
Introduction
Volumetric data acquisition from microtomographic imaging

of composites provides novel opportunities for identifying inter-
nal porosities and continuities of pores within soil aggregates and
other natural or artificial composite materials. After tomographic
volume reconstruction, the object being evaluated must be seg-
mented from the surrounding volume, and then the extracted
object must be segmented into its component parts.  In our current
work we are attempting to extract pores from within a 1-mm3 soil
aggregate. A pore is defined as an air-filled region within a sub-
volume that encloses the soil aggregate that has been segmented
from the volume. We present two techniques for segmenting a soil
aggregate from a larger tomographic volume.

Methods and Materials
Two techniques have been developed to segment the soil

aggregates from a larger volume. The first technique is based on
an automatically detected global threshold, while the second tech-
nique is based on using a clustering technique coupled with
Bayesian decision rule-based maximum likelihood estimator.

The first segmentation technique operates by computing a
histogram of the values in the reconstructed volume. After the his-
togram has been constructed, the assumption is made that the his-
togram is bimodal, with the modes corresponding to air and mate-
rial. The two largest peaks in the histogram are located; the min-
imum point between the peaks is then used as a global threshold.
A binary volume is generated from the source volume using the
detected threshold, extracting the soil aggregate from the volume.
A convex hull is then used to define a clipping region around the
aggregate. The clipping region is then used to extract the aggre-
gate from the original volume. After extracting the aggregate
from the volume, the same threshold can then be used to extract
pores from internal regions of aggregates for further evaluation.

The second segmentation technique is based on a combina-
tion of clustering1 and the Bayesian decision rule.2 The first phase
of the segmentation generates a set of clusters based on a neigh-
borhood variance.  The largest air cluster and aggregate clusters
are selected by ranking the clusters by size, then choosing the first
cluster that is known to be air or aggregate. The maximum likeli-
hood estimator is then used to classify the remaining clusters as
air or aggregate. The resulting set of classified clusters is used to
segment the volume. As with the first technique, the aggregate is
clipped from the background. The pores can then be extracted.

Results
Figure 1 shows the input to the histogram segmentation algo-

rithm, the segmented aggregate, and the pores that have been
extracted by the histogram technique. Figure 2 shows the input to
the cluster-based segmentation algorithm, and the result of the
cluster-based segmentation.
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FIG. 1. The input to the histogram segmentation, the seg-
mented volume, and the extracted pores.



Discussion
We are able to segment soil aggregates from the volume and

extract the pores from the volume. Currently under development
are improved techniques for defining the clipping region for the
aggregates. Additionally, better techniques are being developed to
extract the pores from a segmented aggregate.
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FIG. 2. Input to clustering algorithm and segmented aggregate.


