Advanced education, frontier research and innovation: this is The BioRobotics Institute, one of
the six Institutes of Scuola Superiore Sant’Anna, founded in 2011. The Institute has built a vast
wealth of knowledge and expertise in the fields of surgical-, bio-inspired-, service-, industrial- and
neuro-robotics, neural and rehabilitation engineering and their ethical, legal, social and
economic implications. The BioRobotics Institute aims to act as a linking bridge among
international centres of knowledge and to create a new concept of engineers that are scientists,
inventors, entrepreneurs, able to invent and solve problems.

Institute Annual Meeting 2016

The mission of the Institute is based on three pillars:
 Education, at all levels of postgraduate training: a MSc in Bionics Engineering and a PhD
program in BioRobotics;
 Research, organized in 8 research Areas and 10 research Laboratories;
 Innovation, which promotes entrepreneurial skills such as the ability to invent, to file
patents and to create start-up companies.

INTERNATIONAL
The BioRobotics Institute is an English speaking environment. It is involved in a network of
collaborations in Italy, Europe and worldwide with the most important research institutes,
universities and industries due to the high interdisciplinarity of its research and the many
collaborative projects and initiatives. Each year, the Institute welcomes 50+ international visiting
students, researchers, faculty and organizes international events, meetings and workshops.
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INSTITUTE IN NUMBERS
At present the Institute includes over 200 people: 24 faculty members, 90+ PhD students, 75+
research associates, 20+ technicians and administrative staff members, and a variable number of
master students and visiting researchers. The Institute is involved, as the coordinator or as a
partner, in over 65 international and national research projects, including one funded by European
Research Council, and it spun out 25 start-up companies.

Entrance of The BioRobotics Institute

WHERE WE ARE
The headquarter of The BioRobotics Institute is hosted at the Polo Sant'Anna Valdera (PSV)
established by the Scuola Superiore Sant’Anna, in 2002, as a 6,300 square meters surface research
park, in the industrial town of Pontedera (by train: 15 minutes away from Pisa and 45 minutes
from Florence). The PSV is home of world class equipment for analysis, design and (micro-nano)
fabrication as well as classrooms and a guest house. The PSV also hosts on its premises the Centre
for Micro-BioRobotics of the Italian Institute of Technology (IIT@SSSA) and some joint research
with leading universities in Japan and Korea, which share education and research in areas of high
technological content, as well as promoting and enhancing ideas and technologies. The PSV is
open to visitors once a month.
The BioRobotics Institute has other facilities in Tuscany dedicated to research activities:
 Assistive Robotics Laboratory (Peccioli – Pisa): research activity on cloud and social
robotics, ambient assisted living, wireless and wearable sensor systems;
 Industrial BioRobotics Laboratory (Collesalvetti – Livorno): research activity on technical
support in the design and development of robotics systems, design, development,
integration and experimentation of robotics systems, adaptive control algorithms for
robotic manipulation;
 Research Centre on Sea Technologies and Marine Robotics (Livorno): research activity on
the design, development and validation of robotic systems for marine applications .
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The BioRobotics Institute offers many opportunities at all levels of education, in order to inspire
and educate the next generation of roboticists and bioengineers. The Institute offers a PhD
program in BioRobotics, an English-taught MSc in Bionics Engineering, and is involved in
undergraduate classes for Honor Students and in the MSc in Biomedical Engineering and
Computer Science offered by the University of Pisa.
The BioRobotics Institute has also activated an Educational Robotics program with schools in
Tuscany, Italy. The program aims at bringing technology and robotics in schools (primary,
secondary and high schools) and using them as a new instrument for teaching scientific and
technical subjects.

PHD PROGRAM IN BIOROBOTICS
The PhD in BioRobotics is a three-year program that aims at educating highly competent
researchers with the potential to be leaders in this area. The students are educated in a
stimulating, interdisciplinary and multidisciplinary environment, within the Research Areas of the
Institute. Doctoral research projects are carried on in very well equipped, state-of-the-art
laboratories (in such fields as bio-robotics, micro- and nano-technology, biomimetics,
prosthetics) and through personal and team work performed under the supervision of a
committed full-time faculty. PhD students in BioRobotics are assessed by means of their
publication and patent records. At the end of the program, Doctors of Philosophy will possess solid
scientific and engineering skills, the ability to conceive and carry out original research projects, and
an autonomous entrepreneurship spirit.
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MASTER OF SCIENCE IN BIONICS ENGINEERING
The Master of Science in Bionics Engineering aims at educating highly qualified students in the
fields of medicine, biology, neuroscience, rehabilitation and surgery. Bionics indicates the research
area which integrates the most advanced robotics and bioengineering technologies with life
sciences, with the ultimate goal of inventing and deploying a new generation of biomimetic
machines, human-centred healthcare and assistive technologies.
The Master of Science is jointly managed with the Department of Information Engineering of the
University of Pisa. It is characterized by a limited enrolment (20 students). The program started in
the Academic Year 2015-2016 (September 2015) and is offered in English. Students are admitted
to the program following a successful entrance examination. Candidates must hold a Bachelor of
Science (B.Sc.) in an engineering discipline or any equivalent diploma.

OTHER COURSES OFFERED BY THE FACULTY MEMBERS OF THE BIOROBOTICS INSTITUTE
The Faculty of the Institute offers courses in several disciplines related to medical robotics,
rehabilitation robotics, neural engineering, biomechatronics, soft robotics, to Honor students of
the Scuola Superiore Sant’Anna, and undergraduate students of Biomedical Engineering and
Computer Science at the University of Pisa.

Photo credit: Hauke Seyfarth
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EDUCATIONAL ROBOTICS
Educational Robotics is an integrated system using robotics
and technology as a method to increase the quality of
scientific and technical education in Public School. Indeed
robotics increases involvement, develops problem solving
skills, promotes an interdisciplinary approach and supports
teamwork.
Educational robotics activities involve two main areas:
Scientific Research and Training.

SCIENTIFIC RESEARCH
This research focuses on developing teaching methods and on assessing of their effects on pupils’
learning. The underlying hypothesis is that educational robotics is suitable in progressively
improving abilities in planning and controlling complex tasks in early childhood, fostering
executive functions development.
This research is currently funded by Fondazione TIM within the project E-rob, coordinated by
Fondazione Stella Maris (Pisa), with the following objectives:
 disseminate the educational robotics programme through e-learning platform;
 evaluate the effects of teaching robotics on higher cognitive functions in pupils;
 adapt robotic systems to pupils with special educational needs.

TRAINING
In 2010 The BioRobotics Institute, in collaboration with the network of primary and secondary
schools in Valdera (Tuscany), developed the Territorial Workshop on Robotics. This gathered the
public education stakeholders, in order to investigate the viability of introducing robotics in the
public education programs.
These activities paved the way for the Regional Network of Educational Robotics active since
2015 and supported by the Ufficio Scolastico Regionale (the Tuscany Region School Office) and
Tuscany Region. The network aims to coordinate, promote and introducing Educational Robotics
activities in schools in the Tuscany Region. So far two training courses for teachers of primary and
secondary schools have been organized. The first edition (2015-2016) involved 357 teachers from
144 schools (about 30% of the main Tuscan Institutes) and experimental study involving 34 classes
for a total of 900 students. The second edition (2016-2017) involved 192 schools (39% of the
Tuscan Institutes) and 628 teachers.
The Regional Network of Educational Robotics agreement will end in 2018 and will feed into
another network promoted by Tuscany Region.
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RESEARCH AT THE BIOROBOTICS INSTITUTE
BioRobotics is a scientific-technological area which merges robotics and biomedical engineering; in
particular it is the science and the technology of the design and development of bioinspired
robotics systems with biomedical application.
While maintaining a unique vision on this topic, the research at The BioRobotics Institute is
articulated in Areas and Laboratories. Research Areas are led (PI) by Professors or Associate
Professors, while the Research Labs are coordinated by Assistant Professors.
The priorities of our research agenda are: world-class scientific production, impact on society,
innovation.
Areas and Labs are:
 Robot Companions for Citizens, Paolo Dario (includes the Assistive Robotics Lab, led by
Filippo Cavallo, and the Rehabilitation Bioengineering Lab, Stefano Mazzoleni);


Soft Robotics, Cecilia Laschi (includes the Soft Mechatronics Technologies Lab, Matteo
Cianchetti);



Creative Engineering Design, Cesare Stefanini;
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Surgical Robotics and Allied Technologies, Arianna Menciassi (includes the ComputerIntegrated Technologies for Robotic Surgery Lab, Gastone Ciuti, and the Micro-Nano-Bio
systems and targeted therapies Lab, Leonardo Ricotti);



Translational Neural Engineering, Silvestro Micera (includes the Locomotion Biomechanics
Lab, Vito Monaco and the Computational Neuroengineering Lab, Alberto Mazzoni);



Sensor Signals and Information Processing, Angelo Maria Sabatini;



Neuro-Robotics, Maria Chiara Carrozza (includes the Wearable Robotics Lab, Nicola
Vitiello and Simona Crea, and the Neuro-Robotic Touch Lab, Calogero Oddo);



Artificial Hands, Christian Cipriani (includes the Human-Robot Interaction Lab, Marco
Controzzi).
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Major scientific and engineering breakthroughs are needed to
develop high performance, complex artificial systems, like
robots, as Companions that are safe, social, dependable,
sustainable and skilled, literally going beyond the current
mechatronics paradigm. Nature can be an extraordinarily rich
and matchless reference for inspiring, conceiving and
designing novel robotic systems. The aim of this research area
is to develop a new generation of assistive robot companions, underpinning technologies and
bionic solutions to help citizens of all ages, from infants to elderly, and in different scenarios (in
the factory, at home, in farms or in marine scenarios), that are characterized by an extremely high
efficiency, robust behaviour in unstructured environments, low cost and novel design for
acceptability. The use of robotics as a method to increase the quality of scientific and technical
education in school and the ethical, legal, social and economic issues are also investigated.
This new generation of robot Companions fully integrated in the society requires the mobilization
of multidisciplinary scientific and technological excellence, the building of dedicated robotics
research infrastructures, and the study of ethical, legal, social and economic implications.
The research area focus mainly on the fields of: Assistive Robotics, Rehabilitation Bioengineering,
Neurodevelopmental BioEngineering, Marine Robotics, Humanoid Robotics Ethical, Legal, Social
and Economic Issues of Robotics, Educational Robotics.
PRINCIPAL INVESTIGATOR: Prof. Paolo Dario
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa

Neurodevelopmental BioEngineering is an interdisciplinary
research area at the intersection of developmental
neuroscience and biomedical engineering, mainly concerned
with quantitative analysis and modeling of human behaviour
during neural development. The aim of this research is the
development of novel mechatronic devices for ecological,
unobtrusive assessment of infant development. These tools
could help in assessing motor impoverishment or sensitivity to therapy, but also experimenting
new therapeutic interventions.
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa

11

Research activities in the field of marine robotics are carried
out at the Research Centre on Sea Technologies and Marine
Robotics.
The laboratory is located in Livorno and it is focused on the
marine environment both as an application scenario for
BioRobotics and as a source of bioinspiration for novel
robotics technologies. From the inspiration to marine
species, like the octopus, a new class of soft robots have
been generated and is today developed further for marine explorations, in the benthic zone.
Research experience of the lab includes surface and underwater autonomous robots and water
monitoring devices.
Research Centre on Sea Technologies and Marine Robotics
Viale Italia 6 – 57126 – Livorno

The main objective of the humanoid robotics is the study and
the robotic implementation of neuroscientific models of
sensory-motor coordination on humanoid platform. This has a
twofold benefit: improving the performances of the robotic
platform interacting with the real world and validating the
neuroscientific models through a comparison between robot
and biological system performances. In particular, the research
focuses on the implementation of models of gaze control,
sensory-motor anticipation, adaptive controllers based on neural networks and stabilization
mechanisms for the biped locomotion.
The humanoid robotics group is currently involved in the Sub-Project 10–Neurorobotics of the
Human Brain Project, an EU-funded Future and Emerging Technologies (FET) Flagship initiative.
The goal of this sub-project is to develop the Neurorobotics Platform, a novel software
infrastructure that enables scientists and technology developers to connect detailed brain models
- based on spiking neural networks - to simulations of robot bodies and environments. Brain
models can be implemented and tested on real humanoid robots through neuromorphic
computing platforms (i.e. the SpiNNaker board) that are able to simulate huge spiking neural
networks in real-time. Simulating more biomimetic and more realistic brain models fosters the
enhancement of robot abilities and, in turn, pushes the boundaries of robot bodywear towards
more human-like morphologies and mechanics.
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
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The ethical, legal, social and economic issues (ELSi) of
robotics have been a concern since the start of research
activities at The BioRobotics Institute.
In 2004, together with Kazuo Tanie and Ron Arkin, Paolo
Dario founded the Technical Committee on Roboethics of
the IEEE Robotics and Automation Society, bringing ethics in
the heart of the international community of robotics. Since
then, the Institute has organised many national and
international events on ELSi, for both academics and laypeople, in collaboration with scientists,
philosophers, theologians, sociologists, lawyers, economists, and artists.
The objective of this research area is to study the ethical implications raised by robotics in
research and applications, including social, legal, economic and anthropological issues. Some of
the research topics of interests are: robotics and employment; robot market and insurance, legal
status of robots; acceptance of social robots.
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa

Educational Robotics consists of the use of robots as a
channel for teaching and education.
Despite being appropriate for teaching science, math and
technology (STEM subjects: Science, Technology, Engineering
and Mathematics), it has also many connections with other
school subjects such as literature, arts and theatre thus
becoming a new educational paradigm called STEAM
(Science, Technology, Engineering, Arts and Mathematics).
Robotics is extremely motivating: learning with robots increases children engagement and a
student-centred learning approach. It develops a problem-solving attitude, foster a transdisciplinary approach and encourage team work. The BioRobotics Institute promoted training
courses for Italian teachers from primary to upper secondary schools for introducing educational
robotics in all school levels.
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
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The aim of the Assistive Robotics Lab is to design and develop
ICT and robotics solutions to provide support and assistance
to citizens in daily life activities. Particularly the studies carried
out in the Active and Assisted Living field aims to integrate
robotics, internet, cloud, mobile and electronic technologies
for applications, such as healthcare, agriculture, logistic and
manufacture. The main scientific challenges to enhance the
abilities and capabilities of robotic systems revolve around the physical and cognitive human robot
interaction, the integration in intelligent environments and the dependable design.
PRINCIPAL INVESTIGATOR: Dr. Filippo Cavallo

Assistive Robotics Lab
Via Boccioni, 1 – 56037 – Peccioli, Pisa

Photo credit: Hauke Seyfarth
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The main mission of Laboratory of Rehabilitation Engineering
is to design, develop and validate innovative technologies for
neurological,
musculo-skeletal
and
cardio-pulmonary
rehabilitation through a daily collaboration between
bioengineers and healthcare professionals.
Ongoing research activities include: Robot-assisted
neurorehabilitation; Assistive robotics; Telerehabilitation and
telemonitoring applications for cardio-pulmonary rehabilitation; Analysis of patient-ventilator
interaction; Analysis of athletes ventilatory response to exercise; Upper limb and locomotion
functional assessment.
PRINCIPAL INVESTIGATOR: Dr. Stefano Mazzoleni
Fondazione Volterra Ricerche Onlus (Joint Lab)
Borgo San Lazzaro, 5 – 56048 – Volterra, Pisa
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The growing need for robots in service tasks, in unstructured
environments, in contact with humans, is leading to release
the basic assumption of rigid parts in robotics.
The role of soft body parts to increase adaptability and
robustness appears clear in natural organisms. Compliance, or
softness, are also needed for implementing the principles of
embodied intelligence, or morphological computation, a
Octopus soft Robot - Photo credit: Jennie
modern view of intelligence, attributing a stronger role to the
Hills, London Science Museum
physical body and its interaction with the environment.
Soft robotics is an interdisciplinary field in robotics that deals with robots built out of soft and
deformable materials capable to actively and safely interact with humans and the environment.
Soft robotics is not just a new direction of technological development, but a novel approach to
robotics, unhinging its fundamentals, with the potential to produce a new generation of robots, in
the support of humans in our natural environments.
PRINCIPAL INVESTIGATOR: Prof. Cecilia Laschi
Polo Sant’Anna Valdera – V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
Research Centre on Sea Technologies and Marine Robotics – V.le Italia, 6 – 56126 – Livorno

Photo credit: Massimo Brega
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Soft, elastic and deformable systems with variable stiffness
are key factors for safe and effective interactions with
physical unknown environments, opening to robots a wide
range of application possibilities.
Soft robotics can show all its potentiality only if all the
components of the system are contextually taken into
consideration, going beyond even the biomechatronic
approach in terms of integrated design.
Several efforts have been focused on the development of new sensors, actuators, batteries and
mechanisms that are based on soft, flexible or variable stiffness technologies, but the most has
yet to be done.
In particular, actuators represent the real bottle neck, but in the last few years new and promising
soft mechatronics technologies are emerging thus offering new possibilities to fill the gap between
natural and artificial muscles.
PRINCIPAL INVESTIGATOR: Dr. Matteo Cianchetti

Polo Sant’Anna Valdera – V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
Research Centre on Sea Technologies and Marine Robotics – V.le Italia, 6 – 56126 – Livorno

Photo credit: Massimo Brega
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A small team of motivated, creative and competent young researchers
with multidisciplinary background works on challenging research
projects, often in the framework of industrial collaborations.
Level of success is measured by evaluating results on a regular basis, in
terms of number of original articles published on international journals,
exploited IP, alumni placement.
Merging creativity with robust engineering approaches and
methodologies is the key to the development of radically new
machines and usable systems.
Creative engineering design in robotics and biorobotics is a way to
Robotic Lamprey - cover page of bridge research and industrial innovation, to develop acceptable and
IEEE R&A Magazine
sustainable robots, and to educate creative students.
The area of Creative Engineering Design at The BioRobotics Institute of Scuola Superiore Sant’Anna
is focusing on this effort, by adopting specific approaches such as Design Thinking and Human
Centered Design.

PRINCIPAL INVESTIGATOR: Prof. Cesare Stefanini
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
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Investigating problems, identifying enabling technologies and
developing solutions for addressing the field of minimally invasive and
targeted therapy and diagnosis. Development of endocavitary robots,
capsules, instrumented catheters, and probes able to operate and
navigate in the human body for diagnostic and therapeutic
applications. Therapy and diagnosis can be performed in the human
abdomen, in the cardiovascular system, in the gastrointestinal tract,
but also in other hard-to-reach districts.
Within this framework, the mission of the Surgical Robotics and Allied
Technologies Area, that includes the Laboratories of ComputerIntegrated Technologies for Robotic Surgery and Micro-Nano-Bio systems and Targeted Therapies,
is to combine micro/nano/bio technologies, molecular biology, chemistry, physics,
robotics/microrobotics/computer-integrated technologies, for enabling future high quality
(accurate and repeatable), early and minimal invasive key technologies.
PRINCIPAL INVESTIGATOR: Prof. Arianna Menciassi
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
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Medical robots have a significant potential to fundamentally
change surgery and interventional medicine as part of a
broader, information-intensive environment that exploits the
complementary strengths of humans and collaborative
computer-based technology and robotics. Robotic systems for
surgery are computer-integrated/assisted systems (i.e.,
surgical CAD/CAM or surgical assistants) in which the
robot/tool itself is just one element, i.e. the end-effector, of a
larger system designed to assist (with a pre-programmed/semiautonomous, teleoperated or
hands-on compliant control) a surgeon in carrying out a surgical procedure that may comprise: i)
preoperative planning, ii) intraoperative registration to presurgical plans, iii) use of a combination
of robotic assist and manually controlled tools for carrying out the plan, and iv) postoperative
verification, analysis and follow-up.
Within this framework, the mission of the Computer-Integrated Technologies for Robotic Surgery
Laboratory is the invention, prototyping and clinical validation of computer-integrated/assisted
collaborative robotic platforms and smart mesoscale devices as means for effective, reliable and
minimally invasive diagnosis and therapy. The research vision of the laboratory within the Surgical
Robotics and Allied Technologies Area is aimed at encouraging cross-fertilization between
different disciplines, creating innovative knowledge substrates from which generating novel
technological solutions for focused/guided diagnosis and therapy and enlarging/opening new
scenarios of bioengineering for computer-integrated and collaborative robotics.
PRINCIPAL INVESTIGATOR: Dr. Gastone Ciuti
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
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The Micro-Nano-Bio Systems and Targeted Therapies Lab is
grounded on a strongly interdisciplinary approach and on a
cross-fertilization between mechatronics, materials science,
biotechnologies and molecular biology, with the aim of
developing new therapeutic systems at different scales.
In this framework, artificial and bioartificial bionic
organs are targeted, made of mechatronic systems and
Implantable bionic organs
advanced implantable materials. Biomaterials for regenerative medicine are also pursued, in
synergy with the optimization of technologies for physical stimulation of cells and tissues. New
flexible and scalable biohybrid machines, integrating living cells and tissues with artificial
components, are also explored. Finally, miniaturized drug delivery systems are pursued, to face
cancer and other severe pathologies in a highly targeted way.

PRINCIPAL INVESTIGATOR: Prof. Leonardo Ricotti

Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa

Drug delivery system and biomaterials
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Neuroengineering is a novel discipline combining engineering
including micro and nanotechnology, electrical and
mechanical, and computer science with cellular, molecular,
cognitive neuroscience with two main goals: increase our
basic knowledge of how the nervous system works; develop
systems able to restore functions in people affected by
different types of neural disability.
In this framework the goal of the TNE Laboratory is to develop personalized neuroprostheses to
improve the quality of life of disabled people by exploiting the potentials of neuroscience-driven
approaches. In particular, we are working on the development of novel implantable neural
interfaces, neuroprosthetic technologies to restore locomotion and grasping sensory-motor
functions, bionic artificial limbs, advanced computational algorithms, novel approaches to
understand motor control.
The TNE lab is also actively involved in three joint laboratories on neural control of movements
(with the University of Pisa and the University Hospital of Pisa, Prof. Bruno Rossi and Dr. Carmelo
Chisari) and on translational neurorehabilitation (with the Institute of Neuroscience of the Italian
National Research Council, CNR, Dr. Matteo Caleo). The TNE Lab also collaborates with the
Movement assistance and rehabilitation laboratory (MARE Lab), led by Prof. Nicola Vitiello.
PRINCIPAL INVESTIGATOR: Prof. Silvestro Micera
Polo Sant’Anna Valdera
V.le R. Piaggio 34 – 56025 – Pontedera, Pisa
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The research interests of the Locomotion Biomechanics Lab's
team concern the effects of neuromuscular adaptations
resulting by aging and neuro-musculo-skeletal disorders on
locomotion-related motor tasks. This ambitious objective
relies on the evidence that safe and autonomous walking
capabilities allow persons to maintain independence during
daily activities, to enjoy social relationships and to retain
good emotional vitality. In addition, walking is the most
natural form of physical activity, thus providing persons with
extensive benefits significantly improving the quality of their life. Accordingly, our studies are
aimed at achieving a quantitative assessment of the effects of aging and disorders on locomotionrelated motor tasks, and identifying suitable strategies to recovery safe and autonomous walking
capabilities.
In this framework, the main activities of our team consists in:
 investigating the fundamental principles underlying human locomotion;
 developing robotic platforms to promote the recovery of locomotion capabilities of
persons affected by neuro-musculo-skeletal diseases;
 developing suitable strategies to counteract the lack of balance and prevent the fall risk.
PRINCIPAL INVESTIGATOR: Dr. Vito Monaco
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
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The Computational Neuroengineering Laboratory studies
information processing in the nervous system. We combine
methods from Computational Neuroscience – decoding and
information analysis of biological and artificial neural data,
spiking neuronal networks simulations – with the applicationdriven approach of Biomedical Engineering and Neuro
Robotics. Understanding information processing is indeed a
key feature for the development of neural interfaces, and
Morphological network vs functional
network

such interfaces can in turn be used to validate neural models.
Moreover, capturing neural coding dynamics is a basic step
toward the development of biomimetic software/hardware for data processing.
Theoretical studies on the origin of neural signals, information transmission, and dynamics of
neuronal networks are then complemented by a broad range of biorobotics applications, spanning
from invertebrates to humans, from sensory processing to decision making. As examples of such
applications, we are working on the analysis of healthy and pathological neural dynamics in the
autonomic nervous system and in the basal ganglia to shed light on metabolic and
neurodegenerative diseases, and we are contributing with the analysis of behavioral and neural
responses to tactile stimuli to the development of novel upper limb neuroprostheses. Recent
modeling works include instead: sleep/wake transition in thalamic networks, synaptic and
network factors determining the local field potential, and phase-of-firing code in single neurons.
PRINCIPAL INVESTIGATOR: Dr. Alberto Mazzoni
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa

Altering neuronal structure
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Robotic walking aid

The research activities mainly concern the design, development, and
validation of wearable sensor systems for applications in the field of
human motion monitoring, functional assessment, fall detection and
fall risk assessment. The core activity of the lab is based on deploying
body area networks that are built around custom-made
magneto/inertial measurement units, enriched with, e.g., monocular
camera systems and barometric altimeters.
Of special interest to the group is the development and validation of
the computational methods, either machine learning or stochastic
filtering methods, that are needed for automatically recognizing the
human activity (context detection), and for estimating the
biomechanical parameters of relevance to each recognized activity
(functional assessment).

PRINCIPAL INVESTIGATOR: Prof. Angelo Maria Sabatini
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
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The dream: to develop wearable robots allowing the humanrobot symbiosis
Symbiosis: “a close, prolonged association between two or
more different organisms of different species that may, but
does not necessarily, benefit each member” (American
Heritage Dictionary). The robot becomes a physical,
mechanical agent which actively supports (healthy, elderly
and disabled) people in performing activities of daily living.
Is “physical” human-exoskeleton symbiosis doable?
In 1960s, in “Man-Computer symbiosis”, J.C.R. Licklider formulated a vision of human-computer
symbiosis in which computers and humans would become fluidly interdependent and share goals.
In 2010s, in many tasks, human and computer share goals and are interdependent.
The method
We develop robotic devices for applications in rehabilitation and daily-life assistance of people
affected by movement disorders; such devices interact with the human subjects at cognitive and
physical levels, realizing bidirectional flows of information and mechanical power. We also develop
robotic models (physical platforms) for the investigation of neuroscience theories and we exploit
results of the neuroscience investigation to design and develop robotic systems.
PRINCIPAL INVESTIGATOR: Prof. Maria Chiara Carrozza
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
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Ageing population affects society welfare sustainability. The
ageing of the population is one of the most critical challenges
current industrialized societies will have to face in the next years,
and threatens the sustainability of our social welfare. In 40 years
from now, nearly 35% of the European population will be older
than 60, hence the urgency to provide solutions enabling our
ageing society to remain active, creative, productive and, above
all, independent. Among many diseases, gait disorders and upper-limb impairment are common
and often devastating companions of ageing, leading to reductions in quality of life and increased
mortality.
Within this framework, the mission of the Wearable Robotics Laboratory is the invention,
prototyping and clinical validation of wearable robots (also called exoskeletons or powered
orthoses) for assisting, rehabilitating or augmenting human movement.
PRINCIPAL INVESTIGATOR: Prof. Nicola Vitiello
CO-PRINCIPAL INVESTIGATOR: Dr. Simona Crea
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
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The Neuro-Robotic Touch Laboratory mainly targets the
engineering of an artificial tactile sense in parallel to the
investigation of human touch. We develop and integrate
novel transducers, both synthetic and bio-hybrid. We
implement neuromorphic systems, with natural spiking
coding of tactile information. We analyse neural data to
unveil the neuronal processes underlying the human sense of
touch, and we implement behavioural protocols to characterize the perception of tactile features.
This body of neuroscientific knowledge and the developed biorobotic technologies converge in a
key application domain in upper limb neuroprosthetics, with complementary interests stemming
towards safe human-machine co-work, tele-presence for medical robotics and hand-held
consumer electronics.
PRINCIPAL INVESTIGATOR: Dr. Calogero Oddo

Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
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The Artificial Hands Area (AHA) pursues research in
mechatronics and human-machine interfaces (HMI) with the
goal of developing advanced robotic limbs to be used as
thought-controlled prostheses. Current research topics
include: the (high-tech) observation of the human hand; the
design of artificial hands, digits, wrists and elbows, their
transmission and artificial sensory system; the design of
control architectures and intuitive control strategies; the use
of biological signals for the physiological control of prehension; the development and clinical
validation of bi-directional non-invasive (wearable) interfaces through novel assessment tools; the
investigation and comparison of shared-control strategies between user and the prosthesis; the
incorporation of sensory feedback strategies into one’s sensorimotor control.
The AHA co-founded with INAIL Prosthetic Centre the REPAIR Lab (Rehabilitation Engineering and
Prosthetics Applied Innovation & Research) in Budrio (Bologna).
The AHA spun out Prensilia (www.prensilia.com), a company that develops and commercializes
artificial hands worldwide, since 2009.
PRINCIPAL INVESTIGATOR: Prof. Christian Cipriani
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa

Photo credit: Hauke Seyfarth
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The Human Robot Interaction Laboratory is part of the
Artificial Hands Area of The BioRobotics Institute. Current
research topics include robotic hands and dexterous
grasping, cognitive robotics and human-robot interaction.
What do people expect from robots? The possibility of
working in close collaboration with a robotic colleague is
perhaps one of the most fascinating results that the world
expects from the robotics research community. Nowadays industrial robots are specifically
designed for constrained or restricted sets of tasks in structured environments, and more
important are neither designed nor programmed for collaborating fluently with humans. To date,
Human Robot interaction is unintuitive, restrictive, and limited to a rigid command-and-response
fashion. There's a huge need for flexible, capable, safe robots, namely, a new generation of
industrial machines very different from the bulky and expensive manipulators existing today.
Within the factories this new class of robots could work directly alongside employees with no
safety caging merging the benefits of the fully manual assembly and fully automated
manufacturing lines. At home this cooperative robot would provide assistance to the human in
domestic activities as carrying heavy objects, or simply gently passing a bottle of water.
PRINCIPAL INVESTIGATOR: Dr. Marco Controzzi
Polo Sant’Anna Valdera
V.le R. Piaggio, 34 – 56025 – Pontedera, Pisa
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In addition to the Research Areas and to the Laboratories, The BioRobotics Institute is involved in
Joint Research Labs with clinical institutions and industrial partners. These Joint Labs are devoted
to translational research activities such as: rehabilitation bioengineering, movement assistance,
translational neurorehabilitation, analysis and treatment of neuromotor disorders, upper limb
prosthetics and smart factories.
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The Joint Laboratories are:
 Translational Neurorehabilitation Laboratory, joint laboratory with CNR, Neuroscience
Institute (Pisa);
 Laboratory for Analysis and Treatment of Neuromotor Disorders (ATND), joint laboratory with
University Hospital of Pisa (Pisa);
 Movement Assistance and REhabilitation Laboratory (MARE Lab), joint laboratory with
Fondazione Don Carlo Gnocchi (Firenze);
 BioRobotics for Parkinson disease Laboratory, joint laboratory with ASL (Massa Carrara);
 Rehabiltation Engineering and Prosthetics Applied Innovation & Research (REPAIR Lab), joint
laboratory with INAIL Prosthetic Centre (Vigorso di Budrio, Bologna);
 I – Lab 4.0 Connection Machines and People, joint laboratory with GE Oil & Gas (Pontedera);
 Rehabilitation Bioengineering Laboratory, joint laboratory with Auxilium Vitae (Volterra);
 N2LAB – Microneurography and Microneurostimulation Lab, joint laboratory with Istituto
Fisiologia Clinica - CNR, Università di Pisa, Fondazione Toscana “Gabriele Monasterio”, Azienda
Ospedaliero Universitaria Pisana (Pisa);
 Validation of wearable robotic systems and ICT technologies for functional rehabilitation
(WeRehab Lab), Joint laboratory with USL Toscana Nord Ovest, Ospedale Versilia (Camaiore);
 Movement Opportunities and Technology Innovations fOr Neurorehabilitation LABoratory
(Motion Lab), joint laboratory with Policlinico (Milano).

INAIL Prosthetic Center – home of REPAIR Joint Lab
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The Translational Neurorehabilitation Laboratory provides a closer
interaction between basic neuroscientists, neural and
rehabilitation engineers, and clinical neurologists. Our mission is to
expand current understanding of brain function and disease by
performing preclinical experiments on animal models of nervous
system disorders, and translate this knowledge into novel therapies
by developing innovative robotic and ICT-based applications.
Current research activities include:
 study of brain function after stroke (anatomy, electrophysiology, behaviour);
 robot-based motor rehabilitation in a rodent model of stroke;
 epilepsy-induced modifications of visual function;
 closed-loop detection and suppression of epileptic seizures.
PRINCIPAL INVESTIGATOR: Prof. Silvestro Micera
CNR – Consiglio Nazionale delle Ricerche (Joint Lab)
Via Giuseppe Moruzzi, 1 – 56124 – Pisa
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The ATND Lab provides a closer interaction between rehabilitation engineers and physicians to
study neurobehavioral changes in people with neuromotor disorders, and to develop new clinical
approaches and technologies for motor rehabilitation.
Current research activities and tools include:
 Analysis of movement (kinematics, kinetics) to assess post-stroke motor impairment and
post-rehabilitative modifications;
 Advanced
analysis
of
neurophysiologic
modifications
following
stroke
(electroencephalography, electromyography, transcranial magnetic stimulation);
 Robot-based upper- and lower-limb post-stroke rehabilitation (MOTORE, Lokomat).
PRINCIPAL INVESTIGATOR: Prof. Silvestro Micera
Azienda Ospedaliera Pisana (Joint Lab)
Via Paradisa, 2 – 56125 – Pisa

Photo credit: Arch. Alessio Tommasetti, d'arc studio architects associates
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MARE Lab is a joint laboratory between The BioRobotics
Institute and the centre for rehabilitation Fondazione Don
Gnocchi located in Florence.
This laboratory aims at carrying out the experimental
validation of wearable robots for motion assistance and
rehabilitation with real end users such as elderly people
affected by gait disorders, transfemoral amputees or
hemiplegic patients. This laboratory is equipped with a
motion tracking system, a EMG recorder, a device to monitor human physiological parameters,
direct/indirect calorimeters and the SENLY platform for investigating fall biomechanics and
strategies for its risk mitigation.
This laboratory is currently exploited by members of different laboratories/areas of The
BioRobotics Institute, such as: Wearable Robotics Laboratory, Translational Neural Engineering
Laboratory, Locomotion Biomechanics Laboratory and Human-Machine Nexus Laboratory.
PRINCIPAL INVESTIGATORS:
 Prof. Nicola Vitiello
 Dr. Raffaele Molino Lova, Fondazione Don Gnocchi
Fondazione Don Carlo Gnocchi (Joint Lab)
Via di Scandicci, 269 – 50143 – Firenze
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The BioRobotics for Parkinson disease Laboratory focuses on
prevention, monitoring and management of Parkinson's
disease (PD) and its co-morbidities, from screening for prefrailty states (e.g. subjects with idiopathic hyposmia), to early
diagnosis, rehabilitation and assistance according to the level
of the pathology.
The activities concern the combination of mHealth
applications, cooperative ICTs, Cloud technologies and wearable/portable integrated devices,
which empower patients to pursue healthy lifestyles and to manage their health and disease in
cooperation with their formal and informal caregivers and with professional medical staff across
different care settings and environments.
PRINCIPAL INVESTIGATORS:
 Dr. Filippo Cavallo
 Carlo Maremmani, MD PhD, Neurologist at Operative Unit of Neurology (Massa e Carrara)
Ospedale Apuane Massa – Toscana Nord Ovest (Joint Lab)
Via Enrico Mattei, 21 – 54100 – Massa
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The REPAIR Lab results from a collaboration between The
BioRobotics Institute and the INAIL Prosthetic Center. The main
research fields of the lab are: prosthetic devices and interfaces,
neurorobotics and recovery of motor and sensory functions after
amputation or neurological injury. The objective is to bridge the
research and development with the rehabilitation conducted by
physicians and therapists in direct contact with the patients.
Currently INAIL funds the following projects:
 CECA 2020: Focused on the development and experimental evaluation of novel noninvasive upper limb prostheses and components.
 MOTU: Devoted to the development and assessment of a new lower limb prosthesis with
bi-directional control interface.
 RELIEF: Focused on the design and implementation of an artificial sphincter able to
increase patient autonomy from catheters or other external devices.
 METROS: Investigates new methodologies for treating amputees with osteointegrated
implants and prostheses.
Past projects include:
 PPR3: Development of new biomimetic, articulated and instrumented prosthetic finger
phalanges, both controlled by invasive and non-invasive interfaces (www.ppr3.eu).
PRINCIPAL INVESTIGATORS:
 Prof. Christian Cipriani
 Ing. Rinaldo Sacchetti, Technical Director at INAIL

Centro Protesi Inail (Joint Lab)
Via Rabuina 14 – 40054 – Vigorso di Budrio, Bologna
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The "i‐Lab 4.0 – Connecting Machines and People” results
from a collaboration between The BioRobotics Institute and
the GE Oil & Gas.
This partnership is aimed at creating a centre of excellence
focused on industrial robotics, able to match the most recent
goals met with the Industry 4.0 program with the strong and
well-consolidated know-how of the company and of the
Institute. The resulting expertise will be delivered to the local area, the Tuscany Region, promoting
technological advancements, competitiveness of resources and, finally, the economic growth.
The Joint Laboratory, fits the context of the Galileo project led by GE Oil & Gas, supported and
funded by the Italian Government and by the Tuscany Region, which fosters the foundation of a
centre of excellence in Italy able to develop innovative machines, the affirmation of digitizing and
the training of a new generation of specialized engineers for the design of pioneering technologies
and local industrialization.
The main activity is the design and realization of mechatronic systems for applications in the fields
of welding and manufacturing (Oil & Gas sectors).
PRINCIPAL INVESTIGATORS:
 Prof. Cesare Stefanini
 Francesco Saverio Chiari, GE Oil & Gas
I–Lab – Connecting Machines and People (Joint Lab)
V.le R. Piaggio, 34 – 56025 – Pontedera
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Founded in 2011, the Rehabilitation Bioengineering
Laboratory has been established through an agreement
between Auxilium Vitae Volterra S.p.A. and Scuola Superiore
Sant’Anna.
The Laboratory headquarter is located at the clinical site of
Auxilium Vitae; the Scuola Superiore Sant’Anna offers
professional competences of researchers in the field of
Bioengineering, BioRobotics and Bionics, closely working
together with medical experts and rehabilitation professionals.
Joint research activities:
 Design, development and validation of robotic systems for neurological rehabilitation
(stroke, brain injury);
 Tele-rehabilitation applications (for continuity of care from hospital to home/residential
setting) for neurological and cardio-respiratory rehabilitation;
 E-health solutions for pulmonary rehabilitation (e.g., telemonitoring of physiological and
respiratory parameters for ventilator-dependent patients);
 Biomechanics and performance assessment in Sport Medicine.
PRINCIPAL INVESTIGATOR: Dr. Stefano Mazzoleni
Fondazione Volterra Ricerche Onlus (Joint Lab)
Borgo San Lazzaro, 5 – 56048 – Volterra, Pisa

Auxilium Vitae
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N2Lab is the first joint lab dedicated to microneurography
and microneurostimulation. The lab was settled from a
collaboration agreement between The Biorobotics Institute
and Istituto Scienze della Vita of Scuola Superiore Sant’Anna,
Istituto di Fisiologia Clinica (National Research Council of
Italy), Università di Pisa, Azienda Ospedaliera Universitaria
Pisana and Fondazione Toscana “Gabriele Monasterio”.
The aim of the lab is to develop innovative and multidisciplinary approaches to medical,
engineering and information technology in the field of medicine bioelectronics, for the treatment
of cardiovascular, metabolic and neurological diseases.
Another innovative aspect of microneurography and of microneurostimulation is the development
of bionic hand prosthetic capable of restoring sensory information.
The main activities of N2Lab are:
 The study of nervous system dysfunction as pathophysiological mechanism that causes
cardiovascular and metabolic diseases;
 Development of innovative and multidisciplinary approaches to medical, engineering and
Information technology in the field of medicine bioelectronics, for the treatment of
cardiovascular, metabolic and neurological diseases;
 Development of models able to mimic the neural activity and the information content of
mechanical receptors for tactile sensory sensitivity through the microneurostimulation;
 Development of bionic prostheses capable of restoring sensory information.
PRINCIPAL INVESTIGATORS:
 Prof. Silvestro Micera
 Dr. Calogero Oddo
 Dr. Giorgio Iervasi – Istituto di Fisiologia Clinica
 Prof. Stefano Taddei – Università di Pisa
 Dr. Rosa Maria Bruno – Università di Pisa
 Dr. Carmelo Chisari – Dirigente medico AOUP
 Prof. Michele Emdin – Fondazione Toscana "Gabriele Monasterio"
 Prof. Claudio Passino – Fondazione Toscana "Gabriele Monasterio"
Istituto di Fisiologia Clinica (Joint Lab)
Via Giuseppe Moruzzi, 1 – 56127 – Pisa
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The Joint Laboratory Wearable Robotics Systems and ICT
Technology for Functional Rehabilitation (WeRehab Lab)
between Azienda USL Toscana Nord Ovest and The BioRobotics
Instutute of Scuola Superiore Sant’Anna aims to develop research
and study activities finalized at innovation in the ICT and robotics
for health field, with particular attention to motor and cognitive
rehabilitation in neurological, orthopedic and musculoskeletal
areas of interest.
Main laboratory activities concern upper limb motor assessment and rehabilitation in neurological
patients.
The WeRehab Lab is equipped with following robotic devices:






NeuroExos Elbow Module (NEEM): an active elbow orthosis developed by the BioRobotics
Institute of Scuola Superiore Sant’Anna, aimed to assist the flexion-extension elbow
movement.
NeuroExos Shoulder-Elbow Module (NESM-α): a 4-active-8-passive DOFs orthosis for the
mobilization of the shoulder and elbow, developed by the BioRobotics Institute of Scuola
Superiore Sant’Anna
MObile roboT for upper limb neurOrtho REhabilitation (MOTORE): a planar mobile robot
with a kinesthetic haptic interface which can give visual and force feedback to its users,
developed by Humanware in collaboration with Scuola Superiore Sant'Anna.

PRINCIPAL INVESTIGATORS:
 Prof. Nicola Vitiello
 Dr. Simona Crea
 Dr. Federico Posteraro (AUSL Toscana Nord Ovest)
Rehabilitation Department, AUSL Toscana Nord-Ovest (Joint Lab)
Via Aurelia 335 – 55041 – Lido di Camaiore (LU)
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The Motion Lab, Movement Opportunities and Technology
Innovations fOr Neurorehabilitation LABoratory, is the result
of a collaboration agreement between The BioRobotics
Institute and Casa di cura privata del Policlinico. The aim is to
develop advanced technologies for diagnosis, rehabilitation,
monitoring and recovery of the autonomy of patients.
The lab focuses on specific lines of research aimed at the
development of devices and systems in the field of
biorobotics, neurorobotics, robotics for sensory and motor rehabilitation and biomechanics for
diagnosis, rehabilitation, monitoring, motion analysis and risk fall and recovery of the autonomy of
patients.
PRINCIPAL INVESTIGATORS:
 Prof. Silvestro Micera
 Dr. Massimo Corbo (Policlino – Milano)

Motion Lab (Joint Lab)
Via Francesco Sforza 28 – 20122 – Milano
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Innovation is one of the three pillars of The BioRobotics Institute. With access to over 40 researchactive academics, to over 25 spin-off companies, to a dedicated lab and to state of the art
equipment and facilities, The BioRobotics Institute has been helping organisations, the clinical
community and industries, find solutions to their technological needs for over 20 years.

Comau Industrial Robot embedding some of our research technologies

The BioRobotics Institute supports Local Development policies by applying the results of frontier
and excellence research to the needs for quality-of-life improvement as well as to the social,
economic and cultural development of the territories in which it operates, by:
 "transferring" both people, “trained” to innovation and new technologies, suitable for
creating new products and to the socio-economic and business context; and knowledge,
through patent policies or new spin off companies;
 working in close collaboration with local and national institutions, with public and private
entities and, on a broader scale, with all the stakeholders (schools, enterprises or
organizations) who share a common interest in a strong, sustainable and measurable
growth.
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Innovation activities involve:
 Consultancy and research brokering (1+ M€ contracts in 2016);
 IP protection and management (70+ patents);
 Launching spin-off companies (since 1991 – currently the spin-off companies are 25);
 Managing a portfolio of know-how technologies.
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2017

Applied research, innovative solutions and systems to
improve industrial growth and competitiveness: the
research is mainly focused on companies' needs in the field of
robotics, automation and mechatronics. The Industrial
BioRobotics Lab copes with unstructured problems and finds
innovative solutions taking inspiration from nature. The aim is
to drive partners to develop new products and processes.
SCIENTIFIC RESPONSIBLE: Dr. Stefano Roccella

Industrial BioRobotics Laboratory
Via delle Colline, 100 – 57107 – Collesalvetti, Livorno

45

The BioRobotics Institute
Polo Sant’Anna Valdera
V.le R. Piaggio, 34
56025 Pontedera (Pisa)
Phone: +39 050 883000
FAX: +39 050 883497

sssa.bioroboticsinstitute.it
istitutobiorobotica@santannapisa.it

© The BioRobotics Institute | Scuola Superiore Sant’Anna - December 2017

