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recherche français ou étrangers, des laboratoires
publics ou privés.

https://hal.archives-ouvertes.fr
https://hal.inria.fr/inria-00073385


IS
S

N
 0

24
9-

63
99

ap por t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

A Software Toolbox to Carry-out Virtual
Experiments on Human Motion

Franck Multon, Jean-Luc Nougaret, Gérard Hégron, Luc Millet and Bruno Arnaldi
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THÈME 3





� �������	��

����������������� ��� ��

���������� !�#"%$����& '

�
( �*)��+�&$-, �/.��&01��. 23 4, 
�. 5 �6��$���.

7�8:9<;�=?>A@ABDCFE:GH;JILK<MN9	;�OQPJB�=SR�GHB�TU9<8-MVEWILX4YW8:9<8-Z\[�Y]TH8-GU;D^]I_P`BD=�@AabCbCbMVEc^
9	;DZedf8gBD;&Gih!8g;j9	CbZDa

k`lnm�o*p6q�r sut]vwp�xzy?{�v}|�~�t�ln~�o�o�p���o�y?{wl�|�tnp��
|�o�y���p-�Q����~?t�tn�-pQ�-�	{-~?t�t	y�|����wy�t�{-p-�

�jx}~���pQv��Ns��������

��y����H~?x}v/��p�x}p-{wlnp�xw{wlnp�t&q�q��?q*r  �~:¡�pQof¢�xwp�£:¤�¤V¥6r ¦?�§�	y���p-�

¨�©DªQ«g¬c­�®?«V¯ ° p���xwpQ�}pQt]v�y±��|�o§²�³Fy�v�|�~?t´vw~W~?³�¢H~gµ¶vw~i{-y�x}x�·]�u~?²�v!¡]|�x�v}²	yc³�p�µW�HpQx}|¸�
o*p�tWv}��~�t¹l]²�o*y�t´o�~?v�|�~?t»º¹q�¼½¡]|���²	y�³�|�¾-y�v}|�~?t»��y�²�v}~?o�ycv}|�{!{Q~N��p���p�tnpQxwy�v}|�~?t¹y�tn�
��pQtnp�x}|�{�{-~?t]v�xw~?³»��p-��|��?t4�	y�v�vwpQx�tn�J¢�x�|�tn�¿��·]t	yco�|�{���|�o§²�³Fycv}|�~�t*vw~W~?³��À|�t]v}~§v}lnp�l	yctn���
~?Á�¢�|�~?o�p-{wl	yct�|�{�|Fy�tn�Jy�tn�4��~W{Qvw~�xw�-º

ÂÄÃ�Å�Æ�Ç:È+Å_É�Ê¸Æ�ËÍÌ�Î

Ï»Ð:ÑÓÒÕÔHÖ-×ÍØJÔÕÙ�Ò»Ò�Ú�Û�Û�ÖQ×ÍÜbÝ}Þàß-á�Ü�Ð:ÝLâ<Ú�×ÍÖQÛ�Ý�ÙQãàä�ÖQåJå�Úcã:ÑæÜFáQç
èfÝ�ÔHÖ-Ú:éêÞ�éæÑÓØëÝàÜbÖfÜÍÐ�ÙQã�Ø�ì�ÑêéæéêÝ�Ò`íDÑæÝ�ÜÍ×ÍÑêä�Ð�î¸×bÖ-åðïFñLò-â	ó�îÄÖQ×JÐ:ÑÓÒJÐ:Ý�éÓÛ�ÙQã�Þ�ÙQÞ:ôgÑêÒÍÝ�Ò�Ñêã�ÜÍÐ:Ý

ä�ÖQã�ä�Ý�Û:ÜÍÑæÖ-ã�Öëî	ÜÍÐ�ÑêÒ&ÜbÖgÖ�é�ç�õSÒ�ÛcÝ}äöÑÓÙëéNÜÍÐ�ÙQã�Ø�ÜÍÖ/è§ÙëéêÜbÝ�×&÷6Ù�Úc×bÝ�éVî¸×bÖ-å±â<ó	ø�ù�îÄÖ-×&Ð:ÑÓÒ�ÑÓåJÙëú�ÝLÖ�î	ÜÍÐ:Ý
ÜÍÖQÛ�Ö�éêÖ�úQÑêä�ÙëéVå`ÖgÞ�Ý�éVÖëînÙ�×�å�ç
ûDü äöÖQéæÝLÞ:Ý}Ò»÷
ÑÓã:Ý�Ò»Þ�ÝLñ�Ù�ã-ÜÍÝ�Ò�ý:ø�þ�õ�ñjÿHâ
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|�o���³�p�o*p�tWvwy�v}|�~?t!~?Á&v}l�p-�}p6{-~�tWv�xw~?³&��v}xzycvwp-��|�p-�Qº`k`l�p�~?²�v}��²�v�~?Á�v}l�|��+��·W��v}pQo y�x}p�yct��
�?²�³Fycx�¡�y�³�²np-�6��xw~:¡]|���pQ� vw~�v�lnp*l�|�pQxwy�xw{wl�|�{gy�³À��pQ~?o*p�v}x�|�{�o*~W��pQ³`y�vfpgy?{wliv}|�o*p���v}pQ�
~?ÁD��|�o§²�³Fy�v�|�~?t C�¦	����¾�Á ~?x+xwp-y�³���v}|�o�pà¡]|���²	y�³�|�¾-y�v}|�~?t I�º [	y?��v�{-~�o���²�vzy�v�|�~?t'y�³���~?x�|�v}l�o*�
y�xwp�x}p
%V²�|�x}p-�4vw~�{-~�o���²�vwp�v}lnp6y�x�o o�~?v}|�~?t'y�v+v�l�|��JÁFxwy�o*p�xwy�vwp�º
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[�|��?²�xwp�¦+�L��pQ{-~?t���v}x�²n{Qv}p-�!¢�|�~?o*pQ{wl	y�t�|�{gy�³<o�~N��p�³U~�Á»v}lnp�l]²�o*y�t4y�x�o�º��`~?²�x}v}p-��·�~?Á
° º<��y�²�x}pQ³»ÁFxw~�o �_��[��L�<�%B+|�v}¾-pQx�³Fy�t��Õº

k`l�|��J�	y��HpQx/��p-�}{�x}|�¢UpQ�/v�lnp
��pQt�pQxzyc³Õvw~W~?³�¢H~gµ!yctn�4��|�of²�³Fy�v�|�~?t���³Fycv}Á ~?x�o v}~¿��xzy?{ë�
v}|�{Qp�¡]|�x�v}²	y�³�p�µW�HpQx}|�o*p�t]vw�!y�t�� pëµW��³Fy�|�tn�*ln~�B½|�v�l	y?��¢Hp-pQtA²n��p-� |�t v�lnpQ�����B���
��xw~���pQ{Qv-º k`lnp y�x�v}|�{Q³�p |���~?xw��y�t�|�¾Qp-�ey?��Á ~?³�³�~�B/�-º [�|�x}��v-�6��p-{�v}|�~�t £ ��xwpQ�}p�tWv}� y�t
~�¡?pQx�¡W|�p�Bð~?Á�~?²�xJ��|�of²�³Fy�v�|�~?t���³�y�v}Á ~?x�o�º�k`lnp�{Q~?o��H~?tnp�t]vw�J~?Á»v�l�|��À��³Fy�v�Á ~?x}o ycxwp���pë�
�}{Qx�|�¢Hp-�*¢Hp-��|�t�t�|�tn�8B+|�v}l*v}lnp�o*~W��pQ³<~?Á&ycx}o |�t*�}p-{�v}|�~?t'¦Nº-[&|�t	y�³�³�·?�V�}pQ¡?pQxwy�³Õ�H~��}��|�¢�³�p
{-~?t]v}x}~?³Õ��p-��|��?t��	ycv}vwp�x}tn�/ycxwp���x}~?�H~��}pQ��|�t!��p-{Qv�|�~?t'qNº_�Np-{�v}|�~?t � ��pQ�}{Qx�|�¢Hp-�Jv�lnp�²n��pQx
|�t]vwp�x}Áby?{Qp?º_k`lnp�t»�	�}p-{�v}|�~?t �§�?|�¡�pQ����~?o�p�xwp-��²�³�v}�+¢W·4��p-�}{�x}|�¢�|�tn�¿v BÀ~�pëµW�Up�x}|�o�pQt]v}�-º

� � �§�+� ��$Q�J� �6�¶���!� 0»$Q,  !�Q

��$��f. �������������

k`lnpÀ��|�o§²�³Fy�v�|�~?t�v}~N~?³�¢U~gµ�l	y?��¢UpQpQt¿��pQ��|��?tnp-�6vw~���|�o���³�|�ÁF·�v}lnp���xwp��	y�xwy�v}|�~?t6~?Á�¡]|�x�v}²	yc³
p�µW�Up�x}|�o*p�tWv}�*¢]·´��xw~:¡]|���|�tn� ��~?ÁFv BJycxwp�{-~�o��H~?tnp�tWv}��v�l	y�v!yc²�vw~?o*y�v�|�{gyc³�³�· ��pQt�pQxzycvwp
v}lnp¿��|�o§²�³�y�v}|�~?t�{Q~N��p�º¿k`l]²n�-��v}l�p�pëµW�Up�x}|�o�pQt]v}pQx+�ö²n��v�lny?��vw~!Á ~N{�²n��~?t v}l�p���p-��|��?t
~?ÁD{Q~?t]v}x}~?³�³�pQxw�/yctn��~�Ájy§¡]|�x�v}²	y�³Uo*~W��pQ³�º_k`l�|��+v}~N~?³�¢U~gµ�|��+{Q~?o��H~���p-�'~?Á�v�l�xwpQp6o*y�|�t
�	y�x}v}�-�n{Q~?x}x}p-���H~?tn�N|�tn�¿vw~¿v�lnp
{-~?o��U~�tnpQt]vw�/~?Á&v}l�p
��xw~W{-p-���à��pQ��|�{QvwpQ�'|�t 'n�?²�x}p�£��

þ&þ½ã%^�^�_�^



� � 
#��2����89 $%� � ��2M���R�����

� y*�}~�ÁFv BJy�x}pf�	y?{�>�y?�?p§y�²�v}~?o*y�v}|�{gy�³�³�·��?pQtnp�xzy�v}p-��v�lnp������ ��|�o§²�³Fycv}|�~�t�{Q~N��pf~?Á
v}lnp�o�~N��pQ³UÁFx}~?o |�vw�+pQt�pQxw�?pQv}|�{
��p-��{Qx}|���v}|�~?t��

� �}p�¡�pQxwy�³»��pQ��|��?t!�	y�v�vwpQx�tn�+~?Á&{-~�tWv�xw~?³�³�p�xw�`{Q~?o�o*~?t�³�·���v�²n��|�p-��|�t!¢�|�~?o�p-{wl	yct�|�{Q�
y�xwp���x}~�¡]|���p-� y?�§y�¢���v}xwy?{Qv�{Q³�y?�}��p-�Qº�k`l�p�p�µW�HpQx}|�o*p�t]vwpQx�{gyct ��pQ��|���t |�v}�6~�B+t
{-~?t]v�xw~?³À��v�xzy�v}p-�?|�p-��¢]·�{wln~W~���|�tn��v}l�p*xwp(%]²�|�xwpQ� �	y�v�vwp�x}t±y�tn��¢W· B+x}|�v}|�tn�'v�lnp
{-~?o���²�vwy�v}|�~?t4{-~W��p�~?Á&v}l�p6{Q~?t]v}x}~?³�³�pQx��

� y'��|�o§²�³Fy�v�|�~?t���³�y�v}Á ~�x}o B+|�v}lS¡W|���²	yc³�|�¾-y�v}|�~?tSy�tn�S²n�}p�x���|�t]vwp�x}Áby?{Qp-��³�|�¢�xwy�x}|�p-��|��
��xw~:¡]|���p-�¹v}~ pQo§¢Hp-�¶v�lnp�v BÀ~iy�¢H~:¡�p���o*p�t]v}|�~�tnp-�¹o�~W��²�³�pQ� C v}lnp���|�of²�³Fy�v�|�~?t
{-~W��p
~?Á&v}lnp�o�~N��p�³»y�t��'v�lnp
{-~?o���²�vwy�v}|�~?t4{-~W��p
~?Á&v}lnp
{-~�tWv�xw~?³�³�p�x�I�º

k&~ pëµW�Up�x}|�o�pQt]v§y�t pQof¢UpQ����p-� o�~?v}|�~?t�{-~?t]v}x}~?³À��v}xwy�vwpQ�?·��jv�lnp�²��}pQx '�xw��v�y?� >W�fv�lnp
o*~W��pQ³�vw~ pëµNp-{Q²�vwp �}p�¡�pQxwy�³�o�~:¡�pQo�pQt]v}�-º 
�t�{-p v}l�p-�}p�~�xw��p�xw�4y�x}p�y�t	y�³�·W¾-p-�U�/v�lnp
��·W��v}pQo#{gy�³�³��_v}lnpà��|�of²�³Fy�v�|�~?t�{Q~N��pà~?ÁÕv�lnp�o�~N��p�³Hy�tn�*|�vw��{-~?t]v}x}~?³�³�pQx_vw~fp�µNp-{�²�vwp�v�lnp
��p-��|�xwpQ�'o�~?v�|�~?t»º�� ��|�of²�³Fy�v�|�~?t���vwp���|��+��|�¡]|���p-�!|�t4v�l�xwpQp
�ny�x}v}� �

� t]²�o*p�x}|�{gy�³L|�tWv}p-�?xwy�v}|�~?t ~?ÁÀv}lnp�y?{Qv�²	y�v}~?x�y?{Qv�|�~?tn�
��p��Up�tn��|�tn��~�t v}l�p�{Q~?t]v}xw~�³
�	y�xwy�o*p�vwp�xw�-�

� {-~?o���²�vwy�v}|�~?t4~?Á&v}lnp
��| @Up�xwp�tWv�|Fy�³Up
%V²	y�v�|�~?t���~�Á�v�lnp�o*pQ{wl	y�t�|�{gy�³Õo�~W��pQ³��

� {-~?o���²�vwy�v}|�~?t4~?Á&v}lnp
{wl	yctn��p-�+|�t'v�lnp
��p-~�o*p�v}x}|�{���v�x}²n{�v}²�x}p?º
k&~
v}l�|��Àp�tn�Õ�]²n�}p�x�	 �`~?x}��pQx}�`ycxwp+v}xwy�tn��³�y�vwpQ��|�t]vw~
ÁF²�tn{Qv�|�~?t���v�l	y�v_o*~W��|�ÁF·fv}l�pà{Q~?t]v}xw~�³
�	y�xzyco*p�vwpQx}�-º [�|�xw��v-�+yS��³Fy�t�t�pQx���p-{Q~?o��H~���p-�*{Q~?o���³�pëµio*~?v�|�~?t���|�t]vw~ p�³�p�o*p�tWvwy�x}·
o*~?v�|�~?t��+y�tn�4v}xwy�tn��³�y�vwpQ�/~?xw��p�xw��p�µW��x}p-�}��p-� |�t'v�lnp �Jy�x}v}p-��|�y�t'ÁFxzy�o�p�|�t]vw~�~?x}��pQx}��|�t
v}lnp!ycx}v}|�{Q²�³�y�v}|�~?t ÁFxzy�o�pHCb~?xfv�lnp*x}pQ¡�p�xw��p�� B`yg·AI¿��pQ�HpQtn��|�tn��~?t v�lnp*�	y�v�vwp�x}t ~?Á+v�lnp
{-~?t]v}x}~?³�³�pQx-ºLk`lnp6{-~?t]v}x}~?³�³�pQxJvwy">�pQ��yctn�?³�pQ�/~?x �Jy�x}v}p-��|Fy�t�pQtn�N|�tn�¿�H~���|�v}|�~�tn�`��x}~�¡]|���p-�
¢W·4v�lnp6²��}pQx�y�tn�'o�y">?p-�/v}lnpfy�x}o o*~:¡�p6vw~�v}l�|��à�?~Vy�³uº`k`lnp6�?³�~?¢ny�³���·]tn~?����|��à~?ÁDv�lnp
��|�of²�³Fy�v�|�~?t6��³�y�v}Á ~?x�o |��j��pQ�}{�x}|�¢Hp-�¿|�t 'n�?²�x}p/q�ºD�¹�ny�vzyc¢	y?�}p+{Q~?t]vzy�|�t�|�t���v}lnp+��vzy�v}pJ~?Á
v}l�|��Ào�~N��p�³Hy�tn��|�v}�À{Q~?t]v}x}~?³�³�pQx�|��`��l	y�x}p-��¢HpQv BÀp-pQt4v�lnp�{-~�tWv�xw~?³�³�p�xJy�t��*v}lnpà��³Fy�t�tnpQx-º
k`lnp�{Q~?t]v}x}~?³�³�pQx '�³�³�����|�t!v�l�|��/��lny�xwpQ� �ny�vwy�¢	y?��p���²�x}|�t���v�lnp6��|�of²�³Fy�v�|�~?t!v}~�o*y">?p
v�lnp
~?v}lnp�x/{-~?o��H~?tnpQt]v}��~�Á�v�lnp���³Fy�v�Á ~?x}o >]tn~�Bev}l�p6��vzy�v}p
~?Á�v�lnp
��·W��v}pQo�º`k
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art2cart

planification

cart2art

syntaxic

lexic

semantic M
O
D
E
L

State of the

System

state

orders
Planner Interface/

GEOMETRY

orders

USER

User Interface

Motion controller

Motor Prog.

Dynamic
Servoing

Kin. Task

[�|��?²�xwp
qj��G�³�~?¢ny�³Õ��·Wt�~?�n��|��à~�Á�v�lnp�¡W|�x}v�²	y�³»pëµN�HpQx�|�o�pQt]v/��·W��vwpQo�º

� � �,�4� �½�/.!�+�D
���$Q��. �c����, 
 , � ���4
�.!$(�J
6� �!�/0 �`��$�)��
��$��f.

sut v}l�|�����p-{�v}|�~�t»� BÀp���pQ�}{Qx�|�¢Hp�ln~�B y�t p�µW�Up�x}|�o*p�tWv}pQxf{gy�t ���Hp-{Q|�ÁF· l�|��6¡W|�x}v�²	y�³_l]²��
o�y�t'o�~N��p�³�vw~�yc²�vw~?o*y�v�|�{gyc³�³�·���p�tnpQxwy�vwp6|�v}�à��|�o§²�³�y�v}|�~?t4{-~W��p�ºL[&|�xw��vg�nv}l�p�{Q~?o���³�p�µ
y�xw{wl�|�vwpQ{Qv}²�xwp
~?ÁDx}pgy�³»of²n�}{�³�p-�/|��/yc����xw~gµW|�o*y�v}p-��y?��y�y����Up�tn��|�µ!�fº`�N~���v}l�p6l]²�o*y�t
¢U~W��·!{-y�t�¢Hp6{-~?tn��|���p�xwpQ� y?��y¿o*pQ{wl	y�t�|�{gy�³»o�~N��pQ³»~?Á�³�|�t+>�pQ�'x�|��?|���¢U~W��|�pQ�VB+|�v}l'xw~c�
vzy�x�·���~?|�tWv}�-º �Àl	ycxzy?{�vwpQx�|���v}|�{Q�+~?Á&�U~���|�v�|�~?t»�Wo�y��}�-�N|�tnp�x}v}|�y¿y�tn�!vw~��U~?³�~��?· Cbv�xzy�tn��Á ~?x}o
o�y�v�x}|¸µ�ÁFx}~?o ~?tnp§¢H~N��·'vw~4yctn~?v}l�pQx�I�ycxwp§�?|�¡�p�tS¢]·�v}lnp¿pëµN�HpQx�|�o�pQt]vwp�x�vw~!��pQ�}{�x}|�¢Hp
l�|���¡]|�x}v}²ny�³L��²�¢���p-{�vgº�k`lnp�t»�»ÁFxw~?o½v}lnp ��y?�?xwy�tn�?|�y�t Á ~?x�o§²�³�y�v}|�~?t»�Hy��}pQv6~?Á���p-{-~�tn�N�
~?xw��p�xàt�~?t�³�|�tnpgycxà�N| @HpQxwp�t]v}|Fyc³�p
%V²	y�v�|�~?tn��{gyct ¢Up�y�²�v}~?o*y�v}|�{gy�³�³�·�~?¢�vwy�|�tnpQ�Õº/¼�pQ����|�vwp
|�vw�à��pQt�pQxzyc³�|�v�·4v�l�|���Á ~?x}o*y�³�|���o B`y?��t�	 v B+|���pQ³�·4²n�}pQ� ��xwpQ¡]|�~?²n��³�·��U¢Hp-{-y�²n��p¿~?ÁL|�v}�à|�tN�
p���{Q|�pQtn{�·�{Q~?o��	y�xwpQ��v}~�|�vw��{-~?o��Up�v}|�vw~?x}�-º�����|�tn��v�lnp-~?x}pQv�|�{gyc³»xwp-��²�³�v}��{Q~?o�|�tn�¿ÁFxw~?o
v}lnp6xwp-��pgy�x}{wl�	 � 'npQ³�� y�¢H~?²�và��| @Up�xwpQt]v�|Fy�v�|�~?t:B`pfy�xwp6tn~�B y�¢�³�p6v}~�²n��p�|�v�Á ~?x�~?¢�vwy�|�tN�
|�tn�4y*¡?pQx}· p���{Q|�pQt]v6��·]t	y�o�|�{fo�~N��pQ³VQ � URC
B+ln~���p�{-~?o���³�pëµW|�v�·'|���v�lnp��wy�o�pfv}lny�t |�Á
²n��|�tn�4 àp�B+vw~?t����j²�³�p�x�I�º6k`lnp§o�~?v�|�~?t�p
%V²	y�v�|�~?tn�LB`p�xwp���pQt�pQxzycvwp-��²n��|�tn���	��
 � �B�
y'��·]t	yco�|�{���|�o§²�³Fy�v}~?x���p�¡�pQ³�~?�Hp-� ~:¡�p�x§��pQ¡�p�xzy�³�·�p-y�xw�fy�v	����
��c��º��	��
 � �B�#o*y�|�t
Á pgy�v�²�xwpQ�àycxwp��

� v}lnp���·]t	y�o�|�{+o�~N��pQ³<y�tn�*y�³�³��ny�vzy Cb³�| >�pV>]|�t�pQv}|�{/pQtnp�xw�?·�~?x�>]|�tnp�o�ycv}|�{J¡�y�³�²np-��I
y�xwp�{Q~?o���²�vwpQ�'|�t�y���·]o§¢U~�³�|�{LBJyg·��
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� ��pQt�pQxzycv}|�~�t4~?Ájp ��{�|�p�tWv/t]²�o�pQx�|�{gyc³��VO �����<��{Q~N��p�º
������|�v}|�~?t	y�³?{-~?tn��v}xwy�|�t]vw��C5>W|�tnpQo*y�v�|�{j{�³�~���p-�N��³�~W~?�
��v�x}²n{�v}²�x}p-�PIÕ|�o���³�·àv�l	y�v�y?����|�v}|�~?t	y�³
Á ~?xw{Qp-�6Cbp�µNpQx�vwpQ� y�vàv�lnp6{-~?t]vzy�{Qv��H~?|�tWvPI+of²n��v�¢Up6vzy">?pQt |�t]vw~�y�{-{-~�²�t]vgº/sut v}l�pf{gy��}p
~?Á/v}lnp £�£ ����� �¿l]²�o�yct¹ycx}o o�~W��pQ³��jv}lnp�· {-~?t���|���v¿|�ti���UpQ{Q|&'�{ >]|�tnpQo*y�v}|�{ Cbl�~?³�~��
tn~?o�|�{�I/{-~?t���v}xwy�|�t]v}� �»pQ³�³�|��n�}~?|��ny�³&{-~�tn��v�xzy�|�tWv
~�ÁÀv�lnp¿�}{-y���²�³�~��uv�ln~?xzy�{Q|�{f{-~?t]vzy�{Qv CÍ��p-p
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φM

Control structure
Neurophysiological 

open loop

precision grasping,
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feedback background

state feedback

Reflex behaviour Motor programs

( no feedback )
tennis)

(playing table-

Cerebellum

motion
servo-controlled

(windsurfing)dynamic effects
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Controller Aim

solving

Compensation

Prerecorded

motion playback

Redundancy

(playing chess)

manipulation

(Schmidt93)

Neural-wired IK

(Soechting,
Flanders89)

servo-control
proprioceptive

(Kawato87)

(planning-level)

end-effector
external

feedback
IK qx

C : linear / nonlinear

+
- C

Motor
program

q∆
+

q

q’q
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�/�U~�t¿{-~?o���³�pQv}|�~?t§~�Ánv}lnpÀpQo§¢Hp-����p-�¿o*pQ{wl	y�t�|�{gy�³N��|�o§²�³�y�vw~?x&~?Ánv�lnp`l]²�o*y�t�y�x�o��
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|���p�o���³�~:·�p-� vw~4p�t��
��²�x}p�{-~�tn��v�xzy�|�tWv��uÁF²�³ '�³�³�o*p�t]v�y�vÀx�²�t]v}|�o*p/{gyct�tn~?vÀ��xw~:¡]|���pà��²n{wl!v}~?x*%V²np�|�t�Á ~�x}o*y�v}|�~?t»º
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� � �f. �`�Q 40»$Q��.

° p
l	yg¡�p6��p-��{Qx�|�¢Hp-��y�{-~?o���x}pQlnp�tn��|�¡�p6�}~?ÁFv B`y�xwpJB`~�x#>W��ln~��»�<v}~�¢Hp
²n�}pQ��¢]·4¢�|�~?o�p��
{wl	y�t�|�{Q|Fyctn��y�tn��o�p-��|�{-��v}~�vwp-��v�y�tn��¡�y�³�|��ny�vwp6¡�y�x}|�~?²n��l]·]�U~�v}lnpQ�}p-��y�¢H~?²�v�v�lnp���·V�
t	y�o�|�{-��yctn��{Q~?t]v}x}~?³W~?Ány�x�o o�~?v}|�~?t»º»sut§~�xw��p�x&v}~�|�³�³�²n��v�xzy�v}pDv}lnpL�H~��}��|�¢�|�³�|�v}|�pQ�Õ~?ÁN��²n{wl
y'��·N��vwp�o��Dy'��|�o���³�| 'np-� o�~N��pQ³_~?ÁÀv}lnp¿l]²�o*y�t ycx}o3��l�~?²�³���pQx8BJy�����pQ��|��?tnp-�Uº!k`lnp

ïFñ&þ�ï õ



���������
	���
�������������������������
�
� "!#��$%�'&)(*
��
$+����,-��./��
�(*01��23�546��2�78$%0���2:9;���
(<��2 £�¥

tn~?t���³�|�t�pgy�x6p
%V²	ycv}|�~�tn�§~?Á+o§²�³�v}|¸�u¢H~N�N· x}|��?|�� o*~�v}|�~�tn�JBÀpQx}p!~?¢�vwy�|�tnpQ� ¢]· yc����³�·]|�tn�
�&y��?xzy�t���p+o*pQ{wl	y�t�|�{-�_vw~§yct�pQt�pQxw�?pQv}|�{à��p-�}{�x}|���v}|�~?t»ºj��³�vwp�x}t	ycv}|�¡?pà{Q~?t]v}x}~?³<��v}xwy�vwpQ�?|�pQ�
B`p�xwp6��²n���?p-��v}p-�Õ�<y?��y¿�}p�v�~?Á�v}~N~�³��-ºL��³�v�ln~?²n�?l4v�lnp���xw~?�H~���p-�4o*~W��pQ³Uvzy">?p-�+|�t]vw~�y?{ë�
{-~?²�t]v�y�{Q~?o���³�p�µ��?³�|���|�tn��{Q~?t]vzy?{�v_y�vjv�lnp+��l�~?²�³���pQxg��|�vD|��j��v�|�³�³N~?t�³�·�y���vzycx}v}|�tn���H~?|�t]vg�
v}l	y�v B+|�³�³Vtnp-pQ�§vw~�¢HpÀx}p('�tnpQ��y�tn�§o*y?��p_o*~�xwpÀy?{-{�²�xzy�v}p?ºL �pQ¡?pQx}v�lnpQ³�p-���-�]��²n{wl¿x}p('�t�p��
o*p�tWv}��ycxwp B`p�³�³�¢HpQ·�~�tn��~?²�x�~?¢N��p-{Qv�|�¡?p6¢Hp-{-y�²n�}pJB`p6{-~�tn��|���pQx�v}l	ycv�v�lnpQ·4��ln~?²�³���¢Hp
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