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Abstract 
One of the main advantages of microCT is the ability to characterize the capture the complete three-
dimensional structure of a material without destroying it. This does not only allow to obtain structural 
information which can otherwise only be partially obtained with indirect destructive methods, the 
results can also be represented in 3D images and the analysis can be performed at different points in 
time to monitor the evolution of microstructure. This is for example relevant in food processing 
samples. 
To allow the structural characterization of samples with microCT, the 3D analysis package Morpho+ 
[1] was developed. The software has been applied in various scientific projects and studies and has 
more recently also been used to investigate the structure of materials used and produced in an 
industrial setting. In this poster, we will illustrate the workflow of some typical analysis paths in 
Morpho+ using a selection of practical applications. 
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1  Introduction 
X-ray tomography or microCT makes it possible to visualize the internal structure of complex objects 
in a non destructive way. An important challenge lies in the characterization of the obtained data. For 
this characterization visualization is often insufficient and quantitative information is required. This 
information can be obtained by the use of three dimensional (3D) analysis software packages, such as 
Morpho+ [1]. 
 
Morpho+ is a flexible 3D analysis software package which provides several structural 3D parameters 
for CT data. Morpho+ can process large datasets in a reasonable amount of time. It has an intuitive 
user interface and visualizes the different steps of the analysis to enable easy interpretation of the 
results.  

2  Key features 
Below a short explanation about the key features available in Morpho+ is given. A full overview and a 
more detailed explanation of the functionalities of Morpho+ can be found in [1]. 

Determination of volume parameters: The total porosity or volume fraction of a certain component 
can be derived. Additionally, this parameter can be determined for sub-volumes and provides 
information about local variations. This can be done easily after an initial single or dual (or hysteresis) 
thresholding and subsequent cleaning operations to simplify the binary volume (opening, closing, hit-
or-miss opening and closing, filling holes). Furthermore, more advanced parameters such as the Euler 
Number (a measure for connectivity), tortuosity and the fractal dimension can be determined. It is also 
possible to extract a skeleton or medial axis from the volume.  
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Object identification: To identify each object inside a volume as being a separate unit, connected-
component labelling is used. The combination of the threshold operation and the object identification 
is commonly referred to as segmentation. 

Object parameterization: Each object can be characterized by determining parameters such as the 
number of voxels, the surface, the orientation, the average gray value, the number of neighbouring 
objects, the maximum opening, the minimum closing and the equivalent diameter. The maximum 
opening is the diameter of the maximum inscribed sphere, while the minimum closing is the diameter 
of the smallest circumscribing sphere. The equivalent diameter is the diameter of a sphere with the 
same number of voxels as the object. A selection parameter can be used to identify all the objects of 
which the value for the selected parameter lies in a specified range. This enables identifying different 
components in the investigated volume. 

Object separation: Some objects have to be separated into a set of sub-objects. Their individual 
parameters combined with the information about their interconnectivity (such as the size of the 
bottlenecks) can be used to improve characterization of the object. Sometimes, this separation is also 
necessary for disconnected objects which appear connected due to the limited resolution/contrast of a 
CT scan. To avoid erroneous separation some filtering operations are included in the program. The 
separation is done by computing the watershed transform [2] of the inverse distance transform. 

Smart rejoin operation: After a watershed based separation is performed, it is possible that 
separations are introduced where in fact there are none present. This is called over-segmentation. The 
smart rejoin operation was introduced in Morpho+ to overcome this problem. The user specifies a level 
l ∈ [0,1]. For each separation the maximum opening, dsep, and the largest of the maximum openings of 
the two objects it separates, dobj is calculated. The two objects are rejoined if the following equation is 
valid [1]: 

	  

In this way, if the cross section of the separation between the objects is not significantly smaller than 
the size of each object, no separation is added. A level of zero will rejoin all objects that were 
connected before the separation, whereas a level of one changes nothing. 
Figure 1 illustrates the different steps in the analysis process for the pores of an aluminium foam 
sample. 
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Figure 1: Different steps in the analysis process for the pores of an aluminium foam sample. In (a) an original slice 
of the volume is shown. (b) Illustrates the same slice after thresholding and (c) the Euclidean distance transform. 
(d) Shows the result after applying the watershed algorithm; it is clear that there is over-segmentation in several 
pores. This is resolved by applying the smart rejoin algorithm, the result is given in (e). Although all algorithms 

operate in 3D, the result is shown in 2D for demonstration purposes. [3] 

3  Applications 
In this section the possibilities of Morpho+ are illustrated with the aid of several applications. 

3.1 Porosity of a calcerous sandstone 
Figure 2 shows a reconstruction of a calcerous sandstone sample. Left, a 3D rendering of the sample, 
visualized with VGStudio Max 2.0, is shown and right a reconstructed cross section. 

 
Figure 2: A 3D rendering (left) and a cross section (right) of a reconstructed calcerous sandstone sample [3]. 
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The porosity can be calculated for the entire volume, within a VOI or an evolution of the porosity can 
be determined. For the latter, the volume is divided into different layers and one calculates the porosity 
in each layer. The volume can be subdivided in several blocks in X-, Y- or Z-direction and for each of 
these blocks the porosity can be calculated, this is referred to as partial porosity. It is also possible to 
determine the evolution of the porosity from the edge to the center of the object, this is called inward 
porosity. In figure 3 the partial (left) and inward (right) porosity of the calcerous sandstone are 
illustrated. 

 

 
Figure 3: The partial (left) and inward (right) porosity of the calcerous sandstone [3] 

3.2 Aluminum foam 
In section 2 the different steps in the analysis process for segmenting the pores of an aluminium foam 
sample were illustrated. Once these pores are segmented it is possible to determine several parameters 
for characterizing the pores. It is also possible to color label the pores based on a selected parameter. In 
figure 4 the pores of the aluminum foam are color labelled based on their maximum opening.  

 

Figure 4: Pores of an aluminium foam colour labelled based on their maximum opening [3]. 

 
The separation obtained with the watershed algorithm can be used to calculate a skeleton or medial 
axis for a sample [1]. This can be done by connecting the centre points of the separation by straight 
lines. Figure 5 shows a part of the aluminium foam sample with its skeleton. 
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Figure 5: Skeleton (green) of an aluminium foam sample (blue). From the figure on the left is clear that the 

skeleton stays within the phase boundaries of the sample [3]. 
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