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Chapter 8

Conclusions

This chapter concludes this thesis by presenting conclusions and ideas for improvements.

8.1 Conclusions

This thesis reviews and extends two approaches for the generation of curve-like
structures in digital pictures inspired by 3D confocal microscope images of human
brain tissue.

We discuss distance transforms as a classic tool for the generation of geometric
skeletons. Envelope algorithms are explained in more detail because they calculate
exact Euclidean distance maps in optimal time and in arbitrary dimensions. New
details for the computation of the reverse distance transform and the skeleton ex-
traction are explained. We demonstrate the strong relationship between the reverse
distance transform and the medial axis extraction. Geometric skeleton definitions
are not consistent in the literature. In general, a main disadvantage is that geomet-
ric skeletons are not connected. The example of a sphere shows that in one extreme,
the extracted medial axis can be an unorganized cloud of elements. We propose a
method to reduce the number of those elements. The result is not satisfactory be-
cause in some cases elements of the medial axis have a large Euclidean distance to
each other. The discoveries for the computation of medial axis do not change the
fact that the topologic structure has not been effectively captured in a suitable for-
mat such as an abstract curve graph. For the generation of curve-like structures,
postprocessing algorithms are required. Medial axis extractions based on distance
transforms are successful in well defined applications, where additional conditions
support the generation of curves and arcs.

The thesis demonstrates also that envelope algorithms, for the computation of
geometric skeletons, are an interesting example for the application of classical math-
ematic tools from the continuous space in digital picture processing and vice versa.

We have given our preference to topologic skeletons above the geometric skele-
tons for our specific application because our emphasis is the detection of the branch-
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ing structure for subsequent analysis. For this purpose we review topology preserv-
ing thinning methods as a general concept. Simple element detection or simple set
detection are central parts of topology preserving thinning. The literature offers a
long list of characterizations of simple elements or simple sets based on different
models. One of the key contributions of this thesis is that we prove the equiva-
lence of different characterizations, and we use the Euler characteristic of the P -
attachment set to characterize non-simple elements in 3D space. The application of
this new characterization leads to a time efficient construction of look-up-tables. We
describe the modification of an existing six subiteration sequential thinning algo-
rithm.

The classic definition of branching indices in Euclidean space has been adapted
for the 3D orthogonal grid. We propose a classification of elements in 3D topologic
skeletons and we introduce junctions. The number of branch elements is unsta-
ble for noisy surfaces. Morphologic operators (sequences of opening and closing)
as preprocessing procedures for topologic thinning provide better accuracy for the
computation of the number and complexity of branch elements. The classification
of skeletal elements is required for the unique construction of abstract curve graphs.
We describe labeling algorithms for subsequent length measurements which lead
to weighted undirected graphs. We propose the centroid of a junction to be the
geometric location in combination with a 3D DSS-algorithm as a global length esti-
mator.

The introduction of new features such as uniformity and density is based on
the subdivision of volumes into equally sized cubes. They describe the branching
structure in the whole 3D picture and how densely distributed curves are located in
pairwise disjoint subcubes.

The representation of skeleton pictures as abstract curve graphs allows the adap-
tion of graph algorithms. We propose the subdivision of skeleton pictures into con-
nected components for the extraction of graphtheoretic properties.

8.2 Ideas

We have seen that EVA-algorithms are useful for the computation of the squared
Euclidean distance transform, the reverse distance transform and the medial axis.
Both presented medial axis definitions do not help to compute the “optimal” me-
dial axis in a sense that only the minimum number of elements for reconstruction
are determined. Further studies of the properties of the envelopes of the families
of parabolas could lead to a solution for this problem. It is also interesting to study
those properties with respect to connectedness of the resulting elements of the me-
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dial axis and subsequent classifications of those elements. We discussed properties
of the medial axis of one disk (based on one definition) with respect to increasing
grid resolution. An open question is: can we discover general theorems about prop-
erties of medial axes calculated with different methods with respect to increasing
grid resolution? In other words: do existing methods improve with increased grid
resolution and reduce problems which lie in the discrepancies between continuous
maps and discrete picture maps?

We discussed some details of a directional 3D thinning algorithm. All directional
thinning algorithms have the disadvantage that the locations of resulting skeletons
are dependent on the start direction. Parallel thinning algorithms based on multiple
element definitions generate sets of skeletal elements which are not ”thin” in gen-
eral. We should investigate the question how an increased grid resolution improves
the location of skeletal curves for different thinning methods.

We analyzed some properties of junctions in skeletal curves after thinning. The
study could continue with the final goal to find general dependencies between car-
dinalities and branching indices, or influences of specified morphologic operations
as preprocessing steps for topologic thinning and number of junctions.






