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public virtual void step_frame ()
{
grid.update_grid(); // process 1
// process 2
grid.delegate_valid(new ParticleGrid.NeighborProcess(
calc_density_pressure));
// process 3
grid.delegate_valid(new ParticleGrid.NeighborProcess(
calc_force));
// process 4
grid.delegate_valid(new ParticleGrid.Process(
calc_position));
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public struct ParticleState

{
public bool isFixed;

public float density, pressure;
public Vector3 velocity, force;

public float boundary;
public Vector3 boundary_gradient;
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x{zoid calc_density_pressure(int i, int[] neighbor_cue)

float weight = 0.0f;
Particle center = grid.particles[il;

// Sum Neighbor Particles
for(int cue_i=0; cue_i+l<neighbor_cue.Length; cue_i+=2)

{

int start = neighbor_cuel[cue_il;
int end = neighbor_cuelcue_i + 1];
if (start == -1)

continue;

for(int cue_j=start; cue_j<end; ++cue_j)
weight += poly6_kernel(Vector3.Distance(grid.
particles[grid.get_index(cue_j)].position,
center.position), effectiveRadius);

}
particle_states[i].density = weight * mass;
particle_states[i].pressure = pressureCoefficient * (

Mathf.Pow(particle_states[i].density /
initialDensity, 7.0f) - 1.0f);
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public float poly6_kernel(float r, float h)
{
if (r < h)
return constant_poly6 * Mathf.Pow(h * h - r * r, 3.0f)
else
return 0.0f;

}

float constant_poly6 = 315.0f / (64.0f * Mathf.PI * Mathf.
Pow(effectiveRadius, 9.0f));
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void calc_force(int i, int[] neighbor_cue)
{
Particle center = grid.particles[il];
particle_states[i].force = Vector3.zero;
Vector3 pressure_force = Vector3.zero, viscosity_force =
Vector3.zero;
Vector3 relativePosition, relativeVelocity, temp_kernel;

float center_pressure = particle_states[i].pressure /
Mathf.Pow(particle_states[i].density, 2.0f);

for(int cue_i=0; cue_i+l<neighbor_cue.Length; cue_i+=2)

{

int start = neighbor_cuel[cue_il;
int end = neighbor_cuel[cue_i + 1];
if (start == -1)

continue;

for(int cue_j=start; cue_j<end; ++cue_j)
{
int j = grid.get_index(cue_j);

relativePosition = center.position - grid.particlesl|[
jl.position;
float r = relativePosition.magnitude;
if (r >= effectiveRadius)
continue;

// pressure

float neighbor_pressure = particle_states[j].
pressure / Mathf.Pow(particle_states[j].density
, 2.0£);

temp_kernel = spiky_gradient(r, relativePosition,
effectiveRadius) ;

pressure_force += (center_pressure +

neighbor_pressure) * temp_kernel;

// viscosity
relativeVelocity = particle_states[j].velocity -
particle_states[i].velocity;

float dot = Vector3.Dot(relativeVelocity,

relativePosition);

if (dot_position_velocity < 0.0f)
viscosity_force -= temp_kernel * dot / (
relativePosition.sqrMagnitude + stability) *
viscosity / (particle_states[i].density +
particle_states[j].density);
}
}
particle_states[i].force = mass * (viscosity_force -
pressure_force);
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public Vector3 spiky_gradient(float r, Vector3

relative_position, float h)
{
if(r > 0.0f)
{
float q = h - r;
return constant_spiky_gradient * relative_position * q
* q / r;
}
else
return Random.onUnitSphere * 0.0001f *
constant_spiky_gradient;

}

float constant_spiky_gradient = -45.0f / (Mathf.PI * Mathf
.Pow(effectiveRadius, 6.0f));
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void calc_position(int index)

{
if (!particle_states[index].isFixed)
{
particle_states[index].velocity += particle_states[
index].force * timeStep + (enable_gravity == true
7 gravity * timeStep : Vector3.zero);
grid.particles[index].position += particle_states[
index].velocity * timeStep;
}
}
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public void bake ()
{
for(int i=0; i<keys.Length; ++i)
{
grid.particles[index].position = transform.position +
Vector3.up * keys[i] * effectiveRadius;
grid.update_grid () ;
sph.step_frame ();

// density
grid.delegate_selected(new ParticleGrid.
NeighborProcess (bake_density), index) ;

data.density.AddKey (new Keyframe (keys[i], sph.
ParticleStates [index].density / mass));

// pressure viscosity
grid.delegate_selected(new ParticleGrid.
NeighborProcess (bake_force), index);
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data.pressure_force.AddKey (new Keyframe (keys[i],
repulsion.y));

data.friction.AddKey (new Keyframe (keys[i], frictiomn));
data.adhesive.AddKey(new Keyframe(keys[i], adhesive));
}

}
void bake_force(int i, int[] neighbor_cue)
{
ParticleSystem.Particle center = grid.particles[il];
pressure_force = Vector3.zero;
friction = adhesive = 0.0f;
Vector3 relativePosition, relativeVelocity, temp_kernel;
float coef_center_pressure = 1.0f / Mathf.Pow(sph.
ParticleStates[i].density, 2.0f);
for(int cue_i=0; cue_i+l<neighbor_cue.Length; cue_i+=2)
{
int start = neighbor_cue[cue_i];
int end = neighbor_cuel[cue_i + 1];
if (start == -1)
continue;
for(int cue_j=start; cue_j<end; ++cue_j)
{
int j = grid.get_index(cue_j);
if (i == j)
continue;
// pressure
relativePosition = center.position - grid.particlesl|[
jl.position;
float r = relativePosition.magnitude;
if (r > effectiveRadius)
continue;
float neighbor_pressure = sph.ParticleStates[j].
pressure / Mathf.Pow(sph.ParticleStates[j].
density, 2.0f);
temp_kernel = spiky_gradient(r, relativePosition,
effectiveRadius) ;
// pressure
pressure_force += (coef_center_pressure * Mathf.Max(
sph.ParticleStates[i].pressure, 0.0f) +
neighbor_pressure) * temp_kernel;
// friction
relativeVelocity = sph.ParticleStates[j].velocity -
Vector3.right;
float dot_position_velocity = Vector3.Dot(
relativeVelocity, relativePosition);
if (dot_position_velocity < 0.0f)
friction -= (temp_kernel * dot_position_velocity /
(relativePosition.sqrMagnitude + sph.
desbrum_stability) * viscosity * sph.
desbrum_viscosity / (sph.ParticleStates[i].
density + sph.ParticleStates[j].density)).x;
// adhesive
relativeVelocity = sph.ParticleStates[j].velocity -
Vector3.up;
dot_position_velocity = Vector3.Dot(relativeVelocity
, relativePosition);
if (dot_position_velocity < 0.0f)
adhesive -= (temp_kernel * dot_position_velocity /
(relativePosition.sqrMagnitude + sph.
desbrum_stability) * viscosity * sph.
desbrum_viscosity / (sph.ParticleStates[i].
density + sph.ParticleStates([j].density)).y;
}
}
}
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void cross_point_erosion(int x, int y, int z, int[]
neighbor_cue)
{
float erosion_rate = 0.0f;
Vector3 relativePosition, relativeVelocity;
float r_min = 0.4f * sph.effectiveRadius;
float r_base = 0.4f * sph.effectiveRadius;

for(int cue_i=0; cue_i+l<neighbor_cue.Llength; cue_i+=2)

{

int start = neighbor_cuel[cue_il;
int end = neighbor_cuelcue_i + 1];
if (start == -1)

continue;

for (int cue_j=start; cue_j<end; ++cue_j)
{
int j = sph_grid.get_index(cue_j);

relativePosition = voxel_grid.cell_position(x, y, z)
- sph_grid.particles[j].position;
float r = relativePosition.magnitude;
r = r - Mathf.Min(sph.ParticleStates[j].boundary,
r_base); // Rectified
if(r > erosionRadius)
continue;

relativeVelocity sph.ParticleStates[j].velocity;

float shear_rate = relativeVelocity.magnitude -
Mathf .Abs(Vector3.Dot(relativeVelocity,
relativePosition.normalized));
shear_rate = shear_rate / Mathf.Max(r, r_min);
erosion_rate += Mathf.Max((Mathf.Pow(shear_rate, 0.5
f) - critical_stress), 0.0f);
}
}

// Apply to wozel data (Rectified)

erode[x,y,z] = (byte)Mathf.Min(erodel[x,y,z] + Mathf.
CeilToInt (erosion_rate * byteFit), 255);

int transfer = Mathf.FloorToInt(erodelx,y,z] *
erode_strength / byteFit);

voxel_grid.voxel[x,y,z] = (byte)Mathf.Min(voxel_grid.
voxel[x,y,z] + transfer, 255);

erode [x,y,z] = (byte) (erodelx,y,z] % (byteFit /
erode_strength));
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