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Figure 7. 4-phase segmentation using MOS and AOS MBO scheme.

We validate and compare the (dimensional) MOS
MBOscheme, Algorithm 5, and the (dimensional) AOS
MBO scheme, Algorithm 6. We consider only two-
dimensional cases and restrict ourself to gray-scale im-
ages, but the schemes can handle any dimension and
can be extended to vector-valued images as well. Syn-
thesized images, natural images and an MR image are
evaluated. The original image is known for some cases
which we evaluate her. Thereupon it is trivial to find
the perfect segmentation result. To complicate such a
segmentation process we typically expose the original
image with Gaussian distributed noise and use the pol-
luted image as the observation data u0.

All implementation are done in Matlab, and as the
initial � function we use the input image scaled be-
tween one and the number of phases. In all examples
the iteration is terminated when the relative change in
the level set function � in L2-norm is less then 10Š8.
All tests are run on a 2.8GHz Pentium 4 processor.

In the first example we illustrate a 2-phase segmenta-
tion on a real car plate image. Locating and reading car
plates is a well known problem, and there are a number
of commercial software available. Below we demon-
strate that the MOS MBOscheme and the AOS MBO
scheme can be used for this segmentation. The real
image is 341× 446 pixels and is shown in Fig.1(a). We

challenge these two segmentation techniques by adding
Gaussian distributed noise to the real image and use
the polluted image in Fig. 1(b) as the observation data.
The difficult part is to find the optimal choice for �
and 
 , and we observe that we need different � for the
two methods. Both methods perform well, see Fig. 1(c)
and Fig. 1(d). However, with this amount of noise we
miss some details along the edges for the characters
and numbers, even though we have large regularization
parameters. The value we have used is 
 = 5 for both
schemes. For the MOS MBOscheme the number of
iterations is 14, and the CPU time is 54 seconds. For
the AOS MBOscheme the number of iterations is 30,
and the CPU time is 116 seconds. The MOS MBOis
the faster one in all our results.

In the next example we illustrate a 2-phase segmen-
tation on a noisy synthetic image containing 5 rings as
shown in Fig. 2(a). The size of the image is 110 × 224
pixels. The image is segmented using both the MOS
MBO scheme and the AOS MBOscheme. The results
are shown in Figs. 2 and 3 respectively. In Fig. 2(b) we
have shown the initial � function, which is the observed
image u0 scaled between one and two, i.e. the num-
ber of phases. For the MOS MBOscheme the number
of iterations is 2, and the CPU time is 1 second. For
the AOS MBOscheme the number of iterations is 9,




