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The Estimation for the Forward Kinematic Solution of Stewart Platform
Using the Neural Network

Hyung Sang Lee*, Myung Chul Han**, Min Chul Lee**

ABSTRACT

This paper introduces a study of a method for the forward kinematic analysis, which finds the 6 DOF motions
and velocities from the given six cylinder lengths in the Stewart platform. From the viewpoints of kinematics, the
solution for the inverse kinematic is easily found by using the vectors of the links which are composed of the
joint coordinates in base and plate frames, to act contrary to the serial manipulator, but forward kinematic is
difficult because of the nonlinearity and complexity of the Stewart platform dynamic equation with the
multi-solutions. Hence we, first in this study, introduce the linear estimator using the Luenberger's observer, and
the estimator using the nonlinear measured mode! for the forward kinematic solutions. But it is difficult to find the
parameter of the design for the estimation gain or to select the estimation gain and the constant steady state error
exists. So this study suggests the estimator with the estimation gain to be learned by the neural network with the
structure of multi-perceptron and the learning method using back propagation and shows the estimation

performance using the simulation.
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(a) Real picture (b) The decision of the frames

Fig. 1 The Stewart platform

(b) joint and link vectors
Fig. 2 joint vector
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Table 2 learning patterns for the neural network

Error Diff. Error K

PL NL PS NSIi{PL NL PS NS L.M,S
1 0 0 0 I 0 0 0 L
1 0 0 0 0 1 0 0 M
1 0 0 0 0 0 1 0 L
1 0 0 0 0 0 0 1 L
0 1 0 0 1 0 0 0 M
0 1 0 0 0 1 0 0 L
0 1 0 0 0 0 1 0 L
0 1 0 0 0 0 0 1 L
0 0 1 0 1 0 0 0 L
0 0 1 0 0 1 0 0 S
0 0 1 0 0 0 1 0 M
0 0 1 0 0 0 0 1 S
0 0 0 1 1 0 0 0 S
0 0 0 l 0 I 0 0 L
0 0 0 1 0 0 1 0 S
0 0 0 1 0 0 0 1 M

# PL : Positive Large, NL : Negative Large, PS : Positive Small,
NS : Negative Small, L : Large(500), M : Middle(250), S : Small(10)
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(b) error of translation and rotation motion
Fig. 10 estimation of forward kinematic estimator

using the nonlinear measurement model
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