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3D skeletonization module

1. Background

A binary 3D object can be represented by its skaletvhich consists of the spines of
the object parts. A 3D skeleton may consist of 8bves (spines), isolated 3D points
and, possibly, 3D surfaces. More information on ${@letons can be found in [1].
The generation of a skeleton is realized by applyn iterative process which erodes
the object layer by layer until only the objectregs remain, which form the skeleton
of the 3D object. This iterative process is caltbthning. A thinning algorithm
contains a set of voxel deleting conditions, whiable it to erode the object
iteratively. The thinning process should suppoe thilowing properties, so that the
thinning result can be characterized as a skelgttime 3D binary object:

e Geometry preservation is a major concern of thinning algorithms. Forrapée, an
object like “b” should not be converted into an eddtjlike “0”. To preserve the
geometry of the original image, a thinning algarithmust contain certain
geometry preserving conditions.

e Topology preservation is the second major concern of thinning algorithfer
example, an object like “0” should not be conveitdad an object like “c”.

e Finally, a skeleton of an object should be, ideadly thin as possible (one voxel
wide) and should represent the object throughpitsesormedial axis.

A skeleton of an object can have a variety of agpions in 3D image processing,

such as:

e Automatic path generation. 3D volume visualization of objects, especially in
medical applications, can be beneficial from thegod's side. Such a process can
implement virtual endoscopy, where the navigatibra wirtual camera can be
guided by a path inside an organ. The skeletom@forgan can serve as such an
automatically generated path.

e Shape matching, identification, classification. As skeletons retain only vital
information about the shape of an object, the abjeadeling is simplified.

e Length measurement. By representing an object through its medial d&rsyth

measurement can be simplified in 3D space.
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e Compression. A 3D skeleton may need substantial less inforomatior its

description than the entire 3D object itself.

2. 3D Skeletonization Module Overview

3D Skeletonization is a module of EIKONA3D softwarackage. It conforms to the
module expansion capability of EIKONA3D and offershinning function available
for the user. The function is call&D Pattern Thinning function which based on a
pattern-based thinning algorithm and extracts #edeton of a single volume. The
module can be applied only danary volumes. A binary volume contains only two
intensity values, &oreground voxel value (255), and laackground voxel value (0). A
simple way to create a binary volume is thyesholding (a basic operation of
EIKONAS3D). This module is designed to work for edirsions of EIKONA3D.

3. Installation

The module comes in a single DLL (Dynamic Link laby) file called3dt hi n. dl I .

In order to install the module you only have to ydpe file in the installation
directory of EIKONA3D (where theei kona3d. exe file resides in) and restart

EIKONASD to recognize the new module.

4. Use of 3D Skeletonization Module
After launching the EIKONA3D package, the skeleration module will create a

new submenu under the naBi2 Skeletonization, as illustrated in Figure 1.

File Operations “isualization | Modules Help

eletonization 30 Pattern Thinning

Figure 1:3D Skeletonization menu function in EIKONA3D.

The skeletonization module operates on a singleitiyolume that EIKONA3D

handles. The output is a volume containing the gded skeleton of the object(s)
comprising the input volume. It is noted again thath the input and the output
volumes of 3D Skeletonization should be binary wudg. Even if the user selects a
grayscale volume, it is converted inside the modala binary one by thresholding it
with a voxel intensity threshold equal to 1. Thieans that every voxel whose value

is greater than or equal to the threshold takesduge of 255.
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It is worth noting that not every 3D object cantbaned to generate a well formed
3D skeleton. Awell-composed object is likely to be thinned to a better resGR
binary object preprocessing by 3D interpolation/andiltering can help producing a

satisfactory result.

5. 3D Skeletonization operations

5.1 3D Pattern Thinning

When the user selects the 3D Pattern Thinning tipera dialog box appears
permitting the user to select the input volume. Tiput dialog filters only the
grayscale volumes already loaded in EIKONA3D. Aftee selection of an input
volume, a second dialog box appears permittingudes to select the output volume.
The output volume can be placed either on an egidbtuffer or on a new one. A
dialog will appear displaying the progress of thming operation as illustrated in
Figure 2.

Murnber of Points it Current [keration
|7M arked = 24749 _‘

Deleted = 350

Figure 2: Dialog which displays the thinning progge

The algorithm works iteratively and it is time-cansng. In each iteration, a number
of object voxels is marked in order to be testedirzg} a set of deleting conditions.
The boxMarked in the dialog shows the number of voxels curremigrked for

checking. If an object voxel satisfies the deletamnditions, it is deleted. The box
Deleted in the dialog shows the number of object voxeleted so far from the set of

the marked object voxels.

5.2 Thinning Example
Figure 3 illustrates the skeleton extracted usimg3D pattern thinning operation on a

pulmonary tree. The 3D data were obtained from IEEs
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Figure 3: a) 3D rendering of pulmonary airway tigeThe skeleton produced by the 3D

pattern thinning algorithm.

6. Performance

The performance of 3D Pattern Thinning dependshenrtumber of object points
included in the volume and the object shape itklivell-shaped object could be
more easily thinned and take less time than asmooeth object. Generally speaking,
the thinning process using this operation is a tonasuming operation for even
medium sized volumes (having frame size A8 or 25256 pixels). For example,
the thinning process on the volume displayed irufeg3 (size 128128x128) took
about 5 minutes to complete on a single Pentiuatads CPU at 400 MHz or above.
The math morphology thinning runs significantly teasbecause of the type of

operations it performs.



