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Impedance Control for Redundant Manipulators :
An Approach to Joint Impedance Regulation Utilizing Kinematic Redundancy

Toshio TSUJI*! and Achmad JAZIDIE*2

The present paper argues that kinematic redundancy of manipulators should be positively utilized in terms of
impedance control, and proposes a new impedance control method for redundant manipulators. The proposed method
can control not only end-effector impedance using one of conventional impedance control methods but also joint
impedance which has no effect to end-effector motion of the manipulator. Regulation of the joint impedance enables
to specify dynamic behavior of joints for unknown external forces beforehand. By setting impedance of specific joints
very large, for example, it becomes possible to suppress the motion of the corresponding joints and reduce joint degrees
of freedom of the manipulator substantially.

In this paper, firstly, joint impedance controller is incorporated to the end-effector impedance control system, and
a sufficient condition about joint impedance for satisfying a given end-effector impedance is derived. Then, the
optimal joint impedance corresponding to a given desired joint impedance is analytically derived using the least square
method. Finally, computer simulations are performed using a four-joint planar manipulator in order to confirm of the

validity of the method.
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Fig.1 Block diagram of Hierarchical Impedance Control (HIC).
The HIC can control joint impedance as well as end-
effector impedance of the manipulator.
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Table1 Link parameters of the four-joint planar

manipulator.
link 7 (¢=1,2,3,4)
length [m] 0.2
mass [kg] 1.57
center of mass [m] 0.1
moment of inertia [kgm?] 0.8
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Table 2 Computed results of joint stiffness matrices under the hierarchical impedance control. The end-effector
stiffness matrix K, is given as K.=diag. (100,.100) [N/m].

Tyoe Desired joint stiffness Weighting Computed joint stiffness
P matrix, K;*[Nm/rad] matrix, W matrix, K;[Nm/rad]
[10.0 0.0 0.0 0.0} [1.0 0.0 0.0 0.0] 5.8 3.2 271 4.17
0.0 100.0 0.0 0.0 0.0 1.0 0.0 0.0 0.8 2.9 —%. 28
a . Hierarchical 0.0 0.0 100.0 0.0 0.0 0.0 1.0 0.0 4.1 251 —13.2 4.9
impedance | 0.0 0.0 0.0 10.0) | 0.0 0.0 0.0 1.0] G(K;) =103.8[ (Nm/rad) ]
control, 0.0 0.0 0.0 0.0] (1.0 0.0 0.0 0.0] 0.9 218.5 158.6 0.8]
eq. (19) 0.2 8.6 —6.7 0.2
0.0 100.0 0.0 0.0 0.0 10.0 0.0 0.0 0s a7 oo 01
0.0 0.0 100.0 0.0 0.0 0.0 10.0 0.0 0.8 220.5 99.2 0.71
L 0.0 0.0 0.0 10.0] | [0.0 0.0 0.0 1.0] G (K;) =363.0[ (Nm/rad)]
f10.0 0.0 0.0 0.0} (1.0 0.0 0.0 0.0] 12.5 —7.8 17.8 1.6
b . Hierarchical —7.8 211 —34.2 12.9
Hiera 0.0 100.0 0.0 0.0 0.0 1.0 0.0 0.0 e 33 sa3 —174
impe anc‘? 0.0 0.0 100.0 0.0 0.0 0.0 1.0 0.0 1.6 12.9 —17.4 12.14
control with 1 0.0 0.0 0.0 10.0] | [0.0 0.0 0.0 1.0] G(K) =109 .6[ (Nm/rad)]
positive T 29.1 18 137 639
Aefing 0.0 0.0 0.0 0.0 1.0 0.0 oooow 7 3.1 A .3
ﬁeﬁi-deﬁi;te 0.0 100.0 0.0 0.0 | [0.0 10.0 0.0 0.0 lg3.1  78.9 —12.3 188.8
joint impedance, ) : ) ’ ) ) ) : 137.4 —12.3  92.4 80.4
eq. (26) 0.0 0.0 100.0 0.0 0.0 0.0 10.0 0.0 639 3 188.8 80.4 584.9
| 0.0 0.0 0.0 10.0] Lo.o 0.0 0.0 1.0] G (K;) =1361.9[ (Nm/rad) ]
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