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Welcome to the Center for Neuroprosthetics
The 20th Century witnessed major advances in the investigation and understanding of the brain 
and its diseases. This culminated in the 1990s with the “decade of the brain”, which also saw the 
massive arrival of systems and cognitive neuroscience in humans based on the vast availability 
of non-invasive brain imaging techniques. This acceleration and success in the neurosciences was 
complemented by a second revolution: breathtaking advances in biotechnology and microelectron-
ics, as well as neural implants that make it possible to target specific regions in the brain, the spinal 
cord, and the peripheral nervous system. 

The Center for Neuroprosthetics enthusiastically embraces these two revolutions and is establishing 
a truly interdisciplinary area of study for scientific discovery and neurotechnological design, strength-
ened by its dual affiliation with the School of Engineering and the School of Life Sciences. To meet 
our ambitious translational goals in neuroprosthetics—that is, the repair and substitution of im-
paired sensory, motor and cognitive functions—we have now developed strategic partnerships with 
several medical centers in the Lemanic region as well as with Harvard Medical School. 

The well-established treatments of deep brain stimulation for Parkinson’s disease and of cochlear 
implants for hearing loss are just two major success stories in this area. Clearly, much work lies ahead 
of us while we strive to provide enabling neurotechnological treatments to neurological patients. 
Stay tuned. 

Olaf Blanke
Director of the Center for Neuroprosthetics

Ecole Polytechnique Fédérale de Lausanne (Switzerland)

Engineering the 
nervous system to 
improve sensation, 

cognition, and mobil-
ity, we strive to create 
major breakthroughs 
in bioengineering and 

neuroscience and 
efficiently translate 

them to viable clinic 
applications.

Mission               
The Center for Neuroprosthetics (CNP) capitalizes on its unique 
access to the advanced technologies and state of the art brain 
research present on the EPFL campus. Its aim is to develop new 
technologies that support, repair and replace functions of the  
nervous system. The development of such technologies or devices, 
called neuroprostheses, requires a fundamental understanding 
of the neurobiological mechanisms of the functions that should 
be replaced or repaired, for example sensory perception, cogni-
tive operations or movement. It also requires technological ca-
pabilities to design novel devices, to record and process signals 
and to translate them into outputs that can commend artificial 
limbs, bodies and robots, for motor function, or produce signals to 
activate the brain, in the case of sensory prostheses.
The impact of neuroprosthetics for the treatment of sensory 
loss and impaired mobility has already been demonstrated. Over 
200,000 people with impaired hearing have received cochlear im-
plants and over 80,000 patients suffering from Parkinson’s disease 
and other neurological movement disorders have been treated with deep brain stimulation. With 
approximately a third of the population in Europe and the US afflicted by brain disorders, major ad-
vances in neuroprosthetics are necessary,  also including breakthroughs in cognitive neuroprosthet-
ics for treating patients suffering from cognitive deficits such as those caused by Alzheimer’s disease 
and vascular stroke.
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Centre Hospitalier 
Universitaire Vaudois

Hôpitaux Universitaires 
de Genève

Clinique Romande de 
Réadaptation

Geneva

Sion

LausanneEPFL

Neurology
Neuro-rehabilitation

Neurosurgery
Plastic & orthopedic surgery 

Orthopedics

Neurology
Neuro-rehabilitation

Neurosurgery
Neuro-otology

Neuro-rehabilitation
Paraplegia

Rehabilitation

CNP at EPFL and beyond
The Center for Neuroprosthetics is part of both the School of Engineering and the School of Life 
Sciences. It draws upon the EPFL’s expertise in biology, neuroscience, brain imaging, and genetics 
as well as biomedical, electrical, mechanical engineering, and nanotechnology. The Center will also 
draw upon EPFL’s cutting edge research in signal analysis, theoretical and computational neurosci-
ence, the recently launched European Flagship “Human Brain Project” and the Swiss National Center 
of Competence in Research in “Robotics”. 
In addition, through support from the Bertarelli foundation, a new research collaboration - dedicated 
to translational neuroscience and neuroengineering - has been created between Harvard Medical 
School, EPFL’s Institute of Bio-engineering, and the Center for Neuroprosthetics.

Associated Medical Centers 
The Center for Neuroprosthetics 
is currently developing strategic  
partnerships with Geneva Universi-
ty Hospital (Hôpitaux Universitaires 
de Genève, HUG), Lausanne Univer-
sity Hospital (Centre Hospitalier 
Universitaire Vaudois, CHUV), and 
a major Swiss Rehabilitation Clinic 
(Clinique Romande de Réadapta-
tion, CRR in Sion), as well as with 
the regional biomedical industry.

CNP
Center for Neuroprosthetics
• Micera Lab
• Blanke Lab
• Lacour Lab
• Millán Lab
• Courtine Lab

School of Engineering

School of Life Sciences

CNP-associated labs

Associated Clinical Centers

Industrial partners 
and spin-offs

Sponsors
Bertarelli Foundation
Defitech Foundation 
IRP Foundation

Bertarelli Program
(Research & Education)
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Selected Highlights
June 2012 
TEDx talks by Prof. Grégoire 
Courtine and Prof. Olaf 
Blanke at TEDxCHUV
“Inspiring New Thinking to Re-
store Function after Spinal Cord 
Injury” by Prof. Grégoire Courtine .

“Out-of body experiences, con-
sciousness, and cognitive neuro-
prosthetics” by Prof. Olaf Blanke.

September 2012 
Prof. Silvestro Micera 
inaugural lesson
“NeuroTechnologies for a Better 
Quality of Life”

TEDx talk by Prof. Stéphanie 
Lacour at TEDxHelvetia
“Stretching Boundaries for Flex-
ible Futures” together with Prof.  
Jamie Paik.

April 2012
Inauguration of the Center for 
Neuroprosthetics
Presentation of the Center’s vi-
sion and research projects in the 
presence of EPFL President Patrick 
Aebischer, sponsor foundations 
and journalists.

May 2012 
Breakthrough papers in spinal 
cord repair by Prof. Grégoire 
Courtine and Prof. Silvestro 
Micera in Science and Nature 
Medicine 
“Restoring voluntary control of 
locomotion after paralyzing spinal 
cord injury”. Science, 336(6085).
“Versatile robotic interface to 
evaluate, enable and train locomo-
tion and balance after neuromotor 
disorders”, Nature Medicine, 18(7).

November 2012 
2012 Cloëtta Foundation Prize 
for Prof. Olaf Blanke 
The Cloëtta Foundation Prize was 
awarded to Prof. Olaf Blanke for his 
work in neurology and cognitive 
neuroscience.

December 2012 
EPFL’s Center for Neuropros-
thetics and the EPFL-Valais/
Wallis project
Signature of the agreement by the 
Council of State of the Canton of 
Valais and EPFL presidency in Sion. 
The future health campus in the 
Sion Hospital area will be home 
to cutting-edge technology and 
rehabilitation installations and two 
new CNP professorships. Research 
collaborations are envisaged with 
the HES-SO Valais, Sion Hospital 
(Hôpital de Sion) and the Clinique 
Romande de Réadaptation (SUVA).

October 2012 
TEDx talk by Prof. José del R. 
Millán at TEDxZürich
“Mind-controlled Machines” 

Bertarelli Symposium
Organized with the Institute of 
Bioengineering.

Several research projects fund-
ed by the Bertarelli Program in 
Translational Neuroscience and 
Neuroengineering between Har-
vard Medical School and CNP-
EPFL were presented. 

Invited keynote speakers: Todd 
Kuiken (Rehabilitation Institute 
of Chicago), Bernhard Laback 
(Austrian Academy of Sciences, 
Vienna) and Christof Stieger 
(Bern University & Harvard Medi-
cal School).

José del R. Millán (TEDxZürich 2012)

HIGHLIGHTS

Due for completion in 2015, the 
new building of EPFL’s School of 

Engineering will host the five CNP 
Chairs and their animal and human 
testing platforms. It will serve as a 

hub bringing together fundamental 
research in neuroscience and bio-
engineering, enabling clinical and 

technology transfer. 

Stéphanie Lacour demonstrates flexible electronics.

(TEDxHelvetia 2012, credits: Oliver O’Hanlon)
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Walk again
Restoring sensorimotor functions after spinal cord injury

Intentions of a paralyzed rodent with spinal cord injury are decoded from real-time recording 
of brain activity. Decoded information is directly fed into a brain-spinal interface that computes 
optimal spinal cord stimulation patterns to execute the desired movement. As a result the ani-
mal is capable of locomotion and obstacle avoidance, even though the spinal cord motoneurons 
are physically separated from the brain.  

Ultra-compliant microelectrode array 
This 18 electrodes array is 14mm wide. Such arrays conform to complex, curvilinear biological tissues, 
such as the brain or the spinal cord, and move along with the tissue. The array is manufactured using 
standard microfabrication technology with thin gold film and silicone rubber.

Robotic postural neuroprosthesis
Novel robotic postural neuroprosthesis to evaluate, enable, and train locomotion under natural walk-
ing conditions. The amount of support can be fine-tuned for each axis according to the animals’ 
capacity.

Development of a 
brain-spinal  
interface to restore 
voluntary gait con-
trol after a spinal 
cord injury.

Schematic top-view of a microelectrode array being stretched along its length

Photo A. Cyganowski Design by I. Minev
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   PROJECTS

Representation of real and prosthetic fingers in 
the brain 
The finger representation in primary somatosensory cortex 
changes massively for the amputated arm and such changes 
have been shown to lead to phantom limb pain. Future pros-
thetic devices will be designed that control such brain changes 
in finger regions avoiding phantom limb pain and optimizing 
prosthetic hand’s feelings and movement.

Connecting a bionic 
arm directly to the  
peripheral nervous 
system of the arm.

An Electronic Skin
The future prosthetic arm will be covered by a sensitive polymer skin. Current challenges are to con-
nect the peripheral nerve fibers to an electronic bio-extensible system and to integrate them into an 
elastic material capable of responding to biomechanical needs.

Designed by Dr. Virgilio Mattoli, 

Scuola Superiore Sant’Anna

Bionic hand 
Restoring sensory and motor functions after arm or hand amputation

Biocompatible flexible electrodes are implanted into different peripheral 
arm nerves of amputee patients. Movement commands of the ampu-

tee patient are decoded from signals in the implanted electrodes 
and transmitted to the prosthetic hand, where they are trans-

lated into movements of the prosthetic hand and fingers. 
Signals from different sensors in the prosthetic hand can 
also be transmitted via the implanted electrodes to the 

peripheral nerve to enable sensory functions such as 
the sense of touch and of finger position.                  
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Rehabilitation of upper limb 
sensorimotor loss 
Providing neuro-technological tools for vascular stroke rehabilitation

Merging insights from robotics and neuroengineering, our devices enable novel neuroreha-
bilitation training for patients suffering from sensorimotor loss of the upper extremity. These 
tools are complemented by techniques from brain computer interfaces and virtual reality to 
further enhance rehabilitation outcomes for patients with sensorimotor loss, but also for pa-
tients suffering from chronic pain or cognitive deficits.

Precise Neuro-Muscular Electrical Stimulation of 
hand and fIngers
Our electrode arrays facilitate specific flexion and extension of the 
fingers and also control the wrist.

Movement intention detection
EEG can be used for detecting the intention to make self-paced reaching movements. Our experi-
ments with 12 human volunteers, two of them stroke patients, yield high sensitivity and specificity 
–i.e. high recognition rates close to the movement onset and low recognition rates during the rest 

period.

Stroke rehabilitation 
via hybrid devices.

Hybrid tools for reaching and grasping rehabilitation
The system consists of a passive upper arm exoskeleton with gravity compensation, a 4-channel 
functional electrical stimulator (FES) and a wireless surface electromyographic system (EMG). The 
user controls the opening and closing of his/her own hand by selective activation of neck muscles 
(left and right sternocleidomastoid).

Medial Distal

Medial Proximal

Thenars

Lateral Distal

Lateral Proximal
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Human-Computer confluence
Decoding brain activity for feeling and moving artificial bodies and robots

With robust real-time movement control of wearable devices and robots and with pioneering 
work in brain-machine interface and cognitive neuroscience, novel interaction paradigms are 
provided for mobility restoration, communication, neuroscience research, and entertainment. 

Temporo-parietal activity re-
flects the experience of self-
location (red). If the same area 
is damaged (blue), neurologi-
cal patients have impairments 
in self-location.

Neuroscience, robotics and haptics: the brain  
mechanisms of feeling a virtual and robotic body  
as your own
Custom made robotic devices allow us to control visuo-tactile 
stimulations for the induction of illusory body ownership during 
fMRI acquisition (including EPFL’s ultra-high 7T MR-scanner).

Brain-based neuro-
prostheses that  

decode movement 
intentions and em-

body robotic and 
virtual devices. 

Non-Invasive Brain-Machine Interaction

   PROJECTS

Functional connectivity analysis reveals that, in addition to tem-
poro-parietal activation, a distributed network is recruited during 
illusory body ownership and self-location.
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Silvestro Micera

Introduction
The goal of the Translational Neural Engineering (TNE) Laboratory 
is to develop implantable neural interfaces and robotic systems 
to restore sensorimotor function in people with different kinds of 
disabilities (spinal cord injury, stroke, amputation, etc.). In particu-
lar, the TNE lab aim is to be a technological bridge between basic 
science and the clinical environment. Therefore, TNE novel tech-
nologies and approaches are designed and developed, also start-
ing from basic scientific knowledge in the field of neuroscience, 
neurology and geriatrics, with the idea that better understanding 
means better development of clinical solutions.

Keywords
Implantable neuroprostheses; rehabilitation robotics; wearable 
devices; neuro-controlled artificial limbs; reaching and grasping; 
locomotion; functional electrical stimulation.

 

Results Obtained in 2012
In 2012, we have been working very actively to develop and bring 
to clinical practice several implantable neuroprostheses. In par-
ticular, we are currently working with the University Hospital of 
Geneva (Prof. Guyot) to develop and validate a novel neuroprosthe-
sis to restore vestibular functions in disabled subjects. The TNE is 
responsible for the integration of the device, and the development 
of novel approaches to assess the performance of this device and 
collaborates on the clinical and neurophysiological characteriza-
tion together with HUG clinical team.
We were also deeply involved in the activities led by Professor 
Courtine’s team to develop a novel neuroprosthesis to restore lo-
comotion using epidural electrical stimulation (EES). This activity 
produced a publication in Science co-authored by three TNE re-
searchers. On this topic we have been responsible for the develop-
ment on novel models to better understanding EES, of novel con-
trol strategies to improve the performance of EES, and in several 
experiments to characterize cortical activities using intracortical 
electrodes during locomotion.
In 2012, we also prepared all the devices and algorithms for the 
next implant in an amputee of intraneural electrodes, which will 
happen in Rome in 2013. This new experiment will open, for the 
first time, the possibility to develop a real-time bidirectional con-
trol of hand prostheses using intraneural peripheral electrodes.
Finally, we develop a wearable system for functional electrical 
stimulation to restore grasping in highly disabled subjects. The 
system is currently in clinical testing in Italy.

Silvestro Micera is Director of the Translational Neural Engineering Laboratory 
at the Center for Neuroprosthetics and the Institute of Bioengineering. He re-
ceived the Laurea degree in Electrical Engineering from the University of Pisa 
and the PhD in Biomedical Engineering from the Scuola Superiore Sant’Anna. In 
2009 he was the recipient of the “Early Career Achievement Award” of the IEEE 
Engineering in Medicine and Biology Society. Prof. Micera’s research interests in-
clude the development of hybrid neuroprosthetic systems (interfacing the ner-
vous system with artificial systems) and of mechatronic and robotic systems for 
function and assessment restoration in disabled and elderly persons. 

Micera Lab
http://tne.epfl.ch
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Team Members
Associate Professor
Silvestro Micera

Postdoctoral Fellows
Jack DiGiovanna
Stanisa Raspopovic

PhD students
Marco Capogrosso (visiting)
Martina Coscia (visiting)
Andrea Crema
Vidhi H. Desai (visiting)
T. Khoa Nguyen
Elvira Pirondini

Research assistant
Federica Aprigliano

Master students
Florian Gothey
Edoardo D’Anna
Matteo Mancuso

Administrative Assistant
Jennifer Dinkleldein

Selected Publications
Carpaneto J, Raos V, Umiltà MA, Fogassi L, Murata A, Gallese V, Micera S 
(2012). Continuous decoding of grasping tasks for a prospective implant-
able cortical neuroprosthesis.  J Neuroeng Rehabil. 9:84. 

Monaco V, Galardi G, Coscia M, Martelli D, Micera S (2012). Design and evalu-
ation of  NEUROBike: a neurorehabilitative platform for bedridden post-
stroke patients. IEEE Trans Neural Syst Rehabil Eng 20(6):845-52. 

Bassi Luciani L, Genovese V, Monaco V, Odetti L, Cattin E, Micera S (2012). 
Design and evaluation of a new mechatronic platform for assessment and 
prevention of fall risks.  J Neuroeng Rehabil. 9:51. 

Van den Brand R, Heutschi J, Barraud Q, DiGiovanna J, Bartholdi K, Huerli-
mann  M, Friedli L, Vollenweider I, Moraud EM, Duis S, Dominici N, Micera 
S, Musienko P, Courtine G (2012). Restoring voluntary control of locomotion 
after paralyzing spinal  cord injury. Science 336(6085):1182-5.

Raspopovic S, Capogrosso M, Badia J, Navarro X, Micera S (2012). Experimen-
tal validation of a hybrid computational model for selective stimulation 
using transverse intrafascicular multichannel electrodes. IEEE Trans Neural 
Syst Rehabil Eng 20(3):395-404. 

Panarese A, Colombo R, Sterpi I, Pisano F, Micera S (2012). Tracking motor 
improvement at the subtask level during robot-aided neurorehabilitation of 
stroke patients. Neurorehabil Neural Repair 26(7):822-33. 

Tombini M, Rigosa J, Zappasodi F, Porcaro C, Citi L, Carpaneto J, Rossini PM, 
Micera S (2012). Combined analysis of cortical (EEG) and nerve stump sig-
nals improves robotic hand control. Neurorehabil Neural Repair 26(3):275-
81. 

Raspopovic S, Capogrosso M, Micera S (2011). A computational model for 
the stimulation of rat sciatic nerve using a transverse intrafascicular multi-
channel  electrode. IEEE Trans Neural Syst Rehabil Eng 19(4):333-44. 

Carpaneto J, Umiltà MA, Fogassi L, Murata A, Gallese V, Micera S, Raos V 
(2011). Decoding the activity of grasping neurons recorded from the ventral 
premotor area F5 of the macaque monkey. Neuroscience 188:80-94. 

Ferrari A, Cecchini M, Dhawan A, Micera S, Tonazzini I, Stabile R, Pisignano  
D, Beltram F (2011). Nanotopographic control of neuronal polarity. Nano 
Lett  11(2):505-11. 

The TNE lab is working on the develop-
ment of a novel bionic hand controlled by 
the peripheral nervous system. The TNE 
researchers are addressing all the aspects 
of this problem from electrode develop-
ment to signal processing and system 
integration. In the figure, an example of 
an intraneural electrode and of signals 
recorded in a patients are provided.
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Olaf Blanke 

Introduction
The Laboratory of Cognitive Neuroscience targets the brain  
mechanisms of body perception, body awareness and self-con-
sciousness. Projects rely on the investigation of healthy subjects 
and neurological patients by combining psychophysical and  
cognitive paradigms, state of the art neuroimaging techniques 
(fMRI, intracranial and surface EEG), and engineering-based  
approaches (virtual reality, vestibular stimulation, and robotic  
devices). For over a decade, stroke, epilepsy and psychiatric patients 
have been investigated, including invasive brain recordings, brain-
stimulation and brain imaging.

Keywords
Multisensory and sensorimotor integration, neuroscience robotics, 
perception, temporo-parietal cortex,  neuroimaging, fMRI, EEG, neu-
ropsychology, neurology, virtual reality, vestibular system. 

Results Obtained in 2012
One of the major developments and results achieved in 2012 was 
the description of a method for mapping individual finger repre-
sentations in the somatosensory cortex of the brain and of the 
cerebellum, using ultra-high field magnetic resonance imaging 
(Martuzzi et al., 2012; van der Zwaag et al., 2012). This method al-
lowed us to define several distinct representations of each individ-
ual finger in the cortex and the cerebellum. Ongoing work extends 
these findings to the understanding of how these representations 
are altered in cases of phantom limb pain in amputee patients and 
patients suffering from paraplegia due to spinal cord injury. 
In 2012 we also developed a novel system that integrates the 
technologies of virtual reality (VR) and brain computer interfaces 
(BCI) with cognitive neuroscience. Using automatized stimula-
tion we induced ownership for virtual hands at unprecedented 
levels  of control and described the involved electrophysiological 
brain mechanisms (Evans & Blanke, 2013). Additionally, the study 
showed that the experimentally-induced extension of ownership 
to virtual hands recruits highly similar brain mechanisms in fronto-
parietal cortex as does motor imagery based BCI. We are currently 
extending this knowledge to VR- and BCI-based neuroprosthetics 
translating these insights to patients with limb amputation, limb 
paralysis following vascular stroke, and the evaluation of patients 
with invasive brain recordings.

Olaf Blanke is Director of the Center for Neuroprosthetics at the Ecole 
Polytechnique Fédérale de Lausanne (EPFL), holds the Bertarelli Foundation 
Chair in Cognitive Neuroprosthetics, and is Professor of Neurology at the Depart-
ment of Clinical Neurosciences at Geneva University Hospital. In his research, he 
applies paradigms from cognitive science, neuroscience, neuroimaging, robotics, 
and virtual reality in healthy subjects and neurological patients to understand 
and control neural own body representations, to develop a neurobiological 
model of self-consciousness, and to apply these findings in the emerging field 
of cognitive neuroprosthetics and neurorehabilitation.

Blanke Lab
http://lnco.epfl.ch
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Selected Publications
Blanke O Multisensory brain mechanisms of bodily self-consciousness 
(2012). Nat Rev Neurosci 13(8):556-571.

Aspell JE, Palluel E, Blanke O (2012b). Early and late activity in somatosenso-
ry cortex reflects changes in bodily self-consciousness: an evoked potential 
study. Neuroscience 216:110-122.

Evans N, Blanke O (2013). Shared electrophysiology mechanisms of body 
ownership and motor imagery. Neuroimage 64:216-228.

Ionta S, Sforza A, Funato M, Blanke O (2013). Anatomically plausible illusory 
posture affects mental rotation of body parts. Cogn Affect Behav Neurosci 
13(1):197-209.

Kannape OA, Blanke O (2012). Agency, gait and self-consciousness. Int J Psy-
chophysiol 83(2):191-199.

Lopez C, Blanke O, Mast FW (2012). The human vestibular cortex revealed by 
coordinate-based activation likelihood estimation meta-analysis. Neurosci-
ence 212:159-179.

Martuzzi R, van der Zwaag W, Farthouat J, Gruetter R, Blanke O (2012).  
Human finger somatotopy in areas 3b, 1, and 2: A 7T fMRI study using a natu-
ral stimulus. Hum Brain Mapp  doi: 10.1002/hbm.22172.

Prsa M, Gale S, Blanke O (2012). Self-motion leads to mandatory cue fusion 
across sensory modalities.  J Neurophysiol 108(8):2282-2291.

Sengül A, van Elk M, Rognini G, Aspell JE, Bleuler H, Blanke O (2012). Extend-
ing the body to virtual tools using a robotic surgical interface: evidence from 
the crossmodal congruency task. PLoS One 7(12):e49473.

Van der Zwaag W, Kusters R, Magill A, Gruetter R, Martuzzi R, Blanke O, 
Marques JP (2012). Digit somatotopy in the human cerebellum: A 7T fMRI 
study.  Neuroimage 67(C):354-62.

Van Elk M, Blanke O (2012). Balancing bistable perception during self-mo-
tion. Exp Brain Res 222(3):219-228.

Ionta S, Heydrich L, Lenggenhager B, Mouthon M, Fornari E, Chapuis D, Gas-
sert R, Blanke O (2011). Multisensory mechanisms in temporo-parietal cortex 
support self-location and first-person perspective. Neuron 70(2):363-74.

Lopez C, Mercier MR, Halje P and Blanke O (2011). Spatiotemporal dynamics 
of visual vertical judgments: early and late brain mechanisms as revealed by 
high-density electrical neuroimaging. Neuroscience 181:134-49.

Lenggenhager B, Halje P and Blanke O (2011). Alpha band oscillations  
correlate with illusory self-location induced by virtual reality. J Neurosci 
33(10):1935-43.

   

Team Members
Professor 
Olaf Blanke

Postdoctoral Fellows
Anna Brooks (visiting)
Maria Laura Blefari
Bruno Herbelin
Silvio Ionta
Noriaki Kanayama  
Joan Llobera Mahy
Roberto Martuzzi 
Estelle Palluel
Mickael Peer (visiting)
Mario Prsa
Roy Salomon
Andrea Serino
Michiel Van Elk

PhD students
Michel Askelrod
Steve Berger
Nathaniel Evans
Joachim Forget
Steven Gale
Danilo Jimenez Rezende
Mariia Kaliuzhna
Silvia Marchesotti
Christian Pfeiffer
Polona Pozeg
Giulio Rognini
Daniele Romano (visiting)
Ali Sengul

Master students
Petr Macku
Jean-Paul Noel (visiting)
Ludovica Visciòla
Maria-Efstratia Tsimpanouli

Administrative Assistant
Kokorus Gordana

A. Experimental setup for inducing illusory hand ownership in an automated, computer-controlled manner using virtual real-
ity while recording 64-channel EEG. B. Participants saw either stereoscopic virtual arms or C, virtual non-body objects.  
D. Anatomical overlap of fronto-parietal activation during illusion condition (red) and motor imagery (green).

Schematic representation of single finger maps within 
human primary somatosensory cortex, as obtained using 
ultra-high field functional magnetic resonance imaging.

D
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Lacour Lab
        http://lsbi.epfl.ch

Introduction
The Laboratory for Soft Bioelectronics Interfaces (LSBI) explores 
how to shape traditionally rigid electronic circuits into conform-
able, skin-like formats. Our mission is to engineer and implement 
novel materials and technologies overcoming the “hard to soft” 
mechanical mismatch between man-made devices and biologi-
cal tissues in order to provide improved biocompatibility and en-
hanced functionality of these hybrid interfaces. 

Keywords
Microelectrode arrays, neural interfaces, stretchability,  sensory 
neurons, neuroprosthesis, tactile sensors, polymers, thin films, bio-
compatibility, thin film electronics, micro nanofabrication.

Results Obtained in 2012
Over the last decade, considerable efforts have been spent in de-
veloping integrated prosthetic limbs that can restore significant 
motor functions of the natural limb. One of the remaining chal-
lenges to produce prosthetic limbs that would “feel” like the natu-
ral limb is to integrate in those mechanical prostheses the sensory 
feedback embedded in the skin. The LSBI explores novel materials 
and technological routes to design, manufacture and implement 
artificial skins, i.e. large-area, compliant surfaces capable to tactile 
monitoring combined with polymeric neuroprosthetic interfaces. 
Tactile sensory skin: in 2012, we have optimized the design of a 
skin-like substrate, which can host microfabricated tactile sen-
sor circuits. The engineered substrates can stretch and relax re-
versibly like human skin yet provide “safe” mechanical platforms 
for the most fragile electronic devices. The substrate is made of 
elastomers and photosensitive plastics. We have also developed 
the technology to produce ultra-compliant pressure microsensors 
made of elastomeric microcellular polymers and thin film metal-
lization.  The sensors have unique conformability and can be tuned 
to detect the lightest touch but also full weight body load.  
Polymeric neural interfaces: in vitro, we are testing the hypothesis 
that the behavior of cells may be altered by modulating the lo-
cal mechanical microenvironment at the surface of an implant.  In 
vivo, we are developing a range of neural electrodes embedded in 
soft polymers.  We have produced first prototypes of flexible audi-
tory brainstem implants, stretchable spinal cord electrode implants 
and nerve-like regenerative electrode implants.  Acute and chronic 
evaluation of the neural interfaces is on-going. 

Stéphanie P. Lacour

Prof. Stéphanie P. Lacour holds the Bertarelli Foundation Chair in Neuropros-
thetic Technology at the School of Engineering at the Ecole Polytechnique 
Fédérale de Lausanne. She received her PhD in Electrical Engineering from 
INSA de Lyon, France, and completed postdoctoral research at Princeton Uni-
versity (USA) and the University of Cambridge (UK).  Her research focuses on the 
materials, technology and integration of soft bioelectronic interfaces including 
artificial skin, ultra-compliant neural electrodes for in vitro platforms as well 
as in vivo implants.  
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Journal of Neural Engineering 9:016010.
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Ultra-compliant microelectrode array desig-
ned to fit and accommodate movement of the 
spinal cord (courtesy Ivan Minev).



© Copyright 2012 EPFL for all material published in this report 

2012 ANNUAL REPORT  CNP

16            EPFL Center for Neuroprosthetics

http://cnbi.epfl.ch

José del R. Millán

Introduction
The Chair in Non-Invasive Brain-Machine Interface laborato-
ry (CNBI) carries out research on the direct use of human brain 
signals to control devices and interact with our environment. 
In this multidisciplinary research, we are bringing together 
our pioneering work on the two fields of brain-machine inter-
faces and adaptive intelligent robotics. Our approach to design  
intelligent neuroprostheses balances the development of pro-
totypes‚ where robust real-time operation is critical‚ and the 
exploration of new interaction principles and their associ-
ated brain correlates. A key element at each stage is the design 
of efficient machine learning algorithms for real-time analy-
sis of brain activity that allow users to convey their intents rap-
idly, on the order of hundred milliseconds. Our neuroprostheses 
are explored in cooperation with clinical partners and disabled  
volunteers for the purpose of motor restoration, communication, 
entertainment and rehabilitation.

Keywords
Brain-computer interfaces, Neuroprosthetics, Statistical machine 
learning Human-robot interaction, Adaptive robotics, Neuroscience, 
EEG, mental imagery.

Results Obtained in 2012
A major highlight of 2012 was the final stretch of the TOBI project 
(Tools for brain-computer interaction) we have been coordinating 
since 2008. This project, financed by the European Commission, fo-
cused on the design of non-invasive brain-machine interfaces that 
can be combined with existing assistive technologies and reha-
bilitation practices. Remarkably, an important aspect of the project 
was to allow potential end-users to test these devices either at the 
involved research laboratories or at rehabilitation centers. More 
than 100 users suffering from motor impairments -due to stroke, 
spinal cord injury or neurodegenerative diseases- tested the de-
signed prototypes (Carlson et al., 2012a, 2012b). Thus providing 
us an important assessment of the current status of our research 
field and insights onto the path to follow for further improvements 
both at the academic and industrial level.  The latest results of the 
project were presented during a scientific workshop we organized 
in January 2013 in Sion. During this event, end-users publicly dem-
onstrated BCI systems for communication, motor rehabilitation and 
telepresence. 
Moreover, we followed up our work on the development of robust 
approaches for neuroprosthetic devices. This implies going beyond 
the standard motor imagery tasks typically employed and focus on 
other types of signals. In particular, we are interested in brain cor-
relates of cognitive processes that are naturally elicited while hu-
mans interact with their environment. Importantly, we have shown 
the feasibility of decoding some of these processes even if there 
is no observable behavior, as is the case for decoding intentions of 
movement (Lew et al., 2012), covert visual attention (Tonin et al., 
2012) or decision making processes (Tzovara et al., 2012). 

Prof. José del R. Millán holds the Defitech Chair at the École Polytechnique 
Fédérale de Lausanne (EPFL) where he explores the use of brain signals 
for multimodal interaction and, in particular, the development of non-inva-
sive brain-controlled robots and neuroprostheses. In this multidisciplinary  
research effort, Dr. Millán is bringing together his pioneering work on the two 
fields of brain-computer interfaces and adaptive intelligent robotics. His  
research on brain-computer interfaces was nominated finalist of the Euro-
pean Descartes Prize 2001 and he has been named Research Leader 2004 
by the journal Scientific American for his work on brain-controlled robots. 
He is the recipient of the IEEE Nobert Wiener Award 2011 for his semi-
nal and pioneering contributions to non-invasive brain-computer interfaces. 
The journal Science has reviewed his work as one of the world’s key research-
ers in the field of brain-computer interfaces. Dr. Millán is the coordinator of 
a number of European projects on brain-computer interfaces and also is a fre-
quent keynote speaker at international meetings. His work on brain-computer  
interfaces has received wide scientific and media coverage around the world.

Millán Lab



 CNP

© Copyright 2012 EPFL for all material published in this report 

   LABORATORIES

                            cnp@epfl.ch                           17

Selected Publications
Lew E, Chavarriaga R, Silvoni S and Millán JdR (2012). Detection of self-paced 
reaching movement intention from EEG signals. Frontiers in Neuroengineer-
ing 5:13.

Tonin L , Leeb R and Millán JdR (2012). Time-Dependent Approach for Single 
Trial Classification of Covert Visuospatial Attention. Journal of Neural Engi-
neering 9:045011.

Carlson TE and Millán JdR (2013). The Robotic Architecture of an Asynchro-
nous Brain-Actuated Wheelchair. IEEE Robotics and Automation Magazine.

Tzovara A, Murray M, Bourdaud N, Chavarriaga R, Millán  JdR and De Lucia M 
(2012). The timing of exploratory decision-making revealed by single-trial 
topographic EEG analyses. Neuroimage 4:1959-69.

Courtine G, Micera S, DiGiovanna J and Millán JdR (2013). Brain-machine in-
terface: closer to therapeutic reality? The Lancet 381:515-7.

Roggen D, Lukowicz P, Ferscha A, Millán JdR, Tröster G and Chavarriaga R 
(2012). Opportunistic human activity and context recognition IEEE Computer.

Chavarriaga R, Sagha H, Calatroni A, Digumarti S, Tröster G, Millán JdR and 
Roggen D (2013). The Opportunity challenge: A benchmark database for on-
body sensor-based activity recognition. Pattern Recognition Letters.

Carlson TE, Tonin L, Leeb R, Rohm M, Rupp R, Al-Khodairy A and Millán JdR 
(2012). BCI Telepresence: A Six Patient Evaluation. TOBI Workshop lll: Bring-
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22.
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of Anticipatory Brain Potentials during Car Driving. The 34th Annual Interna-
tional Conference of the Engineering in Medicine and Biology Society, San 
Diego, USA, Aug 28-Sep 1.
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A volunteer end-user demonstrates our pro-
totype for BCI-controlled functional electrical 
stimulation. This prototype enables a stroke 
patient to voluntarily control the movement 
of a paralyzed limb. Preliminary results have 
shown that intensive training using this 
system has allowed the patients to regain 
control of their limb. 

 
Decoding movement intentions in a stroke 
patient (Lew et al., 2012). The plot shows that 
brain signals provide information about the 
intention of movement (green vertical line) 
before any mesurable muscular activity and 
up to 500 ms before the actual action starts 
(magenta and black lines, respectively). 
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Grégoire Courtine

Grégoire Courtine was trained in Mathematics and Physics, but received his PhD 
in Experimental Medicine from the Inserm Plasticity and Repair, France, in 2003. 
After a Post-doctoral training at Los Angeles (UCLA), he established his own labo-
ratory at the University of Zurich in 2008. In December 2011, he accepted the 
International paraplegic foundation (IRP) chair in spinal cord repair in the Cen-
ter for Neuroprosthetics at the EPFL. He received numerous honors such as the 
UCLA Chancellor’s award, the Schellenberg Prize for his advances in spinal cord 
repair, and a fellowship from the European Research Council (ERC). Several of 
his works received substantial coverage in the national and international media.  

Introduction
There are over 3,000 persons living with a spinal cord injury (SCI) 
in Switzerland, and several million worldwide. SCI leads to a range 
of disabilities that seriously diminish the patient’s quality of life. 
Over the past 15 years, we implemented an unconventional re-
search program with the aim to develop radically new treatment 
paradigms to restore sensorimotor functions in severely paralyzed 
people. Our therapeutic interventions are developed in rodents 
and optimized in non-human primates, but clinical trials are in the 
implementation phase.  

Keywords
Spinal cord injury, neural repair, neurorehabilitation,  neuropros-
thetics, brain-machine interface, robotic, neuronal recordings,  
optogenetic, EMG, kinematic, locomotion, neuromorphology, mice, 
rats, monkeys, humans.

Results Obtained in 2012
Over the past 10 years, we have developed, methodically, a series 
of neuroprosthetic technologies to enable motor control after 
neuromotor disorders. This includes an electrochemical spinal 
neuroprosthesis to transform lumbosacral circuits from  non-
functional to highly functional networks, and a robotic postural 
neuroprosthesis to establish optimal conditions of balance and 
support during rehabilitative training. In 2012, we introduced a  
treatment paradigm that combined all these neuroprosthetic  
technologies. We showed that rats with a spinal cord injury, leading 
to complete and permanent paralysis, regained supraspinal con-
trol over complex locomotor movements. Anatomical evaluations 
revealed that training encouraged the brain to elaborate a multi-
plicity of alternative pathways to regain access to the denervated 
spinal locomotor circuits. No previous interventions restored vol-
untary locomotor movements after a paralyzing SCI. 
Our objective is to translate these discoveries from rodents to a 
viable intervention for humans. To achieve this, we have gathered 
a highly multidisciplinary and synergistic team of advanced basic 
and clinical investigators at the EPFL and the CHUV. Through this 
network, we have developed an electrochemical spinal neuropros-
thesis uniquely fitted to the human spinal cord, and robotic sys-
tems for rehabilitation of subjects with impaired gait. Upon valida-
tion by the ethical boards, these new technologies will be tested 
in spinal cord injured individuals. In parallel, we have established 
an advanced non-human primate model that will allow us to dem-
onstrate the efficacy and safety of our interventions. Our aim is to 
prepare the second phase of clinical trials with refined neuropros-
thetic technologies. We anticipate that 2013 will be a year full of 
new, exciting discoveries.

http://courtine-lab.epfl.ch
Courtine Lab
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A rat received a spinal cord injury leading 
to permanent paralysis. A robot-assisted 
training paradigm enabled by an electro-
chemical spinal neuroprosthesis restored 
supraspinal control over refined locomo-
tion through the extensive and ubiquitous 
remodeling of neuronal pathways.
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Distinguished Lecture Series & Seminars
Dr. Joseph E. O’Doherty                       May 2012
Bringing the world of touch to brain-machine interfaces
Keck Center for Integrative Neuroscience, University of California, San Francisco, USA 

Dr. Adrian Guggisberg                      May 2012
Electrical network correlates of behavior and diseases
Cognitive Neuro-Rehabilitation Laboratory , HUG, Geneva, Switzerland

Dr. Juan Aguilar                        June 2012
Spinal cord injury immediately changes the state of the brain
Spanish National Paraplegic Hospital, Toledo, Spain

Prof. Atam P. Dhawan                      July 2012
Emerging Biomedical Technologies of High Potential Impact: Brain 
Image Analysis and Tissue Characterization
Electrical and Computer Engineering Department, NJIT, USA

Dr. Amélie Béduer                                   September 2012 
Micro and nano-engineering for the control of neuronal cell growth 
and elaboration of a brain prosthesis 
LAAS-CNRS, Toulouse, France

Prof. Jose L. Contreras-Vidal                     September 2012
Neural Decoding of Movement from Slow Cortical Potentials 
Director, Laboratory for Noninvasive Brain-Machine Interface Systems 
Professor of Electrical & Computer Engineering, University of Houston, USA

Prof. Karim Fouad                                 September 2012
Neuroplasticity following spinal cord injury in rats   
Faculty of Rehabilitation Medicine, University of Alberta (CA), USA

Dr. Roy Mukamel                       September 2012 
Neural signatures of voluntary actions and the perception of action 
consequences 
School of Psychological Sciences and Sagol, School of Neuroscience 
Tel-Aviv, Universty, Israël

Dr. Aaron Schurger                      October 2012
Spontaneous cortical activity and self-initiated movement 
INSERM-CEA Cognitive Neuroimaging Unit, France

Prof. George Malliaras                      November 2012 
Organic Electronics at the Interface with Life Sciences
Department of Bioelectronics, Centre Microélectronique de Provence, France

Prof. Tadashi Isa                        November 2012 
Dissecting the compensatory mechanism after partial spinal cord injury 
National Institute for Physiological Sciences, Okazaki, Japan

Prof. Dejan B. Popovicć                      December 2012 
Functional electrical therapy (FET) for recovery of functions 
in individuals with disability 
Faculty of Electrical Engineering, Belgrade University, Belgrade, Serbia
Center for Sensory Motor Interaction, Aalborg University, Aalborg, Denmark

Distinguished 
Lecture Series

Distinguished 
Lecture Series

Distinguished 
Lecture Series

Distinguished 
Lecture Series

Distinguished 
Lecture Series



                            cnp@epfl.ch                           21

 CNP

© Copyright 2012 EPFL for all material published in this report 

CNP Annual Retreat 2012

Teaching

5-6th October 2012, Hotel Prealpina, Chexbres 
In October the five CNP research labs (Blanke lab, Courtine 
lab, Lacour lab, Micera lab and Millán lab) gathered for the 
first time for their annual retreat in Chexbres. A total of 
70 CNP collaborators with 35 PhD Students and 20 post-
doctoral researchers and engineers shared their research 
findings and got to know each other, enjoying the sunny 
Lavaux vineyard terraces during the fall grape harvest.

The poster session was a tremendous success with 37 posters presentations.  There were also 
five selected oral presentations: “Silicone based neural electrodes” by Dr. Ivan Minev (Lacour 
lab), “Spinal neuroprosthetic systems to restore locomotion after spinal cord injury” by Niko-
laus Wenger (Courtine lab), “The brains behind locomotion” by Dr. Jack Di Giovanna (Micera 
lab), “The neuroscience of machine-controlled body ownership and agency” by Nathan Evans 
(Blanke lab), and “EEG-based decoding of cognitive-related signals” by Dr. Ricardo Chavar-
riaga (Millán lab).

Students enrolled in a master program at EPFL have the  
possibility to obtain an inter-faculty specialization in neu-
roprosthetics. This “Mineur” in neuroprosthetics covers the  
essential courses in neurosciences and neuroengineering 
in the field of neuroprosthetics, including medical appli-
cations. The programme is coordinated by Prof. José del R. 
Millán (School of Engineering, STI) and Prof Olaf Blanke 
(School of Life Sciences, SV).
Selected courses are ‘Neuroprosthetics’, ‘Fundamentals of 
Neuroengineering’, ‘Neurosciences I, II, III’, ‘Neuroscience for 
Engineers’, ‘Flexible bio-electronics’, and courses in bioro-
botics and computational neurosciences.    

http://cnp.epfl.ch/mineur_neuroprothese
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