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Thursday, July 23rd (Day 1) 
 
8:30-9:30 am: Registration 
 
 
9:30-10 am: Coffee Break 
 
 
10:00-10:30 am: Opening Ceremony 
 
 
10:30-12:30 am: SYMPOSIUM I, “THE CONTROL OF ANTICIPATORY BEHAVIOURS” 
Chair: Jean-Louis Vercher, pp 8-9. 

Reza Shadmehr “The multiple timescales of motor memory” 

Randy Flanagan “Object representations used in Action and Perception” 

Mark Latash “Two aspects of feed-forward adjustments prior to voluntary action” 

 
12:30-1:30 pm: Lunch  
 
1:30-4:00 pm: Poster Session  I, pp 10-12. 
 
REACHING and GRASPING (part1) 
POSTURE and LOCOMOTION (part1) 
BIOMECHANICS and KINESIOLOGY 
PHYSICAL ACTIVITY and SPORTS 
 
 
4:00-6:00 pm: SYMPOSIUM II, “BIOMECHANICS IN MOTOR CONTROL: FROM MUSCLE 
PROPERTIES TO BODY POSTURE” 
Chair: Eric Berton, pp 13-14. 

Marcos Duarte “Control of equilibrium in humans: sway over sway” 

Walter Herzog “The Biomechanics of Movement Control” 

Lena Ting “Neuromechanical Tuning of Postural Dynamics” 

 
6:30-7:30 pm: Meeting of the International Society of Motor Control 
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Friday, July 23rd (Day 2) 
 
8:30-10:00 am: SYMPOSIUM III, “HOW TO CONTROL A SELF-ORGANISED SYSTEM?” 
Chair: Viktor Jirsa, pp 15-16. 
 
Michael Turvey “On the concept of “control” in self-organizing systems” 

Scott Kelso “Control and Coordination Dynamics”  

 
10:00-10:30 am: Coffee Break 
 
 
10:30-12:30 am: SYMPOSIUM IV, “LESSONS FOR MOTOR CONTROL FROM CLINICAL STUDIES” 
Chair: Jean-Philippe Azulay, pp 17-18. 
 
Angela Sirigu “The role of the parietal lobe in movement intention and motor awareness” 
 
Stephan Swinnen “Age-related changes in neural activation during interlimb coordination: increased 
brain activation reflects compensatory recruitment that benefits motor performance” 
 
David Vaillancourt “Structural and Functional Neuroimaging in Early Stage, Drug Naïve Parkinson’s 
Disease” 
 
12:30-1:30 pm: Lunch  
 
1:30-4:00 pm: Poster Session II, pp 19-21. 
 
BRAIN and NEUROPHYSIOLOGY (part1) 
POSTURE and LOCOMOTION (part2) 
MOVEMENT DISORDERS and REHABILATATION 
THEORY AND METHOD 
 
 
4:00-6:00 pm: SYMPOSIUM V, “HOW TO CONTROL COMPLEX MOVEMENTS?”  
Chair: Reinoud Bootsma, pp 22-23.  

Eckart Altenmüller “Sensory motor Integration and Desintegration in highly skilled musicians: 
Implications for the Neurobiology of Action Planning” 

Peter Beek “Coordination dynamics as a window into motor control” 

Viktor Jirsa “On the dynamic nature of complex movements” 

 
 
6:30-7:30 pm: Boat Excursion (Departure at  the Vieux Port) 
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Saturday, July 24th (Day 3) 
 
8:30-10:30 am: SYMPOSIUM VI, “WHAT DO WE LEARN ABOUT MOVEMENT AND ITS CONTROL 
FROM CORTICAL ACTIVITY?”  Chair: Thomas Brochier, pp 24-25 

Alexandra Battaglia Mayer “On-line control of movement by frontal and parietal cortex”  

Nicholas Hatsopoulos “The role of propagating waves in motor cortex” 
 
Alexa Riehle “Dynamics of Motor Cortical Networks: the Complementarity of Spike Synchrony and 
Firing Rate” 
 
10:30-11:00 am: Coffee Break 
 
10:30-12:30 am: SYMPOSIUM VII, “HOW DO WE LEARN USING TOOLS?” Chair: Benoit Bardy,  
pp 26-27. 
  
Scott Frey “What is (and what is not) special about human tool use?  Perspectives from cognitive 
neuroscience” 
 
Hiroshi Imamizu “Learning and switching of internal models for dexterous use of tools” 
 
Carlo Avizzano “Training skills with Virtual Environments” 
 
1:00-1:30 pm: Lunch  
 
1:30-4:00 pm: Poster Session III, pp 28-30. 
 
REACHING and GRASPING (part2) 
BRAIN and NEUROPHYSIOLOGY (part2) 
LEARNING and DEVELOPMENT 
MODELLING and ROBOTICS 

4:00-4:30 pm: “PAILLARD’S LEGACY.” Chair: Mindy Levin, p 31.                                                                                                                                   
Francois Clarac “The Concept of Motor Control in Marseille”        

4:30-5:30 am: SYMPOSIUM VIII, “CAN ROBOTS BE HELPFUL FOR UNDERSTANDING MOTOR 
CONTROL?” Chair: Julien Lagarde, p 32.  

Nicolas Franceschini “Controlling navigation by optic flow sensors: the fly automatic pilot” 

Auke Ijspeert “Decoding the mechanisms of gait transition in the salamander using robots and 
mathematical models” 

5:30-6:00 pm: Closing Ceremony 
 
 
8:00 pm-2:00 am: Banquet at the Bistrot Plage (Buses leaving at the vieux port, Casual dressing) 
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Thursday, July 23rd (Day 1) 
 

SYMPOSIUM I: THE CONTROL OF ANTICIPATORY BEHAVIOURS 
 

The multiple timescales of motor memory 
Reza SHADMEHR 

Johns Hopkins School of Medicine, Baltimore, MD, USA 
 
When the brain generates a motor command, it also predicts the sensory consequences of that 
command via an “internal model”.  The reliance on a model appears to make the brain able to 
sense the world better than is possible from the sensors alone.  However, this happens only 
when the models are accurate.  To keep the models accurate, the brain must constantly learn 
from prediction errors.  Here I use examples from saccade and reach adaptation to 
demonstrate that learning is guided by multiple timescales: a fast system that strongly 
responds to error but rapidly forgets, and a slow system that weakly responds to error but has 
good retention.  Damage to the human cerebellar cortex appears to eliminate the fast 
timescales of adaptation, but produces smaller impairments in the slower timescales.  The 
different timescales of motor memory may depend on different parts of the motor system. 
 
 

Object representations used in Action and Perception 
Randy FLANAGAN 

Centre for Neuroscience Studies, Queen's University, Kingston, Ontario, CANADA 
 
Skilled object manipulation requires the ability to estimate, in advance, the motor commands 
needed to achieve desired sensory outcomes as well as the ability to predict the sensory 
consequences of the motor commands. Because the mapping between motor commands and 
sensory outcomes depends on the physical properties of grasped objects, the motor system 
must have knowledge that enables the prediction of these properties. In this talk, I will discuss 
the nature and organization of such knowledge, discussing the notion of internal models in the 
process. I will also consider the relationship between representations of objects used by the 
motor system when manipulating objects, and those employed by the perceptual system to 
make judgments about object properties. 
 
 

Two aspects of feed-forward adjustments prior to voluntary action 
Mark L. LATASH 

The Pennsylvania State University, University Park, PA, USA 
 
Recent studies of multi-element motor synergies in a variety of tasks have documented a 
phenomenon of anticipatory synergy adjustments (ASAs) representing an early drop in an 
index of a synergy stabilizing a relevant performance variable. In these studies, synergies 
have been defined and quantified as patterns of co-variation of elemental variables (digit 
forces, digit modes, joint angular rotations, muscle modes, etc.) related to stabilization of a 
potentially important performance variable (such as total force, total moment of force, 
endpoint trajectory, and center of pressure coordinate). ASAs have been documented in 
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preparation to a quick self-paced action from a steady-state and in preparation to a self-
triggered mechanical perturbation. ASAs have a number of features that make them similar to 
anticipatory postural adjustments (APAs): (1) They are both observed about 100 ms prior to 
the initiation of a voluntary action; (2) They both become nearly synchronous with the action 
when similar tasks are performed under a typical simple reaction time instruction; (3) They 
are both delayed and reduced in magnitude in elderly persons; and (4) They disappear if a 
similar perturbation is triggered unexpectedly by another person. Hence, we suggest a 
hypothesis that APAs represent a superposition of two processes. The first process (ASA) is 
related to turning-off pre-existent synergies stabilizing performance variables that have to be 
changed quickly following an expected event, for example, a perturbation. The second 
process is generation of changes in performance variables (such as forces and moments of 
forces) that would counteract the expected effects of the own action or of a predictable 
perturbation. This general scheme suggests existence of two groups of control variables, those 
related to desired motor performance and those related to synergies that ensure stability of 
performance variables. This scheme may be naturally incorporated into the reference 
configuration hypothesis. 
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POSTER SESSION I 
 
REACHING and GRASPING (part1) 
 
A1-1 Cognitive and mechanical influences on stopping, Katrin M. Rapp     
A1-2 Reachability judgments change in a short period of time, irrespective of tool use, Denise de Grave 
A1-3 Accuracy of judged boundary: what is the baseline? Sabine Cornus     
A1-4 Age-related modulation of adaptation to different types of visuomotor transformations, Mathias Heg 
A1-5 Parietal contribution in on-line control of visually-guided movements, Annabelle Blangero  
A1-6 Differential contribution of vision and proprioception in reducing spatial and temporal errors in a 
coincidence timing task, Borja Rodriguez Herreros     
A1-7 Misapplication of an explicit cognitive strategy during a visuomotor rotation, Jordan Taylor 
A1-8 Dynamics of eye-hand coordination in 3D and implications for internal models, Stan Gielen  
A1-9 Effect of head tilt on hand drawing under visual supervision, Michel Guerraz   
A1-10 Differential delays can prevent unwanted hand corrections, Joan Lopez-Moliner  
A1-11 Reach-to-grasp interjoint coordination in hemiplegic children is restricted by covariation inversion 
difficulty both in static and dynamic conditions, Maurizio Petrar      
A1-12 The effect of gaze shifts on memory-guided reaching and relative position judgments, Denise Henriques 
A1-13 Manual acquisition of a visual target is influenced by distractors only when they are perceived: evidence 
for no dissociation between perception and action, Antoine Deplancke     
A1-14 Free open-loop pointing to a binocular target: drift and between-/within- subject variations, Anne-
Emmanuelle PRIOT           
A1-15 Arm posture and EMG activity during a double-step unloading task, Nahid Norouzi Gheidari 
A1-16 Proprioceptive recalibration leads to visuomotor adaptation in the absence of reaching, Erin K. Cressman 
A1-17 Generalization of visuomotor learning between bilateral and unilateral conditions, Jinsung Wang 
A1-18 Cortical activities for executing a visuomotor task examined by coherence analysis, Hiromu Katsumat 
A1-19 Planning of hand position and force in visualy-guided grasp: an electroencephalographic (EEG) study, 
Manuel Zaepffel       
A1-20 The trunk as part of the kinematic chain of the upper limb for reaching movements in healthy and 
hemiparetic subjects, Johanna V.G. Robertson        
A1-21 Impact of stroke on palmar arch modulation, Archana Sangole    
A1-22 Bimanual reach-to-tap and reach-to-grasp in children with hemiplegic cerebral palsy, Aleksandar 
Nedeljkovic            
A1-23 Variability of hand posture for grasping in hemiparetic patients, effect of Botulinum toxin therapy (BTT), 
Agnes Roby-Brami         
A1-24 Restoring hand function after brain injury with novel biofeedback, Don Yungher   
A1-25 The assessment of cognitive load of stroke patients during an arm task, Annemieke Houwink 
A1-26 Test-retest reliability of kinematic measures of functional reaching in children with cerebral palsy, Mindy 
Levin            
A1-27 Task-oriented intervention and trunk restraint to improve upper limb movement quality in children with 
cerebral palsy, Sheila Schneiberg          
A1-28 Children's catching performance when the demands on the postural system is varied, Georgios 
Angelakopoulos           
    
POSTURE and LOCOMOTION (part1) 
 
A1-29 Reflex latency changes in the Rectus Femoris during a sequence of gait perturbations have a functional 
effect in the recovery, Arturo Forner-Cordero 
A1-30 Relationship between gastrocnemius electromyographic activity and blood pressure variation with respect 
to postural sway during quiet stance, Andrew Blaber 
A1-31 Changes in the flexion relaxation response induced by hip extensor muscle fatigue, Jean-Philippe Pialasse 
A1-32 Influence of Patellofemoral Pain Syndrome on plantar pressure distribution during three phases of gait 
stance, Sandra Aliberti 
A1-33 Cross- correlation between dynamic EMG signal of diabetic neuropathic and nondiabetics subjects during 
gait, Isabel Sacco 
A1-34 Dynamical asymmetries in idiopathic scoliosis during forward and lateral initiation step, Serge Mesure 
A1-35 Dynamic postural stability assessment in individuals with kyphosis, Mehrdad Anbarian 
A1-36 Evaluation of posture and postural control in elderly women with and without osteoporosis, Viviam 
Inhasz Cardoso 
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A1-37 Postural control in elderly individuals with and without Osteoporosis: Is there a difference?  
Thomaz Burke 
A1-38 Aging effects on the postural control system after a sudden biomechanical perturbation in male subjects 
with opened and closed eyes, Cristian Cuadra 
A1-39 Are age-related changes in posture-stepping coordination gradual or abrupt? 
Evidence from the middle ages, Timothy Hanke 
A1-40 Age-related deficit in the load/unload mechanism during prolonged standing, Janina Prado 
A1-41 Control of human cervical spine: a random-walk analysis of spinal curvature variation during upright 
stance, Debbie Zy Ou 
A1-42 Motor unit discharge in soleus muscle and correlogram with center of pressure parameters, Rony Silvestre 
A1-43 An analysis of joint coordination during human walking, Shoko Kaichida 
A1-44 Sitting postural control: a comparison between healthy and a tretraplejic subjects pre 
and post intervention, Edith Elgueta 
A1-45 Clinical protocol for assessment of anticipatory postural adjustments: development 
and validation, Carolina Miyuki Suguimoto 
A1-46 Analysis of the functional stability test parameters, Kajetan Slomka 
A1-47 Temporal modulation of muscle synergies throughout postural responses to 
Perturbations, Seyed Safavynia 
A1-48 Effects of load stiffness on responses to stretch at the human wrist, Richard Fitzpatrick 
A1-49 Muscle organization in infants during supported stepping on a treadmill, Caroline Teulier 
A1-50 Effects of Developmental Coordination Disorder on rapid arm movement performed in upright stance, 
Olivier Hue 
A1-51 Postural stability in older women with musculoskeletal pain in the lower limbs, Olivier Hue 
A1-52 Motor and postural strategies in Sit-To-Stand (STS) and Back-To-Sit (BTS) motions in children, 
Christine Assaiante 
A1-53 Effects of constraints (clothing and motor-capture devices) on treadmill steps performed by young healthy 
infants, Beverly Ulrich 
A1-54 Effect of enhanced sensory input on motor output in infants born with a sensorimotor 
deficit-myelomeningocele, Beverly Ulrich 
A1-55 The effects of enhanced sensory input during partial body weight supported treadmill training in infants at 
risk for cerebral palsy, Jill Heathcock 
 
 
BIOMECHANICS and KINESIOLOGY 
 
O1-1 Speed–curvature relations in speech production challenge the 1/3 power law, Pascal Perrier 
O1-2 On coordinative patterns and transformation effects in reiterant speech production, Susanne Fuchs 
O1-3 Correspondence between initial kinematics and final position in orofacial speech movements, Ludo Max 
O1-4 Prestressed musculoskeletal system as a possible medium for intrinsic stability and haptic perception, 
Thales Souza 
O1-5 The relationship between hand muscle size and hand dexterity: an MRI and behavioural investigation, 
Jeffrey Hsu 
O1-6 Biomechanics and multi-digit synergies during transport of a fragile object, Stacey Gorniak 
O1-7 Influence of object size on finger muscle forces during grasping, Mathieu Domalain 
O1-8 Kinematics of lifting objects with unexpected weights in healthy subjects and a 
deafferented patient, Thomas Hoellinger 
O1-9 Arm postural anticipation for rotating an object, Thomas Robert 
O1-10 The effect of double tasking and age on bimanual performance, Yngve Sommervoll 
O1-11 Equivalence in perception reveals upper limb kinaesthetic asymmetries, Diane Adamo 
O1-12 Contralateral muscle activity and fatigue in visuomotor coordination tasks, Sophie C Regueme 
O1-13 Utilizing Redundant Solutions in Motor Learning, Rajiv Ranganathan 
O1-14 Distinct timing mechanisms are implicated in intermittent circle drawing tasks, Raoul Huys 
O1-15 The relative contributions of tactile and proprioceptive information in a sensorimotor synchronization 
task, Larry Baer 
O1-16 Analysis of arm oscillation of drumming using accelerometer array, Tomoyuki Yamamoto 
O1-17 Healthy and distorted movements in drumming: Comparing movement patterns for healthy and dystonic 
players, Sofia Dahl 
O1-18 Consistent underestimation of applied forces in a multi-joint force matching task, Carl Jackson 
O1-19 Altered Perception affects action in hypnoticomotor tasks, Victoria Galea 
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O1-20 Influence of the type of muscle contraction on the co-contraction level using an EMG-driven model, 
Pauline Gerus 
O1-21 Trunk muscles co-contraction ratios in Pilates stabilization exercises, Bergson Queiroz 
O1-22 Muscular recruitment for trunk stabilization during specific ballet movements, Francisco J. Vera-Garcia 
O1-23 Variables related to leg strength asymmetries in healthy subjects, Felipe Carpes 
O1-24 Nonlinear and Linear Measures of Gait Variability and Stability across the Lifespan in Persons with 
Down Syndrome, Beth Smith 
O1-25 Postural behaviour of children with hemiplegic cerebral palsy enhanced by a constraint induced 
movement therapy, Anne-Fabienne Huffenus 
O1-26 Differences in the velocity of center of mass between faller and non faller elderly subjects during sit to 
stand test, Rodrigo Guzman 
O1-27 Differences in the joint moment between faller and non-faller elderly subjects during sit to stand test, 
Patricio Pincheira 
O1-28 The influence of exploration in lower limb haptic length perception, Sergio Fonseca 
 
PHYSICAL ACTIVITY and SPORTS 
 
C1-1 Laterality in Stride Pattern Preferences in Young Male and Female 400-m Hurdle Runners, Jolanta Hyjek 
C1-2 Descriptive research of motor control in bodily communication applied to volleyball team sport, Gaetano 
Raiola 
C1-3 Affordances for passing the ball in futsal, Bruno Travassos 
C1-4 The posture of defenders determines the direction of drive in basketball, Pedro Esteves 
C1-5 What information might be used during attacker-defender approach to prospectively control pass decisional 
behaviour in rugby union game? Vanda Correia 
C1-6 Skin stimulation by external compression for a better movement accuracy, Thibaud Thedon 
C1-7 Experimental Study of Motor and Technical Influence on Temporal and Rhythm Parameters of Hurdle 
Races, Jaroslaw Gasilewski 
C1-8 Discriminating table tennis service by kinematic information, Hsiu HUI Chen 
C1-9 Rowing novices can only partly profit from acoustic and visual display of a reference movement of an oar 
blade, Georg Rauter 
C1-10 The neural correlates of sports excellence: investigating expert action-prediction using fMRI, Ana Maria 
Abreu 
C1-11 Coaching neurons: from motor memory consolidation to motor expertise, Tiago Pereira 
C1-12 Preliminary evidence of EEG correlates of perception and action during postural audio-biofeedback, 
Lorenzo Chiari 
C1-13 Can affordance theory account for overtaking behaviour? Antoine, H.P. Morice 
C1-14 The effect of expertise in shooting on balance control, Grzegorz Juras 
C1-15 Influence of agonist/antagonist cocontraction on the cortico-muscular coherence during knee isometric 
contractions, Fabien Dal Maso 
C1-16 Symmetry analysis in subjects submitted to anterior cruciate ligament reconstruction during bilateral 
tasks, Raquel Castanharo 
C1-17 The effect of muscle fatigue on proprioception in an upper limb reaching task, Philippe S. Archambault 
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SYMPOSIUM II: BIOMECHANICS IN MOTOR CONTROL: FROM MUSCLE 
PROPERTIES TO BODY POSTURE 

 
Control of equilibrium in humans: sway over sway 

Marcos DUARTE & Vladimir ZATSIORSKY 
Laboratory of Biophysics, University of Sao Paulo, BRAZIL 
The Pennsylvania State University, University Park, PA, USA 

 
In humans, the postural control of a segment or the whole body about a reference position is 
achieved by passive and/or active restoring forces applied to the system under control. Under 
this rationale, for example, the control of the whole body posture during upright standing has 
been modeled as an inverted pendulum oscillating about a fixed position. This very simple 
representation has been very useful and successful to understand many aspects of human 
postural control. However, some behaviors observed during upright standing are not well 
captured by this representation. For example, there is evidence suggesting that during posture 
control, humans control their posture not about a fixed point but about a position which in 
turn is also moving. Studies of prolonged upright standing (about several minutes) have 
shown that both young and elderly adults tend to oscillate about a moving reference position. 
A good example of this complex behavior is the postural sway of elderly adults. Indeed, 
commonly - but not ubiquitously – elderly persons show an increase in postural sway, as 
compared to younger persons, when asked to stand as quietly as possible for a short period of 
time. However, during prolonged standing, elderly individuals adopt a 'freezing' strategy 
reflecting their reduced ability to shift the body reference position in time. In this chapter, we 
will review some of these findings and discuss their implications for the understanding of the 
control of equilibrium in humans. 

 
 

The Biomechanics of Movement Control 
Walter HERZOG 

Human Performance Lab, University of Calgary, CANADA 
 

Movement and motor control is often viewed with little regards to the biomechanics of the 
system. However, activation of a single muscle will produce a mechanically precisely defined 
movement and external reaction force. Typically, a given movement and its associated 
external forces provide constraints that cannot be met easily but require an intricate 
coordination of agonistic and antagonistic muscles. By measuring agonistic and antagonistic 
forces and associated EMGs in single muscles of freely moving animals, we gained insight 
into the organization of movements based on the movement constraints. We also derived 
theoretical muscle force-sharing algorithms in parallel to the experimental work and validated 
these for a variety of conditions. The following general results were found: (i) Muscle force-
sharing is highly task specific to the extent where one agonist might be active and another 
silent for one movement, while exactly the opposite is true for another movement, thereby 
disqualifying frequently used force-sharing estimates based on the physiological cross-
sectional areas of agonistic muscles; (ii) among a set of agonistic muscles, some might 
increase force during a movement while others might decrease force simultaneously, a 
prediction that is not possible using conventional optimization approaches; and (iii) the 
mechanical properties of muscles play an important role in the movement control strategies. 
In summary, the mechanics of muscles and the biomechanics of movement determine to a 
great extent muscle recruitment force-sharing patterns. 
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Neuromechanical Tuning of Postural Dynamics 
Lena H. TING  

Department of Biomedical Engineering, Emory University and Georgia Institute of 
Technology, USA 

 
Experimental and theoretical paradigms that account for both passive and active 
musculoskeletal dynamics are necessary to understand the rich variability in neural control of 
movement. In standing balance control, a suite of dynamic neuromechanical processes 
maintains the body center of mass (CoM) over the base of support. In response to postural 
perturbations, various strategies can be used to maintain balance, including keeping the feet in 
place, taking a step, or grabbing a handhold.  This highlights a fundamental property of 
neuromotor systems: there is no one-to-one mapping between a desired goal and the limb 
motions or muscle activity used to achieve the goal (Bernstein 1967). Our recent work 
demonstrates that even within a given postural strategy, multiple hierarchal neuromechanical 
elements are constantly being tuned and coordinated to alter postural dynamics. In responses 
to support-surface perturbations while maintaining the feet in place, postural dynamics are 
rapidly modified on a trial-by-trial basis. These modifications result not only from changes in 
the reactive neural feedback responses to perturbation, but also from changes in feedforward 
muscle tone and postural configuration, which modulate the intrinsic musculoskeletal 
properties of the body, altering the effects of a perturbation. Within an individual, we observe 
a wide variety of muscle activation patterns in response to identical perturbations, presumably 
to improve postural performance, energetic expenditure, or even expected perturbation 
direction. Our musculoskeletal modeling studies demonstrate that typical force-sharing 
algorithms produce non-physiological and highly unstable musculoskeletal dynamics. 
However, all other muscle activation patterns selected from a large manifold of possibilities 
produce physiologically-reasonable musculoskeletal dynamics and stability for postural 
control. Thus, rather than there being one “right” solution to any given movement problem, 
we regularly traverse a multitude of solutions for any given motor behavior depending upon 
the desired behavioral outcomes and our prior experience.        
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Friday, July 24th (Day 2) 
 

SYMPOSIUM III: HOW TO CONTROL A SELF-ORGANISED SYSTEM? 
 

On the concept of “control” in self-organizing systems 
Michael T. TURVEY 

Center for the Ecological Study of Perception and Action, University of Connecticut, Storrs,  
And Haskins Laboratories, New Haven, CT USA 

 
 Ross Ashby, a founding father of cybernetics, introduced the term “self-organization” in 
1947 (in the Journal of General Psychology). In 1980, Kugler, Kelso and Turvey proposed (in 
Tutorials in motor behavior edited by Stelmach and Requin) that biological movements, their 
coordination and control, abide by principles of self-organization: movements are coordinated 
without coordinators, controlled without controllers.  Although consonant with a broadening 
understanding of how ordered states arise in nature, self-organization of biological movement 
is a fledgling enterprise in Motor Control, a field traditionally dominated by concepts from 
neurology and engineering.  These concepts tend to promote specific entities that coordinate 
and control. I will distill what can be learned about the notion of “control” in self-organizing 
systems through an examination of the following: (a) the developmental thesis of probabilistic 
epigenesis, (b) action-based self-organization of the spinal cord, (c) stigmergy, (d) chaos 
control, (e) applied self-organizing systems, (f) self-reconfiguring and developmental 
robotics, (g) supramolecular chemistry, and (h) self-assembly of artificial structures. 
Following the French Nobel Laureate in Chemistry, Jean-Marie Lehn, I hope to communicate 
that for a natural entity or system, “Self-organization offers the full range of self processes 
that determine the internal build up, functional integration, and operation of the entity (in 
Science, 2002).” Overall conclusions will be framed in respect to Ashby’s law of requisite 
variety. 

 
 

Control and Coordination Dynamics 
J. A. Scott KELSO 

Center for Complex Systems and Brain Sciences 
Florida Atlantic University, Boca Raton, FL, USA 

  
This paper comes in three connected parts. The first suggests that degeneracy, redundancy and 
synergy in complex biological systems are manifestations of a Principle of Functional 
Equivalence (PoFE). This principle appears to operate at many levels of biological 
organization: the familiar example of ‘motor equivalence’ is just one instance of the 
Principle’s reach. A lawful basis of the Principle of Functional Equivalence may lie in 
meaningfully coupled dynamical systems (coordination dynamics) where dimension reduction 
is achieved through the identification of relevant collective variables.  Dynamics on manifolds 
spanned by these collective variables are representative of equivalence classes. Classical 
views of self-organization do not incorporate intentionality, a hallmark of cognition and 
behavior. The second part describes new experimental work which shows that the stability of 
coordination states (indexed again by the variability of a salient collective variable) constrains 
and is constrained by the actor’s intentions.  The large-scale neural architecture involved 
appears to be highly sensitive to (‘encodes’) relevant collective variables and the dynamics of 
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these collective variables, in particular their stability. The third part introduces a novel 
human~machine paradigm called Virtual Partner Interaction (VPI)—a scaled up version of 
the dynamic clamp used to study the dynamics of interactions between neurons.  In VPI, a 
human and a virtual partner (a computational model of himself) are reciprocally coupled: the 
human acquires information about his partner’s behavior through vision, and the virtual 
partner continuously detects the human’s movement through the input of sensors. VPI is thus 
a surrogate dynamical system for probing the nonlinear nature of human social coordination, 
allowing one to explore regions of parameter space not typically examined during live 
interactions. VPI stresses bidirectional coupling in real time and brings into sharp relief the 
issue of ‘who controls who?’ In this picture, control emerges from the mutual information 
exchange afforded by rich reciprocal coupling between interacting entities. The union of the 
three parts may be seen to embrace and complement typical ‘I’ or individual brain-centered 
approaches as well as recent engineering approaches in which desired states are achieved by 
‘nudging’ interactions among many nonlinear elements.  
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SYMPOSIUM IV: LESSONS FOR MOTOR CONTROL FROM CLINICAL 

STUDIES 
 

The role of the parietal lobe in movement intention and motor awareness 
 Angela SIRIGU 

Center for Cognitive Neuroscience, CNRS, Lyon, FRANCE 
 

I will focus on the role of parietal and premotor regions for movement representation and 
movement prediction. I will present findings obtained in patients with selective lesions in the 
parietal or premotor cortex using task requiring preparing to move or preparing to observe 
another's movement. We will also show how direct cortical stimulation (during surgery for the 
removal of a tumor) of the inferior parietal regions produces the 'desire to move' and even 
perception of movement even when no motor act actually occurred as shown by EMG 
recording. The opposite patterns will be described during stimulation of the premotor cortex 
where patients did in fact move but the experience of movement did not reach consciousness 
(Desmurget, Reilly, Richard, Zsathamri, Mottolese, Sirigu, Science, 2009, in press). I will 
argue that the inferior parietal regions play a key role for anticipating the future states of our 
own movements and for bringing them to awareness. 
 
 

Age-related changes in neural activation during interlimb coordination: 
increased brain activation reflects compensatory recruitment that benefits 

motor performance 
Stephan P. SWINNEN 

Research Center for Motor Control and Neuroplasticity, Katholieke Universiteit Leuven, 
BELGIUM 

 
Traditionally, neuroplasticity has been linked primarily with the early stages of human 
development. However, more recent evidence suggests that the aging brain may be more 
plastic than previously thought. More specifically, it has been shown that older adults display 
higher activation levels in the same brain areas as young adults and/or they engage different 
neural circuitry to support task performance. In cognitive tasks, this excess recruitment has 
primarily been shown in prefrontal areas and positive correlations between increased 
recruitment of (bilateral) prefrontal areas and memory performance have been demonstrated. 
This compensatory recruitment is proposed to represent evidence for neural reorganization in 
the aging brain. Using functional magnetic resonance imaging (fMRI), we will review 
evidence for differences in neural recruitment in aged versus young adults during the 
performance of interlimb coordination tasks. First, we will show that aged adults exhibit more 
activation in the same brain areas as young adults and also recruit additional brain areas 
during performance of a complex coordination task, i.e. cyclical coordination of the right 
ipsilateral hand and foot. This age-related compensatory recruitment is observed in 
(pre)frontal as well as in parietal and temporal areas, and implies cortical as well as 
subcortical areas. The extended recruitment patterns in aged adults reflect increased cognitive 
involvement in motor task performance as well as enhanced attentional deployment for 
sensory processing and processes of intersensory integration. Second, we will demonstrate 
that the age-related additional recruitment of neural resources is positively correlated with the 
quality of performance on coordination tasks, suggestive of ‘compensatory’ brain activation.  
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Third, we will demonstrate that the typical network differentiation that is observed in 
adolescents between internally (proprioceptively) guided versus externally (visually) guided 
movement, gradually disappears as a result of aging because more areas are shared between 
both performance modes. The age-related expansion of activation will be discussed in support 
of the viewpoint that the aging brain is capable of neural reorganization that is associated with 
increased motor performance levels, in other words, those elderly that preserve motor 
performance levels comparable to that of adolescents, exhibit more extensive brain activation. 
Furthermore, we will elaborate on the advantages and pitfalls of age-related compensatory 
recruitment and address the potential reasons underlying this reorganization of brain 
activation.  
 
 

Structural and Functional Neuroimaging in Early Stage, Drug 
Naïve Parkinson’s Disease 

David E. VAILLANCOURT 
Departments of Kinesiology and Nutrition, Bioengineering, and Neurology 

University of Illinois at Chicago, Chicago, IL, USA 
 

Biomarkers or specific tests to detect Parkinson’s disease (PD) are a pivotal goal to the 
effective diagnosis and development of novel therapies.  Based on research advances in the 
1990’s, new technologies for in vivo brain imaging are now available.   In the case of PD, 
both PET- and SPECT-based techniques have been developed as biomarkers of striatal 
function.  These strategies rely on radioactive tracers, often with shorter half lives, remain 
expensive, and are not widely available.  Further, many times these markers are modified by 
dopaminergic therapy.  The purpose of this lecture is to discuss ongoing work using 
functional magnetic resonance imaging and diffusion tensor imaging in early stage, untreated 
patients with PD.  The first study builds upon a well known clinically relevant motor feature 
of PD that the performance of repetitive movements becomes progressively impaired across 
time (Fleminger, 1992; Rand and Stelmach, 1999).  We examine this deficit by studying how 
neural signals in the brain are abnormal in patients with early stage PD during the 
performance of repetitive tasks. We find that the dynamics of the BOLD signal becomes 
hypoactive with repeated task performance in all nuclei of the basal ganglia (including 
caudate, putamen, GPi, GPe, STN, and SN) when performing multiple precision grip force 
pulses.  The second study builds upon recent animal work which administrated 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP) in a murine model of PD and demonstrated that 
measures derived from diffusion tensor imaging (DTI) were significantly correlated with the 
number of dopaminergic neurons in the SN lost following intoxication (Boska et al. 2007).  In 
our laboratory, we have studied early stage unmedicated patients with PD because these 
patients are the most difficult group to differentiate from healthy individuals and because we 
wanted to study the disease without any potential confounds from medication.  The important 
result was that a receiver operator characteristic analysis of the caudal SN revealed 100% 
sensitivity and specificity for distinguishing PD patients from healthy subjects.  Thus, non-
invasive brain imaging holds promise for assessing PD related deficits in deep nuclei of the 
basal ganglia. 
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POSTER SESSION II 
 
BRAIN and NEUROPHYSIOLOGY (part1) 
 
A2-1 Presetting of the sensorimotor cortex underlies the stretch reflex adaptation to intention: A combined EEG-
TMS study, M. Bonnard 
A2-2 How is corticospinal control of wrist muscles affected during expectation of a motor perturbation? A 
transcranial magnetic stimulation study, Hadj B. Meziane 
A2-3 Upright pointing to double-step stimuli: very early corrections revealed by upper to lower 
limbs EMGs, Lilian Fautrelle 
A2-4 Non-visual motor learning enhances visual motion perception: Evidence from violating the two-thirds 
power law, Iseult Beets 
A2-5 Long-lasting plasticity of egocentric reference reveals the role of previous sensori-motor 
spatial experience in perception, Eve Dupierrix 
A2-6 Eye-centered representation of remembered visual and proprioceptive targets for passive arm movements, 
Katja Fiehler 
A2-7 Gravito-inertial forces and arm movement control, Jérémie Gaveau 
A2-8 Perception of what is reachable depends on motor representation: Evidence from behavioural and brain 
imaging studies, Yann Coello 
A2-9 The impact of mindfulness meditation on visuomotor performance and awareness of action: 
an EEG and behavioural study of short- and long-term meditators, Jose R. Naranjo 
A2-10 Visual localization in the occipito-parietal pathway, Marc Himmelbach 
A2-12 Modulation of resting brain activity by prior motor learning, R. Chris Miall 
A2-13 Cortical network drivers of human intermittent visuo-motor control, Saber Sami 
A2-14 Motor system resonance for movement direction and amplitude during imagery and motor performance, 
Paola Cesari 
A2-15 Online adjustments in interceptive actions based on peripheral vision, Luis A. Teixeira 
A2-16 Sense of effort is necessary for perceptive imagery efficiency, Sophie C Regueme 
A2-17 Motor cortical visual and movement evoked potentials are modulated by information about task timing 
and movement direction, Bjørg E. Kilavik 
A2-18 Noise correlation between pairs of neurons in the motor cortices is related to similarities in preferred 
directions, Dorrit Inbar 
A2-19 A study of interlimb coupling through the modification of gravitational forces, Philippe 
Dedieu 
A2-20 Unimanual and bimanual movements are accompanied by different cortical network organizations, 
Bernadette C.M. Van Wijk 
A2-21 Bimanual Coordination and Neural Overactivation in the Elderly, Daniel J. Goble 
A2-22 Neural substrates of the integration of a tool into the visual representation of the hand, Stéphane Jacobs 
A2-23 Right-left variations in contact forces and in corticospinal excitability when exploring tactile patterns at 
the fingertip, François Tremblay 
A2-24 Grip-dependent excitability of the motor system for intrinsic and extrinsic hand muscles during grasping 
imagination and grasping action, Paola Cesari 
A2-25 The primary motor cortex is involved in size perception during viewing the third person lifting of an 
object of different sizes, Toshio Higashi 
A2-26 Saccadic eye movements towards visual targets followed by a visual mask, Alain Guillaume 
A2-27 Effect of varying error signals duration in sensory-motor adaptation: comparison of adaptation of reactive 
and voluntary saccades, Denis Pelisson 
 
 
POSTURE and LOCOMOTION (part2) 
 
A2-28 Utility of peripheral versus central cues in planning and controlling adaptive gait, Valentina Graci  
A2-29 Selection and modulation of muscle synergies during perturbations to walking, Stacie Chvatal  
A2-30 Can quiet standing posture predict compensatory postural adjustment? Gabriel Moya  
A2-31 High core stability not inevitably results in good balance, Beeger Hagen  
A2-32 A limited postural challenge is required and sufficient to adapt to postural disturbance induced by 
Achilles tendon vibration, Sébastien Caudron  
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A2-33 Changes of variability of the center of pressure within a single-leg standing trail, Masayoshi Kubo  
A2-34 Delayed visual feedback reveals distinct time scales in balance control, Maarten van den Heuvel  
A2-35 Inter-reactive motor control to co-ordinate hand stability and balance when unexpected postural 
perturbation, Olivier Martin  
A2-36 Reactive visuo-motor control in dynamic visual virtual environment, Olivier Martin 
A2-37 Effects of balance training with virtual reality on postural control in different age groups, Edith Elgueta  
A2-38 Postural stability influenced by the presence of the environment, Cédrick Bonnet  
A2-39 Sit-to-stand and back-to-stand motion under microgravity condition, Marianne Vaugoyeau  
A2-40 Detecting the height of the ground underfoot, Marie-Laure Mille  
A2-41 Multisensory influence on the perceived direction of visually-induced self-motion, Aurore Bourrelly  
A2-42 Relationships between gaze behavior and optical flow during high speed self-motion, Colas Authié  
A2-43 Visual perception and rotorcraft piloting qualities in a space-time constrained environment, Vanessa 
Gonzalez  
A2-44 Can a common mechanism account for the control of interceptive action despite sensorimotor 
impairements accompanying ageing and deafferentation? Matthieu François  
A2-45 Shaping the adaptability of somatosensory information for posture in young and older adults using sway 
referencing, Mihalis Doumas  
A2-46 Effect of the Application of an Absorbed Environment on the CoP’s Migration in Biped Position of 
Young Women, Alex Araneda  
A2-47 Effects of Sensory Plantar Loss Induced on the Center of Pressure migration in young healthy subjects, 
Alex Araneda  
A2-48 Optimality of leg swing trajectories of forward and backward walking, Jun Nishii  
A2-49 Organization of multi-muscle synergies in a dual task involving voluntary body sway, Miriam Klous  
A2-50 Matching the overground walk-to-run transition on treadmill, Kristof De Smet  
A2-51 Fitts' law in anticipatory postural adjustments, Matteo Bertucco  
A2-52 The speed-accuracy trade-off effects on the gait initiation planning, Matteo Bertucco  
A2-53 Reciprocal recruitment of two cooperative fixation chains during arm movements in the horizontal plane, 
Roberto Esposti  
A2-54 Effects of mediolateral postural perturbation induced by voluntary arm raising on the biomechanical 
organization of rapid step initiation, Eric Yiou  
 
MOVEMENT DISORDERS and REHABILATATION 
 
O2-1 Muscular performance in individuals with early Parkinson’s disease, Lidiane Lima 
O2-2 Changes in Variability in Motor Learning in Patients with Parkinson’s disease, Lisa Pendt 
O2-3 Mechanisms involved in treadmill walking improvements in Parkinson’s disease patients, Olalla Bello 
O2-4 Effect of aponeurotic stimulations on Parkinson bradykinesia, Ana Bengoetxea 
O2-5 Application of the Halliwick Concept in Parkinson's disease for improvement of gait in aquatic physical 
therapy, Talita Gnoato 
O2-6 Visual feedback of force platform displacements for balance control training: what postural ability do 
stroke patients have to develop to decrease the difference between center of pressure and center of gravity 
movements? Samir Boudrahem 
O2-7 Correlation between motor impairment and functional independence after Stroke, Raquel Sousa 
O2-8 Comparison of the dual task effect on stepping variability between healthy elderly and stroke patients, Li-
Ping Hsiao 
O2-9 Ankle-hip coordination during supra-postural tracking by stroke patients, Deborah Varoqui 
O2-10 Relationship between hemiparetic bearing lower limbs weight asymmetry and balance after stroke, 
Tatiana Conte 
O2-11 Stroke patients need more time to re-establish the normal gait pattern after obstacle crossing, Roos van 
Swigchem 
O2-12 Modified Constraint Induced Movement Therapy in association with chemical neurolisis of chronic 
hemiparetic upper limb: case report, Felipe de Rezende 
O2-13 Changes in modulation of soleus voluntary and reflex activities by femoral nerve stimulation are related 
to motor deficits in hemiparesis, Robert Forget 
O2-14 Effects of proprioceptive stimulation over gross motor function in children with spina bifida, Renata H. 
Hasue 
O2-15 The vertical ground reaction forces applied by spastic cerebral palsy children during obstacle crossing, 
Ana Francisca Rozin Kleiner 
O2-16 Obstacle avoidance in children with spastic cerebral palsy. How do spastic cerebral palsy children avoid 
obstacles in their path? Ana Francisca Rozin Kleiner  
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O2-17 Spinal reflexes and locomotion pattern in humans with complete spinal cord injury, Michèle Hubli 
O2-18 Influence of schizophrenia on visuo-motor tracking task, Manuel Varlet 
O2-19 Interaction between Locomotor and Spinal Reflexes Activity in Subjects with complete Spinal Cord 
Injury, Marc Bolliger 
O2-20 Reticulospinal and ipsilateral corticospinal tract contributions to functional recovery after unilateral 
corticospinal lesion, Boubker Zaaimi 
O2-21 Level of injury and inter-articular coordination with several groups on Hereditary Spastic Paraplegia: a 
comparison, Yannick Delpierre 
O2-22 Several relations between gait troubles based on knee and inter-segmental coordination between shank 
and thigh, Yannick Delpierre 
O2-23 A sensorimotor approach to the representation of peripersonal space in elderly humans, Francis Lestienne 
O2-24 The influence of a physical training in the motor control -Quadriceps Steadiness - of patients with 
osteoarthritis grades I or II, Yurika Kawaguchi 
O2-25 Hybrid constraint-induced movement therapy using robotics, Kazuhisa Domen 
O2-26 Electromyographic analysis of the vastus lateralis and vastus medialis in knees with osteoarthritis, Sílvia 
MA JOÃO 
 
THEORY AND METHOD 
 
C2-1 Effect of attentional focus induced by advance information on reaction time, Afkham Daneshfar 
C2-2 The effects of advance information on force production: a study of cortical cell assembly theory, 
Masoumeh Shojaei 
C2-3 Movement timing and invariance arise from several geometries, Ronit Fuchs  
C2-4 Visuo-motor synchronisation to investigate man-robot interactions, Thierry Chaminade 
C2-5 On the relation between arm stiffness and movement control, Katja Fiedler 
C2-6 The effect of posture and task constraint on the loss function,  Devjani Saha 
C2-7 Manual Reaction Time asymmetries revisited, Philippe Boulinguez 
C2-8 Robot-assisted assessment of ageing in tracking tasks, David Meary 
C2-9 Stretch reflex threshold measure discriminates between types of hypertonicity, Nadine Musampa 
C2-10 Sensory motor learning promotes health in patients with nonspecific chronic low 
back pain a study with optoelectronic movement analysis, Christina Schon-Ohlsson 
C2-11 Recurence quantification analysis of EMG activity: relationship with single motor unit synchronous 
activity, Annie SCHMIED 
C2-12 Modeling sensorimotor synchronization using sequential error correction or continuous coupling: 
Persisting with theoretical frameworks or capturing actual processes? Kjerstin Torre 
C2-13 Kinematics of elbow movements with unexpected inertial load are in line with predictions based on 
equilibrium-point control, Ilona Pinter 
C2-14 Strategies of upper limb obstacle avoidance in older adults and stroke survivors, Melanie Banina 
C2-15 Trial-to-trial adaptations in alignment with the solution manifold in a redundant task, Masaki Abe 
C2-16 Stride fluctuations in walking: Do fractal correlations really extinguish in metronomic walking? Didier 
Delignieres 
C2-17 Effect of a cognitive task on the complexity of the center of pressure velocity time series, Benoit Seigle 
C2-18 Interlimb coordination and gait stability after stroke, Tal Krasovsky 
C2-19 Effects of emotions on kinematics of locomotion - clues from the intersegmental law of coordination, Avi 
Barliya 
C2-20 Corticospinal excitability and EMG profiles during active movements and muscle unloading: motor 
control by shifting spatial frames of reference, Helli Raptis 
C2-21 Motor control needs a handbrake, Philippe Boulinguez 
C2-22 Behaviour facilitation in daily life, Gisele Braga Pinheiro 
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SYMPOSIUM V: HOW TO CONTROL COMPLEX MOVEMENTS? 
 
Sensory motor Integration and Desintegration in highly skilled musicians: 

Implications for the neurobiology of action planning. 
Eckart ALTENMULLER 

Institute of Music Physiology and Music Medicine, Hannover, GERMANY 
 
Sensory-motor skills of musicians have some specific qualities: learning begins at an early 
age in a playful atmosphere. Routines for stereotyped movements are rehearsed for extended 
periods of time with gradually increasing degrees of complexity. Via auditory feedback, the 
motor performance is extremely controllable by both, performer and audience. All movements 
are strongly linked to emotions, – pleasure or anxiety - , processed by the limbic system. 
These specific circumstances seem to play an important role for plastic adaptation at several 
levels of the central nervous system. In this presentation we will present new data on 
functional and anatomical changes of brain networks observed in musicians by modern 
neuroimaging methods. Plastic adaptations of the auditory as well as the sensory-motor 
system are not only reflected in functional but also in morphological changes. Using Voxel 
Based Morphometry, we could demonstrate that not only cortical regions involved in music 
making are enlarged in skilled musicians but also subcortical structures, such as the Putamen. 
Furthermore, a recent fMRI study showed that auditory-sensorimotor integration is 
accompanied by rapid modulations of neuronal connectivity in the time range of 20 minutes. 
Finally, dysfunctional plasticity in musicians, known as musicians’ dystonia, leads to 
deterioration of extensively trained fine motor skills. This disorder is characterized by a task 
specific loss of motor control whilst playing the musical instrument. Risk factors for 
developing focal dystonia and novel computational models taking the task specificity of this 
rare disorder into account will be presented. We will present a model accounting for our 
findings concerning the musicians’ sensory-motor systems and its pathology and discuss its 
implication for our understanding of action planning. 
 

Coordination dynamics as a window into motor control 

Peter J. BEEK 

Research Institute MOVE, Faculty of Human Movement Sciences, VU University 
Amsterdam, THE NETHERLANDS 

The control of everyday movements of the kind encountered in catching, hitting and shooting 
a ball, juggling, walking, rowing and drumming may be studied from different disciplinary 
perspectives and theoretical approaches that all highlight relevant aspects of the perceptual, 
motor, neural-mechanical and cognitive processes involved. Encompassing models and 
integrative theories are still beyond grasp, leaving us with a necessarily diverse and eclectic 
collection of findings, methods and concepts. In the present lecture, I will discuss a selection 
of the insights that we have obtained over the years by carefully studying the dynamics of 
movement and perceptual-motor patterns, covering instances of both deliberate and 
spontaneous pattern formation, and show how cognitive, perceptual and mechanical factors 
inform and shape the observed coordination dynamics, also as a function of expertise and 
prevailing task constraints. In the adopted approach, the manifestation of movement qua 
dynamical form is used as a window into its underlying, constituent processes. One notion 
that will be forwarded is that of anchoring, which has been defined operationally as a local 
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thinning of trajectories in state space, but which may be linked conceptually, biomechanical 
influences notwithstanding, to the cognitive processes associated with the instantiation of 
intentional goals or perceptible end-states around which the action as a whole is organized. 
Thus conceived, anchoring forms a bridge between representational (e.g., common coding 
theory) and dynamical systems approaches to human movement, in a manner reminiscent of 
Jeff Pressing’s referential behavioral theory. 

 
On the dynamic nature of complex movements 

Viktor K. JIRSA 
Theoretical Neuroscience Group, ISM UMR6233 CNRS, Marseille, FRANCE 

 
When testing theories of movement control in laboratory settings, we are often puzzled by the 
absence of a connection between the original question motivated by real-world problems, 
such as “How to control complex movements?”, and the simplicity of the actual laboratory 
experiment, such as rhythmic finger tapping experiments. Obviously there are well-founded 
reasons for performing such experiments, one of them being a profound understanding of the 
theory of coupled oscillatory systems, which then, interpreted in the light of the experiment, 
offers a deeper understanding of the mechanisms underlying rhythmic movement 
coordination. But – to what degree are we then allowed to infer about general principles 
underlying motor control, in particular complex movements? Indeed, only to a very limited 
degree. What we need at this stage is the development of a theory of dynamic systems 
offering the capability to describe arbitrary movement trajectories, of course including the 
special case of limit cycles. In this paper, I will present the theory of Structured Flows on 
Manifolds (SFMs), which qualifies as one of the best candidate theories. SFMs describe the 
emergence of a low-dimensional dynamics in a high-dimensional behavioral space. Three 
questions shall guide through this discussion: What is the neural basis of such emergence? Is 
there a reason for using movement primitives in complex behavior? And finally, can we build 
behavioral architectures, or even cognitive architectures, based on SFMs that allow us to 
introduce the notions of association, memory and learning into a coherent theoretical 
framework? As a consequence of this discussion, I will conclude with the following proposal: 
The human nervous system operates on a finite dynamic repertoire, which is composed of a 
set of dynamic behavioral templates (captured by SFMs). As environmental information 
evolves, the brain dynamically interprets these continuously evolving inputs by performing 
pattern formation, competition and selection within its dynamic repertoire. 
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Saturday, July 25th (Day 3) 
 

SYMPOSIUM VI: WHAT DO WE LEARN ABOUT MOVEMENT AND ITS 
CONTROL FROM CORTICAL ACTIVITY? 

On-line control of movement by frontal and parietal cortex 
Alexandra BATTAGLIA MAYER 

Dpt of Human Physiology and Pharmacology, University of Rome la Sapienza, ITALY 
 
The cortical mechanisms for the control of hand movement are subtended by different areas 
of the parieto-frontal network. An interesting aspect of this control is the capability to quickly 
update the hand trajectory, whenever requested by external demands, and if unexpected 
changes of target locations occur during the planning and execution of hand movement. There 
is evidence that this ability is affected after disruption of parietal function, e.g. as a 
consequence of cortical lesions or by means of transient cortical inactivation. To illustrate the 
role of the fronto-parietal network in such control mechanism, my presentation will report the 
results obtained by recording neural activity in area 5 and dorsal premotor cortex (area 6) of 
macaque monkeys while they made direct reaches to visual targets in 3D space, as well as on-
line corrections of hand movement trajectory, after sudden change of target location.  
 

 
The role of propagating waves in motor cortex 

Nicholas G. HATSOPOULOS 
Dept. of Organismal Biology & Anatomy & the Committee on Computational Neuroscience; 

University of Chicago, USA 
 
Proximal-to-distal sequencing of limb segments is characteristic of a number of motor 
behaviors including throwing, hitting, jumping, and perhaps even reach-to-grasp.  Moreover, 
shoulder- and elbow-related neurons in primary motor cortex (MI) have been shown to 
activate earlier than wrist- and finger-related neurons in monkeys performing a button-press 
task (Murphy et al, 1985, J. Neurophys., 53, 435-445).  We recently discovered that beta 
frequency oscillations in the local field potential (LFP) spontaneously propagate as travelling 
waves across the surface of the motor cortex along a rostral-to-caudal axis while monkeys 
perform a variety of visuo-motor tasks.  Moreover, movement-initiating, visual stimuli can 
generate evoked waves that propagate from the rostral to caudal parts of the motor cortex.  
We hypothesize that these evoked propagating LFP waves may promote proximal-to-distal 
recruitment of motor cortical neurons.  This is consistent with a number of intracortical 
microstimulation experiments in MI demonstrating a topographic gradient such that proximal 
movements of the shoulder and elbow are evoked more rostrally on the precentral gyrus while 
wrist and finger movements are elicited more caudally including within the bank of the 
central sulcus.  We have begun to test this hypothesis by correlating the propagating waves in 
motor cortex with the sequential recruitment of shoulder, elbow, and wrist movements and 
muscles of monkeys performing a variety of tasks. 
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Dynamics of Motor Cortical Networks: the Complementarity of Spike 
Synchrony and Firing Rate 

Alexa RIEHLE 
Mediterranean Institute of Cognitive Neuroscience (INCM), CNRS & Univ. Aix-Marseille2, 

Marseille, FRANCE 
 
When providing prior information about movement parameters, such as movement direction, 
or the moment when to move, movement initiation is faster and cortical neurons selectively 
modulate their activity. It is commonly accepted that perceptually and behaviorally relevant 
events are reflected in firing rate modulations in widely distributed populations of neurons. 
Another concept suggests that precise spike timing, such as spike synchronization, constitutes 
an additional part of the representational substrate. We have shown in motor cortex that the 
strength of precise spike synchrony modulates in time, independent of firing rate modulation. 
Furthermore, the timing of the modulation of both synchrony and firing rate suggests that 
synchronous activity may be preferentially involved in early preparatory and cognitive 
processes, including signal expectancy, whereas firing rate modulation may rather control 
movement initiation and execution. Here we asked the question if intensive training of the 
animal induces long-term modifications in the temporal structure of both synchrony and firing 
rate. We trained three monkeys in a delayed choice-reaction time task in which the selection 
of movement direction depends on correct time estimation. Our data show (i) that the timing 
of the task is represented in the temporal structure of significant spike synchronization at the 
population level and (ii) that this temporal dynamics of synchrony is shaped during training. It 
becomes more structured, that is the emergence of significant synchrony becomes more 
localized in time during late experimental sessions than during the early ones in parallel with 
the improvement of behavioral performance. (iii) Both synchrony and firing rate modulate 
systematically in time, albeit with a different time course. The fact that in our data synchrony 
both increased and became more structured with training, whereas firing rate concurrently 
decreased in the same neurons, suggests that synchrony and firing rate represent different 
coding dimensions. 
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SYMPOSIUM VII: HOW DO WE LEARN USING TOOLS? 
 
What is (and what is not) special about human tool use?  Perspectives from 

cognitive neuroscience. 
Scott FREY 

Lewis Center for Neuroimaging, University of Oregon, USA 
 
Tool use remains one of the great mysteries in evolutionary biology.  Some birds are prolific 
makers and users of tools in the wild, and yet these behaviors appear only sporadically among 
primates, including apes.  By contrast, the archaeological record indicates that ancestral 
hominids were making and using tools at least 2.6 million years ago.  Tool use is a defining 
characteristic of all human cultures, and comprises a vast number of our daily activities (e.g., 
cooking and eating, writing, personal hygiene, etc.).  Yet, we know relatively little about the 
mechanisms that support these behaviors. One hypothesis suggests that tool use behaviors 
arise from experience-dependent modifications within parieto-frontal systems that implement 
sensory-motor transformations underlying manual activities such as reaching and grasping.  In 
this talk, I will discuss the results of recent psychophysical and functional neuroimaging 
studies that bear on this question. 
 

 
Learning and switching of internal models for dexterous use of tools 

Hiroshi IMAMIZU 
National Institutes of Information and Communications Technology, JAPAN 

 
Internal models are neural mechanisms that mimic the input-output properties of controlled 
objects such as tools. A great deal of evidence suggests that the central nervous system (CNS) 
acquires internal models for adaptive control in various environments. In a series of fMRI 
studies, we have demonstrated how the CNS acquires and switches internal models for 
dexterous use of many tools. In the first study, we investigated human cerebellar activity 
when human subjects learned how to use a novel tool (a rotated mouse, the cursor of which 
appears in a rotated position) and found that activity reflecting an internal model of the novel 
tool increased in the lateral cerebellum after this learning. In the second study, we 
investigated the internal-model activity after sufficient training in the use of two types of 
novel tools (the rotated mouse and a velocity mouse, the cursor velocity of which is 
proportional to the mouse position) and found that the cerebellar activity for the two tools was 
spatially segregated, with very little overlap. In the third study, we investigated brain activity 
associated with the flexible switching of tools. Consequently, we found that this activity was 
related to the switching of internal models in the prefrontal lobe (area 46 and the insula), the 
parietal lobe, and the cerebellum. These results suggest that the internal models representing 
input-output properties of the tools are acquired in the cerebellum in a modular fashion and 
contribute to rapid and smooth manipulations of tools. Moreover, the results suggest that the 
prefronto-parieto-cerebellar communication loop plays an important role in the switching and 
selection of internal models that are appropriate for the current context. 
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Training skills with Virtual Environments  
CA AVIZZANO, E RUFFALDI, M BERGAMASCO 
PERCRO, Scuola Superiore Sant'Anna, Pisa, ITALY 

 
Virtual Environment has been used for almost 15 years as a supporting technology to train 
specific tasks. As a matter of fact the use of this technology resulted worthwhile for purely 
cost reason, as in the case of early driving simulators or for the benefits in terms of safety for 
the trainee and other users involved as in the case of recent driving simulator and surgical 
simulators. In all these cases, however, virtual environments served as an enhanced platform, 
usually a simulator, which recreates as realistically as possible, working conditions closer to 
those which could be encountered in typical operative scenarios. Such simulators represent to 
the trainee only the scenarios' feedback and the physical constraints related to a specific task 
without any particular knowledge on how the task should be performed. Consequently this 
kind of virtual scenarios passively assists the trainee or an external tutor deploying the 
training by means of the platform. In this work the concept of training skills using virtual 
environments will be introduced. The training of skills requires that additional information 
will be modeled within the virtual environments and in the control of its interfaces. In 
particular it is required the generation of new algorithms for capturing the motion, modeling 
the reference gestures and rendering feedbacks that show errors and provide relevant training 
information. The design of such algorithms should be performed in accordance with the 
proprioceptive capabilities of the subject and in such a manner they do not overload any 
sensory channel and/or recreate misleading feedback who can diverge the user from training. 
After having reviewed basic concept of enactive interaction and generation of the feedback 
information, this work will highlight which information needs to be conveyed to the digital 
environment in order to model the skills. Different methodologies for the information 
representation and stimuli generation will be presented and specific applications to haptics, 
audio, vision and vibrotactile will be considered. Training sensorimotor coordination and 
procedural skills, with an analysis on the short term memory effects, will be discussed on a 
specific set of test cases. Finally a general architecture to setup training environment will be 
presented. 
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POSTER SESSION III 
 
REACHING and GRASPING (part2) 
 
A3-1 Final posture of the arm during grasping is mainly determined by object position, Willemijn Scho 
A3-2 Testing the effects of end-goal during reach-to-grasp movements in patients with Parkinson's disease, 
Caterina Ansuini            
A3-3 Changes in grasping kinematics due to different start postures of the hand, Constanze Hesse 
A3-4 Adaptation of motor behaviour to preserve task success in the presence of muscle fatigue, Olivier 
Missenard 
A3-5 Speed-accuracy trade off in goal-directed movements: influence of cocontraction, Olivier Missenard 
A3-6 Visual and Inertial adaptations in normal aging, Leia Bagestreiro  
A3-7 Intralimb coordination in bimanual movements, Andrzej Przybyla     
A3-8 Motor planning in left and right handers: Evidence for left hemisphere specialization, Loes Janssen 
A3-9 How limb stiffness affects motor learning, Luc P.J. Selen      
A3-10 Anticipatory planning of grasping for rotating movements, Oliver Herbort    
A3-11 Manipulating objects with delayed visual feedback, Frederic Danion     
A3-12 Learning to predict a sequence of weight changes: is explicit knowledge helpful? Martin Simoneau 
A3-13 Production of grip forces in everyday- versus laboratory-type movements, Anne Hagemann  
A3-14 The effects of strength training on finger strength and coordination in healthy elderly individuals, Halla 
Olafsdottir            
A3-15 Prehension control of objects with complex geometry, Gregory Slota    
A3-16 Motor synergies in the control of a time-varying force with a two- and three-finger grasp, Gabriel Baud-
Bovy            
A3-17 What is controlled during prehension? Jeroen Smeets  
A3-18 Interactions between the perception of an object's inclination and hand prono-supination control in 
grasping-like movements: multiple internal representations, Michele Tagliabue     
A3-19 Sensorimotor integration for learning object manipulation: effect of vision of grasp performance on digit 
placement and forces, Marco Santello         
A3-20 Is tactile information processing associated to impaired manual dexterity in children with Duchenne 
muscular dystrophy? A pilot study, Denise C.  Troise       
A3-21 Tactile guidance of the hand by means of a vibrotactile device: the Tactile Compass, Francis Lestienne 
A3-22 Same muscle vs different muscles in a reaching task: an attentional approach, German Galvez-Garc 
A3-23 The effect of time: Non-motor implication of the motor cortex in a sensorimotor task, Joachim Confais 
A3-24 Neural basis of online control during visually guided reaching, Jean-Pierre Bresciani   
A3-25 Role of the primary motor cortex in the fast and slow adaptive processes, Sarah Criscimagna-Hemminger 
A3-26 Characterization of Mu-rhythm in children aged 1-13 month-old, Marika Berchicci   
A3-27 Development of neuromuscular strategies and temporal control in children during repetitive reaching, 
Robyn Traynor           
    
BRAIN and NEUROPHYSIOLOGY (part2) 
 
A3-28 Spontaneous interpersonal synchronization resists to various distractions, Olivier Oullier  
A3-29 Postural anticipation during bimanual coordination: temporal organization of the 
sensorimotor cortical activities revealed by EEG, Médéric Descoins 
A3-30 Maintenance of upright stance in conditions of perturbation: influence of simultaneous 
manual task execution and uncertainty of perturbation direction, Andréa C. Lima 
A3-31 Locomotion in Parkinson’s disease: Neuronal coupling of upper and lower limbs, Jan Michel 
A3-32 Task specific activation deficits in basal ganglia nuclei are accentuated across time: a study in early stage, 
drug naive Parkinson’s disease, David E. Vaillancourt 
A3-33 Age-ility: Basal ganglia function when elderly switch between coordinated movement patterns, James 
Coxon 
A3-34 Impact of performing a balance control task over several weeks on structural changes in the human brain, 
Marco Taubert 
A3-35 Mental representation of leg movement in lower-limb amputees: constraints or plasticity? Carolin Curtze 
A3-36 Body schema and motor cortex organisation in individuals born without a limb, Karen T. Reilly 
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A3-37 Response inhibition networks independent of attentional capture: emphasising the role of the pre-
supplementary motor area, Valerie Bonnelle 
A3-38 Discrete and effortful imagined movements do not specifically activate the autonomic nervous system, 
Laurent Demougeot 
A3-39 Masking of vision prevents loss of facilitatory effect of self motion illusion on corticospinal excitability 
during quasi-illusion induced by visual input, Fuminari Kaneko 
A3-40 Cortical activity during mental imagery of golf putting compared to real golf putting performance, Kirsten 
Reinecke 
A3-41 Large scale spatiotemporal cortical dynamics during intentional switching between coordination patterns 
are modulated by pattern stability, Cinzia De Luca 
A3-42 Egocentric processing in the Aubert effect, Hadrien Ceyte 
A3-43 Role of Broca’s area in encoding human actions: a transcranial magnetic stimulation study, 
Emeline Clerget 
A3-44 Title: Evidence of multiple representations of facial movements in the frontal cortex: a clinical-
radiological study in ischemic stroke, Luigi Cattaneo 
A3-45 Detecting ipsilateral connectivity between motor cortex and lower limb spinal motoneurons following 
stroke, James W. Stinear 
A3-46 Plastic Processes in Stroke Recovery: Computational and Clinical Evidence, Nicolas Schweighofer 
A3-47 White matter organization in cervical spinal cord relates to dexterity in healthy subjects, 
Påvel G. Lindberg 
A3-48 Effects of medial collateral ligament disruption on neuromuscular recovery pattern in wistar rats, Jérôme 
Laurin 
A3-49 Antagonist inhibition induced by therapeutic electric stimulation on agonist is enhanced by voluntary 
drive, Kenichi Sugawara 
A3-50 MU synchronization and synergies: correlations between EMGs, Tjeerd W. Boonstra 
A3-51 Functioning of peripheral Ia-pathways in infants with typical development: responses in 
antagonist muscle pairs, Caroline Teulier 
A3-52 Functioning of peripheral Ia pathways in infants with typical development: responses in homonymous 
muscles, Bernard J. Martin 
A3-53 H-reflex in tibialis anterior motor units, Kemal S Türker 
A3-54 Evidence of spinal cord mediation of interlimb coordination in the human soleus muscle, Natalie 
Mrachacz-Kersting 
A3-55 On the role of the primary motor cortex in learning internal models of reaching, Jean-Jacques 
Orban De Xivry 
 
LEARNING and DEVELOPMENT 
 
O3-1 Modification of saccadic gain by reinforcement, Laurent Madelain 
O3-2 Reinforcement of variability in saccade amplitude, Celine Paeye 
O3-3 Eye movements predict motor sequence learning, Robin Salesse 
O3-4 Simple approximations of complex visuomotor transformations in learning to control a sliding lever, 
Sandra Sülzenbrück 
O3-5 Implicit Learning: Are we missing the target or should I say task? Rick Johnson 
O3-6 Self-controlled concurrent feedback facilitates the learning of perceptual-motor skills, Michaël Huet 
O3-7 Unconscious motor inhibition, but not activation, is modulated by conscious topdown control, Frederic 
Boy 
O3-8 Visuomotor adaptation without intersensory conflict, Damien Laurent, 
O3-9 Tight coupling between positive and reversed motor priming in the masked prime paradigm, Frederic Boy 
O3-10 Computational approaches to learning in visuomotor balancing tasks, Tyler Cluff 
O3-11 Adaptation to unpredictable perceptive perturbation and level of learning, Herbert Ugrinowitsch 
O3-12 Spatial adaptation following active tool use, Liana E. Brown 
O3-13 The emergence of action planning in the construction of novel tools, Raoul Bongers 
O3-14 Learning to throw, Angelo Basteris 
O3-15 Acquisition of an anticipatory postural adjustment based on sensory information: a comparison of vision 
and proprioception, Arne Ridderikhoff 
O3-16 Dynamics of a complex bimanual task during practice and long-term retention, Dagmar Sternad 
O3-17 The effect of ballistic thumb contractions on the excitability of the ipsilateral motor cortex, Mark Hinder 
O3-18 Interlimb transfer and the role of perceived and inherent motor demands, Tino Stöckel 
O3-19 Learning of multiple motor sequences: the effects of repetition and interference, Virginia Penhune 
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O3-20 Age-equivalent reaction time, but age differences in kinematic signatures of multifinger sequence 
performance of young and older adults, Kevin Ttrewartha 
O3-21 Brain structures involved in manual dexterity: comparative study of motor development in human infants 
and of experimental lesions in macaques, Tanja Kakebeeke 
O3-22 Bimanual coordination in children born preterm, Deirdre Birtles 
O3-23 Manual preference and performance asymmetries in infants reaching, Luis Teixeira 
O3-24 Adult age-graded differences in the structure of postural variability in manual pointing, Julius Verrel 
O3-25 Multilimb coordination pattern of clapping and jumping in children and adults, Ana Maria Pellegrini 
O3-26 The use of baby walker by typically developing infants prior to locomotion onset: preliminary results, 
Marisa Mancini 
O3-27 Perception of structured optic flow and random visual motion in infants and adults: a high-density EEG 
study, Audrey L. H. van der Meer 
O3-28 Role of expertise in the regulation of individual and collective motor processes, Johann Issartel 
 
MODELLING and ROBOTICS 
 
C3-1 How to control complex movements, Dionysios Perdikis 
C3-2 Optimal multisensory integration in movement synchronisation, Mark Elliott 
C3-3 Real-time correction of movement based on a new model of the motor planning level and founded on 
minimum jerk policy, Mehran Emadi Andani 
C3-4 Active ankle-foot orthosis control, Ivanka Veneva 
C3-5 A closed loop musculoskeletal model of postural coordination dynamics, Vincent bonnet 
C3-6 Adaptive DC motor control by a cerebellar Purkinje cell, Yutaka HIRATA 
C3-7 A dynamical systems account of the uncontrolled manifold, Hendrik Reimann 
C3-8 A computational approach from robotics for testing eye-centered vs body-centered reaching control, 
Philippe Soueres 
C3-9 Lateral is not three-dimensional interception: a test of the required velocity model in unconstrained real 
catching, Pieter Tijtgat 
C3-10 A model that predicts fusimotor activity during voluntary wrist movements, Bernard Grandjean 
C3-11 Trancranial Magnetic Stimulation of Arm Motor Cortex in a Robotic Training Environment: Movement 
Representations and Plasticity, George Wittenberg 
C3-12 Background visual information affects the internal model of the eye, Pierre Morel  
C3-13 Effects of anodal transcranial direct current stimulation on three-dimensional robotic training after stroke-
Preliminary data, Leonardo Cohen 
C3-14 Is human gait determined by energetics? Alexander Terekhov 
C3-15 Feedback loop parameters of the movement control during upper trunk bending in human, Alexey 
Alexandrov 
C3-16 Open-loop and feedback processes in the formation of trajectories during visual and 
nonvisual locomotion in humans, Quang-Cuong Pham 
C3-17 The effect of load on joint- on muscle synergies in reaching arm movements, Jozsef Laczko 
C3-18 Effects of fatigue constraint on the dynamics of leg movements in cross-country  
Skiing, Fabien Cignetti 
C3-19 Who Can control His Movement Successfully, Mehran Emadi Andani 
C3-20 Shaping by stiffening: lip shape variability through muscle activation, Mohammad Ali Nazari 
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PAILLARD’S LEGACY. 

 
The concept of Motor Control in Marseille 

François CLARAC 
 P3M, CNRS, Marseille, FRANCE 

 
Modern neurophysiology started in Marseille around 1950/1960 with a new generation of 
professors and of new young researchers. Jacques Paillard (1920-2006) who promoted the 
studies on the control of movements, arrived at St Charles in Marseille in 1957, he became 
Professor of Psychophysiologyin St Jérome in1962 and moved to Luminy in 1969. He has a 
prominent position in the Institute of Neurophysiology and Psychology (INP) founded in 
1963; he becomes his director from 1969 to 1986. Paillard scientific research was on 
Human'proprioception and on sensori-motor coordination in relation with its spatial reference 
frames within the CNS. He postulated a dual organization, an egocentric and an allocentric 
frame of reference, the former in relation to the position of the body, the later related to the 
environment. Today motor control is a scientific theme very well represented in Marseille 
with two Federative institutes of research (IFRs): the IFRBrain Science and Cognition and the 
Marey'Institute. Their laboratories are represented in several Campus and covers very 
different scientific domains from molecular biology to motor cognition with physiology, 
pharmacology, pathology, biomechanics and behavior…They are supported by very 
sophisticated technologies (IRMf, MEG, Virtual reality, Human motion capture…) 
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SYMPOSIUM VIII: CAN ROBOTS BE HELPFUL FOR UNDERSTANDING 
MOTOR CONTROL? 

 
Controlling navigation by optic flow sensors: the fly automatic pilot 

Nicolas FRANCESCHINI, Franck RUFFIER and Julien SERRES 
Biorobotic Lab, ISM, University of the Mediterranean, FRANCE 

 
Flying insects are agile creatures that navigate swiftly through most unpredictable 
environments. Houseflies, for example, despite being equipped with only 3000 pixels in their 
eyes and only one million neurons in their brains, achieve autonomous navigation at an 
impressive 700 body-lengths per second. These highly objectionable creatures humble us all 
the time by achieving just what micro aerial robots cannot achieve: autonomous takeoff, 
dynamic stabilization, 3D navigation, ground avoidance, collision avoidance, tracking, mating 
on the wing, and autonomous landing. The last seven decades have provided evidence that 
flying insects guide themselves through their environments by processing the optic flow (OF). 
In the animal’s reference frame, the translational OF is the angular speed w at which 
contrasting objects in the environment move past the eyes as a consequence of locomotion. 
We modelled the visuomotor control system that provides flying insects with a means of 
autonomous guidance at close range. Our explicit control schemes are based on the concept of 
the OF regulator, which is a feedback system that controls either the lift, the forward thrust or 
the lateral thrust. The value of this control scheme is that it explains how insects may navigate 
on the sole basis of optic flow cues without measuring any state variables such as distance 
and speed: how they take off and land, follow the terrain, avoid the lateral walls in a corridor 
and control their groundspeed automatically. Our control schemes were simulated and/or 
implemented onboard two types of aerial robots, a micro-helicopter and a hovercraft, which 
behaved much like flying insects when placed in similar environments. These robots were 
equipped with opto-electronic OF sensors inspired by our electrophysiological findings on 
houseflies’ motion sensitive neurons, which we previously studied in our laboratory by 
associating single neuron recordings with single photoreceptor stimulations. The autopilots 
we arrived at are simple; they require no conventional avionic devices such as range finders, 
velocimeters or GPS receivers. They are consistent with the neural repertoire of flying insects 
and meet the low avionic payload requirements of tomorrow’s micro-air and space vehicles.  
 

Decoding the mechanisms of gait transition in the salamander using robots 
and mathematical models  

Auke  IJSPEERT 
Biologically Inspired Robotic Group, Ecole Polytechnique Federale de Lausanne, 

SWITZERLAND 
 
Animal locomotion control is in a large part based on central pattern generators (CPGs), 
which are neural networks capable of producing complex rhythmic patterns while being 
activated and modulated by relatively simple control signals. These networks are located in 
the spinal cord for vertebrate animals. In this talk, I will present how we model CPGs of lower 
vertebrates (lamprey and salamander) using systems of coupled oscillators, and  how we test 
the CPG models on board of amphibious robots, in particular a new salamander-like robot 
capable of swimming and walking. The goal of the project is to explore three important 
questions related to vertebrate locomotion: (i) the modifications undergone by the spinal 
locomotor circuits during the evolutionary transition from aquatic to terrestrial locomotion, 
(ii) the mechanisms necessary for coordination of limb and axial movements, and (iii) the 
mechanisms that underlie gait transitions. 


