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Transplanting Human Skillful Motion to Manipulator
in Insertion of Deformable Tubes
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One approach of transplanting human skillful motion to a manipulator is presented. Human
action during the insertion of a deformable hose into a plug is measured by use of the position and
the force sensors, and analyzed with regard to the contact between the hose and the plug. It is

found that the pull motion during the process is e�ective for the successful insertion of a deformable
hose into a plug. Embedding e�ective pull motion in a manipulator program, it turns out that the
manipulator can perform the insertion successfully.

Keywords: manipulation, human motion, teaching, part mating, soft objects

1 ��

��Fè��ÔD)&? ß¥DyWA1Y+2&
�cF�>D §U*-ù¶4S6&òðFvmqz�#
c{��®+%0UXW [1]!§U*&òðG �®Z
D9F¶Ö+5,-ù�6W�Åå+�&!ßIG ò
ðFù¶[
ODzw4 ¶ÖS��FHU>,D4Í
4?�®[8æ6W1A+@,W!ßIF1FT'CÅ
}G 2N3NCFAL*UFVAA ¥�S�F�½
A[^�28W1AD%W [2]!§U*&õ3[�'ß
IF1FT'CÅ}[vmqz�#gD�;8W;QF
�>FýþA4? vmqz�#c{�D)/WßIF

OC�½[[©4 vmqz�#gD�×6W¥þ+
�(UXW!mü�@G u#e[£
D,Ã6W�®
[4ÒD4? ßIFOÅ½�F[©Avmqz�#g
KF�×[�OW!

2 Ê¡��Ë�ÏÎ�� ���Ñ���¢

Í×ªÕ

ßI+u#e[£
D,Ã6W�®[�C'A,D
G u#e[£
D#Ø28 ¥�@}[FV4 u#
eF�4�O³�S¯+V[á06WAARD IEW 
�4�P �-A&=;½�[�C& �®[ÞQW!
u#eA£
AF�WJµDYq6WA �®t�fe
G à 1D�6T'C (a)#±T= (b)#ØT= 
(c),ÃT= F�>*UæW1A+Z*W!#±T=
AG u#e[£
D#Ø28WN@Ft�fe@%W!
ßIGu#e[ Ó*U�4»?WF@GC- %We
»CBi[R=?¡Q*U£
D#±28W!#ØT=
AG u#e+£
D#Ø4?*Uu#eF
+£
D
ÃWN@Ft�fe@%W!ßIG �4½�S�,½
�[u#eDv(WAARD }AS�ADTVu#e
F
+£
DGN=?&W*é*[ÈS6W!ÈS+�
ÂCÔ�DG ìxCÈS+�ÅCT'D"°dDu#
e[�½28W!,ÃT=AG %U*5QbQUX;
Ý2N@u#e[�4�Pt�fe@%W!1FA,ß
IG u#e+£
A#Ø4>>½-ciF}[u#e
D�w28WAARD }A¼FFAD�5?u#eF
�½[e�dDã�6W!�ÓFT'D §U*&GÖ
òðFGQ%&�®D)&? ßIFOÅdC�½G 
¥�+òðDv(W�½AFA*UFÖ­ÈS FAr\#
lnh_DTWe�dC�½ûçD%WA�(UXW!

hose

plug

(a) (b) (c)

Fig. 1 Process of hose insertion into plug
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Fig. 2 Measuring equipment
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Fig. 3 Example of human motion measurements
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Fig. 4 Measured force in insertion by manipulator
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