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Abstract : To improve the ocean waves of the ship maneuvering simulator, we study and summarize the visualization elements of the ocean waves
and the overall direction of their implementation in detail. We categorize the visualization elements of the ocean waves into five groups, including
wave surface, wave breaking, interaction, lighting effects, and underwater. We also analyze the design and implementation issues of the visualization
of the ocean waves for ship maneuvering simulator with respect to realistic and real-time ocean visualization, ship dynamics, and application
purposes. Through the analysis, we have found that the realistic visualization of ocean waves plays an important role in the generation of
immersiveness, more accurate ship motion, and the various and controllable simulation scenarios for the ship maneuvering simulator. Additionally, we
have confirmed that there are many visualization elements, methods, and limitations to be considered for the visualization of the ocean waves for

ship maneuvering simulator, and we have concluded that the systematic design is required before implementation.
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Table 1. The comparison of the visualization method of ocean

waves

Category Sub-category Real time Reality
CFD Eulerian Low High

Lagrangian

Classical Airy . .
model Gerstner High Medium

Statistical ~ Spectrum-based . .
model method Medium High
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Table 2. The visualization elements of ocean waves

Category The visualization elements

Seas and swells
Ocean . .
Capillary waves (ripples)
surface .
Others: storm surge, tsunami, etc.
Wave Spilling, plunging, and surging breakers

breaking Whitecaps: spray, bubbles, foam, etc.
Floating object: ship, buoy, etc.
Bow/stern wake/wave and propeller backwash

. Shoreline, water depth, and wave field

Interaction .
Helicopter rotor wash
Other interactions with obstacles, ice fracture,
iceberg, oil spill, rain, etc.
Reflection, refraction, diffraction, and shadow

Light Light source: ship light, AtoN, harbor/city

background light, fire, flare, etc.
Visibility control

Underwater ~ Crepuscular rays and caustics

Haze, bubbles, muddy water, etc.

Fig. 2& A &|74#] 7
& AlEEolE e BAE

The realistic and real-time visualization of ocean waves

. Wave
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Surface
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Navigational
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Chart Control & Device
Display Mnnltarlng Manager
Scenario Motlon Simulation
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Ship Maneuvering Simulator

Fig. 2. The relationship between the visualization elements

of ocean waves and ship maneuvering simulator.
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