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Characteristics of Ventricular
Segmentation Methods

Score segmentation methods on a scale of 1-5.

Humans: 35
5 knowledge of a single closed contour
edge tracking
regional uniformity tracking
smoothness of edges
knowledge of size
knowledge of orientation
knowledge of shape

Conventional region growing: 9
4 knowledge of a single closed contour
edge tracking
regional uniformity tracking
smoothness of edges
knowledge of size
knowledge of orientation
knowledge of shape
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Characteristics of Ventricular
Segmentation Methods

Score segmentation methods on a scale of 1-5.

Bill Connor's modified watershed: 16
5 knowledge of a single closed contour

edge tracking

regional uniformity tracking

smoothness of edges

knowledge of size

knowledge of orientation

knowledge of shape

N O O NN O

Locally deformable models: 21
5 knowledge of a single closed contour

edge tracking

regional uniformity tracking

smoothness of edges

knowledge of size

knowledge of orientation

knowledge of shape
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Characteristics of Ventricular
Segmentation Methods

Score segmentation methods on a scale of 1-5.

Globally and locally deformable model: 31

5

knowledge of a single closed contour
edge tracking

regional uniformity tracking
smoothness of edges

knowledge of size

knowledge of orientation

knowledge of shape
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Deformable Models

Locally deformable model:

* local elasticity

* no constraint on global shape

- algorithms in 2D: snakes and balloons
Globally deformable model:

3D volume mathematical models such as
superquadrics

useful for graphic representations

may introduce knowledge of shape, size, and
orientation to segmentation

does not allow local deformation
Spatially varying material properties:
- also allows a priori shape information

« allow corners
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Locally Deformable Model: Rationale

Includes a smoothness constraint.

Can require a single closed curve (a contour).
This constraint is useful for making biological
measurements.

Traditional segmentation uses a bottom-up
approach: edge filtering -> edge linking -> edge
smoothing, etc. (Only sometimes create a top-
down path that incorporates knowledge of the
applications.)

Locally deformable models using an energy
minimization approach use more global
information in the early segmentation process.

Provides a frame-work for combining higher-
level knowledge. For example, use anchor
point forces or change material properties
(smoothness parameter), etc.

The deformable model approach is very similar to
dynamic programming (DP) described earlier. In
fact, some solve “deformable model”
segmentations using DP.
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These are example 3D global models
displayed with wire frame rendering. The
particular model is a Fourier surface model.
These surfaces are closed. Open tube
models are also possible.

The structure on the left is made with a 4th
order model whereas the one on the right is
made with an 8th order model.
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Global Models

An arbitrary curve can be represented explicitly
by two functions of one parameter, x(s), y(s). A
surface can be represented as three functions in
two parameters x(u,v), y(u,v), and z(u,v).
Potential models are:

« Polynomials. Conics are 2nd degree curves
such as ellipses, parabolas, etc. Quadrics
are 2nd degree surfaces such as spheres,
ellipsoids, cones, etc.

Superquadrics. This model includes
parameters that allow it to vary from an
ellipsoid to a rectangular parallelpiped. They
are more “expressive” than the quadric.

Generalized cylinders. They represent
elongated objects. There is a curve
representing the spine of the object and a 2D
cross-sectional area. For the case of a
straight, homogeneous generalized cylinder,
we have

»X(u,v) = r(u) x(v) + pz(u)
»y(u,v) = r(u) y(v) + pz(u)
»z(u,v) = z(u)

Spherical harmonics. Surfaces are a radial
deformation of a sphere. All surface points
may be “seen” from a point inside the
surface.
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Global Models

 Fourier surfaces
« Open surfaces such as tubes
 Closed surfaces

A surface model can be used to:
Calculate curvature directly from the model.
Create 3D displays. |
Interpolate
Compute volumes
Compute motion of a deformable object

3D surface models require many parameters in
order to fit complex surfaces. Simpler models
are less “expressive.”
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Global Models

We wish to segment a 3D, gray-scale data set to a
global surface model.

* Requires a match of the model to “boundary
strength” in the 3D data set.

* A natural candidate is the 3D gradient strength.

» The gradient strength can be computed with 3D
discrete operators such as a 3x3x3 finite
difference operator.

» The gradient strength on the surface is
integrated and maximized.

An objective function for a curve is

S
M(b,P)= f | b{x(P,s),y(P,s),2(P,s) | ds
An objective function for a surface is

M(b,P)=j ?f | b{x(P,u,v),y(P,u,v),z(P,u,v) | dA
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Segmentation with

5 Global Models

We wish to optimize the objective functions
with respect to the model parameters, P.

« Optimization is done with a gradient ascent
method.

« The gradient ascent method requires the
gradient of the objective function with respect
to each of the parameters in the model, P.

« As inthe case of locally deformable models,

one likes to smooth the gradient image so as to
make a larger area for attraction. This helps the
optimization method “find” the surface.
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Potential Modifications

Use a priori shapes as starting value for
locally deformable model. This will tend to
create a desired shape. This has been used
in the segmentation of lungs.

Make the material properties depend upon
position in the curve (a(s), B(s)). This might
be another way to incorporate shape
memory.

Use one surface to help anchor another. An
example is to use the epicardial surface of
the heart to anchor the endocardial surface.
Attractive (spring) forces can be placed
between the two surfaces.

The properties of the image gradients can be
used to modify the material properties (o(s),
B(s)). That is, if the edge information is
appropriate, then a corner is placed!

An attractive possibility is to use a global
model and then allow a locally deformable
model to deform from it.

Case Western Reserve University
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