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Impedance control of an anthropomorphic slave arm for telexistence
in consideration of redundant degrees of freedom
—Study on Telexistence (XL)—

Kiyohiro Sogen, Shuhel Nakagawara, Yoshiaki Asahara, Riichiro Tadakuma,
Hiroyuki Kgjimoto, Naoki Kawakami and Susumu Tachi
The University of Tokyo

Abstract: We introduce the mechanism and control method of an anthropomorphic slave arm developed for the next-generation
telexistence robot TELESAR (TELE-existence Surrogate Anthropomorphic Robot ). We decided upon a dave arm with
anthropomorphic seven degrees of freedom in order to realize both precise manipulation and gesture communication. |mpedance control was
adopted in consideration of contact safety with humans. We first evaluated the impedance control only in the slave arm. Then, we performed
unilateral master-dave control. Finally, we introduce a solution for the problem of redundant degrees of freedom using a small posture
Sensor.
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: Fig.3 El b ‘sensor to measure additional degree of freedom
Fig. 1 Anthropomorphic slave arm with seven degrees of freedom

000000 [No.04-400000000000000000°0400000 2004.6.18020 0000
1P1-H-72(1)



2.1
]
T
2
(Mg.Bg.Kq) [4]
=M (©)0+V(0,0)+G(0) - Feyq (@)
Feg =My X+ By (X = Xo)+ Ky (X =X,) (2
T 0: M (®):
V(0,0): G(o): J:
FEXT: (Mdle!Kd):
X:
XO:
1 c) e)
I:EXT
2 ) X
X =J0 X
3. @
X" = Mg F M "By (X = Xg) - Mgy (X = Xo)
)~(~*
4. O =3X"-3%e 6"
[9]
T
6 T 1
2.2
) Xo  Xo=Xy (Xy:
)
7 J 6x7
©)]
6=3T@wH x4 x 3)
(X =0, X = const) © =0,0 = const
o [
( )
Fig. 3
Yaw 11 6

Yaw

1 PD
6% 6
1
3
31
PD O[deg] Fig. 4
90[deg]
(Fig. 4 )
Xo Xy z 1
Xo 3[cm]
=0
(M d:’ Bd ’ Kd )
Fig.4 Loca impedance control experiment of the dave arm
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Fig.5 Armmotionin x direction. (Top:
My =15kg],By = 75N -s/m],K  =300[N/m]
Bottom:

My =15kg],By =30[N-s/m],K  =300[N/m])
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Fig. 6 Information flow in unilateral master-slave control
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Fig. 7 Accuracy of following ability in master-slave control
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