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Numerical Simulation of Underwater Manipulators
with Neural Networks

Yuichiro Taira®, Eiji Morimoto*, Motohiro Yokota®, and Makoto Nakamura®

This report deals with a numerical simulation method for underwater manipulators. A simulation study
is cost-effective in comparison with an experimental one, especially in such an expensive system as under-
water robot that requires a huge tank, waterproof robots, and so on. Therefore, several simulation models

for underwater manipulators have been reported. The models contain some of the hydrodynamic effects
acted on the manipulator such as drag and lift forces, buoyancy forces, and added mass forces. It,
however, is well known that the complete hydrodynamic model in the form of an equation may be unavail-
able. That is, the accurate model for underwater manipulators cannot be obtained. Hence, the simulation

results may be drastically different from the experimental ones. In this report, a simulation method with

neural networks has been developed. Neural networks can be used as a modeling method that reproduces
and generalizes experimental data by training. That is, the model in this report is based not on equations
representing laws of nature but on a set of data collected during a practical experiment.
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Fig. 1 . Neural network model for n-link underwater man-
ipulators.
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Table 1. Physical parameters of 2 -link underwater manipulator.

Link 1 Link 2

Mass [kg] 4.25 1.23
Volume [m’] 243X 107 0.83X10?

Moment of inertia [kg m’] 0.19 0.012
Link length (x axis) [m] 0.25 0.25
Link length (y axis) [m] 0.04 0.04
Link width {m] 0.12 0.12
Added mass (x) [kg] 1.31 0.1
Added mass (y) [kg] 3.57 2.83
Added moment of inertia [kg m*] 0.11 0.06

Drag coefficient (x) 0 0

Drag coefficient (y) 1.2 1.2




75

~J

ZEalb—yDYIal—-T 3

Wiy Mk Bkh<

-7

M=

X [m]

(a) Conventional model

X [m]
(b) Neural network model

R}

__J

(=]
o~

vy o vy <o
- —

Iolle Sururea

50

40

0

3
3

20

10

sample]

Learning number [ X 10

(c) Learning error

Fig. 2 . Simulation results: case 1.
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