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Manipulation with Non-contacting Phase

(Cyclic RAC Motion)
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Abstract: While there have been many works concerning the manipulation of a moving object such
that "juggling", most of them do not consider the capturing phase where the object is completely
grasped by the hand. In this paper, we discuss manipulation with non{contacting phase by multi{
ångered robot hand. In particular, we focus on the cyclic of the released and catch motion (RAC
motion) on a table. We consider the basic strategy of RAC and implement it into three-ångered
robot hand to verify the idea experimentally.

Key Words : Non-contacting Phase, Cyclic RAC Motion, Multi{ångered Robot Hand

1 ����

����� !"#$%&'()*+,-./0123
� !&4567+89:;<=>?@AB+CDE&
F1GHI3JK (LMN)OP@JK (QLMN)&RS
T;+CDE&UVWX�YZ[\]O^12\_`�
a1.+]#b(ZLMNZc;+QLMN&d([S
ef&g��-hij1kl@\]O&mnO@\_Q
LMN&opCDE#[Sef&g��-ZqrI3s
OI<+t�uviuef1)wxyz2g��-2)+{O
| �}~ � !&�9*(g��-3)AB^�\_I
�I+]��#�a#�O0B.+��&�e@\CD
E&��AB1�9?@+�\�.4567\]O&m
nOI<�S+CDE&GHI3�N.��IA�_`
�a1.QLMN&d([SefOI<+Fig.1#b(Z+
�01�\� !&PI+��?�<23� !&��
GH@\Release And Catch (RAC) ef&�S�(_�
Z+RACef&��nZ�S?I'(]O&��OI<
g��-hij#ef��&� I+k¡k¢&'(_

2 �����RAC	


Fig.1.,-Zb\RACef#£s1�\_Fig.1(a)#
¤¥¦§��Fig.1(b)#b(Z¨&�><� !&��
ZP@O� !.©ªI+« ¬!Z®I<Fig.1(c)
#b(Z¯°±Z��¯^�<²\_£³Z+E´µ#
¶·¸¹.1bSº»�37+3¼½¾Z� !&¿À
©ª»Á3¼51.+� !.¤¥
»Â1Ã�<ÄA
�_,-.� !^Å#
»Â1Ã�<]A�]O&Æ�
<�\#1+Fig.1(d)#b(ZhijÇ´1� !&È
(b(A¨¦§&É�3ÂÂhij&ª°Z±5<e�
I+��¯^�<²\� !&Ê;\ËÌ&@\_ÍI
<Fig.1(e)#b(Z� !^Î ÏZLM@\OÐÑZ
¨&ÒÓ<� !#Ôe&ÕÖ×nZØÙI+ÚÛÜÛ
GH&ÝÞ@\_I�I+� !&ÚÛÜÛGHI3J
K1.ßà²� !&PI<��RACef&'(#^á
âA37+hij&Å#
»ZÃ@OÐÑZ+ÚÛÜÛ
GH��¨ãGHäOCDE#89:;ef&'(_å
ª+Fig.1(a)�� (f)#ef&�S?@]O1+,-.�
�nZRACef&'(]O^12\_

(a) (b)

(c) (d)

(e) (f)

Fig.1 RAC motion by human
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Fig.2 RAC motion by robot hand
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Fig.3 Simulation result
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Fig.4 Experimental result
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