
HAL Id: inria-00074340
https://inria.hal.science/inria-00074340

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Visual servoing using dynamic image parameters
François Chaumette, Venkataraman Sundareswaran, Patrick Bouthemy

To cite this version:
François Chaumette, Venkataraman Sundareswaran, Patrick Bouthemy. Visual servoing using dy-
namic image parameters. [Research Report] RR-2336, INRIA. 1994. �inria-00074340�

https://inria.hal.science/inria-00074340
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

appor t  


de  r ech er ch e 


INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Visual servoing using dynamic image parameters

Venkataraman Sundareswaran,

Patrick Bouthemy, François Chaumette

N˚ 2336
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Unité de recherche INRIA Rennes

IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)

Téléphone : (33) 99 84 71 00 – Télécopie : (33) 99 84 71 71
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W�{PZtxanLbdRXW9��y%cfnLxaW9RUcjbL �«a�jbUZtR�, �%��1à�+u3W9RUVBZtbU¢ÎbUR}WB{}�Fcjq7VkW�qayNVBRXWBnLx7cjq7VkY�Zlbd|7TFy7n `F �{tW�Y�ZtR}W,n�Y:TBg7qFbdZ�y�T,q
RdTB`aT,b}n |aWtmhZ�`aZtZlqNyFZtY�TBq�npbdRXW9bUZ�yS, ��1Ç�

³vq>bd|7ZS�àW9RUbd|7ZlRSnLcfy%Z'T9��bd|7Z¬npxaZ�{PbURdg7Y�iIbd|7ZlRdZ5W9RUZ�Y�ZtbU|7TFy7n+� |7co{~|�x7RUT�m%coy%Z'Y�TBRUZ�V,Ztq7ZtRXW9�FnLTB�jg�bdcjT,qanP�
�\cfnLgaW9�anLZtRdmhT,cjq7V�Y�Zlbd|7TFy7nT,©�t�%ia�
AFi%�F�BiF�B�7iF�F0;1ax7RdZ¤npZtqFb5{PTBqFbdRUTB�j¢�bd|�ZtTBRUZtbdco{ W9x7x7RUThW,{~|7Z¤nr��TBR5{PT,q%bURdT,�j�jc�q7V
bd|7Z5x­T¡npc�bdcjT,q�W�qay�W9bUbdc�bdgay%Z5T9�ªbd|�Zv{tW9Y�ZlR}W `% �ganLcjq7V\mFcfnLgaW9�FcjqF��TBRdY£W9bdc�TBq)�,u�|7Z�nLZ�Y�Zlbd|7TFy7n3W9RUZ VBZtq�ZtR}W��Çi
W9qayµ{tW�qH`aZkganpZ�y¶bUT¥xaZtRL��TBRdY WNmBW�Rdc�ZtbL ¥T���b}W,np��n^� cjbd| nLx­Z¤{Pc «ª{�V,ThW9�onP�'´7TBR#cjq�npb}W�qa{PZhi3bd|7ZkV,Ztq7ZtRXW9�
��TBRdY£W9�jconpY cjqU, �t�
1w|�WBn�`­ZlZtqHganLZ�y c�q
W�� cfy%Z R}W�q7VBZ�T���b}W,np��n�npga{}| WBn�W�`anpT,�jg7bUZNxaThnLcjbUcjTBq�cjq7VV,©�t�
1Çi
b}W9RUVBZtb bUR}W,{~�Fcjq7VW, �l�;1Çi�W9qay npbURdga{PbUg7RdZ�Z�npbUcjYkW�bdcjT,qS,©�B��1à�%´7T,R cjqanLb}W9q�{PZhi%c�qX, �B��1ÇiFm%conpgaW��)npZlRdmhTBc�q7V�cfn'ganpZ¤y
bdT#{}|7ThThnLZ^bd|�Z^{lW9Y�ZtRXW�Y�T,bdc�TBq�bU|aW9bv�jZ�W,y7n�bdT:W^RdT,`7ganLb\W�qayNW,{t{Pg7RXW9bdZ�Z�nLbdc�YkW9bUcjTBq:T9�5�,®¿npbURdga{Ibdg7RUZh�

³vg7R'x7RUZ�npZlq%b'��T,Rd��conrc�q	Zl¦%bUZtqay%c�q7V�bd|7ZvxaT9�5ZtR'T9�§bd|7con�{P�oWBndnST��3W9x�x7RdT¡WB{}|7Z�nPiF`% #nL|7T�� cjq7V>|7T��HY�T,¢
bdcjT,q	c�q%��TBRUYkW9bUcjT,q�{tW�q�`aZ\cjq�{PTBRUx­T,R}W�bdZ�y+�F�¥Z�npbXW9RUb���RdT,Y¯T,q7Z\T��3bd|7Zvm%conpgaW��ªnpZtRUmhTBcjq�V���TBRUYkW9��cfnLYknY,©�t�
1Ç�
u�|7Zwx�RdTF{PZ�yFg7RdZ\T,g7bd��cjq7Z¤y�c�qS,©�t�;17��T,R y%ZtbUZtRdY:cjq7c�q7V\{ITBqFbdRdT,�+Z�ehgaW�bdcjT,qanScfn5npg7c�bdZ�y^��TBR5bd|7ZvganpZ�T9�3VBZlTBY�Zt¢
bdRdco{�c�q%��TBRUYkW9bUcjTBq�W9`aTBg�bz��Z¤W9bdg�RdZ�n\nLga{}|�WBn\xaTBc�q%bXnPi+��cjq7Z¤nwW�qay�{PcjRX{P�jZ¤nP�7��Z#np|7T��1|7T��1bd|7con���TBRUYkW9��cfnpY
{tW9qkYkW��hZ\ganpZ>T9�'Y:TBbdc�TBq7¢�`aW,npZ�y�cjqF��TBRdY£W9bdc�TBq)�Z(Çq·x�W9RdbUcf{Pg��fW9Rli7bd|7Z�Y�Zlbd|7TFy7n yFZ�nd{PRUcj`aZ�y�cjq bd|7con�xaW9xaZtR
ganpZvy% FqaW�Y�cf{ScjY£W9VBZ5xaW9RXW9Y�ZlbdZtRXn�nLga{~|#W,n���TF{Pgan�T��)Zt¦FxaW9q�npcjT,q�TBR5{PThZP°£{Pc�Ztq%bXn+cjq�bU|7Zv�B® W¤°:q7Z Y�T,bdcjT,q
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Y�TFy%Zt�à� 8¡ga{~|£W^ganpZ�T9�ry% FqaW9Y:cf{ cjYkW�VBZ\xaW�R}W�Y�ZtbdZlR}nr��T,R bd|7Z�x7g7RdxaT¡npZ^T��SmFcfnLgaW9�§npZtRUmhTBc�q7V�cfn�q7Zl��i7W9q�y
cjb�x�RdT�m%coy%Z�n W#npbXW9RdbUcjq7V#xaTBc�q%b���T,R TBbd|�ZtRwc�q%bUZtRdZ¤npbdc�q7V�{I�jThnLZ�y%¢��jThT,xNY�ZtbU|7TFy7n�ganLcjq7V�bU|7Z�nLZ�x�W9R}W�Y�ZtbUZtR}nI�

<'ZlRdb}W�cjqkRdZlYkW9RU�7n W�RdZ�cjqkTBRXy%ZtRv|7ZtRUZh���\npc�q7V�Y�T,bdcjT,qkcjq%��T,RdYkW�bdcjT,q�cfn T9��RdZl�jZtm,W9q�{PZ�TBq7�� �� |7Ztq bd|7Z
{tW9Y�ZlR}W·con�g7q�y%ZtRdV,TBc�q7V¶{IZtRdbXW9cjqµg7q��%q7T�� qµY�T,bdcjT,q)iSW�qay��lTBR#� |7ZtqHY:TB`7c��jZ#TB`7sLZ�{PbXn^W�RdZNc�q¶bd|�Z£«�Zt�fy
T9��mFcjZt���'u�|�cfn�cfn�bd|7Z�{tWBnLZN� |7Ztq bd|7Z�{tW9Y:ZtR}WNcon�WB{PbUcjq7VµW,n	W²npZtqanLTBR���TBR�bU|7Zk|7ThnLb�mhZt|7co{P�jZ:� |7ThnLZ
x7Rdc�YkW9RU �Y:cfndnLcjT,q^cfn3q7TBb'Y�ZtRUZ�mFcfnLgaW9�7Zl¦%x7��TBRXW9bdc�TBq)�¡u�|7cfnScfn3q7TBb5W9q#g7qFganpg�W9�ªnd{PZlqaW9RUcjT7��<'TBqanLcfy%ZtR5´�c�V7�7�
� |7cf{}|>y%Ztx7co{Pb}n)qaWtm%c�VhW�bdcjT,qaW9��npcjbUgaW9bUcjT,qan�� |7ZtRUZ W mhZt|7co{P�jZ'{lW9RdRU %c�q7V�Wv{tW9Y:ZtR}W Y�T�mhZ�n+W�`aTBg7b'bdT�x­ZlRp��TBRUY
b}WBnL�7n P nLga{}|�WBn�y%Rdc�m%c�q7VwT,q#W�|�cjVB|F� Wt hitT,RSxaZtRp��T,RdY�c�q7VvWw�oW9qay%c�q7V�npZ�ehg7Ztqa{IZ
Q}i�W�qay^bd|7Z¬{tW9Y:ZtR}W W,{Pb}n3WBnSW
npZtqanLTBRU �y%ZtmFcf{IZr��T,R'WtmhTBcoy%cjq7VvTB`�npb}W,{P�jZ¤nPi��jTF{tW�bdcjq�V\b}W�RdVBZlb}n�ZtbX{B��<'TBqFbdR}W,npbSbU|7cfn3bdT�W\nLcjbUgaW9bUcjTBq�� |�ZtRdZ5bd|7Z
{tW9Y�ZlR}W^cfn �
"�
H�����9���
�vnLb}W9bUcjT,qaW9RU �Zt¦7{IZtx7bv� |7Ztq�xaZtRp��T,RdY�c�q7V:W	m%conpc�TBq7¢�`aWBnLZ�yNb}W,np� P ZtV��jiax­T¡npc�bdcjT,q7cjq�V Q}�
u�|7Z cjY�xaT,Rdb}W�q%b�bd|7c�q7V�bdT�q7TBbUZwconSbd|aW�b�c�q�bd|7Z ��TBRUY�ZtR�{tWBnLZhiH�
��� �
	 	 ��bU|7ZtRUZvW9RdZv�jZ¤ndn'y%ZtV,RdZtZ�n3T9�+��RUZtZ�y%T,Y
W¤m,W�cj�fW�`7�jZ���T,R {PT,q%bURdT,�­bU|aW9q:cjq#bd|7Zv�fW�bdbdZlR�{lWBnpZ P |�T9�5ZtmhZtRliB� |7Ztq#bd|7ZvY�T,bdcjT,q	conSTBq7�� �Zt¦%bUZtRdq�W9�Çi¡WBn�� c�bd|
Y�T�m%c�q7V�TB`7sLZ¤{Pb}n\cjq�bd|�Z�nU{PZtq7Zhi3W��j�'bd|7Z:y%ZtV,RdZtZ¤nzT�� ��RdZtZ¤y%TBY YkWt  `­Z:Wtm,W9cj�oW9`7��Z���T,R�{PT,q%bURdT,� Q}�/(Çq�bd|7Z
npcjbUgaW9bUcjT,qan�cjq ´�c�V7�)�Bi7T,q7�j :bd|7Z�RdT,b}W�bdcjT,qaW9�3Y�T,bdcjT,q�T9�rbd|7Z>{tW�Y�ZtR}W�cfn {PT,q%bURdT,�j�fW�`7�jZ¡�

´�c�VBg7RUZ���$	����� � !"��#$� %'&(� )�*+� #+,(��#$� %-&�*
(Çq�bd|7con\xaW9xaZtRli���Z:np|�T9�±bU|aW9b�bU|7Z	��TF{Pgan�T9�¬Zt¦%x�W9qanLcjTBq {tW9q¶`aZ#bdRUZ�W9bUZ�y£sLg�npb^��cj�hZ>VBZtT,Y�ZtbdRUcf{^c�q7¢

��TBRdY£W9bdc�TBq)�au�|FganIi+W�nLbdRXW9cjV,|%bL��TBRU� W9RXy�W9x7x��jcf{lW9bdc�TBq�T��'bd|7Z�mFcfnLgaW9��npZlRdmhTBc�q7V#x7Rdc�qa{Pcjx��jZ\conwxaThndnLcj`7��Zh�a�¥Z
cj�j��ganpbUR}W�bdZvbd|7con�`F �{PT,qanpcoy%ZtRUcjq7V>bd|7Z\bXWBnL�	bUT#W9�jc�VBq�bU|7Z\T,x7bdco{tW9�§W9¦Fcfn�T��SbU|7Z�{tW�Y�ZtRXWz� c�bd|�bU|7Z�y%c�RdZ�{IbdcjT,q
T9�5bdRXW9qanL�fW9bUcjT,q/.h|7Zlqa{PZP��T,Rdbd|�RdZI��ZtRdRUZ�yNbdT WBn\bU|7Z5�
	 � �����!�*� " " �;�$0��)�¥Z#W��fnpT nL|7T��¿|7T��¿bU|7Z�mFcfnpg�W9�'nLZtRd¢
mhTBcjq�Vk{tW9q�`aZ	g�npZ�y�cjq²{PTBY:x7�jZtbUZt�j :q7Zt�¿�¬Wt 7nIi+`%  cjqa{ITBRdxaT,R}W9bUcjq7V bd|7Z#xaW�R}W9Y:ZtbdZtRXn�T��vbd|7Z#�,® W¤°:q7Z
Y�TBbUcjTBq�Y�TFy%Zl��cjq²bd|7Z {PT,q%bURdTB�5Z�ehgaW9bUcjTBq�nP����Z y%ZtY�T,qanpbUR}W�bdZ�bU|7ZkW9x�x7RdT¡WB{}|H`F ¥x7RUZ�npZlq%bUcjq7V�{PTBqFbdRUTB�
Z�e g�W9bdc�TBqan)��TBR'bd|7Z�W9��cjV,q7Y�ZtqFb�bXWBnL�+��L W�RdbU|�W�qay	u nLgBsLc , A�17|aWtmhZ x7RdT,xaThnpZ¤y�W�nd{}|7ZtY�ZS��TBR'bU|7Z\W��jc�VBq7Y�Zlq%b
b}WBnL�+i7`�WBnpZ¤y·TBq�«a¦�W9bUcjT,q)�7�¥Z�� c��j�)yFcfnd{Igandn bd|7ZlcjR nU{~|�ZtY�Z�W¤��bdZlR x7RdZ�nLZtqFbdcjq�V�TBg7RXnP�

u)T�� W�R}y7n�bd|7Z:Ztqay¶T9��bU|7cfn�xaW9xaZtRli��5Zknpg�VBVBZ¤npb:W9q
W�x7x7��cf{tW�bdcjT,q¥��TBR#bd|�Z��%c�qay¶T9�z{PTBqFbdRUTB� �5ZNW�RdZ
x7RdT,x­T¡npc�q7V7��� {PT,g7x7��cjq7V�T9��ehgaW��jcjbXW9bUcjmhZ�mFcfnLcjT,q	Y�Zlbd|7TFy7n'W�qay�WB{IbdcjmhZ mFcfnLcjT,q	Y�Zlbd|7TFy7nScon�W�q�cjqFbdZlRdZ�nLbdcjq�V
y%cjRUZ�{Pbdc�TBqkbd|�W9b\q7ZlZ�y7nwbUT	`aZ�Zt¦Fx7�jT,RdZ�yª�7�¥Z�T,g7bd��cjq7Z>bd|7con�coy%Z�W�`%  {PT,qanpcoy%ZtRdc�q7VkW#e g�W9�jc�b}W�bdcjmhZ�Y�Zlbd|7TFy
bd|aW�b�{lW9q:y%ZtbdZ¤{PbSY�T�mFcjq7VvTB`7sLZ�{Ib}n'npZtZlq	`F �W�{tW�Y�ZtR}Wvbd|aW�b�c�b}nLZt� �ªcfnSg7q�y%ZtR'Y�TBbUcjT,q�, �
1Ç�hu�|�Z\ehgaW9��cjbXW9bdc�mhZ
Y�Ztbd|�TFy·g7qayFZtR>{PTBqanLcfy%ZlR}W9bUcjT,q���TBRU�7n\�5Zt�j�3c �'bU|7Z�Y�T,bdcjT,q�T9�5bd|�Z�{tW�Y�ZtRXW�conPi7��TBR�Zt¦�W9Y�x7��ZhiaW9��TBq7Vkc�b}n
TBx7bUcf{tW�� W9¦FcfnI�Su)T�cjY�x�RdT�mhZ^bU|7cfn�nLTB�jg�bdcjT,q)i�bU|7Z�YkW�cjq�cfy%Z¤W·cfn�q7TBb�bUTN«aqayµW·V,Ztq7ZtRXW9�vnLTB�jg�bdcjT,q¶� |7co{~|
Zt¦%bUZtqay7n'bd|7Z�x7RUZtmFcjTBg�n�TBq7Z>`7g7b bdT#ganLZ^nL 7nLbdZtY {tW�xaW9`7c��jc�bdcjZ¤n�bdT:{Pc�R}{Pg7Y#mhZIq%bSbU|7Z�RdZ�nLbdRUcf{PbUcjTBq�n�cjq�T,R}y%ZtR
bdT�`aZ�W�`7�jZ>bdTknLbdc��j�3ganpZ>bd|7Z�c�q7cjbUcfW9�)Y:Ztbd|7TFyk� |7cf{}|kcfn\nLcjY�x��jZ\Ztq�TBg7V,|�W9qayN�Fq7T�� q�bdT�`aZ�RUTB`7ganLb�W9q�y
ZP°k{IcjZtqFbt�ª�¯x7RUTBY�conpcjq�VNW�x7x7RUThWB{}| {PTBq�npcfnLb}n^c�q¶y%Z¤npcjV,q7cjq�V�WB{PbUcjmhZ#nd{}|7ZtY:Z�n\cjq�TBR}yFZtR�bdT�y% %q�W9Y�co{tW9���j 
x7�fW,{PZ\bd|�Z^{lW9Y�ZtRXW�c�qNnLTBY�Z��Fq7T�� qkbdR}W,{Pb}W�`7�jZ>{PT,q%«aV,g7R}W�bdcjT,q�W9qay�bU|7ZtqNbUT�ganpZ>nLcjY�x7��Z\cjqFbdZlRdx7RUZtb}W�bdcjT,q
Y�Ztbd|�TFy7nP��u�|7con�cfn3x7RdZ�{IcfnpZl�j �WwV,ThW��7T9�§bd|7Z¬WB{PbUcjmhZ'm%conpgaW��7b}W,np�Äy%Z�nd{IRdcj`aZ�y�|7ZtRUZh�Bu�|�Z x7RdT,x­T¡npZ�y#{PT,g7x7�jc�q7V
T9�vWkehgaW9��cjbXW9bdc�mhZ�Y�Ztbd|�TFy�W9qay�W9q²WB{PbUcjmhZ�mFcfnLgaW9�SY:Ztbd|7TFyNconwm,W9��cfy7W�bdZ�yN`F �W�RdZ¤W9�'Zt¦�W9Y�x7��Z�cjq�� |7co{~|
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W�Y�T,`7cj��Z�{tW�Y�ZtR}W>y%ZtbUZ�{Pb}nvW�Y�T�m%c�q7V^T,`7sLZ�{Pbt�H(Çq xaW9RUbtiacjb cfnvW9�onpT:W	yFZtY�TBq�npbdRXW9bUcjTBq bdT:np|7T��/bU|aW9b�bd|7Z
npZtRUmhTBcjq�V·Y:Ztbd|7TFy�n�yFZ�nd{PRUcj`aZ�y�|7ZtRUZ	�5TBRd��q�TBb^T,q7�j �c�q¥bU|7Zk{tW,npZ#T9��W npb}W�bdco{�ZtqFmFcjRdT,q7Y�ZtqFbti7`�g7b�W��fnpT
� |7Ztqkbd|7ZlRdZ>W9RUZ^nLYkW9���+Y�T�mFcjq7V�T,`7sLZ�{Pb}n�c�qkbd|7Z>nd{IZtq7Zh�

(Çq npg�Y�YkW9RU hih� |aW9bv��Z>x7RdZ¤npZtqFb cfn W�q�W9x�x7RdT¡WB{}|�bdT#bd|7Z�bdc�VB|Fbv{PTBg�x7�jc�q7V	T��'`aZt|aWtmFcjTBRvW�qayNY�T,bdcjT,q
x­ZlR}{PZtx�bdcjT,q)����Zkq7TBbUZkbd|aW�b	T,g7R	c�q7q7T�m,W9bUcjmhZ�ganLZkT9��bd|7Z y% FqaW9Y:cf{	c�YkW9V,Z�xaW9RXW9Y�ZlbdZtRXn�cjq {PT,q%bURdT,� cfn
q7TBb>�jcjY:cjbdZ¤y£bUTNbU|7Z�b}W,np�²y%Z�nU{PRdc�`­Z¤y |7ZlRdZh� (Çb�|aW,n^VBZtq7ZlR}W9�5W�x7x7�jco{tW9`�cj�jc�bL �6acjb�cfn\xaThnUnpc�`7�jZ�bUTNganLZknpg�{~|
y% %q�W9Y�co{�xaW�R}W�Y�ZtbdZlR}n���TBRvm,W9RUcjTBg�nwW,{Pbdc�mhZ\m%conpc�TBqkb}W,np��n�bUT	T,`7b}W�cjq·�àW,npb�W9qaykRdT,`7ganpb�{PT,q%bURdTB�3Y�ZtbU|7TFy7nI�
³wg�Rwc�q%bUZtq%bUcjT,q·|�ZtRdZ>cfn bdT�x7RUT�m%coy%Z�W�nLb}W�Rdbdc�q7V�xaTBc�q%b ��TBRznpga{}|�W�x7x7RdT¡WB{}|7Z�nI�)QSW9RUb}nwT��5bd|7con��5TBRd�k|aWtmhZ
W9x7xaZ�W�RdZ�ykcjqX, ���%ia�
.Fia�B�7ia��A
1Ç�
� � �9�'���	���k��
����������
(Aq bd|7con\npZ¤{Pbdc�TBq)ia��Z>RdZtmFcjZt�Obd|7Z�`aW,npco{^x7Rdc�qa{Pcjx��jZ�n�T���mFcfnLgaW9�rnpZtRUmhTBcjq�V7�ª®wZtb}W�cj��Z�yNy%Z¤nd{PRUcjx7bUcjTBq�nw{tW�q�`aZ
��TBg7qaykcjq ,©�t�7i)�
Ahia�%�hia�F0;1à�

u�|�Z	x7RUcjqa{Icjx7��Z�T9�vmFcfnpg�W9�5npZtRUmhTBc�q7Vkcfn\bdT ganpZ#m%conpgaW��'cjq%��T,RdYkW�bdcjT,q¶W,n�T,`anpZtRUm,W9bdc�TBq¶c�q¶{I�jThnLZ�y%¢��jThT,x
{PTBqFbdRUTB�a� |7Ztq�bU|7Z�y%Z�npc�RdZ�y#{PT,q%«aVBg�R}W9bUcjT,qN{lW9q#`­Zzy%Z�nd{IRdcj`aZ�y#WBn5W�xaW�RdbUcf{Pg7�oW9R'mFcfnpg�W9�+T,`anpZlRdm,W9bUcjTBq§�7u�|7Z
{PTBqFbdRUTB� cfn�ZP¨ªZ�{PbUZ�y¶TBq bd|7Z�{tW9Y�ZlR}WNxaThnLcjbdc�TBq W9qayHT,RdcjZlq%bXW9bdc�TBqµTBR#TBq W�qHZt¦FbdZlRdqaW�� TB`7sLZ�{Pb#nLga{}|
WBn
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(a) Before Control (b) After Control
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FOE-based  Method

Alignment Task

Affine parameter Methods

Angular Velocity ControlAngular Acceleration Control

Using a1 and a4 Using U/Z and V/Z

Using a1 and a4
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� ³v`7b}W�cjqkbL��T#npg�{t{PZ�nUnpcjmhZ�cjYkW�VBZ�nIi
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u�|�RdZtZ�yFc ¨ªZtRdZlq%b'�Fcjqay7n'T9��Zt¦Fx­ZlRdcjY:Ztq%bXn���ZlRdZ�{PTBqayFga{PbdZ¤y+�7u�|7Zv«aR}nLb cfn�bUT�y%ZlY�TBqanLbdRXW9bdZ�bd|7Z�W,{Pbdc�mhZ
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Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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