to study music as one of the fundamental examples of non-verbal human activities that is above all interactive, creative and social. Music is widely regarded as the medium of emotional expression par excellence. In addition, musical ensemble performance is one of the most closely synchronized activities that human beings engage in.

In particular, the research focus will be on exploring interpersonal interaction in (i) musician-musician, (ii) conductor-musicians, (iii) musicians-listeners, scenarios. Methods will be movement kinematic analysis, Transcranial Magnetic Stimulation and Brain Imaging (EEG and fMRI).

Requirements: Cognitive neuroscience background, experimental psychology methods, neurophysiology, programming in matlab (optional).

For further details concerning the research project, please contact: alessandro.dausilio@iit.it and luciano.fadiga@iit.it 

Theme 1.16: Fast adaptation to novel kinematics and dynamics contexts
Tutor: Dr. Francesco Nori

N. of available positions: 1

Humans are very flexible and fast both in acquiring new motor skills and in adapting to changes in their body structure. For instance, pointing with a pen in our hand is as simple as pointing with our own finger, even though the kinematic chain describing our arm is significantly different in these two conditions. This fast learning skill extends also to dynamics,  as humans are able to easily adapt to novel dynamical environments (e.g.  R. Shadmehr and F.A. Mussa-Ivaldi, 1994) and to move smoothly their limbs while carrying weights (J.R. Flanagan and A.M. Wing, 1997; P.R. Davidson, D.M. Wolpert, 2004).  In robotics the learning/adapting process is still much slower. Indeed, even the newest machine learning techniques require the collection of a great amount of data to become trained. The goal of this research project will be understanding the basis of humans' fast learning skills, to be able to implement them on a humanoid robot (http://www.icub.org).  The study will be based  on experimental measures on human subjects, at first  focused on the kinematics domain, with the possibility for the project to be extended to a dynamical context. 

Requirements: engineering background, matlab programming skills, (optional) confidence with functional analysis, (optional) some background in neuroscience.

For further details concerning the research project, please contact: francesco.nori@iit.it and giorgio.metta@iit.it
STREAM 3: Interaction and Interface

The recent advancements in Neuroscience, Robotics, Microelectronics and Control Theory, make today plausible the design and the realization of artificial systems directly interfaced with the brain.

If, on one side, some artificial sensory systems, as artificial retina and cochlear implants, are more and more improving to send visual and auditory signals to the brain, few attempts have successfully been made to work in the opposite way: by extracting and decoding brain signal to drive artificial actuators. At RBCS we are making a big effort to support a multidisciplinary project aiming at understanding how the brain codes and transmits information and how this knowledge can be exploited for bidirectional brain machine communication.

Theme 1.17: Speech perception using motor information
Tutor: Prof. Luciano Fadiga, Prof. Giorgio Metta, Dr. Leonardo Badino

N. of available positions: 1

Human beings show an excellent ability to understand one another's speech, independently of the speaker, the noise, etc. On the other hand, despite decades of research, the recognition accuracy of state-of-the-art Automatic Speech Recognition (ASR) systems is still dramatically affected by speech variability.

Recent neuroscientific evidence (D’Ausilio et al. 2009) indicates that brain motor areas responsible for speech production of some phonemes are also involved in their perception suggesting that motor information may be paramount for understanding speech in humans. In the last decade attempts made to integrate speech production knowledge into ASR systems (see King et al. 2007 for a review) have shown the advantages of coupling motor and acoustic information. However, combining these two streams of information poses fundamental problems that have still to be solved and that do not allow to fully take advantage of motor information. 

The ultimate goal of this PhD program is to build novel statistical models of the interaction between acoustic and motor information that should result into improved speech recognition accuracy. The models will be trained on new synchronized acoustic-motor data from which novel phonetic-articulatory features will be extracted.

Requirements: engineering or computer science background, speech technology, machine learning.

For further details concerning the research project, please contact: leonardo.badino@iit.it and luciano.fadiga@iit.it
Theme 1.18: Reaching and moving in peripersonal space for a humanoid robot
Tutor: Prof. Giorgio Metta, Prof. Luciano Fadiga

N. of available positions: 1

Tantalizing evidence from neuroscience is showing that the control of reaching in humans and animals is correlated with the activation of several neural pathways, where touch, proprioception, and vision are intertwined with motor information in a multisensory representation of the space around the body (Fogassi, Gallese, di Pellegrino, Fadiga, et al. 1992).

The goal of this PhD program is to model these multiple neural pathways in the form of a working controller for a humanoid robot. The robot in question is the iCub which is equipped with vision, proprioception and soon with a distributed sensorized skin. We will study how this multisensory representation can be acquired through learning and development during the interaction of the robot with the environment. We will formulate models that are in agreement with neuroscience (Rizzolatti, Fadiga, Fogassi, Gallese, 1997).

We are seeking candidates with a strong motivation to implement biologically sound models in a humanoid robot, with a background in engineering or related disciplines, programming skills, and some machine learning or computer vision experience. The successful candidate is expected to work in a team and integrate with the existing development tools and methods.

Requirements: engineering or computer science background, some experience in one of more of the following disciplines: machine learning, computer vision, control systems, neuroscience.

For further details concerning the research project, please contact: giorgio.metta@iit.it 
Theme 1.19: Information theoretic learning of sensorimotor coordination

Tutor: Dr. Giorgio Metta and Dr. Stefano Panzeri

N. of available positions: 1

Interacting successfully with the external world requires combining the information from different senses such as vision, touch, or hearing, and selecting and combining the information from each sense with efferent copies generated by the robot ongoing action. While current humanoid robots are being endowed with sensors providing information from artificial retinas and ears, and from touch sensors as well as from proprioception (including position and force), it is not clear how to optimally extract information from these data and use it to select the appropriate action for example in a sensorimotor coordination task.

This project aims at developing and using analytical methods based on information theory to analyze the data collected by different arrays of sensors and to find out what combinations of multisensory parameters to extract information lend themselves to rapid and efficient extraction of relevant features of the external world. These algorithms have been used successfully to study how cortical neurons may transmit information about multisensory stimuli (Kayser C, Logothetis NK, Panzeri S (2010) Visual enhancement of the information representation in auditory cortex. Current Biology 20: 19-24). The project aims also at understanding how these multisensory parameters may be used for learning sensorimotor coordination in a complex humanoid robot (www.icub.org).

Requirements: A degree in engineering, computer science, physics, mathematics or related discipline, and some experience or a keen interest in one of more of the following disciplines: machine learning, computer vision, control systems, neuroscience.

For further details concerning the research project, please contact: giorgio.metta@iit.it and stefano.panzeri@iit.it 
Theme 1.20: Conformal epicortical electrode arrays
Tutors: Dr. Davide Ricci, Prof. Luciano Fadiga, Dr. Fernando Brandi

N. of available positions: 1
The use of nonpenetrating electrodes to record brain potentials directly from the surface of the cerebral cortex, known as electrocorticography (ECoG), has emerged as a promising tool for obtaining recordings of high spatial and temporal resolution. Our comprehension of the relationship between epicortical signals and the underlying cortex neuronal activity is still lacking and would greatly benefit from the development of new investigation tools. The final goal of this research project is to develop a new class of large area high density epicortical electrode arrays able to conform to the brain cortex, with on board electronics for signal pre-conditioning. The activity will involve the development of an enabling technology for the direct metallization of soft polymers (such as medical grade silicones) pre-treated via excimer laser, capable of delivering electrodes, tracks and vias. The process will be at first implemented on two dimensional layers and the possibility of processing three-dimensional substrates will be explored. Integration with other technologies, such as Thin Film Transistors on Poliymide for signal conditioning, supercapacitors for local power supply and electrodeposited carbon nanotube high surface area coatings for electrode enhancement will be pursued. 

The activity will be carried out within the Soft Materials Laboratory @RBCS and in strong collaboration with the Micromachining Laboratory @Nanophysics.

Requirements: bioengineering or material science background, basic confidence with wet chemistry and polymer processing.

For further details concerning the research project, please contact: davide.ricci@iit.it, luciano.fadiga@iit.it,  fernando.brandi@iit.it 

Theme 1.21: Electrophysiology of the Human Cortex during Functional Mapping of Gliomas borders.

Tutor: Prof. Luciano Fadiga

N. of available positions: 1

Low-grade gliomas are brain tumors initially not malignant but often causing epileptic seizures and, more notably, quite prone to become more aggressive after their growth. Because of that, many low-grade gliomas are surgically removed and the larger extent of resection seems to correlate with an improved outcome. Since any damage in healthy brain areas neighboring the lesion may result into postoperative disturbances greatly reducing surgery benefits, intraoperative functional brain mapping techniques, such as electrical stimulation and surface recordings, are used to delineate tumor borders. Accurate mapping procedures are particularly relevant also because gliomas often involve critical regions of frontoparietal sensorimotor networks and frontal language areas. 
The present project deals with the application of new techniques of brain mapping, such as intracortical micro-recordings and surface micro-electrocorticography, associated to pre-operatory fMRI mapping on individual patients. Its general framework is that of BMI project of IIT RCBS Department.
Requirements: Medical backgroud, Cognitive Neuroscience background, Neurophysiology, Statistics.

For further details concerning the research project, please contact: luciano.fadiga@iit.it 
Theme 1.22: Interfacing engineered tissue constructs with artificial materials in robotics

Tutor: Dr. Davide Ricci & Prof. Rodolfo Quarto
N. of available positions: 1

This research theme is proposed within an ample project that aims to check the feasibility of creating a stable interface between biological tissues (i.e. skin) and artificial materials for two possible applications: prosthetic devices and bio-artificial skin for robots. A consortium of three research groups specialized in robotics, nanophysics and tissue engineering will take care of the development of an innovative bioreactor, of novel scaffolds and of tissue engineering respectively. This PhD position will deal with all the biological aspects of the production of epidermal layers. For this tissue, required as outermost layer of the tissue engineered construct, routine production methods will be used. Appropriate cell types, culture conditions and compatible biomaterials will have to be defined and set up to obtain a scaffold simulating a dermal layer and acting as an interface between the epidermis and the synthetic material composing the bioreactor surface. To this purpose, different cell types will be considered as well as different scaffolds to be colonized by the selected cells. Growth, cell differentiation and interaction between “dermis” and epidermis will be evaluated with morphological and molecular analysis. The final aim is to have the engineered tissue construct capable of surviving when exposed to normal environmental conditions.

The activity will be mainly carried out at the Stem Cell Biology Laboratory @CBA

Requirements: biology or biotechnology background

For further details concerning the research project, please contact: davide.ricci@iit.it, rodolfo.quarto@unige.it 

ADVANCED ROBOTICS – PROF. DARWIN CALDWELL

STREAM 1: Humanoids and Compliant Robotics

Theme 2.1: Building the Next Humanoids: Exploring the Mechatronic Technological Limits and New Design Philosophies

Tutor: Dr Nikos Tsagarakis

Number of available positions: 1

Although significant progress has been made during the past two decades in the mechatronic development of humanoid robots there are still significant barriers to be overcome before the body ware (structure, actuation, sensing etc) of humanoid systems approach (or exceed) the performance of the human body. Compared to humans, humanoids significantly lack performance and robustness especially when considering high impact interactions with the environment either when they are self generated or accidentally imposed, e.g. falling down. High impact interactions are required for example during the execution of highly dynamic tasks, e.g. running at speeds close to those that humans can achieve.   These will require the continuous interaction of the robot body with the ground, generating at each cycle high collision forces which cannot be tolerated by any existing humanoid system. This is because the design approach of these systems is incompatible with highly dynamic tasks. Existing humanoid systems consist of rigid structures and are actuated by stiff highly geared position servos which impose significant limitations both in the velocities/torque profiles that can be achieved at the joint level and in the capability of these systems to absorb the impacts. In addition, the lack of compliance does not allow these robots to make use of the natural dynamics and storage of energy during the motion cycle. As a result these robots have higher energy demands since more effort is required by both the control system and the actuator. The aim of this research is to improve the performance of existing and future humanoid systems on the aspects discussed above, by exploring both the mechatronic technological limits (structural materials, actuation) and new design and control philosophies. The outcome of these efforts will be verified though the development of a highly dynamic bipedal machine targeting to achieve running speeds close to those achieved by humans while at the same time demonstrating robustness and tolerance to external disturbances. 

We are preferably seeking candidates with a background in Electronic/Mechanical engineering or Robotics. This is a multidisciplinary project where the successful candidates should ideally have strong competencies in CAD mechanism design and good knowledge of robot kinematics/dynamics. (Mechanical design 70%, Dynamics/Control %30)

For further details concerning this research project, please contact: nikos.tsagarakis@iit.it 

Theme 2.2: Bipedal Jumping and Running Motion Generation and Control.

Tutors: Dr. Barkan Ugurlu and Dr. Nikolaos Tsagarakis

Number of Available Position: 1

In a dynamic human environment, humans may change their movements from walking to running and jumping in various situations. In a corresponding manner, a well adapted humanoid robot should be able to perform similarly with a capacity for walking, running and jumping and transitions between these phases.  One aspect that is of particular importance is the flight phase of running when the entire body moves forward and in this phase the stride length can be chosen (within reason) beyond the kinematic constraint of the leg. Furthermore, in this more of locomotion larger frictional forces are involved in the horizontal direction, resulting in the potential for faster motion. As running motion includes flight phases, jumping motions logically form a precursor to successful running. In addition, humanoid robots may have to perform small jumps to stabilize their locomotion when they are subjected to external forces. All in all, jumping and running appear to be essential functions for present-day humanoids. A new humanoid robot is under development in IIT under the European FP7 project AMARSI (http://amarsi.soltoggio.net/). This newly developed robot has a compliant joint structures which will eventually enable us to obtain feasible jumping/running characteristics utilizing the natural dynamics of the system. In order to increase the bipedal motion efficiency and step size the robot will also be equipped with a passive toe joints. In the first stage of this PhD study, jumping dynamics and bipedal jumping trajectory generation will be analyzed. This analysis will explore steady jumping characteristics including further studies on the importance of centroidal angular momentum and  the effect of compliance and toe joints. This stage will be reached after conducting jumping experiments to produce stable and repetitive jumping cycles. The second stage will be based on expanding jumping trajectory generation for a 3-D running trajectory generation. In this task, it is required to exploit motion interferences between sagittal and lateral planes. This stage will be accomplished after realizing a primitive running motion on Ci-Cub. The third stage will be devoted to improving jumping and running motions using online stabilizers and upper body motion regulation (waist/arm swinging). 

Applicant should ideally possess a strong background in physical system modeling and control /engineering or a physical science), MATLAB and C/C++ programming.  Knowledge of mechatronics hardware, fundamental robotics and rigid body dynamics is a plus.  

For further details please contact: barkan.ugurlu@iit.it, nikos.tsagarakis@iit.it 

Theme 2.3: Development and Control of a Variable Stiffness Actuated Humanoid Lower Body

Tutors: Dr Nikos Tsagarakis, Dr Gustavo Medrano Cerda

N. of available positions: 2

The humanoid child robot iCub has been constructed within the European consortium RobotCub. The legs have 12DOF and are powered by electric motors and harmonic drives making the joints stiff. However, for energy efficient and natural walking, humans have compliant joints. At IIT different adaptable compliant actuators and their control architectures are under development. The goal of this research is to develop a new lower body to incorporate and effectively utilize these compliant actuators. In the initial phase of the project simulation studies on the lower body will be used to identify the optimum position of the compliant elements across the leg kinematic chain. The compliant actuation sources will be designed and realized using electromechanical arrangements of mechanical elastic elements and motorized base units. The mechanical characteristics of these newly developed actuators will be determined through simulation analysis of the humanoid platform as well as from human biomechanical data. From these studies parameters such as joint stiffness range, energy storage capacity and actuator power will be determined and will be used for the fine tuning of the actuator electromechanical assembly. Following this the variable compliance solutions developed will be mechanically shaped to make them compatible with the mechanical morphology of the humanoid platform. The incorporation of passive variable compliant actuation and active compliance control will effectively result in the first humanoid platform which will exhibit a fully compliant lower body where compliance in the joints can be passively regulated. Following the mechatronic developments a second objective of the project will be to develop new control strategies making use of the intrinsic compliance in order to improve the energy efficiency and the adaptability of the robot to terrain variations.

This project is open to two different PhD candidates: one with more interest in control/software aspects and the other in mechanical/CAD design. The candidates will work within an international environment (http://amarsi.soltoggio.net/) on the development and control of the compliant actuated humanoid platform. We are ideally seeking candidates with a background in Electronic/Mechanical engineering, Physical Sciences or Robotics. This is a multidisciplinary project where the successful candidates should have competencies in CAD mechanical design robot dynamics and good knowledge of MATLAB and and C/C++ programming.  (Mechanical design 50%, Control %30, MATLAB/Programming 20%)

For further details concerning this research project, please contact: nikos.tsagarakis@iit.it 

Theme 2.4: Bipedal Walking Motion Generation and Control on Uneven Terrains

Tutors: Dr. Barkan Ugurlu , Dr Nikos Tsagarakis

Number of available positions: 1

From Kato’s first walking humanoid in 1970s to the present day, bipedal walking motion has fascinated robotic researchers and a variety of operational principles have often been exploited and there exist many reliable methodologies. Though most of the present-day humanoids have an exaggerated knee-bending resulting in inefficient walking,  most major problems –such as dynamically equilibrated walking, stable walking, physical interaction with the outer environment (partially)- have been successfully solved. Yet, looking at all these success stories, one may observe that they are all achieved on flat surfaces. On the other hand, our primary goal in creating humanoids is to take advantage of their legged mechanism as they are not in need of specifically designated areas. In other words, we want humanoids to walk around us, the places we humans exist where stairs, inclined surfaces, small obstacles and even rough surfaces appear. Up to now, there are a few demonstrations of bipedal walking on uneven terrains. Therefore, we are still in need of some generalized bipedal walking techniques that govern the above mentioned issues. 

A new humanoid robot is under development in IIT under the European FP7 project AMARSI (http://amarsi.soltoggio.net/). This newly developed robot has compliant joint structures which will eventually enable us to obtain feasible jumping/running characteristics through use of the natural system dynamics. In addition, this robot will have  6 axis Force/Torque sensors at the ankles and the feet soles are also equipped with 5 point 1-axis force sensors to detect feet contact with the ground. Such a sensory system created on the feet soles will permit the exploration of walking on uneven terrains. The first stage of this PhD study will be focused on understanding bipedal walking dynamics and bipedal walking trajectory generation on flat surfaces. Some conventional bipedal walking strategies will be applied on the robot and this stage will be finished after validating experimental results. In the second stage, techniques will be developed to regulate both dynamic equilibrium and body/feet posture to achieve walking on inclined surfaces. These techniques will make use of the different inverse kinematics/dynamics constraints assisted by sensory feedback.  A possible experimental verification on an inclined surface will be the end of this stage. In addition we will explore how to detect rough terrain properties using the contact force sensors located at the feet sole. Having determined the rough terrain characteristics, how the balance stability is affected when the robot is on this specific rough terrain will be evaluated and different control and trajectory planning methodologies will be developed to maintain stability and balance. 

Applicant should ideally possess strong background in physical system modeling and control (Engieering or Physical Sciences), MATLAB and C/C++ programming.  Knowledge of mechatronics hardware, fundamental robotics and rigid body dynamics is a plus.  

For further details please contact: barkan.ugurlu@iit.it , nikos.tsagarakis@iit.it 

Theme 2.5: Balance Stabilizer and Falling Strategies for a Compliant Actuated Bipedal System

Tutor: Dr Nikos Tsagarakis, Dr Gustavo Medrano Cerda

Number of available positions: 1

To date, considerable research has been dedicated to off-line trajectory generation based joint angle tracking. Models such as inverted pendulum, cart-table model, etc, have been applied to generate such walking patterns. However, due to the difference between the real environment and the simulated one, such as imperfect joint tracking control, upper body vibrations, and uneven flooring, simply playing back the off-line trajectory is of limited value in producing the smooth motion that is observed in simulation. Therefore, a real-time online stabilizer, which utilizes sensory feedback, is demanded. The goal of this research topic is to investigate a stabilizer for a joint-position controlled humanoid robot with inherent joint compliance. This research will aim to explore how the in-body compliance of the robot can be utilized to cope with the absorption of foot landing impacts or external disturbances in general in order to reduce the control effort from the balance stabilizer. In case of failure to maintain the balance of the compliant actuated robot further actions should be taken to prevent damaging the robot from the accidental impact. This will include the study of falling strategies taking inspiration from humans to produce appropriate trajectories and poses that will minimize the impact forces and reduce the risk of damaging the robot. The research topics will cover the following: Online stabilization of ZMP (zero moment point) trajectory), Compliant actuation control, Upper body posture control, Foot adaption for absorbing landing impacts (utilizing compliant actuation), Leg and Arm posture planning during falling.

Applicants ideally should have a background in Control/Electronic/Mechanical engineering, Mathematics, Physical Sciences or Computer Science. The candidates should have good competence in control and be strongly motivated to work with robot kinematics/dynamics analysis within an international multidisciplinary environment (http://amarsi.soltoggio.net/). Strong knowledge of MATLAB and C/C++ programming is essential.  (Modeling/Control 70%, Software 30%)

For further details concerning this research project, please contact: nikos.tsagarakis@iit.it
Theme 2.6: Development of a High Performance Mechatronic Platform for Walking Simulation and Rehabilitation

Tutor: Dr Jody Saglia, Dr. Nick Tsagarakis

Number of Positions: 1

Assistive technology is becoming part of daily human life providing new tools for advanced medical treatments and physical therapies. In particular, several rehabilitation robots are been developed by research labs and private companies and have been introduced as fundamental tools in standard clinical protocols for physiotherapy. In recent years a high performance platform for ankle rehabilitation has been developed at IIT. The system is based on a parallel mechanism and uses high performance, custom linear actuators to provide sufficient power to perform exercises from ROM (range of motion) recovery up to balance training. The goal of this PhD project is to use this knowledge and extend this platform to a high performance lower body mechatronic system that can be used to develop a walking simulator for Virtual Reality for rehabilitation applications. The system mobility and performance will be enhanced and extended combining the parallel mechanism with an exoskeleton system for knee and hip joints. Two positions are available: the first position is to design a new parallel mechanism for the ankle starting from the already developed systems while the second position is to develop the exoskeleton system for the knee and hip joints. The work will include analysis/modelling and hands-on robotic hardware development and control. 

The successful candidates will have a Master degree in Mechatronics, Robotics, Mechanical Engineering or equivalent and will be able to work both in a team and independently. Experience in CAD mechanical design, programming with C/C++ and Matlab is mandatory and knowledge of robot kinematics and dynamics is preferable. (60% mechanical design, 20% control, 20% software).

For further details concerning this research project, please contact:  jody.saglia@iit.it , nikos.tsagarakis@iit.it 

STREAM 2: Machine Learning, Robot Control and Human- Robot Interaction

Theme 2.7: Incremental learning for compliant robots through the superposition of basis force fields

Tutor: Dr Sylvain Calinon

Number of available positions: 1

A research trend in robotics has focused on the flexible control of the robot's compliance in contrast to the use of standard stiff controllers. The aim of this PhD proposal is to study incremental learning techniques applied to these robots. The advantage of moving from offline to online learning is twofold. Compliant robots first offer an increasing number of applications where the user gets closer and closer to the robot, sharing not only the same environment but also sharing the same tasks and collaborative chores. Early work in robot programming by demonstration considered learning as a two-step process, where an expert user first provided demonstrations (sometimes in a different environment than the robot's actual location) by wearing visual markers, exoskeletons or datagloves, that were then processed offline to build an appropriate mapping for the reproduction of the skill on the robot. The development of compliant robots facilitates the demonstration phase by focusing mainly on the kinesthetic teaching aspect (e.g., by using gravity compensation to move the robot as if it had no weight), instead of increasing the number of external devices required to demonstrate the skill. This will increase the quantity of data collected by robots through their experiences as collaborative partners. It is thus important to consider demonstration and reproduction as an interlinked process where the robot gradually refines its skill. The second impact of incremental learning is that these new actuation mechanisms will also require different forms of continuous self-calibration (also, when an object of different mass or inertia is employed, the effect on a compliant inverse dynamics controller differs from a standard stiff controller).

Depending on the candidate's background and interest, different issues can be investigated.

VARIANT 1 - Parallel processing for incremental learning of skills

Models based on a superposition of basis force fields have the interesting characteristics for online learning that most of the computation can be performed in parallel (each basis force field can be refined independently). Exploiting the parallel computation power of Graphics processing unit (GPU) for Machine Learning purpose is a recent but very rapidly growing trend that could provide robots with cheap and portable parallel processing capabilities. One possible investigation is thus to revisit machine learning tools and adapt them to frameworks such as OpenCL that would offer user-friendly and standard means of developing GPU accelerated applications on a large range of platforms.

VARIANT 2 - Incremental learning by considering discontinuous exploration and refinement strategies

A second route of investigation is to study learning as both a continuous and disruptive adaptation process. Incremental learning techniques allow refining a skill by prioritizing the recent inputs from an  experience over older ones. The refinements consist most of the time of progressive and continuous adjustments that allows the system to handle perturbations and slowly varying environments and robot's capabilities. However, as their biological counterparts, such systems would also occasionally benefit from disruptive adaptation mechanisms. Cubs can optimize their crawling skills until their legs are strong enough to explore a completely different way of moving on two legs. Similarly, if a smoothly adapting system converges to a local optimum that is far from a global optimum, it is interesting to let the system search for new policies that are drastically different from the known ones. Reinforcement learning strategies often consider predetermined learning rules for exploration and exploitation of results. In contrast, the process of acquiring and refining skills requires a intelligent combination of imitation, exploration, evaluation of performance and practice. So far, research in robot learning tends to isolate these different learning components and concentrate on a single aspect by considering the other ones as secondary, while the efficiency of the learning process in human is in contrast tributary to the interconnections between these elements. Technical skills required: C/C++ and/or Matlab

For further details concerning this research project, please contact:  sylvain.calinon@iit.it
Theme 2.8: From trajectory learning to force skills acquisition in compliant robotic arms 

Tutor: Dr Sylvain Calinon

Number of available positions: 1

Kinesthetic teaching offers a user-friendly and intuitive method to demonstrate new skills. Several approaches have been proposed, with active control preferred in many applications with powerful robots. Two methods are usually employed in this situation. The first consists of providing the robot with force sensors or pressure sensors placed on various parts of its frame, and to actively guide the robot depending on the sensed force/pressure input. One disadvantage is that it requires a large set of sensors to cover different parts of the structure to be able to move each limb individually. For this reason, the most commonly adopted solution consists of utilizing a single force sensor mounted at the wrist/end-effector, and moving the robot through the task by displacing manually the end-effector in task space. From a control perspective, the process is simplified, but only kinematics information can be transferred in such a way (and sometimes only slow movements). It is for example difficult to teach a robot to push a button as the robot cannot differentiate the situation in which the detected force comes from the user manually displacing the robot in space, with the situation in which the force corresponds to the task achievement.

Compliant robots offer new perspectives for kinesthetic teaching, where torque feedback can be used to let the user move the robot as if it had no weight, and as if no motors were in its articulations. Through a gravity compensation actuation, the user can concentrate on the task to demonstrate by grasping and re-grasping the robot in ways that are natural and efficient for him/her to execute the task. This proposed research aims at extending the range of skills that a robot can learn by moving the representation of the task constraints to the force domain. It is first proposed to explore how robot learning capabilities can be improved through the use of both torque feedback at the level of the joints and force measurements at the level of the end-effector. It is then suggested to consider the simultaneous interaction of multiple task constraints in the force domain (e.g. by considering multiple contact points), which offers new perspectives in human-robot interaction and robot control. Technical skills required: C/C++ and/or Matlab

For further details concerning this research project, please contact:  sylvain.calinon@iit.it
Theme 2.9: Safe human-robot interaction

Tutor:  Dr. Irene Sardellitti, Dr. Gustavo Medrano-Cerda

Number of available positions: 1

Traditional and new markets ranging from the industrial field to the service robotics, both for professional and domestic applications show an increasing desire for innovative robots able to collaborate with humans. One of the current challenges in robotics is therefore to improve safety in human-robot interaction. It is well known that collaborative tasks need to be performed in a flexible manner, where humans work side-by side with robots sharing workspace and objects. The risk assessment used for industrial applications guarantees safety around the robot by drawing a no go area where motion of the robot is halted if a human intrusion is detected. This approach, however, is far too restrictive for tasks where humans are required to closely interact with robots. As a consequence, considerable research is conducted, both at the hardware and software level to decrease the risk while improving the safety in human-robot interaction. At the hardware level, compliant actuators have been proposed as a safer approach for driving robots which have to interact with humans. Using compliant actuators it is possible to reduce the forces of an impact between a robot and a human, in the cases of an unexpected collision. Within the long-term project to develop a compliant humanoid robot (AMARSI, European project), one open PhD position is available.  The aim of this project is to develop a control strategy for a multi-dof compliant robotic system along with the analysis of the optimal stiffness and the input trajectory profiles for minimizing energy consumption. At the software level, control strategies for adjusting the robot's behavior on the basis of the detected level of hazard in human robot interaction are required. The aim of the project is to first define a risk indicator on the basis of the safety restrictions (user or robot side) depending on the task to accomplish.  This is necessary to continuously let the robot be aware of the environmental changes with respect to its internal state. The project will investigate how to construct the risk indicator and which are the parameters to take into account for describing changing safety constraints for several different tasks. Task redundancy and user intention will mainly be considered for this purpose. Then a control strategy will be implemented to accomplish the required tasks on the basis of the current level of risk. The project includes the use of the KUKA LWR and/or Barrett WAM robotic arm.

The candidates should have a background in Engineering, Mathematics or Physical Sciences (control theory, system modeling) and computer science. Required technical skills:  Matlab, C/C++

For further details concerning this research project, please contact: irene.sardellitti@iit.it
STREAM 3: Haptic Systems, Virtual and Augmented Reality

Theme 2.10: Enhancing the Stability of Haptic Systems: Novel Haptic actuators with Variable Physical damping

Tutor: Dr Nikos Tsagarakis, Dr Ioannis Sarakolgou

Number of Positions: 1

Damping and stiffness are two crucial parameters in force feedback simulations.  In the simulation of virtual contacts they define the degree of realism and the crisp sensation of the contact.  In conventional haptic systems both stiffness and damping are regulated by traditional motorized actuators through active control of the mechanical system.  This approach works well for the simulation of stiffness which is an energy storing component. However, damping which is an inherently dissipative energy component cannot be effectively replicated by this approach.  In pursuing a damping action in this way the finite sampling and computing time generate small but sufficient lag in the system response which leads to untimely input of energy which instead of impeding motion may assist it.  This in turn leads to control oscillations felt as vibration at the haptic interface.  The acuity of human touch to vibration reaching frequencies of 1 kHz means that such vibrations must be eliminated to enhance realism. An approach is to limit stiffness and damping to avoid vibration which finally leads to lower achievable bandwidths with an impact to simulation of realistic hard contact. 

The goal of this PhD will be to research actively controlled dissipative damping for haptic interfaces.  It will involve the design, development and integration of a working damper with a motor actuator in an actuation system suitable for haptic interfaces.  The dissipative damper could involve smart materials in the form of friction mechanisms based on piezoelectric or other actuators or fluid based viscous damping  based on electro-rheological or other fluids.  The theoretical modeling and the experimental outcomes will seek to demonstrate that an actively controlled dissipative damper enhances realism.  Furthermore its characteristics (e.g. free motion friction, mass, speed and power) should demonstrate suitability for integration in a haptic  interface and in particular desktop force feedback devices. 

The successful candidate should have a background in Electronic/ Mechanical engineering with a record that demonstrates excellent performance in practical projects. Experience in mechanical design CAD software (e.g. ProEngineer), in modeling mechanical systems in MATLAB, in instrumentation and data acquisition, will be very valuable.

For further details concerning the research project, please contact: nikos.tsagarakis@iit.it
Theme 2.11: Development of a Bi-manual Semi-Exoskeleton System for Enhanced Teleoperation and Virtual Immersion

Tutor: Dr Nikos Tsagarakis, Dr Ioannis Sarakoglou

Number of available positions: 1

The sense of touch is crucial in any kind of training or teleoperation procedures as these actions require the user to extensively engage his hand and fingers. In the recent years the rapid improvements in hardware and software to provide effective force/touch feedback has led to the development of generic haptic devices that have been applied in various training simulators and teleoperation systems. In most of these instances the mobility, dexterity and general utility for unencumbered use are relatively poor. In addition these systems provide only point contact and cannot address much more complex haptic scenarios where hands (groping with fingers or manipulation) are used to feel forces of varying levels while manipulating objects in a large workspace. To be of any advantage the touch modality should be conveyed to the user in a natural manner through a highly perceptive and transparent haptic interface. The development of a multi degree of freedom haptic system (based on semi-exoskeletal systems) with large working, volume, high backdrivability and multimodal feedback capability will be the core of this research. This interface will provide immersive haptic feedback from a Virtual Environment or during teleoperation procedures involving stimulation of proprioceptive and cutaneous nerves centres to provide data on interaction force, shape, size, texture and contact pressure.

We are seeking candidates with a background in Electronic/Mechanical engineering Physical Sciences or Robotics. Experience and competencies in CAD mechanical design and good knowledge of robot kinematics analysis would be a benefit. (Mechanical design 50%, Kinematics 30%, Control 20%)
For further details concerning the research project, please contact: nikos.tsagarakis@iit.it
Theme 2.12: Tactile and Force feedback Integration in Virtual Reality and Teleoperation 

Tutor: Dr Ioannis Sarakoglou, Dr Nikos Tsagarakis

Number of available positions: 1

Research in tactile feedback has seen increased attention in the past two decades and has mainly focused in two areas which are: the development of tactile display hardware and tactile perception. In both areas there are still fundamental issues to be addressed.   In terms of hardware the major limitation is in actuation. This originates from the high spatiotemporal resolution of the tactile sense at the fingertips which in turn generates very challenging requirements for the actuation and the design of tactile displays.  This has intensified research into new actuation technologies based on smart materials, innovative designs and new mechanisms.  The most pragmatic approach to date has proven to be tactile stimulation based on tactile arrays where an array of vertically moving pins generates controlled deformation to the skin simulating interaction with virtual surfaces.  Current research has produced a limited number of small size displays suitable for VR integration.  These small tactile displays constitute a significant step toward the integration of tactile and force feedback in haptic augmented Virtual Reality and teleoperation. However the design of tactile displays has not been appropriately related to VR aspects.  For example the mechanical configuration, resolution and response specifications of tactile display hardware have been drawn from strict tactile perception experiments rather than from the requirements of object manipulation and exploration in VR.  Also the effects of the audiovisual interaction and the associated sensorial overloads have not been taken into account in assessing what is necessary in terms of tactile feedback.  In order to progress further toward complete VR haptic systems, that can achieve a high degree of realism through tactile-force feedback integration, it is necessary to view tactile hardware development through the lens of VR applications and haptic integration. Appropriate VR scenarios should be designed and through them to test the integration of force and tactile feedback.   This approach will provide the best feedback as to what works and how tactile display hardware design should be approached when VR integration is the goal.   In addition to the above, it is of vital importance to form well targeted design specifications based on grounded understanding of the task, the limitations and advantages of the applied tactile stimulation technology and the important design factors that influence tactile perception in VR settings. 

The focus of this research will be to generate new knowledge on the use of tactile feedback in VR.  Based on the use of current tactile feedback technologies it will seek to draw new design specification for multi-fingered tactile stimulation in the context of VR tasks. It will assess the impact of high fidelity tactile feedback on VR object manipulation and task precision.  It will compare different tactile feedback configurations in terms of pin distribution on the finger pad and the use of additional stimulation such as lateral skin stretch and vibration for simulation of texture.  Finally it should provide substantiated recommendations for the design specifications of tactile feedback for whole hand VR haptics. For this work we are seeking to recruit motivated candidates willing to embark on a multidisciplinary subject spanning from hands on VR programming and hardware integration to psychophysical and perception research with a possible contribution to tactile display hardware design.

For further details concerning the research project, please contact: nikos.tsagarakis@iit.it
Theme 2.13: Evaluation of force and tactile feedback devices by measuring user performance 

Tutor: Dr Nadia Garcia, Dr Nikos Tsagarakis
Number of available positions: 1

This work involves the evaluation of novel force and tactile feedback devices together with its specific software by measuring user perceptual and motor performance. Force and tactile feedback devices have been used in applications such as surgery training, exploration of virtual textiles and remote manipulation of objects. In order understand how close these devices can come to simulating the real sensations it is necessary to evaluate them through the study of the user perceptual performance. The evaluation process would consider the quantification of the effect of some hardware parameters, for instance tactile device spatial density and haptic device degrees of freedom on user haptic perception. It would also include the measurement of the information transmitted to the user by the haptic devices in applications such as remote surgery and manipulation of virtual objects. These can be achieved studying the perception of some virtual physical properties, for instance roughness, curvature, stiffness. Absolute and differential thresholds can be determined. The applicant ideally should have a good background in psychophysics with some experience in programming (70% psychophysics, 30% software).

For further details concerning this research project, please contact: nadia.garcia@iit.it
Theme 2.14: Augmented Reality in Mobile Systems

Tutor: Eng. Andrea Brogni

Number of Positions: 1

Mobile phones are now very powerful and flexible in terms of programming, with proper operative systems.  Cameras, GPS, accelerometers are only few of the different technologies now included in a mobile phone. Indoor and outdoor applications are now possible with Augmented Reality (AR) systems, in different fields: industrial, scientific data visualization, robot control, architecture and so on.

The topic of the PhD will be studying two main aspects: explore the different possibility of the existent technologies for the AR with mobiles, and define and develop applications for the human-work environment, where AR could really be an added value in terms of safety (in industrial and robotic environments) and time reduction for specific tasks.

The ideal candidate should have a background on computer science or engineering and a strong attitude to mix theory and practice, including programming C++ libraries, interfaces for hardware and 3D OpenGL graphics. Experience with mobile operative systems could be an advantage.

Required technical skills: (Software 50%, Graphics 30%, Electronics 20%)

For further details concerning this research project, please contact: andrea.brogni@iit.it
Theme 2.15: Interfacing Virtual Reality Environment with Physical World

Tutor: Eng. Andrea Brogni, Dr. Nikos Tsagarakis

Number of Positions: 1

Virtual Reality systems are daily becoming more complex due to the evolution of different inputs, such as motion capture, 3D sounds, bio-feedback, haptic interfaces and robots. The integration and the way of interacting in these multi-modal environments is a fundamental area for research. Different streams are coming from different devices and making an interactive application implies continuously dealing with many different formats. 

The topic of the PhD will be the study of the systems available in the department and the definition of a basic standard for the communications. The design and the development of a multimodal platform for the integration will be the second part of the research. The work will be based on previous studies and in collaboration with other researchers.

The ideal candidate should have a background on computer science or engineering and a strong attitude to mix theory and practice, including programming C++ libraries and interfaces for hardware.

Required technical skills: (Software 60%, 3D Graphics Programming 30%).

For further details concerning this research project, please contact: andrea.brogni@iit.it
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