A Rl

sTAlBEMRIEHFS mXE

P % % o 5

(P. ~P. )

S¢E

U A mas s ®mys



[ﬁiﬂjéij’;%‘iiﬁl%ﬁ%axﬁ
Vol. 28, No. 12, 1461/1468 (1992)

Za—FNFy MIEBM U E—F RN A—S IR LT
o B OR*eE OB OE - B OE A

lterative Learning of Impedance Parameters for Manipulator Control
Using Neural Networks

Toshio Tsujr*, Masataka NisHma* and Koji ITo**

Impedance Control is one of the most effective control methods for the manipulators in contact with
their environments. The characteristics of force and motion control, however, are determined by the,
desired impedance of end-effectors which must be designed according to the given tasks. In the present
paper, we propose a method to regulate impedance parameters of the manipulator’s end-effector using
neural networks. Three kinds of the Back Propagation typed neural networks are prepared correspond-
ing to position, velocity and force control of the end-effector. Firstly, the neural networks for position and
velocity control are trained using iterative learning of the manipulator during free movements. Then, the
neural network for force control is trained for contact movements. During the contact movement, the
virtual trajectory of the end-effector is modified to reduce the force control error. Computer simulations
shows that the method can regulate not only stiffness and viscosity but also inertia of the end-effector,
and can realize smooth transition from free to contact movements by regulating impedance parameters

before contact.

Key Words: impedance control, robot manipulator, neural networks, trajectory control, force control,

iterative learning, virtual trajectory
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Fig.3 Neural network for trajectory control
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Table 1 Impedance parameters before and after learning for free movement
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1.00605 1.08828 1.40561 1.25643

after learning [495.19279 0.44871] [497.59935 0.41674]

(10 trials)

0.44652 475.05515

0.56942 494.30498
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Fig.8 End-point force patterns of the manipulator during
learning of a constrained movement (N =100)
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Fig.9 Learning results of virtual trajectories for contact
movements (N=0, 100, 200)
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Table 2 Impedance parameters before and after learning for free contact movement (N =100)

E[M,] 7[Bal E[K,]
before learning { 3.64677 —1. 81733] [ 1816.51098 —899. 88635] { 1802.87264  —858. 30643}
—4.53264  4.88745. —2256.31941 2422.31156 —2235.63566  2310.56670
after learning [ 2.40574 —0. 10942} [ 1198.88872  —53. 43823] [ 1196.01721 50 52533]
(30 trials) —0.30697  0.27765 —152.88977 137.68601 —151.66848  131.14677
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