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Abstract

Grayscale dilation and erosion are basic transformations of mathematical morphology. Used together
or with other transformations, they are very useful tools for image analysis. However, they can be very
time consuming, especially with 3D images, and with large structuring elements. Several algorithms
have been created to decrease the computation time, some of them with some limitations of shape of
structuring element. We have implemented several algorithms, studied their performance in different
conditions, and shown that all of them are more efficients than the others in certain conditions.

We finally introduce a new structuring element class and a some meta filter designed to select the best
algorithm depending on the image and the structuring element, and to smoothely integrate the different
algorithms available in the toolkit.

This article is an early version made to describe the FlatStructuringElement class. The other parts
will come later. Be aware that other classes than FlatStructuringElement are still in development and
may produce incorrect results.
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1 Introduction

Several classes can currently be used as structuring element in ITK: itk::Neighborhood and some sub-
class of itk::Neighborhood. There is several problems with that:

• Some class likeitk::BinaryBallStructuringElement contains some code to generate a struc-
turing element of particular shape (a ball in that case), butthe required call to the method
CreateStructuringElement() make it particulary confusing for the beginner

• TPixel, the first template parameter of theitk::Neighborhood class and its subclass is meaning
less in that case. It can be safely set to a different type thanthe pixel type of the image, and store only
a binary information: inside the neighborhood or outside the neighborhood.

• ITK doesn’t offer convenient code to visualize the structuring element, or generate a structuring ele-
ment from an image

The itk::FlatStructuringElement class provided with this article aims to solve those problems, and,
with the meta filters, to make the integration of the van Herk /Gil Werman and Anchor algorithms as
transparent as possible.

http://www.itk.org/Doxygen/html/classitk_1_1Neighborhood.html
http://www.itk.org/Doxygen/html/classitk_1_1Neighborhood.html
http://www.itk.org/Doxygen/html/classitk_1_1BinaryBallStructuringElement.html
http://www.itk.org/Doxygen/html/classitk_1_1Neighborhood.html
http://www.itk.org/Doxygen/html/classitk_1_1FlatStructuringElement.html
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4.5 FlatStructuringElement

The FlatStructuringElement is implemented as a subclass ofitk::Neighborhood, in order to keep back-
ward compatibility. However, only theVDimension template parameter has been kept. The meaning less
TPixel of the itk::Neighborhood class is set tobool and hidden to the user.

itk::FlatStructuringElement provides several static methods. Each of them let the user produce a
stucturing element with a given shape:

• Ball() generate a ball structuring element. It takes the radius of the structuring element as parameter.

• Box() produce a box structuring element. It takes the radius of thestructuring element as parameter.

• FromImage() produce a structuring element from an image. The image is passed as parameter to the
method. A optional parameter can also be passed: the pixel value to be considered as the foreground
value in the image. This value defaults toNumericTraits< PixelType >::max().

The number of available shapes is currently limited. However, the most useful ones are there, and the ability
to generate a structuring element from an image should let the user easily create the ones he may need. Also,
the infrastructure is there and other methods to generate others shape can be easily added.

The GetImage() method in itk::FlatStructuringElement class let the user generate an im-
age from its structuring element, and thus easily visualizeits real shape. GetImage() is tem-
plated over the image type to produce. By default, the pixelsoutside the structuring element
are set toNumericTraits< PixelType >::Zero, and the pixels inside the structuring element to
NumericTraits< PixelType >::max().

http://www.itk.org/Doxygen/html/classitk_1_1Neighborhood.html
http://www.itk.org/Doxygen/html/classitk_1_1Neighborhood.html
http://www.itk.org/Doxygen/html/classitk_1_1FlatStructuringElement.html
http://www.itk.org/Doxygen/html/classitk_1_1FlatStructuringElement.html
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The methodGetImage() andFromImage() are templated methods. This particularity make them not avail-
able when wrapped inPython, Tcl or Java. For this usage,GetImageUC() andFromImageUC() has been
created. They provide the same fonctionality thatGetImage() andFromImage(), but are limited to the
pixel typeunsigned char, so they can be not templated. This methods are only there to be used with
wrappers and shouldn’t be used inC++.

4.6 Meta filters
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