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Abstract. The coasts are affected mainly by the wave. The wave is a complex phe-

nomenon and very important for the design of the structures that are used in the

coastal zones and beaches. This paper presents a novel control system for the gen-

eration of unidirectional irregular waves, in project and research laboratories. The

system uses digital signal processing. a feedforward neural network and a linear mo-

tor, as main elements. The research objective is to obtain a system of easy operation

and greater efficiency. With the combined neural control, the transitory response

disappears quickly. This behavior is interpreted, in marine hydraulics, as a fast cali-

bration of experiments.

1 Introduction

The wave is a main element for to design coastal and maritime constructions [1], [2]. The

phenomenon is very complex and its mathematical representation is difficult [3], [4], [5]
[6], [7], [8], [9]. The mathematical models make possible to represent the sea disturbance

and to calculate their effects, although in many cases, they need a calibration by means of

physical modeling on reduced scale. In complex marine work designs, the physical mod-
eling on reduced scale, is essential. This paper presents a system for the generation of
spectral patterns of unidirectional irregular waves, in project and research laboratories.

The system uses digital signal processing, a neural network and a linear motor, as main
elements.

The research objective is to obtain a system of easy operation and greater efficiency
with respect to traditional methods. The transitory response disappears quickly with the

combined neural control [10], [11], [12]. This behavior is interpreted, in marine hydrau-
lics, as a fast calibration. In addition, the spectral patterns of the generated wave will have
small errors with respect to the spectral patterns of reference.



Generator of unidirectional irregular wave with linear motor...

2 Technical Support and Schemes of Operation

Fig.1 presents the combined neural control for spectral patterns generation of irregular
unidirectional wave, where:

Sr: Target spectrum; Sc: Generated spectrum.
The controlled process is a wave channel and the control final element is a generator

formed by a linear motor and a paddle device (fig 2). A linear motor [13] is a type of
electric motor; an induction motor in which the fixed stator and moving armature are
straight and parallel to each other (rather than being circular and one inside the other as in

an ordinary induction motor).
The maximum force offered by a linear motor is determined by its construction and is

dependent on the position of the slider in the stator. The maximum force curve is symmet-

ric to the centre of the movement range, the so-called Zero Position ZP. If the distance
between the end of the stator and the end of the slider is equal to the Zero Position ZP of

the motor, the slider is at the centre of its movement range. The Zero Position ZP can be

found in the data sheet of each linear motor and is different for each motor. In the SS

(shortened stroke) range, the slider's drive magnets are wholely inside the active part of
the stator. This provides optimum force generation and a constant maximum force over
the whole SS- stroke range. The more the slider moves away from the SS-stroke range,
the fewer of its magnets are in the active part of the stator. This means that the maximum

and effective forces are reduced linearly as the end of the stroke range S is approached.
A controller PI (proportional-integral) and an inverse neural network (INN) form the

combined control.
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Fig. 1 Combined neural control for spectral patterns generation of irregular unidirectional wave
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Fig. 2 Unidirectional wave channel and stroke-force diagram of a linear motor.

171















Luis Pastor Sanchez F, Roberto Herrera C and Yovany Gonzalez M

References

1. Goda, Y. "Numerical Experiments on Wave Statistics with Spectral Simulation" Report 9-3
Port and Harbor Research Institute, 1970. pp-197.

2. Goda, Y. Random Seas and Design of Maritime Structures. Scientific World, 2000.

3. Bell, Paul S. Shallow water bathymetry derived from an analysis of X-band marine radar im-

ages of wave, Coastal Engineering. Vol. 37 No.3-4. 1999, pp 513-527.
4. Bretschneider, C.L. 1973. Deep water wave forecasting curves. En: Shore Protection Manual.

U.S. Army Coastal Engineering Research Center. 36-37.
5. Bretschneider, C.L. 1968. Significant waves and wave spectrum, Ocean Industry. Feb. pp 40-

46

6. Bullock, G. N. and Morton, G. J. "Performance of a Wedge-Type Absorbing Wave Maker"

Journal Waterw. Port Coastal and Ocean Eng. Div., ASCE, Enero, pp 1-17, 1989.

7. Carvahlo, M. M. "Sea Wave Simulation" Recent Advances in Hidraulic Physical Modelling, R.

Martins, Ed. Kluwer Academic, Dordrecht, 1989. pp. 447-502.

8. Lizano, O., Ocampo F. J. et. al. "Evaluación de modelos numéricos de Tercera Generación para

el pronóstico del oleaje en Centroamérica y MéxicoTop". Meteor. Oceanog., 8(1):40-49,2001
9. Mitsuyasu H. et al. Observation of the power spectrum of Occan Waves using a C over eaf

Buoy, JGR. J Geophysics, 1980.
10. Hertz, J, Krogh, A, Palmer R. G. Introduction to the Theory of Neural Computation. Addison-

Wesley Publishing Company, 1994.
11. Psaltis, D. et al. A multi layered neural network controller. IEEE Control System Magazine,

8(3):17-21. Abril 1988.

12. Su C. Y. y Stepanenko, Y. Adaptive control of a class of nonlinear systems with fuzzy logic.

IEEE Trans, Fuzzy Systems Vol 2 No. 4 pp. 285-294. 1994.

13. Alter D. M. and Tsao T. C. Control of linear motors for machines tool feed: design

and implementation of optimal feedback control, ASME Journal of Dynamics sys-

tem, Measurement and Control, Vol. 118, 1996. pp649-656.
14. Barrientos, Antonio et. al. Control de Sistemas Continuos. McGraw-Hill, España. 1996.
15. Ashour, M. and Aboshosha, A. Adaptive Neural Control of Npr.Ncrrt, Aca. Atomic Energy

Authority. Nasr City, Cairo, Egypt. 1996.
16. Narendrand, K. S. and Parthasarathy, K. "Identification and Control of Dynamical Systems

using Neural Networks", IEEE transaction on Neural Networks. vol. 1, No. 1, March. 1990.
17. Liaw, C. and Cheng, S.. Fuzzy two-degrees-of-freedom speed controller for motor drives.

IEEE Transaction on Industrial Electronics, Vol. 42. No 2, pp. 209-216. 1996.

18. Oppenheim, A.V., Schafer, R.W. and Buck, J.R., Discrete-Time Signal Processing, 2nd Edi-
tion. Prentice-Hall Int. Ed. 1999.

178


