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        Modelling and identification of the sensory-motor system

        Participants :
	Mitsuhiro Hayashibe, Christine Azevedo Coste, David Guiraud.

        The literature on muscle modelling is vast, but most of research works focus separately on the microscopic and on the macroscopic muscle's functional behaviours. The most widely used microscopic model of muscle contraction was proposed by Huxley in 1957. The Hill-Maxwell macroscopic model was derived from the original model introduced by A.V. Hill in 1938. We may mention the most recent developments including Zahalak's work introducing the distribution moment model that represents a formal mathematical approximation at the sarcomere level of the Huxley cross-bridges model and the works by Bestel and Sorine (2001) who proposed an explanation of the beating of the cardiac muscle by a chemical control input connected to the calcium dynamics in the muscle cells, that stimulates the contractile elements of the model.
With respect to this literature, our contributions are mostly linked with the model of the contractile element, through the introduction of the recruitment at the fibre scale formalizing the link between FES parameters, recruitment and Calcium signal path. The resulting controlled model is able to reproduce both short term (twitch) and long term (tetanus) responses. It also matches some of the main properties of the dynamic behaviour of muscles, such as the Hill force-velocity relationship or the instantaneous stiffness of the Mirsky-Parmley model.
About integrated functions modelling such as spinal cord reflex loops or central pattern generator, much less groups work on this topic compared to the ones working on brain functions. Mainly neurophysiologists work on this subject and our originality is to combine physiology studies with mathematical modelling and experimental validation using our own neuroprostheses.
The same analysis could be drawn with sensory feedback modelling. In this domain, our work is based on the recording and analysis of nerve activity through electro-neurography (ENG). We are interested in interpreting ENG in terms of muscle state in order to feedback useful information for FES controllers and to evaluate the stimulation effect. We believe that this knowledge should help to improve the design and programming of neuroprostheses. We investigate risky but promising fields such as intrafascicular recordings, area on which only few teams in North America (Canada and USA), and Denmark really work on.
Very few teams in France, and none at Inria work on the peripheral nervous system modelling, together with experimental protocols that need neuroprostheses. Most of our Inria collaborators work on the central nervous system, except the spinal cord, (ODYSSEE for instance), or other biological functions (SISYPHE for instance).
Our contributions concern the following aspects:

        
          	
             Muscle modelling,

          

          	
             Sensory organ modelling,

          

          	
             Electrode nerve interface,

          

          	
             High level motor function modelling,

          

          	
             Model parameters identification.

          

        

        We contribute both to the design of reliable and accurate experiments with a well-controlled environment, to the fitting and implementation of efficient computational methods derived for instance from Sigma Point Kalman Filtering.
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        Inria Associate Teams

        
        
          NEUROPHYS4NEUROREHAB
        

        
          	
             Title: Development of neurophysiological test setup for customizing and monitoring patient-specific non-invasive electrical stimulation-facilitated neurorehabilitation.

          

          	
             International Partner (Institution - Laboratory - Researcher):

            
              	
                 IITH (INDE)

              

            

          

          	
             Duration: 2014 - 2016

          

          	
             See also: https://team.inria.fr/nphys4nrehab/

          

          	
             Stroke presents with heterogeneous patient-specific impairments in motor, sensory, tone, visual, perceptual, cognition, aphasia, apraxia, coordination, and equilibrium where the functional limitations following stroke are varied, including gait dysfunction, fall risk, limited activities of daily living, difficulties in swallowing, reduced upper extremity function, altered communication, besides others. These heterogeneous patient-specific impairments make planning of the neurorehabilitation therapy challenging. Here, it may be important to stratify the stroke survivors for restorative neurorehabilitation based on the prognosis and the ability of the stroke survivor to undergo therapy depending on their cardiovascular and neuromuscular capacity besides psychological factors such as motivation where the therapy needs to be tailored to individual health condition. The WHO International Classification of Functioning (ICF) model recommends intervention at multiple levels (e.g., impairment, activity, participation) where environment and personal factors can play an important role in resource-limited India. In fact, deconditioned chronic stroke survivor will need to recondition their cardiovascular endurance, metabolic fitness, and muscle conditions with a gradual increase in the intensity (number of hours per day) and frequency (number of days per week) of therapy, providing a higher level as they improve their function. Towards that overarching goal in a low-resource setting, we propose development of neurophysiological screening and monitoring tools using low-cost sensors.

          

        

        
        Inria International Partners

        
          	
             Technology artificial and natural control assisted by electrical stimulation in functional transfers for subjects with disabilities after spinal cord injury

             Inria principal investigator: Christine Azevedo Coste

             International partner:
Faculty of Ceilandia/ University of Brasilia - Emerson Fachin Martins, leader of the NTAAI-team. Nucleus of Assistive Technology, Accessibility and Innovation.

             CAPES, Scholarship: BEX 3160/13-0 (Montpellier/France - December 2013 - February 2015)
CAPES, Appel: 88881.068134/2014-01 (2015 - 2017)

             Around 90 million people acquired disabilities from Spinal Cord Injury (SCI) worldwide. The options available to stand up individuals with SCI without orthotics devices do not provide a functional upright position. The wheelchairs and seats to verticalize do not ensure an active participation based in a technology-human interaction. Moreover, the Verticalization devices are rarely used outside. The present international collaboration initiates a series of collaborations between the DEMAR-team and the NTAAI-team based on academic mobility of students and researchers. The general aim of this project is investigated technologies based in the functional electrical stimulation to promote functional transfers of the individuals with disabilities after SCI.

          

        

        
        Informal International Partners

        Katja Mombaur, Heidelberg University (Germany). Research Group Optimization in Robotics and Biomechanics, IWR Robotics Lab.
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        Visits of International Scientists

        Emerson Fachin Martins. Brazilian program: Science without borders (Ciências sem fronteiras)
CAPES, Scholarship: BEX 3160/13-0 (Montpellier/France - December 2013 - February 2015)

        
        Internships

        Mitsuhiro Hayashibe supervised Saugat Bhattacharyya on "Study on Probabilistic
nature of Motor Imagery Electroencephalography signals for control", PhD
internship, Svaagata.eu: experience Europe as an Indian Erasmus Mundus, Jadavpur
University, Kolkata, India, from Oct. 2014 to Jun. 2015.

        Mitsuhiro Hayashibe supervised Roberto Baptista on "Framework for Automatic
Assessment of Human Motion for Rehabilitation", PhD internship, bourse d'etudes
du Gouvernement Bresilien, Fondation Capes, Universidade de Brasilia (UnB),
Brasil, from May 2014 to Apr. 2015.

        
        Visits to International Teams

        Mitsuhiro Hayashibe was Visiting Researcher at RIKEN BSI-TOYOYA research
institute and worked on "Tacit Synergetic Motor Learning for rehabilitation"
(Jul.-Aug. 2014).

        M. Hayashibe was invited to talk at International Workshop on Human Assistive
Systems Based on Human Modeling in Tokyo, on December 14, 2014, organized by
Prof. Toshiaki Tsuji, Saitama University, Prof. Yuichi Kurita, Hiroshima
University
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      DEMAR

      Artificial movement and gait restoration

      2014 Project-Team Activity Report
	

      
          Research centre: 
          Sophia Antipolis -  Méditerranée
        

      Field: Digital Health, Biology and Earth
Theme: Computational Neuroscience and Medecine

      Keywords: Automatic Control, Functional Electrical Stimulation, Human Assistance, Multiscale Models, Sensors
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        FP7 & H2020 Projects

        
          	
             Program: FP7

          

          	
             Project acronym: EPIONE

          

          	
             Project title: Natural sensory feedback for phantom limb pain modulation and therapy

          

          	
             Duration: 2013-2017

          

          	
             Coordinator: AAU (Aalborg, Denmark)

          

          	
             Other partners: École polytechnique fédérale de Lausanne (EPFL), IUPUI (Indianapolis,
USA), Lund University (LUNDS UNIVERSITET), MXM (Vallauris, France), Novosense AB (NS), IMTEK
(Freiburg, Germany), UAB (Barcelona, Spain), Aalborg Hospital, Universita’ Cattolica del Sacro Cuore
(UCSC), Centre hospitalier Universitaire Vaudois (CHUV)

          

          	
             Abstract: http://project-epione.eu/

            Participants :
	David Guiraud, David Andreu, Thomas Guiho, Arthur Hiairrassarry, Christine Azevedo Coste, Pawel Maciejasz.

          

        

      

      
      

      
    

  