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Study on Forward Kinematics of Stewart Platform Using Neural Network
Algorithm together with Newton-Raphson Method

+ 48, & a”
Sanghwa Goo, Kwon Son

ABSTRACT

An effective and practical method is presented for solving the forward kinematics of a
6-DOF Stewart Platform, using neural network algorithm together with Newton-Raphson method.
An approximated solution is obtained from trained neural network, then it is used as an intial
estimate for Newton-Raphson method. A series of accurate solutions are calculated with
reasonable speed for the entire workspace of the platform. The solution procedure can be used
for driving a real-time simulation platform.

FQa 71480 : Neural network(27Z %), Stewart platform(25Fo]lE ZPE), Forward
kinematics(<= 7] 7€), Inverse kinematics( 7] 738H
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Fig. 2 Neural network approximation model
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Table 1 Specification of driving simulator

Lower radius 930 [mml]
Upper radius 780 [mm]
Lower joint distance 150 [mm]
Upper joint distance 150 [mm]
Cylinder stroke 500 [mm]
Cylinder Outer diameter| 80 [mm]
Cylinder min. length 945 [mml]
Cylinder max. length | 1,445 [mm]
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Fig. 3 Trend of mean square error on training

Table 2 Minimum and maximum errors by neural
network method

Motion Max. error Min. error
Roll (2) 1.03° 2.00x10™"
Pitch (8) 1.11° 500%x10°"
Yaw (7) 1.12° 817x10°"
Surge () | 921 mm [1.00X10' mm
Sway (y) 852 mm 0.00 mm
Heave (z) 8.86 mm 0.00 mm

Table 3 Cumulative error distribution by neural
network method

Cumulative distribution(%)

Motion"0509¢ T 19 | 15% | 20% | 25%

oluj | ojul| ol | ol | ofu
Roll | 7689 | 9258 | 9684 | 98.47 | 100.00
Pitch | 75.80 | 91.96 | 96.90 | 9862 | 100.00
Yaw | 7615 | 92.22 | 97.01 | 98.79 | 100.00
Surge | 80.40 | 9447 | 97.83 | 98.96 | 100.00
Sway | 80.81 {9398 | 9758 | 98.89 | 100.00
Heave | 80.60 | 94.22 | 97.71 | 9892 | 100.00

Fig. 4 Cumulative error distribution (roll)
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