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Outline

Deliverable 1.2 summarizes the body of new knowledge, new technologies and new
applications generated (or expected to be generated) within the time span of the
HUMOUR project. Section 1 describes the dissemination activities, planned or performed
at consortium and partner level. Section 2 lists all the individual items (journal articles,
conference papers, book chapters and patents) — updated to month 30.

Section 3 contains a list of exploitable results, with a synthetic description and an
indication of the IPR information.

Section 1 Dissemination of knowledge

1.1 Dissemination at Consortium level

2010

The Consortium organized a Special Session on Rehabilitation Robotics (chairs: D.
Popovi¢ and V. Sanguineti) within the XVIII International Society of Electrophysiology and
Kinesiology (ISEK) Congress which took place in Aalborg, Denmark on June 16-19, 2010.
The purpose of this special session was to disseminate the project’s concept and initial
results in the neuro-rehabilitation and kinesiology field.

The session was part of the regular conference program, and included contributions from
all partners, plus additional contributions from other groups.

In the same occasion, several members of the Consortium contributed as lecturers in the
Summer School on “Neurorehabilitation. Recovery of Motor Function”.

2011

The Consortium is organizing a workshop on ‘Motor skill learning and neuro-rehabilitation’
(Organizers: V. Sanguineti, E. Burdet) within the IEEE International Conference on
Rehabilitation Robotics (ICORR 2011), to be held in Zurich, Switzerland on June 29-July
1st. The workshop’s main claim, directly derived from HUMOUR, is that studying how
humans acquire novel motor skills (and how robots can be used to facilitate such learning)
may suggest or test neuro-rehabilitation therapies and novel ways to use robots for
rehabilitation.

The consortium has initiated a special issue in the IEEE TNSRE on “Motor skill learning
and neuro-rehabilitation” (Eds. D. Popovi¢, E. Burdet, V. Sanguineti and H. Heuer), i.e.
computational neuroscience based rehabilitation, that is already advertised by the journal.
The special issue is scheduled to appear in 2012.

An additional dissemination event related to the project is the organization of a special
session on “What is motor skill and can technology enhance it?” (Organizers: JW
Krakauer, V. Sanguineti) at the IEEE Engineering in Medicine and Biology Conference
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(EMBC 2011), to be held in Boston, USA on Aug 20-Sep 1st, where some members of the
consortium (E. Burdet, V. Sanguineti) will be speakers.

1.2 Dissemination at partner level
2009

1. Burdet E, d’Avella A, ljspeert, A. European Science Foundation (ESF) Exploratory
Workshop on “Modularity for Versatile Motor Learning: From Neuroscience to Robotics
and Back”. April 8-11, 2009.

2. Burdet, E. Course on Human Neuromuscular Control at University Paris VI in the
context of the International Masters in Rehabilitation Robotics. Duration: 20h in 10-
12/09

3. Burdet, E. Course on Robot-Assisted Neurorehabilitation, in the context of Health
Manpower Development Plan (HMDP) of the Ministry of Health, Singapore, 30.11.09-
4.12.09, organizer and lecturer.

4. Burdet E. 10 lectures on various aspects of robotics and neurotechnology at the
context of the Academic Leaders Programme at one of the top Mexican Universities,
Tecnologico de Monterrey, from March 30th, 2009 to April 3rd, 2009.

5. Burdet E. Keynote lecture on “Human Robotics” at the Hampstead Medical Society,
UK, January 15, 2009.

6. Burdet E. “Robot-assisted rehabilitation of hand function with adapted sensorimotor
and psychological feedbacks” at the International Neurorehabilitation Symposium
(INRS), University Zurich, Switzerland, February 13, 2009. (invited lecture)

7. Burdet E. “Human Robotics”, Computer Science Dept, Edinburgh University, UK,
9/3/09 (invited lecture)

8. Burdet E. “Human Robotics - from modelling of human motor function to robots for
humans” at the Tecnologico de Monterrey, Campus Estado de Mexico, April 2nd, 2009.
(plenary lecture)

9. Burdet E. "Human-centered rehabilitation robotics", at the International Convention for
Rehabilitation Engineering and Assistive Technology, (i-Create07), Singapore, April 23,
2009. (keynote lecture)

10.Burdet E. “Biological Optimization in Human Motor Control” European Research
Network Programme in Sensorimotor Function in Health and Disease (ERNI-HSF)
Workshop on "Computational principles of sensorimotor learning”, Kloster Irsee,
Swabia, Germany, September 14-15, 2009. (lecture)
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11.Heuer H., Rapp K.M. "Die zweimal hinschauen" - Psychologie und Arbeitsforschung
[Those who look twice" - Psychology at work]". Seminar series on "Applied fields of
Psychology". April 27, 2009, University of Munster (GERMANY).

12.Sanguineti, V. “Using robots to promote neuromotor recovery and motor skill learning.”
Italy-Japan International Seminar “Musculoskeletal System and Computational
Neuroscience for Rehabilitation”, June 15-18, 2009. Italian Institute of Technology,
Genoa, Italy.

13.Sanguineti, V. “Utilizzo di robot aptici per accelerare l.apprendimento di compiti motori
complessi e per favorire il recupero funzionale in pazienti con deficit neuromotorio”
[Using haptic robots to accelerate motor skill learning and to facilitate functional
recovery in patients with neuromotor impairment]. Workshop “Dal controllo motorio al
training di forza”, November 27-29, 2009, Lucca. Italy.

14.Burdet, E. “Neuroscience and its use for neurorehabilitation” at KT-Equal SPARC
meeting on Robots supporting personal independence and rehabilitation, 24/11/09,
University of Herdfordshire (invited lecture).

15.Ramos Murguialday A. “Brain Computer Interfaces for Neurorehabilitation” at Max
Planck Campus Symposium Life Sciences in Tubingen; 6-November 2009; Tubingen;
Germany (invited lecture)

16.Ramos Murguialday A. “Coupling BCI and Robotics for Stroke Rehabilitation” and
organizer of the "Brain Machine Interfaces for Neuroprostheses and Robot Control”
Workshop at the International Conference on Robotics and Automation ICRA 2009,
May 12th, KOBE, Japan (invited lecture)

2010
1. Luttgen, J.and Rapp, K. “Robotic Guidance.” Presentation and demonstration for
students of the Universities of Bochum, Dortmund and Munster at different occasions

2. Ramos Murguialday A., 2" Annual Symposium on Advances in Neural Rehabilitation
Engineering, August 23rd to 25th, 2010, Aalborg, Denmark

3. Ramos Murguialday A., “Neural Encoding of Perception and Action”, Feb 21 to 22",
2010, Tubingen, Germany.

4. Burdet E. Course on Human robotics, neuromechanical control and learning, 20h
course given at University Paris VI, in the context of the International Masters in
rehabilitation robotics, November-December 2010.
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5. Burdet E. “Computational neuroscience as a tool for rehabilitation”, at the International
workshop on Neuro Rehabilitation Tokyo Institute of Technology, February 15-16,
2010. (invited lecture)

6. Burdet E. “Brain Control Strategies to Navigate in Familiar Environments” at the UK-
Japan workshop on Neural Interfaces, Newcastle University, February 25-26, 2010.
(invited lecture)

7. Burdet E. “Robot-assisted rehabilitation of the hand function” at the Centro de
Rehabilitacion Infantil, Mexico (CRIT-TELETON, http://www.emexico.gob.mx/wb?2/
eMex/eMex_Centro_de_Rehabilitacion_Teleton ) on April 1st, 2009. (invited
presentation)

8. Burdet E. “Robot-assisted rehabilitation of the hand function” at the (Mexican) Instituto
Nacional de Rehabilitacion (INR, http://www.cnr.qob. mx/i_note_01.html) on April 3rd,
2009. (invited lecture)

9. Burdet E, "Neuroscience and its use for rehabilitation” in the DFG-Graduiertenkollegs
"prometei” (www.prometei.de) at TU Berlin, April 22, 2010. (invited lecture)

10.Burdet E, “Robots can learn to control haptic interactions as humans do” at the
Computational Motor Control Workshop at Ben-Gurion University of the Negev, June
16, 2010. (invited lecture)

11.Burdet E, “Rehabilitation robotics” and “Assistive robotics” at the International
Convention for Rehabilitation Engineering and Assistive Technology, (i-Createl0),
Shanghai, China, July 24, 2010. (invited lecture)

12.Burdet E, “Human Robotics” at Shanghai Jiaotong University, China, July 26, 2010.
(invited lecture)

13.Burdet E, “Human centered rehabilitation robotics” at Department of Rehabiliation,
Shaihai Ruijin Hospital (http://www.rjh.com.cn/), Shanghai Rehabilitation Hospital,
Shanghai, China, July 27, 2010. (invited lecture)

14.Heuer, H, “Motor learning.” Summer School “Neurorehabilitation. Recovery of Motor
Function”, Aalborg 2010

15.Burdet E, “Human motor learning and neurorehabilitation”, Annual Symposium on
Advances in Neural Rehabilitation Engineering, Aalborg University, August 24, 2010.
(Invited lecture)

16.Burdet E, “Modularity for versatile motor learning” ESF Standing Committee for
Physical & Engineering Sciences Strategic Workshop, Egelsbach, Germany,
September 1, 2010. (Invited lecture)
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17.Burdet E, “Rules of mechanical virtual reality and games for neurorehabilitation”,
Engineering faculty, Melbourne University, Australia, October 14, 2010. (Invited lecture)

18.Colombo R. Neuroriabilitazione robot-assistita: trattamento, valutazione e modelli. In
Atti del workshop “Neuroriabilitazione e terapie robot-assistite nell'arto superiore”, 26
Novembre 2010, Castel Goffredo (MN).

19. Sanguineti V. “Robots for Rehabilitation.” Summer School “eurorehabilitation. Recovery
of Motor Function”, Aalborg 2010.

20. Sanguineti V. Riabilitazione robot-mediata e meccanismi di rinforzo dell’apprendimento
motorio. Scuola di Formazione Societa’ Italiana di Riabilitazione Neurologica. Ancona,
1 Luglio 2010.

21.Sanguineti V. Optimal robot assistance for motor skill learning and rehabilitation.
International Workshop on Neuro-Rehabilitation. Tokyo, 15-16 Feb 2010.

22.Sanguineti V. Mobility Studies at NeuroLab. European Study Tour on .Technology to
transform mobility for people with a disability, Pisa, 18 Oct 2010.

23.Sterpi |, Mazzone A., Colombo R. Sviluppo di un. architettura multi-dispositivo per la
riabilitazione robotizzata dell’arto superiore. In Atti del workshop “Neuroriabilitazione e
terapie robot-assistite nell'arto superiore”, 26 Novembre 2010, Castel Goffredo (MN).

2011

A novel course on “Human Centred Design of Assistive and Rehabilitation Devices™(H-
CARD) has been launched at Imperial, in which engineering students learn to design
rehabilitation systems and assistive devices, integrating mechatronics, human factors
(based on some finding from HUMOUR) and computer games. This course is ongoing and
a similar course will be organised at Tecnologico de Monterrey in Mexico.

1. Burdet E, “Neuroscience-based rehabilitation of the hand function” 3rd Workshop on
Biomedical Engineering, University of Lisboa, April 16, 2011. (Invited lecture)
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Section 2 Publishable Results

2.1 Journal papers

2009

1. Casadio, M., P. Giannoni, et al. (2009). "A proof of concept study for the integration
of robot therapy with physiotherapy in the treatment of stroke patients.” Clin Rehabil 23(3):
217-28.

2. Casadio, M., P. Morasso, et al. (2009). "Measuring functional recovery of
hemiparetic subjects during gentle robot therapy.” Measurement 42(8): 1176-1187.

3. Casadio, M., P. Morasso, et al. (2009). "Minimally assistive robot training for
proprioception enhancement.” Exp Brain Res 194(2): 219-31.

4. Casadio M, Giannoni P, Masia L, Morasso P, Sandini G, Sanguineti V, Squeri V,
and Vergaro E. Robot therapy of the upper limb in stroke patients: preliminary experiences
for the principle-based use of this technology. Func Neurol 24: 195-202, 2009

5. Delconte C, Pisano F, Tommasi MA, Cavalli A, Pianca D, Mazzone A, Minuco G,
Colombo R. Robotics in Rehabilitation. G Ital Med Lav Ergon. 2009 Jan-Mar;31(1):115-23.

6. Gu, Y., Farina, D., Ramos Murguialday, A., Dremstrup, K., Montoya, P., Birbaumer,
N. (2009). Offline identification of imagined speed of wrist movements in paralyzed ALS
patients from single-trial EEG. Frontiers in Neuroprosthetics.
DOI:10.3389/neuro0.20.003.2009

7. Silzenbrick, S. & Heuer, H.: Functional independence of explicit and implicit motor
adjustments. Consciousness and Cognition, 2009, 18, 145-159.

8. Heuer, H. & Sllzenbriick, S.: Trajectories in operating a hand-held tool. Journal of
Experimental Psychology: Human Perception and Performance, 2009, 35, 375-389

9. Sdilzenbrick, S. & Heuer, H.: Learning the visuomotor transformation of virtual and
real sliding levers: Simple approximations of complex transformations. Experimental Brain
Research, 2009, 195, 153-165

10.Heuer, H. & Hegele, M.: Adjustment to a complex visuo-motor transformation at
early and late working age. Ergonomics, 2009, 92, 1039-1054
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11.Klisi¢ D, Kosti¢ M, Dosen S, Popovi¢ DB, “Control of prehension for the transradial
prosthesis: natural-like image recognition system.“ J Aut Control. 2009; 19(1):27-31.

12.Masia, L., M. Casadio, et al. (2009). "Performance adaptive training control strategy
for recovering wrist movements in stroke patients: a preliminary, feasibility study." J
Neuroeng Rehabil 6: 44.

13.Masia, L., M. Casadio, et al. (2009). "Eye-hand coordination during dynamic
visuomotor rotations." PLoS One 4(9): e7004.

14.Mohan V, Morasso P, Metta G, Sandini G (2009) A biomimetic, force-field based
computational model for motion planning and bimanual coordination in humanoid robots.
Autonomous Robots, 27:291-307.

15.0.Sullivan 1, Burdet E, Diedrichsen J (2009), Dissociating variability and effort as
determinants of coordination. Plos Computational Biology 5(4): €1000345.

16. Safwat B, Su E, Gassert R, Teo CL and Burdet E (2009), The Role of Posture,
Magnification and Grip Force on Microscopic Accuracy. Annals of Biomedical Engineering
37(5): 997-1006.

17.Squeri, V., M. Casadio, et al. (2009). Bilateral robot therapy based on haptics and
reinforcement learning: Feasibility study of a new concept for treatment of patients after
stroke. J Rehabil Med 41(12): 961-5.

18.Zeng Q, Burdet E and Teo CL (2009), Evaluation of a Collaborative Wheelchair
System in Cerebral Palsy and Traumatic Brain Injury Users, Neurorehabilitation and
Neural Repair 23(5): 494-504.

2010

1. Balasubramaniam S, J Klein and E Burdet (2010), Robot-assisted rehabilitation of
hand function (2010), Current Opinion in Neurology 23(6): 661-70.

2. D. Broétz, C. Braun, C. Weber, S. Soekadar, A. Caria, N. Birbaumer Combination of
Brain Computer-Interface Training and Goal Directed Active Physical Therapy of Chronic
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Stroke: A Case Report. Neurorehabilitation and Neural Repair, 24(7) 674-679, 2010. DOI:
10.1177/1545968310368683

3. Caria, C. Weber, D. Brotz, A. Ramos, LF. Ticini, A Gharabaghi, C. Braun, N.
Birbaumer Chronic stroke recovery after combined BCI training and physiotherapy. A case
report. Psychophysiology, 2010. DOI: 10.1111/j.1469-8986.2010.01117.x

4. Casadio, M., Sanguineti, V., Squeri V, Masia L, Morasso P (2010) Inter-limb
interference during bimanual adaptation to dynamic environments. Exp Brain Res
202(3):693-707.

5. Casadio M, Giannoni P, Masia L, Morasso P, Sanguineti V, Squeri V, Vergaro E
(2010) Consciousness as the emergent property of the interaction between brain, body,
and environment: implications for robot-enhanced neuromotor rehabilitation. Journal of
Psychophysiology 24(2):125-130.

6. Colombo, R., I. Sterpi, et al. (2010). "Measuring Changes of Movement Dynamics
During Robot-Aided Neurorehabilitation of Stroke Patients." IEEE Trans Neural Syst
Rehabil Eng. 18:75-85.

7. DoSen S, Cipriani C, Kosti¢ M, Carrozza MC, Popovi¢ DB. ,,Cognitive vision system
for the control of a dexterous prosthetic hand: An evaluation study.” Journal of
NeuroEngineering and Rehabilitation 2010, 7:42 doi:10.1186/1743-0003-7-42

8. Dosen S, Popovi¢ DB. “Transradial Prosthesis: Artificial Vision for Control of
Prehension.” Artif Organs, 2010. DOI: 10.1111/j.1525-1594.2010.01040x

9. Dovat L, O Lambercy, B Salman, V Johnson, TE Milner, R Gassert, E Burdet and
TC Leo (2010), A technigue to train finger coordination and independence after stroke.
Disability and Rehabilitation: Assistive Technology 5: 279-87.

10.Hegele, M. & Heuer, H. (2010). Adaptation to a direction-dependent visuomotor
gain in the young and elderly. Psychological Research 74: 21-34

11.Hegele, M. & Heuer, H. (2010) The impact of augmented information on visuo-
motor adaptation in younger and older adults. PLoS ONE 5(8): €12071

12.Hegele, M. & Heuer, H (2010). Implicit and explicit components of dual adaptation
to visuomotor rotations. Consciousness and Cognition 19: 906-917
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13.Heuer, H. & Hegele, M. (2010).The effects of mechanical transparency on
adjustment to a complex visuo-motor transformation at early and late working age. Journal
of Experimental Psychology: Applied 16: 399-412

14.Hegele, M. & Heuer, H.: Anpassung an visumotorische Transformationen unter
indirekter Sicht in frihem und spétem Erwerbsalter. Zeitschrift fur Arbeitswissenschatft,
2010, 64, 265-275

15. Iftime Nielsen SD, Dosen S, Popovi¢ MB, Popovi¢ DB. ,Learning Arm/Hand
Coordination with an Altered Visual Input.“ Comp Intel Neurosci, 2010,
Do0i:10.1155/2010/520781, Hindawi Publishing Corporation, ID 520781, 12 pages

16.Kazemi H, Rappel JK, Poston T, Lim BH, Burdet E and Teo CL (2010), Assessing
Suturing Techniques Using a Virtual Reality Simulator. Journal of Microsurgery 30(6): 479-
86.

17.Morasso P, Casadio M, Mohan V, Zenzeri J (2010) A neural mechanism of synergy
formation for whole body reaching. Biol Cybern 102:45-55

18. Squeri V, Masia L, Casadio M, Morasso P, Vergaro E. (2010) Force-field
compensation in a manual tracking task. PLoS One 5(6):€11189.

19. Sulzenbrick, S. & Heuer, H. (2010). The trajectory of adaptation to the visuo-motor
transformation of virtual and real sliding levers. Experimental Brain Research 201: 540-560

20.Vergaro E, Casadio M, Squeri V, Giannoni P, Morasso P, and Sanguineti V. Self-
adaptive robot training of stroke survivors for continuous tracking movements. Journal of
NeuroEngineering and Rehabilitation 7: 13, 2010.

21.Zhao G, Teo CL, Hutmacher DW and Burdet E (2010), Force controlled, automatic
microassembly of tissue engineering scaffolds. Journal of Micromechanics and
Microengineering 20(3) 035001.

2011

1. Novakovi¢ V, and Sanguineti V. (2011) Adaptation to constant-magnitude assistive
forces: kinematic and neural correlates. Exp Brain Res 209(3):425-36.
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2. Heuer, H. & Rapp, K.: Active error corrections enhance adaptation to a visuo-motor
rotation. Experimental Brain Research, 2011, 211, 97-108

3. Sdulzenbrick, S. & Heuer, H.: Type of visual feedback during practice influences the
precision of the acquired internal model of a complex visuo-motor transformation.
Ergonomics, 2011, 54, 34-46

In press

1. Heuer, H., Hegele, M. & Stlzenbrick, S. (in press) Implicit and explicit adjustments
to extrinsic visuo-motor transformations and their age-related changes. Human Movement
Science. doi:10.1016/j.humov.2010.07.004

2. Melendez-Calderon A, L Masia, R Gassert, G Sandini and E Burdet (in press),
Feedforward learned without proprioceptive error transfers well to the real task, IEEE
Transactions on Neural Systems and Rehabilitation Engineering.

3. Su ELM, Ganesh G, Yeong CF, Teo CL, Ang WT and Burdet E (in press), Effects of
grip force and training in unstable dynamics on accuracy in micromanipulation, IEEE
Transactions on Haptics.

4. Balasubramaniam S, Colombo R, Sanguinetti V and Burdet E (in press), Robotic
assessment of motor function after stroke, American Journal of Physical Medicine &
Rehabilitation.

2.2 Book chapters
2009

1. Birbaumer, N., Ramos Murguialday, A., Weber, C., Montoya, P. (2009).
Neurofeedback and Brain-Computer-Interface: clinical applications. In: L. Rossini, D. 1zzo,
L. Summerer (eds.): Brain-Machine-Interfaces for Space Application. International Review
of Neurobiology. Elsevier, Amsterdam, 107-117.

2. Sanguineti, V., M. Casadio, et al. (2009). "Robot therapy for stroke survivors:
proprioceptive training and regulation of assistance.” Stud Health Technol Inform 145: 126-
42.
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3. Soekadar S, Caria A, Ramos Murguialday A, Birbaumer N. Rehabilitation after
stroke using brain-computer-interfaces and neurostimulation. In: N. Johnsen and Rolf
Agerskov (ed.), Somatosensory Cortex: Roles, Interventions and Traumas. Nova Science
Publ., New York. 2009. ISBN 978-1-60741-876-4.

2010

1. Heuer, H.: Motor control. In: 1.B.Weiner & W.E.Craighead (Eds.): The Corsini
Encyclopedia of Psychology, Fourth Edition, Volume 3. New York: Wiley 2010 (pp. 1034-
1035)

2. Birbaumer, N., Ramos Murguialday, A., Straub, A., Cohen, L. (2010). Gehirn-
Computer-Schnittstellen bei LaAhmungen. In: K.-H. Pantke (Hrsg.): Mensch und Maschine:
Wie Brain-Computer-Interfaces und andere Innovationen gelahmten Menschen
kommunizieren helfen. Mabuse-Verlag, Frankfurt a.M., pp. 115-129.

3. Birbaumer, N., Ramos Murguialday, A., Cohen, L. (2010). Brain-Computer-Interface
(BCI) in paralysis. In: H.-C. Gunther/ A.A. Robiglio (eds), The European Image of God and
Man. A Contribution to the Debate on Human Rights. (Studies on the) I(interaction
of)A(rt) T(hought and) P(ower) bei Brill (Leiden-Boston), pp.483-492.

4. Birbaumer N, Caria A, Piccione F, Sauseng P. Brain-Computer Interface in
Neurorehabilitation. In: B. Graimann and G. Pfurtscheller (Eds),Brain-Computer Interfaces.
Springer, New York. 2010.

5. Colombo R. Tecniche Neurorobotiche:applicazioni alle malattie neurodegenerative-
In L“evoluzione della riabilitazione per le malattie neurodegenerative”. M. Monticone ed.
Aggiornamenti in Riabilitazione Vol 18, 2010; 113-124.

2011/In press

1. Lambercy O, L Dovat, B Salman, R Gassert, TE Milner, E Burdet and CL Teo
(2011), Robot-assisted Rehabilitation of Hand Function After Stroke with the HapticKnob
and the HandCARE. Biomechatronics in Medicine and Health Care. L Li and KY Tong eds,
Pan Stanford Publishing Pte Ltd.

2.3 Conference papers

2009
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1. Ananda ES, WT Latt, CY Shee, E Burdet, TC Lim, CL Teo, WT Ang (2009), E ect of
Visual Feedback and Speed on Accuracy in Micromanipulation Tasks. Proc Annual
International Conference of the IEEE Engineering in Medicine and Biology Society (EMBC)
1:1188-91.

2. Basteris A., Vergaro E., Sanguineti V. (2009) Learning to throw. Progress in Motor
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Proprioceptive Feedback in BCI. 4th International IEEE/EMBS Conference on Neural
Engineering (NER) Antalya, Turkey, 29.04 — 02.05, 2009.
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DB. @'Assistive’ Forces for the Acquisition of a Motor Skill: Assistance or Disturbance?@h
Proc. of the 1st International Conference on Applied Bionics and Biomechanics ICABB-
2010, October 14-16 2010, Venice, Italy, CD

9. F. Grimm, D. Milford, A. Walter, Z. Zhou, G. Naros, A. Ramos Murguialday, A.
Gharabaghi; Orthosis training of patients with severe hemiparesis applying EEG-triggered
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(Abstract)
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Proc. International Convention on Rehabilitation Engineering and Assistive Technology (i-
CREATe).

14.Popovi¢ DB, Kosti¢ M, Popovi¢ MB, DoSen S. “Mechanisms for integrating the “Wii-
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554 (Abstract)

27.Sterpi |., Mazzone A., Basteris A., Sanguineti V., Colombo R. Development of a
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31.Yilmaz O., Sanchez-Nacher N., Walter A., Milford D., Soekadar S., Ramos
Murguialday A., Birbaumer; N. Slow Cortical Potentials Preceding Different Modes of
Movement. Society for Neuroscience Meeting 2010; San Diego; USA. (Abstract)

32.Z. Zhou, F. Grimm, D. Milford, A. Walter, A. Ramos Murguialday, A. Gharabaghi;
Three-dimensional virtual arm feedback for orthosis-aided rehabilitation of haemiparetic
patients. NeuroWoche 2010, Mannheim 21-25.9.2010; P 557 (Abstract)

2011/In press

1. D. Weiss, R. Klotz,A. Ramos Murguialday, G. Naros, F. Grimm, F. Bunjes, T.
Gasser, T. Wachter, S. Breit, R. Kurger, A. Gharabaghi; Co-activation of antagonistic
muscles in Parkinson's disease as a pathophysiological mechanism of PD motor
impairment; MDS 15th International Congress of Parkinson's Disease and Movement
Disorders; June 5-9, 2011;Toronto, ON, Canada (Abstract)

2. L. Pitto, V. Novakovic, A. Basteris, V. Sanguineti. Neural correlates of motor
learning and performance in a virtual ball putting task. International Conference on
Rehabilitation Robotics (ICORR 2011). June 29-July 1, 2011; Zurich, Switzerland.

3. V. Squeri, A. Basteris, V. Sanguineti. Adaptive regulation of assistance ‘as needed’
in robot-assisted motor skill learning and neurorehabilitation. International Conference on
Rehabilitation Robotics (ICORR 2011). June 29-July 1, 2011; Zurich, Switzerland.

4. A. Basteris, A. De Luca, V. Sanguineti, C. Solaro, M. Mueller, I. Carpinella, D.
Cattaneo, R. Bertoni, M. Ferrarin. A tailored exercise of manipulation of virtual tools to
treat upper limb impairment in Multiple Sclerosis. International Conference on
Rehabilitation Robotics (ICORR 2011). June 29-July 1, 2011; Zurich, Switzerland.

5. A. Basteris, V. Sanguineti. Toward ‘optimal’ schemes of robot assistance to facilitate
motor skill learning, 33rd Annual International Conference of the IEEE Engineering in
Medicine and Biology Society (EMBC'11), August 30 - September 3, 2011; Boston, MA,
USA.
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6. A. Ramos Murguialday, E. Soares, D. Broetz, A. Caria, S. Soekadar, N. Birbaumer;
Haptic Brain Computer Interface in Paralyzed Chronic Stroke Patients. Society of
Neuroscience 2011; Nov. 12-18; Washington DC, USA. (Abstract)

7. E. Garcia Cossio, A. Ramos Murguialday, E. Soares, N. Birbaumer; Analysis of
muscle synergies of EMG in post-stroke patients: paretic and non-paretic hand. Society of
Neuroscience 2011; Nov. 12-18; Washington DC, USA. (Abstract)

8. Littgen, J. & Heuer, H.: Robot-assisted learning of motor timing. 53. Tagung
experimentell arbeitender Psychologen, Halle(Saale) 2011

9. Rapp, K. & Heuer, H.: Auswirkung von mechanischer Unterstiitzung auf das Lernen
visumotorischer Transformationen. 53. Tagung experimentell arbeitender Psychologen,
Halle(Saale) 2011

10.W. Cho, C. Vidaurre, U. Hoffmann, N. Birbaumer, A. Ramos; Afferent and Efferent
Activity Control in the design of Brain Computer Interfaces for Motor Rehabilitation.
Engineering in Medicine and Biology Society (EMBC) Proceedings, 2011 Annual
International Conference of the IEEE 2011.

2.4 Patents

1 Masia L., Sandini G. “ A DEVICE FOR MEASURING PLANAR STIFFNESS OF A
SAMPLE MATERIAL” , Filing Date 03.06.2011, Application number TO2011A000482,
(Patent Pending)
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Section 3 Exploitable knowledge and its use

The expected exploitable

results are given

in the Table 1 below.

IPR issues

(background/pre-existing and foreground information) are reported in the two matrices
below (matrices 1 & 2). The exploitation claims of the partners are indicated in matrix 3.

Table 1 — Overview table on exploitable knowledge

Result . Exploitable Partners Relevant
o, Exploitable Results Result Manager Involved Relevant WPs | - 5 o bles
Development of the T lIT, AAU, FSM | WP2 D2.1,D3.1,
environment for robot-assisted D2.2,D2.3
1 | neuro-rehabilitation and motor
skill learning applications (new
technology)
3 | Stiffness device T T WP2 D2.1,D2.2
4 New control method for the AAU AAU, IIT WP1, WP3,
haptic interface during gaming WP4
Wii-interface for the motivational | AAU AAU, IIT WP1, WP3,
5 | boost of the training assisted WP4
by a robot
General method for adaptive T T WP2 D2.2
regulation of task parameters to
6 maintain a target level of
performance in a motor skill
learning or rehabilitation
exercise
, T T WP6 D6.1
7 Method for intermanual transfer
of handwriting skills
Multidevice- Robot-aided FSM FSM, IIT WP2, WP7 D7.2
8 Rehabilitation architecture with
Progressive Task Regulation
Algorithm
Online sensorimotor rhythm EKU EKU, IIT WP5 D5.1,D5.3
9 | classification for haptic-BCl

control
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3.1 Characterisation of each Exploitable Result

Exploitable result n° 1: Development environment for robot-assisted neuro-
rehabilitation and motor skill learning applications

Describe the innovation content of result

Who will be the customer?

What benefit will it bring to the customers?

When is the expected date of achievement in the
project (Mth/yr)?

When is the time to market (Mth/yr)?

What are the costs to be incurred after the project
and before exploitation?

What is the approximate price range of this result
| price of licenses?

What is the market size in M€ for this result and
relevant trend?

How this result will rank against competing
products in terms of price / performance?

Who are the competitors for this result?

Open-source, device-independent, multi-robot software platform that
exploits the functionalities of H3DAPI — an existing API for visuo-
haptic rendering - for the development of robot-assisted motor skill
learning and rehabilitation applications (‘the HUMOUR system’)

Developers of motor skill learning and rehabilitation applications
(research and rehab centers)

Will provide a common environment for different robot platforms,
thus allowing cross-platform exchange of applications and promoting
standardization of exercise protocols. Will support multiple devices,
thus allowing robot-assisted uni- and bi-manual training and robot-
mediated physical interaction between humans

Initial version (Basic HUMOUR system) released in mid-2010.
Additional functionalities being added until the end of the project
(Final HUMOUR system, expected December 2011)

Public release with full documentation and support at end of project
(December 2011)

N/A

To be determined

N/A

The system currently supports a variety of existing robot devices, all
with proprietary software environments. However, no multi-device,
multi-platform software environments specifically designed for robot-
assisted motor skill learning and rehabilitation exercises are currently
available.

All proprietary software are potential competitors, but only for
specific applications

Date: 20/09/2011
Version: No. 1.1

Page 23 of 36



Final Plan for the Use and Dissemination of

I Q Foreground
HUman behavioral Modeling for enhancing learning by Optimizing hUman-Robot

interaction

Date: 20/09/2011

Version: No. 1.1 Page 24 of 36



. Final Plan for the Use and Dissemination of

I g Foreground
HUman behavioral Modeling for enhancing learning by Optimizing hUman-Robot

interaction

Exploitable Result n° 2: Wrist device

The system is a 3 degree of freedom robotic manipulator able to

Describe the innovation content of result ; :
move and train human wrist.

Research institutes and Industries working in Robotics, Clinical

' ?
DD UOEE I Rehabilitation, Haptic Technology and Remote Sensing.

The system allows to interact with virtual objects in a virtual reality

L o
U T i) o S ST environment by feeding back programmable force control

When is the expected date of achievementin  Already developed in prototype version and published papers on

the project (Mth/yr)? international conferences and journals

When is the time to market (Mth/yr)? January 2012

What are the costs to be incurred after the Refinement of the ergonomy, standardization according CE
project and before exploitation? requirements: 50,000 Euros

What is the approximate price range of this

result / price of licenses? 22 e

What is the market size in M€ for this result and The trend of new haptic system is spread out over different

relevant trend? application. Research, remote robotics,
How this result will rank against competing In terms of price the system can be compared with competitors
products in terms of price / performance? from other companies.

Interactive Motion Technology, Moog, Hocoma, Sensable,

i i ?
Who are the competitors for this result? ForceDimension, BKin Technology

Who are the partners involved in the result? T

Who are the industrial partners interested in the

result (partners, sponsors, etc...)? IBlEEEiEiEL

Have you protected or will you protect this

result? How? When? Not protected
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Exploitable Result n° 3: Stiffness Device

The system consists in a rotary mechanism able to generate radial
Describe the innovation content of result perturbation and consequently measure the restoring force of the
material to which is mounted

Research institutes and Industries working in Robotics, Clinical
Who will be the customer? Rehabilitation and Haptic Technology and Remote Sensing. The
market of mechanical measurement & industrial instrumentation.

The system is the first in its category able to accurately estimate

What benefit will it bring to the customers? o , o .
the mechanical impedance in a multidimensional way.

When is the expected date of achievement in Already developed in prototype version

the project (Mth/yr)?

When is the time to market (Mth/yr)? January 2012
Whgt are the costs to bel int_:urred after the 10,000 Euros
project and before exploitation?

What is the approximate price range of this 15,000 Euros

result / price of licences?

Market size is potentially wide and encompasses different

Whatis the market size in/M€ for nis resuit and disciplines. Since the system is general purpose the interested

7
GBI field may be the industrial one for characterization of materials.
How this result will rank against competing At present no competing products are present on market and it
products in terms of price / performance? may constitute a real improvement and novelty on market
Who are the competitors for this result? ATl industrial force sensor, Futek, TekScan, JR3, Honeywell

How fast and in what ways will the competition

respond to this result? The market may respond within 6 months

Who are the partners involved in the result? T

Who are the industrial partners interested in the

result (partners, sponsors, etc...)? To be determined; the system has not yet be shown

Have you protected or will you protect this

result? How? When? Patent pending 03.06.2011 n. TO2011A000482
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Exploitable Result n° 4: New control method for the haptic interface during gaming
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Exploitable Result n° 5: Wii-interface for the motivational boost of the training assisted by a robot
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Exploitable Result n° 6: General method for adaptive regulation of task parameters to
maintain atarget level of performance in a motor skill learning or rehabilitation
exercise

The method allows to automatically adjust task parameters (e.g.,
task difficulty or degree of robot assistance) in a VR- or robot-
based exercise protocol, so that task performance is maintained at
a desired, target level.

This facilitates subjects’ involvement, thus maximizing the
learning/recovery speed.

Describe the innovation content of result The technique is based on a Bayesian approach, and an
important feature is that it does not require an accurate knowledge
of the initial skill and/or impairment level and the dynamics of the
learning and/or recovery process.

The method is currently implemented as a Python class hierarchy
that can be used standalone or in conjunction with the HUMOUR
system (Result n° 1)

Who will be the customer? HUMOUR consortium

The method will be used to develop marketable applications in
which the training exercises are highly personalized to individual
impairments and must adapt with the progress of learning and/or
recovery, not necessarily based on robots.

What benefit will it bring to the customers?

When is the expected date of achievement in

the project (Mthiyr)? The final version will be available and released in December 2011.

When is the time to market (Mth/yr)? 0

What are the costs to be incurred after the

project and before exploitation? M
What is the approximate price range of this

: . TBD
result / price of licences?
What is the market size in M€ for this result and

N/A

relevant trend?
How this result will rank against competing TBD

products in terms of price / performance?

Many research groups develop technique to regulate task
Who are the competitors for this result? parameters. This is often achieved through linear control models
(Krebs et al., 2003, Riener et al., 2005). These methods are based
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Exploitable Result n° 7: Method for intermanual transfer of handwriting skills
People may need to transfer handwriting skills to their non-
dominant hand as a consequence of stroke or amputation. We
Describe the innovation content of result demonstrated that training in a virtual environment under physical
assistance may facilitate this transfer. This may also apply to the
acquisition of handwriting skills in children.

Who will be the customer? Occupational therapists in rehab centers

Will speed up intermanual transfer, which requires months with
standard occupational therapy protocols

Will work with a variety of robot trainers, which may be already
available to customers

What benefit will it bring to the customers?

When is the expected date of achievementin ~ Method validated with healthy subjects and manipulandum-type
the project (Mth/yr)? robot. Journal paper currently under review

When is the time to market (Mth/yr)? TBD

What are the costs to be incurred after the

project and before exploitation? Will need to develop a dedicated set-up with a robot-actuated pen

What is the approximate price range of this

result / price of licenses? oke
What is the market size in M€ for this result and Uil
relevant trend?

How this result will rank against competing Unknown

products in terms of price / performance?

There are several prototypes around. The most advanced device
Who are the competitors for this result? is MyScrivener, a robot-based device developed by S. Palsbo at
George Mason University

How fast and in what ways will the competition

respond to this result? e
Who are the partners involved in the result? T
Who are the industrial partners interested in the

TBD
result (partners, sponsors, etc...)?
Have you protected or will you protect this Not yet

result? How? When?
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Exploitable Result n° 8: Multidevice- Robot-aided Rehabilitation architecture with Progressive
Task Regulation Algorithm
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Exploitable Result n° 9: Online sensorimotor rhythm classification for haptic-BCI control
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Exploitable Result n° 10: Online functional NIRS-BCI
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3.2 IPR’S on background information

Information, excluding foreground information, brought to the project from existing
knowledge, owned or controlled by project partners in the same or related fields of the
work carried out in the research project.

it 1 2 3 4 5 6 7 8 9
T B B B B B B
AAU B B B
FSM B B B
EKU B B B
IfADO B B
Imperial B B B B

3.3 IPR’s on foreground information

Information including all kind of exploitable results generated by the project partners or 3™
parties working for them in the implementation of the research project

PARTNERS | 1 2 : 4 5 ° ! ° ’
T F F F F F
AAU F F
FSM F F
EKU F F
IfADO F F
Imperial F F
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3.4 Exploitation claims

The intention of the partners to exploit the results by making them and selling them (M); by
using them internally to make something else for sale (U); to license them to 3" parties
(L); to provide services such as consultancy, etc...(O).

RESULTS/
PARTNERS

T M,U UL UL UL UL U uL

AAU M,U,L,0 M,U,L,0

FSM uL

EKU UL

IfADO

Imperial

3.5 IPRs and exploitation claims
(the sum of the three previous matrices)

v 1 2 3 4 5 6 7 8 9
T B,F MU B,F,UL B,F,U.L B,F,UL B,F,U.L B,F.U BF.U,L
AAU B BFMULO | BFULO
FSM B,F B B,F.UL
EKU F B B,F,U.L
IFADO F B B BF
Imperial B, B B B,F
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