rpee
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sensory cortex in right cerebral hemisphere (b) Motor cortex in right cerebral hemisphere




Préhension

* Precision grip
» Power grasp
* Tripod grasp

Plusieurs étapes

Contexte: déplacer un objet sur une table

Analyser ses propriétés physiques
Réaliser le mouvement pour 'atteindre

Le saisir avec une configuration spécifique
Le soulever

Le transporter

Le replacer au nouvel endroit

ok wNE

Avant le mouvement: planification (min effort, OC, ...)

Pendant: coordination des forces, marge de sécurité,
glissement, expériences précédentes...

Apres: correction, feedback




Les armes physiologiques

Avant I’action, on dispose d’informations sur la tiche a
réaliser via:
- Vision

- Expériences précédentes
- Proprioception
- Autres...

Pendant I’action, ces canaux sensoriels restent actifs mais
on a en plus le canal haptique (sens du toucher, du grec
"aptomai” qui signifie "je touche")

Fc

Innervations tactiles

Type I

haute fréquence spatiale

Afferent type
(and response properties)

FA-| (fast-adapting type I)
Meissner endings

= Sensitive to dynamic skin
deformation of relatively
high frequency (~5-50 Hz)

* Insensitive to static force

* Transmit enhanced
representations of local
spatial discontinuities
(e.g., edge contours and
Braille-like stimuli)

SA-| (slowly-adapting type I)
Merkel endings

* Sensitive to low-frequency
dynamic skin deformations
(«~5Hz)

* Sensitive to static force

* Transmit enhanced
representations of local
spatial discontinuities

Receptive field Density
(and probe) (afferents per cm?)

Weak pointed touch

Weak pointed touch




Innervations tactiles

Type II: basse fréquence spatiale

FA-Il (fast-adapting type I1)
Pacini ending

= Extremely sensitive to
mechanical transients and
high-frequency vibrations
(~40-400 Hz) propagating
through tissues

* Insensitive to static force

* Respond to distant events

acting on hand-held objects Uk i MJ
SA-ll (slowly-adapting type lI) Ia'
Ruffini-like endings p H = JI -| ﬂ
* Low dynamic sensitivity \—,| i 2 = :'| \J-f\
* Sensitive to static force ‘;d_! M =\ U= U\l‘
* Sense tension in dermal and - e -

subcutaneous collagenous &

fibre strands % |

)
* Can fire in the absence

of externally applied
stimulation and respond to
remotely applied stretching
of the skin

Touch or skin stretch

Un peu de mécanique

Les corps élastiques et non élastiques
* Quantité de mouvement: boules de billard ou boule de neige

5= 2 my

* Friction: livre sur une table ou ... le doigt sur une surface




Monde réel est complexe

a High friction (latex membrane) b Low friction (latex membrane + talcum powder)

Tribologie: Elosn o oo 2 i
Science qui —
étudie la
friction des
corps non
élastiques srs ()

Tangential

Tangential-
stress
direction

Force motor Conlact—
(3D servo)

Centr Ve”fca/
%
Latex b (20 um) ot

o]
ili Contact surface (& = 50mm) gﬁ 2 £
=0 Centre rod (& = 1mm) e §
Force transducer, 1 [~ Normal
L 3D (centre rod) fon:e (F,) l
Force transducer, o

3D (total force)

Encore un peu de mécanique

F @ GF : Grip Force
@ LF : Load Force
o W: Weight

ma Relationships




Object  Digits
contacts  release
surface  object

Object  Digits
contacts  release
surface  object

a Digits Object  Object
contact liftsoff  approaches
object surface  goal height
Task subgeals -
{eontrol points)
Action-phase controllers o Load Hold
{action phases)
a Digits Object  Object
contact liftsoff  approaches
object surface  goal height
Task subgeals /‘) P
{control points) B
Action-phase controllers .o 4 Load b Lift é Hold
(action phases) A
Vertical movement
— |
fl':::g Load force
il -
Grip force
¢ Gip
force
02s Vertical position

Motor commands

Sensory pradictions




a Digits Object  Object Object  Digits
contact liftsoff  approaches contacts  release
object surface  goal height surface  object
Task subgeals /j P
{control points) B
Action-phase controllers o Load h Lift é Hold R
{action phases) 4
Vertical movement &
Load 1 5
e Load force E
= &
= — : g
) — rip force =R
force 4
=
02s Vertical position %
Predicted tactile
subgeal events
Mismatches rigger
Cenge corrective actions
Actual tactile
subgeal events r | j
a Digits Object  Object Object  Digits
contact liftsoff  approaches contacts  release
object surface  gaal height surface  object
Task subgeals —O—Q—\ -
{control points) B o
Action-phase controllers .o 4 Load h Lift " —
(action phases) A
Vertical movement -
Load | A i
e Load force E
1 L~ 2l .
Grip force g g
P L Y2 &
¢ Grip. ]
force B
-3
02s Vertical position g
Predicted tactile -
subgeal events
Mismatches trigger
G corrective actions
Actual tactile
subgeal events r ‘ 1
-
b A 2
En 1y m =
T IIII\ %
SA- Il I A v (| T Gj
UL L L L L L T
Al - ]
T
il / B O ey \III\\/\
LS RRAR UL RN ED ™ L I\/\
Sﬁ-‘:y.u - 7
Contact responses Transient mechanical events Release responses
Ensembles = Contact timing = Making and breaking = Breaking contact between
oftactile + Contact sites on digit contact between hand-held digit and object
afferents « Direction of contact force objects and other objects
encode: = Friction information = Weight information

+ Local shape at grasp sites

(indirect at lift-off)



Evénements imprevisibles

Predicted weight

Load force (IN)

Grip force (M)

Position

L
-

o

m FA-Il afferent m
T2 Pradictad T2
sensory event

Adaptation a la friction

LF (N)

GF (N}

10

@ 30 (@

LF rate (N/s)
=

GF rate (Nfs)
=




Adaptation a la friction

10 (@) 30 (d

z
- 6
& S
= E
=10
o L L L , 0
0 1 2 3 4
10 ) 0
8 23
z 0
6 z
§ PR
g &
5w

GF/LF
GF (M)

Time (5) LE(Y)

Adaptation a la friction

INITIAL ADJUSTMENTS
A Sandpaper B  sik

Load force, N ;j _/_—— _\/_
Grip force, N :1_/—- /\
e

Positon.mm 20|_____ ___—

Afferent response  welgiippipees—"




Adaptation a

la friction

INITIAL ADJUSTMENTS

A Sandpaper
o
o H
-

i

ip force, o _//_'_

Posiion.mm 20| ___——

Afferent response %

Load force, N

B  Sik

B g
Hl——

SECONDARY ADJUSTMENTS
- D
Acceleration mfs” 1 | e | [ p——————

o
Load force, N /\A—‘ b

Grip force. N

Load force

o L]

dor L

Position, mm 201 >

Grip force ":W
04

1 |—

f}f

] 1
rertesponse | ettt
100 ms

Contrdole indépendant des doigts

GFILF

Touch Initial
adiustment

. '“‘ ~Silk (index finger)
Slip

Sandpaper (thumb)

A
Slip-triggered 0.2 s
adjustment

10



Anesthésie

LF (N)

F(N)

(

GF/LF

Before anesthesia

Time (s)

LF (N)

GF (N)

GF/LF

During anesthesia

Time (s)

Adaptation au poids

LF (N

GFIN)

GFLF

16 (a) 90
[ i e

z 60
=3
¥
=11

0

920

(e)
_ 400
z - s00¢
z ~
< e 1400
\ :
= AN
& ~
N,
"
r ! 2l
s 1T 16

11



Adaptation au poids

Corin foree (NY
10

L

TF rate (N/<)

R

%

CF rate (N/&)

«

:
Load force (N) Load force (N) Load force (N)

Expérience et histoire
i

C Cnspbread  Soft drink Crystal Book

Ly 03 %mmw

phase
duration, s

- by
Peak load 5 ZseX II,H-}BH'L{

force rate,
N/s 504

12



Adaptation au couple

1st Vertical Pronation Horizontal
arip phase -»> phase -» grip phase

" Torque load
4 (mNm)

e S AT NI T

Grip force (N)

Cosine .
(roll angle) ' !

... tout s’apprend !

s

adult

13



... tout s’apprend !

S Nt L

>4
(J’y / /( E ’ /: .é/
N ¢
GF 8 months 10 months 13 meonths 2 yvears

3 vears 4 vears 8 vears

Taches dynamiques

On ne fait pas que soulever et maintenir des

objets en l'air...

- Mouvements avec des objets
- Interactions avec I'environnement
- Interactions entre les mains

14



Mouvements point a point

Upward

Grip Force | A
/ |

A

0 /

= Vertical Force

Z =5

o 00 02 04 06 08
L

o

'S

Downward

Taches dynamiques

@ GF is modulated in function of LF in a broad panel of tasks

Position
/\ \/\ GF and LF are

Grip force AN A synchronized !

NS /N ),-’I . Flanagan and Wing, 1993.

Load force N /\://

@ Fluctuation of LF around
object weight :

LF(t) = mg + ma(t)

Load Force (N)

15



Différentes prises

(1) Precsion Grip (2) Pincer Grip

Precision Grip

of

Accelerometer
{3) Index Finger Grip {4) Hesl Grip .

(5) Precision "Pirg” (6) Thumb *Pirg™

Différentes prises

Force (N} and Acceleration (m/s2)

2s] i as ;

One-Handed Grips Tw:;HaFr_»ded grriips
Precision Grip . ) In inger Grip bt 7
Subject AW Subject RF " N Subject JT ibi

20 T 1
307 : 7 T

0+

25
30

Pincer Grip

Force (N) and Acceleration (m/s?)

- r £ ——t . ! ;
00 Yoz o4 08 00 02 04 00 02 04 06
Time (s)

-25

e

Time (s)
Grip Force ——  Load Force ———  Acceleration——
® Grip Force =——  Load Force ——— Acceleration =—

16



Différentes prises

Inverted Grips
Precision "Pirg"
Subject AW Subject RF
5 H

GF<0 mais restent synchro

%
E
Point-to-Point  Jumping §
Subject JT Subject RF 'E' .
T T T g
g Thumb *Pirg"™
o Subject SK Subject RF
& 15 - 15 .
z T
:
I

as
Time (s)

Time (s)

Grip Force ——  Load Force —— — Acceleration ——

Transport et locomotion

Unconstrained Accuracy Constraint

S5em
Vertical Displacement C7

Sam
Vertical Displacerment Container
05N

Inertial Force

Grip Force 0aN

05s

17



Transport et locomotion

A

Unconstrained Accuracy Constraint
r=0.90; fime lag 3 ms =075 time lag 19 ms

Inertial Force Rate W
Grip Force Rate
B

-50 -40 -30 -20 -10} 10 20 30 40 50 ms

04Ns

04Ns

i

055

Number of Trials
== - MR W
o ;oo ;o

w

dGF/dtled diF/ct +— | —P> dGF/dt lagged dIFidt

Adaptation gravitationnelle

GF (N)

P1
30
20 =
10 =
0
0 4
LF (N)

18



Adaptation gravitationnelle

P1 P2 P5 P10

Comment changer radicalement
I'environnement ?

19



Altérer la gravite

- Ce changement radical s’observe par des comportements
qui convergent tres lentement voire pas du tout !

171 g —— ground fm,?crc?‘
0g—FD3

Nomnalized EMG

o

¥

-400 Time (ms) 0

Alterer la gravite

Table A.1: Comparison between microgravity platforms.

Platform g level (g) Duration Volume (mm3) | Control

Drop towers 107%-10°¢ <5 <1 indirect
Parabolic flights 1072 - 1073 20-25 > 10 direct
Sounding rockets 107*- 107" 5- 13 min <1 indirect
Recoverable capsules < 10—° weeks > 1 indirect
Manned orbital platform (ISS) | 1072 - 1072 | weeks - vears >1 direct

20



Altérer la gravite

1.8 b 8500
>
5
S | o 3
o 6000

20 40 60 80 100 120

Time (s)

21
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05-24-2013 10:43:15

PARABOLAS SEQUENCE

N NN SN I NI AN

T=00 03 06 09 12 15 T4 20 23 26 29 32 FF

[#u] [[#2] [#3] [aq[ #15] | wg] [ ar] | ws] | #9] | #ao]
PN NI SN N

T= 38 41 44 47 50 +8°59 62 65 68 71 +5

[ [(#2] [#3] [#4[ #5] ERERENEREE
B N Y O N Y N N )
=77 80 8 8 8 T4 94 97 100 103 107
time
{minutes)
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Feedback et feedforward

Ces taches apparemment réalisées sans efforts sont
en fait le résultat d’'un contréle coordonné précis dans
le temps et I'espace entre deux mécanismes:

- Feedback (réflex, réactif)
- Feedforward  (anticipatoire, prédictif)

Les proportions de ces mécanismes varient en
Fonction de la tache

Changements
rapides

de LF dans
des situations
courantes

24



Réponse reflex

b

a
Grip force o Grip force ﬂ

Load force —_M‘JN | sn Load force -_”Mf/u\,\.l

0.5s

6N
3N

Réponse reflex ??




Réponse reflex ??

Up Down
03 03
E
> 0 0
£ AT B 2
03 03
2 2
) 9
E
£ 0 0
: i 1
> Z z
2 2! 2 ;
14 £e
« " : <
% 8 5
E 0
3 3
-40 40!
Z 15 15
8 ol ] |
g o 0 Up Down Up Down
=
§ -15 -15| [ Baseline Contact
[71 Peak acceleration 4 Impact
= 18 18
Z
8 1 12
o
w
a 6 6!
5]
400 200 0 200 400 400 200 O 200 400
Time [ms] Time [ms]
Réponse reflex ??
Soft Stiff
Load force ——w—w. gg{gff’
i Normal
Grip force Cateh
<,
Q b L
&)
=
o
L
~ /]
3 L
o '
- J “ b =7 \
~ V.’
-500 0 500 -500 0 500
Time [ms] Time [ms]
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Réponse reflex ??

a |oad force
» Grip force

» Grip force catch
Up - A ———

Down x e

Siff | okt ——i

———
SOﬁ. r —h— —e—
0 20 40 60 80
Time [ms]

Manipulation bimanuelle
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Manipulation bimanuelle

A
1 object
3
B

=

=

p P
(S i

5 '

E i Unilateral
- ) perturbed
o
S 1]

©
21
5 Unilateral
= unperturbed
QO
a
0

=100 ) 100 200 300

Time [ms]

—— Normal trial
~——— Catch trial

Unilateral
Opposite
Same

1

Perturbation Force [N]

HE

2 objects

0 100 200 300

Time [ms]

Grip Force Rate [N/s]

Normal trials

1 object 2 objects
15 A 15: B
10 10
? /‘% ’
o -4 R P —
=100 0 100 200 300 ~100 0 100 200 300

Catch trials

1 object 2 objects
15, C 15D
10| 10
5| 5
1] R— iy OL sunmisgyen -

-100 0 100 200 300 -100 0 100 200 300

Time [ms]
s Jnjlateral unperturbed
m— nilateral perturbed
Opposite

Same

Prédiction de la GF
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Prédiction de la GF

Condition 1: oot
m_'\.’\-‘\ '\r'\t'\‘_"\"\-'\-'\“—""-"
£
s
0 05 1 15 2 25 3 35 4
Condition 2: Right
10
g -
5 8 N an L £ N E EWA
| \ L
0 08 1 15 2 25 3 35 4

Prédiction de la GF

Condition 1. Robot

0 05 1 15 2 25 3 35 4
Cenditon 3: Lett
10
z
EPAASS
VAT VAN
o 0% 1 15 2 25 3 35 ¢




Prédiction de la GF

Condition 1. Robot

‘o.,"p’\-‘\,r\f'\,"‘~'-'\‘/\—’\."u'\.‘w_-

4

‘gs

0 i A i

(] 05 1 15 2 25 3 35 4
Condiion 2: Right

10

g -

55 2 -‘.\ j “ WA A WA

\ ;

0 05 1 15 2 25 3 35 4
Cenditon 3: Left

10

0 0s 1 1.5 2 25 3 35 4
Condion 4: Joystick
k== el e e I A
z
55\/\/\/\/V\/\/\/\/\/\/\/\/\
; :
0 (5] 1 15 25 3 35 4

Modeéle interne

A Servo-Controlled Linear Motors B Force Sensor

3d Force Sensor
3d Force Sensor Accelerometer l

Linear &3
Motors I IY

\

2d Force Sensor

Subject




Modéele interne

Inertial Load Viscous Load Composite Load
Subject 5
: -~
Pos 10 cm ‘ _///
Vel .5 ms1 // ‘\\
R
Acc 2ms |

HE  sN| i,

. N
LF sNS;/&“*w/ T ‘/\_ﬁkﬁ_ ‘M// -
GF mu‘/ﬁ\-—ﬁ—xHJ/ - .

 s00ms
Time

31



