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ABSTRACT





	A Virtual World  provides an exceptional resource for the testing and development of  an Autonomous Underwater Vehicle (AUV). The difficulties associated with the  underwater environment are numerous and complex. In order to properly validate the results from such a world one must accurately model the physics associated with the vehicle, its submerged hydrodynamics characteristics, and the environment. Environmental effects  such wave motion and currents can cause significant variance in the testing environment.   This work investigates the task of  animating wind driven waves in a real- time 3D graphic environment.
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INTRODUCTION





A.	GOALS


	The goal of this paper is to investigate the simulation of wind generated ocean waves in a real-time 3D virtual world. The main intent is to look at the composition of  various environmental disturbance models, compare their characteristics, and discuss the implementation of a general simulation for wind generated waves. This work is not intended to be an all inclusive compilation of the many years of diligent research in marine vehicle control. Instead the focus will be limited to applicable findings and validated models. 





MOTIVATION





	Underwater vehicle design and construction is almost completely preoccupied with environmental considerations. The ocean completely surrounds the vehicle, affects the slightest nuance of vehicle motion and poses a constant hazard to vehicle survivability. Many of the effects of the surrounding environment on a robot vehicle are unique to the underwater domain. Vehicles move through the ocean by attempting to control complex forces and reactions in a predictable and reliable manner.  Thus understanding these forces is a key requirement in the development and control of both simple and sophisticated vehicle behaviors (Brutzman, 19947).


	With this insight one realizes that in order to provide an arena for the proper development of  such a complex robot the art of modeling environmental disturbances must be mastered.   These effects must be studied and coupled with the vehicles underwater dynamics behavior to accurately model reality. The first of these disturbances, wind generated wave forces, is a logical starting point.    

















WIND-GENERATED WAVES





	Environmental disturbances play a significant role in marine control applications. Their effects dictate how vehicles are designed, constructed, and eventually driven. For these reasons the physics of the sea have been studied for many years. The areas of interest can be broken down into three broad categories as follows:


Wind-Generated Waves


Wind


Ocean Currents


	Each one of these is important having  a significant effect on both the novice  and  expert ocean traveler.  Wind-generated waves affect both surface vessels and submersibles which operate at shallow depths. For this reason this area will be explored in detail. Since the focus of this research is the eventual implementation for an underwater vehicle we will leave wind effects for future consideration. Ocean currents are also significant when discussing submerged vehicles. They exist throughout the world and  cannot be ignored in terms of vehicle control. In fact the majority of areas where a robot of this type would be employed have significant currents, i.e. harbors,  which must be dealt with. But again, we will leave this for future consideration. 


	The process of wave generation due to wind starts with small wavelets appearing on the water surface. This increases the drag force which in turn allows short waves to grow. These short waves continue to grow until they finally break and their energy is dissipated. It is observed that a developing sea or storm starts with high frequencies creating a spectrum with peak at a relative high frequency. A storm which has been blowing  for a long time is said to create a fully developed sea. After the wind has stopped blowing, low frequency decaying sea or swell is being formed. These long waves form a spectrum with a low peak frequency often referred to as the modal frequency. Wind-generated waves are usually represented as a sum of a large number of wave components( Fossen, 1990).


 As early as 1952 researchers were developing mathematical representations of wind-generated wave phenomena. Their efforts laid the groundwork for the  definition of a wave spectral density function. This is significant in determining  the wave amplitude of a wave component as follows:   








                                                   � EMBED Equation.2  ���                                                     (2.1)





	where A� of wave component    is related to the wave spectral density function,    S(  ). Additionally,       is the wave frequency of component     and        is a constant difference between successive frequencies.


	The earliest spectral formulation  came from Neumann who proposed a one parameter spectrum which used wind speed and an empirical constant to determine the spectrum. 





                                                         � EMBED Equation.2  ���                      (2.2)





This one parameter approach, while valid,  is no longer in wide use. It has been replaced by a type of wave spectrum which assumes the high frequency form of the sea spectrum is limited by  frequency >> 1 (Fossen, 1990).


 Another spectrum worth mention is the Bretschneider spectrum. This was developed for the North Atlantic, unidirectional seas,  with infinite depth, no swell and unlimited fetch.  It is a two parameter description where      is the modal frequen
