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* From The Computational Neurobiology of Reaching and Pointing, Shadmehr and Wise, MIT press 
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Walking behavior: cat rehabilitated to walk
after complete spinal cord transection

Wiping reflex: an irritating stimulus
elicits a wiping movement precisely
directed at the stimulus location

Poppele, R., & Bosco, G. (2003). Sophisticated spinal contributions 
to motor control. Trends in Neurosciences, 26(5), 269-276.
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Differences in the 
muscle activation



Observed field features (2)

• Systematic stimulation of different regions of the spinal 
cord produced only a few types force fields (at least 
four). 

The presence of only few units of motor output within the spinal cord is 
difficult to reconcile with the obvious ability of the nervous system to 
produce a wide range of movements.

Dissimilarity matrix of 49 force 
fields. Darker circles represent
d(F1,F2)<<1

F1 F49

F1

F49

4 clusters can be
identified
4 clusters can be
identified

Modeling the spinal controller: Francesco Nori



"��5��������	�
��

Borroni, P., Montagna, M., Cerri, G., & Baldissera, F. (2005). Cyclic time course 
of motor excitability modulation during the observation of a cyclic hand movement. 
Brain Research, 1065, 115-124.

kinematics

H-reflex deviation from the mean
(conductance of the spinal-muscle nerves)

Muscle anticipate the kinematics

Prone position, wrist ext/flexion (ECR, FCR muscles)
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As before, but different
phase difference btw the
kinematics and the muscular
activation
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Which was 54°on average

Which was 112°on average

EMG signals from
the FCR and ECR
muscles

The movement doesn’t change
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More peripheral

More central

Even more peripheral
(multiple body parts)



� ����������	����



�>�������
���	����

1 s

20 sp/s

A B

Observation + action Observation only
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The neuron is activated by “seeing” someone else’s hand performing 
a manipulative action and while the monkey is performing the same 
action

From: Fadiga, L., L. Fogassi, V. Gallese, and G. Rizzolatti, Visuomotor Neurons: ambiguity of the 
discharge or "motor“ Perception? Internation Journal of Psychophysiology, 2000. 35: p. 165-177.

The type of action seen is relevant
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Arm
Realized
trajectory

Desired
trajectory Inverse

model

Forward
model

Efferent
copy

Fingers
Grip
force

Grip
force

controller

From: Flanagan JR, Wing AM. The role of internal models in motion 
planning and control: evidence from grip force adjustments during 
movements of hand-held loads. Journal of Neuroscience 1997, 
17:1519-1528.



Controlled
objectGain

Stiffness, viscosity

Feedback
motor

command
Realized
trajectory

Delay

Desired
trajectory

-

+

Controlled
object

Feedforward
motor

command

Realized
trajectory

Desired
trajectory

Inverse
model

From: M. Kawato. Internal models for motor control and trajectory planning. 
Current Opinion in Neurobiology 1999, 9:718–727
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Make feedback control either poor or unstable altogether
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From: Lackner JR, Dizio P. Gravitoinertial force background level affects 
adaptation to Coriolis force perturbations of reaching movements.
Journal of Neurophysiology 1998, 80:546-553.
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Experimental setup

Stimuli (3 conditions)

With Alessandra Sciutti, Francesco Nori, Thierry Pozzo
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Experiment with motor information

Random
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* Old version
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Hand sensor sampling PIC-based card

Force/torque sensor fitted into the sensor

Wired with 25micron coated wires

Design and documentation

Fingertip sensorization

Custom design
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Design Reality
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With Giorgio Cannata (Univ. of Genoa)
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CAD/concept

Prototype Some testing Fingernail + microphone

By Alexander Schmitz, Marco Randazzo, 
Marco Maggiali and Lorenzo Natale
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FEM analysis of deformation

 

 

Changes (under implementation)

Existing parts

 

Changes (under implementation)
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1 
cm

Exposed AuPassivated metal

1 
cm

Exposed AuPassivated metal

Temperature 
sensors 
(Pwell Diode)

Markers (METAL) 
for Piezo-polymer foil
alignment

Temperature 
sensors 
(Pwell Diode)

Markers (METAL) 
for Piezo-polymer foil
alignment
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1.0
Normalised Taxels output

Y Axis

X Axis

Contact (transistor gates) + PVDF

FETs

Testing the piezo- film deposition Cross-talk btw. taxels

By Ravinder Dahiya, Maurizio Valle (Unige) & Leandro Lorenzelli (Trento)



� ���' ����
# �!����	��� 	
���
��B # �+���������

�	����������	
���
�����������

� ��� *�!�����

"���
�= �# +��-�������0	��������K ������������


� � +

��	�
*�������
� ������

& % �

� � + � � + � � +

� �������K �# �	�����

"���
�3�# +��-����������?��������!������

����������
# �!����	��

����������������?�����������������

���������������������!������

���������
�!�
������

�����	������

�' ��

��������
����


"���
�6�# +��-�+����������# �������!������

���������������������-�L ������� � ���
������

�3=A

With Paul Fitzpatrick and Lorenzo Natale
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Fixate target Track visual 
motion…

(…including 
cast shadows)

Detect moment 
of impact

Separate arm, 
object motion

Segment object

Which edge should be 
considered?

Color of cube and table 
are poorly separated

Cube has misleading 
surface pattern

Maybe some cruel 
grad-student
glued the cube to the 
table

by Paul Fitzpatrick
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side tap

back slap

pull in

push away
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A toy car: it rolls in the 
direction of its principal axis

A bottle: it rolls orthogonal to the 
direction of its principal axis

A toy cube: it doesn’t roll, 
it doesn’t have a principal axis

A ball: it rolls, 
it doesn’t have a principal axis
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Bottle, “pointiness”=0.13 Car, “pointiness”=0.07

Ball, “pointiness”=0.02Cube, “pointiness”=0.03
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difference between angle of motion and principal axis of object [degrees]

Rolls at right 
angles to
principal axis

Rolls 
along 
principal axis
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identify
and

localize
object

Search
rotation

Previously-poked
prototypes
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Look for 
affordance

Look for 
action to satisfy 

affordance
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Object, goal connects robot and human action
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A foreign manipulator (human) pokes an object
The direction of movement is compared with the object affordance

Final position

Initial position

“The robot could actually tell this was a side tap”
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Demonstration by 
human

Mimicry in similar 
situation

Mimicry when 
object is rotated 

Invoking the object’s natural 
rolling affordance

Going against the object’s 
natural rolling affordance

Demonstration by 
human

Mimicry in similar 
situation

Mimicry when 
object is rotated 

Invoking the object’s natural 
rolling affordance

Going against the object’s 
natural rolling affordance
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2 cameras

Tactile 
sensors

Images
Frame 

grabbers

RS232

RS232

40 msec

Cyber-glove

Tracker

Other 
sensors

To disk

To disk
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{Gi}: set of gestures
F: observed features
{Ok}: set of objects

p(Gi|Ok): priors (affordances)
p(F|Gi,Ok): likelihood to observe F

( ) ( ) ( ) ( )| , | , | / |i k i k i k kp G O p G O p G O p O=F F F

( )ˆ arg max | ,
i

MAP i k
G

G G O= F -45° (b)
+90°(a)

a

b
0° (b)

+135°(a)

+45° (b)
+180°(a)

~ 
76
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m

x

yz

168 sequences per subject
10 subjects

6 complete sets
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Vision Classifier

Fv, Ok
Gi

Vision ClassifierVMM

Fv, Ok Fm, Ok
Gi

Learned by backpropagation ANN
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Classification
(recognition)Grasping actions

Visual space Motor space

Object affordances (priors)

% ����������������������	����-������$�������������!� � ��� ������� ��� ��������"��
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Ultrasound

Sound, video, etc.

M
ov

em
en

t o
f t

he
 h
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d

lip
s,

 to
ng

ue

Facial expression Shape of the tongue

La
ry

nx

Sound

With Michele Tavella & the CONTACT project team
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In spite of the wiring problems…


