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I. Introduction

PROPAGATING fronts with speeds linearly dependent on curvature is foundational to the level set method. We
explore the use of FEMLAB to evolve fronts because FEMLAB handles complicated geometries and has an implicit

solver. (curvature of a curve or surface involves second derivatives, which creates a stiff term)

II. Level Set Function

We embed the initial position of a front as the zero level set of a higher dimensional function φ. φ satusfues,

contour C = {x|φ(~x, t) = 0} inside C = {x|φ(~x, t) > 0} outside C = {x|φ(~x, t) < 0}

At any time, the front is given by the zero level set of φ(~x, t). To match the zero level set of φ with the evolving front,
we use the evolution equation

φt + F |∇φ| = 0 (1)

where F is the speed of the front in the outward normal direction. We are interested in the case F = κ where κ(~x) is
the curvature at ~x, which can be re-expressed in terms of φ as

κ = ∇ ·
(
∇φ
|∇φ|

)
(2)

We use Neumann conditions ∂u
∂n = 0 on the domain boundary.

III. Results

A. Collapsing Circle

We start with a circle of radius 0.6. By evolving with a speed function F = −κ, we expect the circle to collapse to a
single point. This behavior is observed. Furthermore, it has been shown analytically that the rate at which a circle loses
area under curvature flow, Ȧ = −2π. We expect the circle to have a radius r = 0.4 at t = 0.1, r = 0.28 when t = 0.14
and r = 0.2 when t = 0.16. The FEMLAB results agree sufficiently with the analytic results, with the errors likely due
to the discretization of the circle.

Fig. 1. Collapsing Circle
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B. Collapsing Square

We start with a square of length 8 units. By evolving with a speed function F = −κ, we expect the square to
transform from the sharp corner to a smooth corner, eventually reaching a circle. This circle should then exhibit the
same properties as the above collapsing circle. (See Figure 2)

Fig. 2. Collapsing Square

C. Collapsing Sphere

We start with a sphere of radius 0.4, and watch it collapse.

Fig. 3. Collapsing Sphere
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D. Collapsing “C” shape

Unfortunately, this test case did not reduce to a circle. The first stage of the evolution looked promising, but FEMLAB
had problems at two points, presumable where ∇φ = 0.

Fig. 4. Collapsing C Shape
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