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ABSTRACT 
 
This paper describes a spring-based model for the interaction 
of water and land, which reconciles realism and fast 
rendering. The system controls the motion and 
interdependences of water vertices utilizing two kinds of 
springs and collision detection. As a consequence, a wave's 
movement affects the waves around it, and a wave 'hits' the 
land, rebounding with a suitably changed height and velocity. 
 
1. INTRODUCTION 

The rendering of large areas of water is well understood 
(Tessendorf 1999; Johanson 2004), and has become common 
in games. However, there is little physics-based interaction 
with the shoreline as waves move up and down, and generate 
spray and foam. 
 
Most 3D systems employ Perlin noise functions (Johanson 
2004), although some ocean effects (such as refraction and 
obstacle collision) have been utilized (Iglesias 2004). For 
instance, Peachey (Peachey 1986) and Fournier and Reeves 
(Fournier and Reeves 1986) model waves that approach and 
break on a sloping beach. However, there is no real force 
connection between the water and the land, since the wave 
profile is changed according to wave steepness and water 
depth. 
 
Foster and Fedkiw (Foster and Fedkiw 2001), and Enright, 
Marschner and Fedkiw (Enright et al. 2002) simulate 
breaking waves using a combination of textures and particles. 
The computational cost of the former is several minutes per 
frame on a PentiumII 500MHz. 
 
Mass-spring systems are arguably the simplest and most 
intuitive of all deformable models for simulating fluid 
(Nealen et al. 2006). Using a spring system to simulate the 
motion of water over a coastline is compulationally feasible, 
as this paper illustrates. 

2. WAVE CURVES AND THE COASTLINE 

The land is a 128*128 textured mesh contoured with a height 
map. The waves in the water mesh are modeled using 
Peachey’s method (Peachey 1986), so the height of the water 
vertices varies as a sum of water level and wave height. The 
color of each vertex is based on its current height. Our 
prototype was created using JOGL (a Java binding for 
OpenGL (JOGL, 2009)). Figure 1 shows a screenshot of the 
model with its elements. 
 

 
Figure 1: An overview of the model. 

 
The coastline is the series of water vertices that are closest to 
the land, (see Figure 2). Wave curve 1 is the line of vertices 
one mesh interval away from the coastline, wave curve 2 is 
the line of vertices one mesh interval away from wave curve 1. 
In this way, we define a coastline and four wave curves, which 
are linked with springs as explained in section 3. 
 

 
Figure 2: A view of the model from overhead, showing the 

coastline and four wave curves. 
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2.1 Vertical Water Mesh Movement 
In shallow water, the water vertices move up and down by 
employing a summed combination of four versions of the 
height function (1): 
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where i is the index of a vertex, Y is the wave height of the 
vertex, x and z are the (X, Z) coordinate values of the vertex, 
t is the time which increases by 0.1 in each frame. T is the 
period of the function, equal to 80 frames to look realistic. L is 
the wavelength at the vertex position.  
 
When a wave enters the shallows, where the depth is less than 
one-twentieth of the wavelength, the wave length L is 
determined by Equation (2): 

gdTL           (2) 

where d is the depth of water, and g the gravity (Alonso and 
Finn 1992; Sverdrup 2006). 
 
Figure 3 illustrates how these equations affect the height of 
the water mesh as it approaches the shallows. 
 

 
Figure 3: The height of water vertices in shallow water. 

 
2.2 The Coastline 
The coastline is the line of water mesh vertices closest to the 
land mesh, as shown in Figure 2 and Figure 4. 
 

 
Figure 4: The position of the coastline. 

 
The coastline boundary moves up and down due to waves, but 
doesn't shift in the X-Z plane. 
 
2.3 Wave Curves 
Wave curve 1 is the line of water mesh vertices adjacent to the 
coastline, but one mesh interval away from the land. Wave 
curve 2 is the line of water mesh vertices adjacent to wave 
curve 1, but one mesh interval further away. Wave curve 3 

and 4 are calculated in a similar way. Our model is limited to 
four wave curves as a balance between interaction realism and 
computational efficiency. 
 
Wave curves 3 and 4 can move in the X-Z plane, towards and 
away from the coastline. Each vertex in the curves has a 
movement direction pointing from its original position 
toward the nearest coastline vertex. The vertices of wave 
curve 3 can move up to the coastline, while the vertices of 
wave curve 4 can move up to wave curve 1 (see Figure 5). 
Wave curve 4 can not easily pass through wave curve 3. These 
restrictions on curve interaction produce realistic wave 
behavior, and are implemented using our spring system and 
collision detection, as detailed in sections 3 and 4. 
 

 
Figure 5: The movement of wave curves. 

 
Wave curves 1 and 2 can not move in the X-Z plane, which 
means that the ebb and flow of the water against the coastline 
is driven by wave curves 3 and 4. 
 
3. INTERACTION BETWEEN WAVE CURVES 

The interaction between the water and land use position 
springs and wave springs to modify the X- and Z- velocities of 
the vertices in wave curves 3 and 4. 
 
3.1 Position Springs 
A position spring ensures that a vertex is pulled back to its 
original position after moving towards the land. Every vertex 
in wave curve 3 and 4 has its own position spring. 
 
Figure 6 shows a vertex sN . At time 0, it is at its rest position, 
labeled as

0,sN . At time t, it has moved to be at position tsN , . 

The position spring P extends from the
0,sN rest position and 

will pull sN back from its tsN , position. 
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Figure 6: A position spring P for vertex sN . 

 
3.2 Wave Springs 
Every neighboring pair of vertices in wave curves 3 and 4 are 
linked by a wave spring. For example, Figure 7 shows a wave 
spring W linking the vertices sN and rN of wave curves 3 
and 4.  
 
Wave springs help to deal with crossover behavior when 
vertices in wave curve 4 are moving faster than those in wave 
curve 3, and attempt to pass through it. Wave springs slow 
down wave curve 4 vertices as they approach wave curve 3. 
 

 
Figure 7: A Wave spring W between vertices sN and rN in 

wave curves 3 and 4. 
 
4. COLLISION DETECTION 

Our model deals with two kinds of collision:  
 
1) between the water and the land, as represented by wave 
curve 3 and the coastline; 
 
2) between waves, as represented by wave curves 3 and 4. 
 
Our approach builds upon real time collision detection 
(Ericson 2005) by applying it in the context of our spring 
system. 
 
4.1 Water and Land Collision 
The collision detection algorithm is simplified by utilizing 
the coastline to represents the land, and wave curve 3 as the 
leading edge of the water. 
 
Each coastline vertex is surrounded by a bounding sphere, 
whose diameter is equal to the initial inter-mesh spacing. 
 

If a wave curve 3 vertex moves inside the bounding sphere of 
a coastline vertex, a collision has happened. The velocity of 
the wave curve 3 vertex is reversed, to make it head back 
towards its rest position.  
 
Figure 8 shows a vertex sN in wave curve 3. At time 0, it is at 
position

0,sN , then moves towards the coastline and ‘hits’ 

the coastline vertex pC at time t. The velocity of sN , tsV , , is 

reversed to be
1,  tsV at the next time interval t+1. A scaling 

factor also reduces the velocity, to take account of the way a 
wave loses energy when rebounding. 
 

 
Figure 8: Water and land collision. 

 
4.2 Wave Collision 
As explained in section 3, wave springs implement crossover 
slowdown, but if the velocity of wave curve 4 is much higher 
than wave curve 3 then crossover could still occur. This is 
prevented by collision detection between the vertices of wave 
curves 3 and 4. When a vertex in wave curve 4 hits wave curve 
3, their velocities are equalized, so the two wave curve 
segments will move together, or perhaps separate. This is 
implemented by updating the velocity of the vertex in wave 
curve 4 and its nearest neighbor in wave curve 3. 
 
Figure 9 shows the case when vertex sN is about to hit the 
wave curve segment V1-V2. A collision is detected 
between sN and the segment, and the velocities of sN and V2 
are modified. 
 

 
Figure 9: Wave Collision. 

 
The overall behavior of sN will be more complicated than this 
(and more realistic) by also being affected by a wave spring 
linking it to V2 (its nearest neighbor in wave curve 3), which 
is not shown in Figure 9. 
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5. TESTING 
On a single core 1.73 GHz 2GB DDRII-533 RAM Intel GMA 
950, the model executes at about 70 FPS; on a two-core 1.86 
GHz 1GB DDRII-533 RAM X300 graphics card, about 140 
FPS are achieved, and our OS both are Windows XP SP3 
Professional. When we extend the mesh size to 256*256, the 
model executes on two machines at about 54 FPS and 26 FPS. 
 
Figure 10 is a cross-sectional view of the model showing 
water moving towards the land.  
 

 
Figure 10: Water moving towards the land. 

 
Figure 11 shows the land, coastline, and wave curves of 
Figure 10 from overhead. 
 

 
Figure 11: Wave curves moving towards the land. 

 
Figure 12 shows the scene later after the water has rebounded 
from the land. 
 

 
Figure 12: Water retreating from the land. 

 
Figure 13 is a view of Figure 12 from overhead. It shows that 
the position springs in wave curves 3 and 4 are drawing their 
vertices back to their rest positions. The interaction between 
wave curves 3 and 4, as controlled by wave springs and 
collision detection, is also visible. 
 

 
Figure 13: Wave curves rebounding from the land. 

 
Figure 13 illustrates that crossover still occurs, as it does in 
real waves, but is a rare event, and is soon followed by the 
waves either moving in unison or pulling apart. 
 
6. CONCLUSIONS 

Our system models the interaction of water and land using a 
novel combination of two types of springs (position and wave 
springs) and two forms of collision detection. The simulation 
exhibits realistic behavior between waves and the coastline, 
and between the waves themselves, while rendering at very 
acceptable speeds. The spring system is relatively simple to 
understand and fine-tune, and is based on the physical 
characteristics of real waves. 
 
We plan to improve the visualization by adding particle-based 
foam and spray. It will appear on wave crests, the coastline, 
and wherever collisions occur. 
 
When the water recedes from the land, the exposed areas 
should look wet. We intend to color these areas accordingly, 
and let the color gradually fade over time. 
 
Our long term goal is to use this approach to model 
Tsunami-land interaction. The spring system will need to be 
modified to deal with large waves (over 30m in height) 
moving at very high speeds (more than 800 km/h) (Kaitoku 
2008). The coastline interaction will need to be more 
complicated to deal with the way a tsunami can wash over a 
large body of land. 
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