3D Deformable Surfaces with Locally Self-Adjusting Parameters –
A Robust Method to Determine Cell Nucleus Shapes
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▸ Motivation
When using deformable models for the segmentation of
biological data, the choice of the best weighting parameters for
the internal and external forces is crucial. Especially because of
blur and signal attenuations, one set of fix weighting parameters
is often not sufficient for the segmentation of the whole contour.
We are presenting a method for the dynamic adjustment of the
weighting parameters, that we evaluate on recordings of two
types of cell nuclei.

▸ Data and Challenges
We are applying our method to the segmentation of two types of
cell nuclei, to DAPI stained cultures of Drosophila S2 cells from
3D widefield microscopic recordings and to cells in a DAPI
stained Arabidopsis Thaliana root tip recorded with a confocal
laser scanning microscope.
The segmentation of the cell nuclei is challenging. Oftentimes
the contour of the object we want to segment is not fully visible
because of bad contrast or staining artifacts. E.g. cell nucleoli
are often not stained and thus cause holes in the nucleus
boundaries, whereas regions of dense chromatin result in very
bright image regions and thus hamper a good segmentation.

▸ Approach
The method we present here is based on the assumption, that
the boundaries of the objects we want to segment are in some
way similar over the whole object surface. The external, data
driven active surface forces are thus strongly weighted if this
constraint is fulfilled. If a boundary estimate looks much different
from the rest of the boundary, the data is considered deficient
and high weights are assigned to the internal active surface
forces. Thus we are replacing the classical low level weighting
parameters by one high level parameter, which is the ratio of the
boundary that is surely not missing in the recording.

▸ Results
For the Drosophila S2 cells, the overall result seems reasonable
for most of the 393 nuclei. Due to the strong blurring in zdirection caused by the microscopy technique, it is hard to judge
the segmentation in the lower regions. Unfortunately, we don't
have ground truth labeled data.
The segmentation of the Arabidopsis Thaliana nuclei is more
difficult because of the dense tissue. The more central the
nuclei lie inside the root, the more difficult is the segmentation
with our homogeneity based parameter estimation, because the
nucleus boundaries become less and less homogeneous.
Also,the nuclei oftentimes touch one another and cell organelles
touch the boundaries. Nevertheless, we could achieve a good
segmentation for these nuclei as well.
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