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Abstract

An unified compliant control algorithm to regulate the force by dual arms is proposed, where two
arms are treated as one arm in a kinematic viewpoint. The force error calculated from the information
of two force/torque sensors attached to the end of each arm is transferred to minimum actuator
coordinates, and then is distributed to total system actuator coordinates. The position adjustment at
the total actuator coordinates is computed based on the effective compliance matrix with respect to
total actuator coordinates, which is obtained by coordinate transformation between the task
coordinates and the total actuator coordinates. An experiment is carried out for dual arms with
asymmetric Kinematic structure to control an interaction force between manipulators and the
environment. The performances of the proposed control algorithm are experimentally compared to
those of dual arms employing master/slave scheme. The proposed compliant control algorithm not only
outperforms other algorithms, but also can be treated as an unified approach in the sense that it can
be applied to arbitrary dual arm systems with general kinematic structures.
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- Nonredundant manipulator : M=N
serial-type : R=1
parallel-type : M=N and M;,=N(i=1,-,R)
nonparallel-type : M=N and some Mp>N
(fully parallel or In-parallel manipulator :
M=N and M;=N=R (i=1,,R))

- Kinematically redundant manipulator : M>N
serial-type : R=1

parallel-type : M,=-+-= M, and MpD>N
nonparallel-type : M,=--= M, and some of
M >N

- Qverconstrained-type manipulator : M<KN
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- Force nonredundant manipulator : A=M

- Force redundant manipulator : A> M
(or redundantly actuated manipulator)
kinematically nonredundant type : A>M=N
kinematically redundant type : A> M>N.
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Fig. 3. Block diagram of the proposed compliant
control scheme.
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Fig. 4. Description of the grasped object.
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Table 1. Kinematic parameters of PT200V

robot.
eter | Link Length | Twist Angle| Offset | Rotation Angle
Joint @ a; d; 0;
1 0m 90° 04 m 3
2 0m 0 0m g2
3 025 m 0° Om 03
4 025 m X° Om 4
5 0m 0° 0065 m s

x 2.SCARA 2359 7|73} slejo|ed
Table 2. Kinematic parameters of SCARA

robot.
ameter | Link Length | Twist Angle | Offset | Rotation Angle
Joint a; a; a o
1 Om 0° 0m N
2 0.367 m o 0m 9
3 0233 m 0° ds m 0
4 0m 0 Om 84

k3 3.7 W 2% Axde] 2724
Table 3.Initial configuration of dual arm

system.
Robot
PT200V Robot SCARA Robot
Initial Angle
& -9.21° 589°
02 20.75 85.46°
03 or ds 34.89° 0.17 m
B4 244° -54.39°
95 9.21° -
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’ controller.
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