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Multi-Point Compliance Control for Redundant Manipulators

Toshio Tsun*, Toshiaki Takauasur* and Koji Ito*

Compliance control is one of the most effec-
tive control methods for mani;ﬁulators in con-
tact with their environments. In the present
paper, we argue that kinematic redundancy of
the manipulators should be positively utilized
in terms of the compliance control. Although
it is widely recognized that redundancy rep-
resents a key towards design, control and
task planning of more versatile manipulators,
no previous investigations of the compliance
control have taken account of advantages of
kinematic redundancy.

This paper proposes a new method called
multi-point compliance control which is able

to regulate the compliance of several points on .

the manipulator’s links as well as the end-point
compliance utilizing kinematic redundancy.
First of all, we define those points on the
manipulator’s links as vitrual end-points, and
formalize kinematic relationships between the
joint compliance and the virtual end-point
compliance. We then point out that the joint
redundancy of the manipulator decreases as
the number of the virtual end-points is in-
creased, and the manipulator finally becomes
over-constrained. The method presented here
can give the optimal solution for both the
redundant and over-constrained cases and can
assign the order of priority to each end-point
according to the given task. Finally, it is
shown that the multi-point compliance control
can regulate compliance of the virtual end-
points for obstacle avoidance while controll-
ing the actual end-point compliance for the
given task.

Key Words : compliance control, redundant ma-

nipulator, obstacle avoidance, virtual arm
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Table 1 Link parameters

Link {(i=1, -, 6)
Length (m) 0.2
Mass (kg) - 1.57
Center of mass (m) 0.1
Moment of inertia (kg.m?) 10.0
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Table 2 Compliance matrices
Desired values ‘Computed values (using Eq. (6))
Actual end-point |[ 0005 0.000 0.0007 0.00496 —0.00000 —0, 02047
) 0.000 0.001 0.000 ||| —0.00000 0.00100 —0.00000
Compliance, C, L0.000 0.000 ©.001. 0.02947 —0.00000  0.22906
Virtual end-point | [0-005 0-000 0.0007 | [0.00000 0.00000 0.00000
_ 0.000 0.001 0.000 0.00000 0.00001 0.00010
Compliance, Cos 1] 000 0.000 0.001] | L0.00000 ©0.00010 0.00099
Virtual end.point |[0-005 0-000 0.0007 | F0.00500 ~ 0.00000  0.00000
_ 0.000 0.001 0.000||]0.00000 0.00100 —O0.00000
Compliance, Co. | 000 0.000 0.001J | L0.00000 —0.00000  0.00100
Joint compliance, C; (using Eq. (20))
0.00099 —0.00156 —0.00015  0.00072  0.00000 —0.00000
—0,00156  0.00842 —0.15021  0.06206 —0.08661  0.05763
—0.00015 —0.15921  0.20882 ~—0.13953  0.13159 —0.04444
0.00072  0.06206 —0.13953  0.07811 —0.04645 —O0.01216
0.00000 —0.08661  0.13159 —0.04645  0.16262 —0.24556
—0.00000  0.05763 —0.04444 —0.01216 --0.24556  0.55745
L185.
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Fig.7 The Response of the manipulator for dis-
turbance force using the multi-point com-
pliance control (an over-constrained case)
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