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This work is part of an ongoing effort to develop a comprehensive hyperthermia treatment
planning (HTP) tool. The goal is to unify all the steps necessary to perform treatment plan-
ning - from image segmentation to optimization of the energy deposition pattern - in a single
tool. The bases of the HTP software are the routines and know-how developed in our
TRINTY project that resulted the commercial EM platform SEMCAD-X. It incorporates the
non-uniform finite-difference time-domain (FDTD) method, permitting the simulation of
highly detailed models. Subsequently, in order to create highly resolved patient models, a
powerful and robust segmentation tool is needed.

A toolbox has been created that allows the flexible combination of various segmentation
methods as well as several pre- and postprocessing functions. It works primarily with CT and
MRI images, which it can read in various formats. A wide variety of segmentation methods
has been implemented. This includes thresholding techniques (k-means classification, expec-
tation maximization and modal histogram analysis for automatic threshold detection, multi-
dimensional if required), region growing methods (with hysteretic behavior and simultaneous
competitive growing), an interactive marker based watershed transformation, level-set meth-
ods (homogeneity and edge based, fast-marching), a flexible live-wire implementation as well
as fuzzy connectedness. Due to the large number of tissues that need to be segmented for
HTP, no methods that rely on prior knowledge have been implemented. Various edge extrac-
tion routines, distance transforms, smoothing techniques (convolutions, anisotropic diffusion,
sigma filter...), connected component analysis, topologically flexible interpolation, image
algebra and morphological operations are available. Moreover, contours or surfaces can be
extracted, simplified and exported.

Using these different techniques on several samples, the following conclusions have been
drawn:

• Due to the complexity of medical images and their often low quality, automatic tech-
niques rarely yield satisfactory results. While they can be used to extract simple struc-
tures (e.g., bones) they do not work when confronted with structures that lack clear
borders or homogeneous characteristics. Therefore it is recommended to apply them
for simple structures only (as found in the leg), while otherwise relying on interactive
methods.

• Both competitive seeded methods (this includes the interactive watershed transforma-
tion) and live-wire seem to be well suited for the interactive segmentation.

• Ideal segmentation routines should make use of both region and boundary informa-
tion.

• For most techniques only 2D segmentation of individual slices is feasible within a rea-
sonable amount of time. 3D segmentation can only be performed for the simplest
methods. It is planned to couple interpolation to level-set methods or live-wire, so that
the interactive segmentation need not be performed on every single slice.
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The user should combine the various methods to quickly obtain satisfactory results and cor-
rectly use the power provided by the toolbox. (A possible step-by-step procedure could in-
clude the following steps: 1. pre-processing, then 2. an automatic method to distinguish fat,
muscle and bone, followed by 3. interactive methods to outline various organs, possibly using
interpolation to reduce the amount of interaction.) A standard procedure thus needs to be es-
tablished which physicians can follow.

The implemented toolbox offers a good environment to quickly prototype new segmentation
techniques and combine them flexibly with the large number of existing techniques. This is
needed to generate very detailed patient models. The ability of the toolbox to work with vari-
ous competing tissues at the same time increases its robustness. The presence of both auto-
matic and semi-automatic, interactive methods gives the user a high degree of flexibility.

a) watershed transformation
b) live wire
c) fuzzy connectedness
d) k-means classification

(2D/3D)

Fig. 1: Illustration of some segmentation methods.
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