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Swallowtail Entropy Solution

Cosine curve propagating with unit speed



Fast marching methods are computational methods that
approximate the solution to the nonlinear Eikonal equation
of the form

IMi(x)l = F(x) in Q, F(x) >0,
u=g(x)onl’

where €2 is a domain in R? or R3. Here, the right-hand side,

F(x), is typically supplied as a known input to the equation
as 1s the boundary condition that u is equal to a known

function, g(x), given along a prescribed curve or surface I’
in Q)



The to key to the algorithm is the use of an upwind differencing
scheme (Godunov) to approximate the gradient operator. The
central idea 1s to systematically construct the solution in a
"downwind" fashion to produce the solution u. That is, the Eikonal

equation is solved by building the solution outward from the
smallest value of u.

Initialization
Tag all points in the initial conditions as ALIVE
Tag as CLOSE all points one grid point away
Tag as FAR all other grid points



The Computational Loop

1) Let TRIAL be the point in CLOSE with the
smallest value of u.

2) Tag as CLOSE all the neighbors of TRIAL that
are not ALIVE. If the neighbor is in FAR remove it
from that list and add it to CLOSE.

3 ) Recompute the values of u at all CLOSE
neighbors of TRIAL by solving the quadratic that 1s
obtained from the upwind differencing scheme.

4 ) Add the point TRIAL to ALIVE and remove it
from CLOSE.

5 ) Return to the top of the loop.



If initial boundary lies on a grid Then start

Else compute the signed distance function from the boundary to the
nearest grid points. Grid points outside the surface receive positive
values and inside negative values.
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Circle Example
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