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AUTOMATIC SEGMENTATION OF CELL NUCLEI FROM CONFOCAL LASER
SCANNING MICROSCOPY IMAGES

A. Kelemen, H-W. Reist

INTRODUCTION

A newly developed experimental method [1] combines
the possibility of irradiating more than a thousand cells
simultaneously with an efficient colony-forming ability
and with the capability of localizing a particle track
through a cell nucleus together with the assessment
of the energy transfer by digital superposition of the
image containing the tracks with that of the cells.

To assess the amount of energy deposition by parti-
cles traversing the cell nucleus the intersection
lengths of the particle tracks have to be known. Inter-
section lengths can be obtained by determining the
3D surface contours of the irradiated cell nuclei.
Confocal laser scanning microscopy using specific
DNA fluorescent dye (fluorochrome) offers a possible
way for the determination of the 3D shape of individ-
ual cell nuclei. Unfortunately, such experiments can-
not be performed on living cells due to the toxicity of
the dye under irradiation.

One solution to this problem can be provided by
building a statistical model of the shape of the nuclei
of the exposed cells, allowing the determination of the
average intersection lengths as function of the dis-
tances of the tracks from the center or from the con-
tour of the cell nucleus visible on 2D microscopic
(phase contrast) images.

In order to build such a statistical model, a large num-
ber of cell nuclei have to be identified and segmented
from confocal laser scanning microscopy images. The
present paper describes a method to perform this 3D
segmentation task in an automatic manner in order to
create a solid basis for the statistical model building.

RECONSTRUCTION OF CLSM IMAGES

Detection of the cell nucleus requires a reliable as-
sessment of the surface contour of that nucleus. La-
ser scanning microscopy provides a set of confocal
sections through a living cell in real time. However,
each section has many details obscured by blurred
light from parts of the cell that are out of focus. Image
acquisition in confocal laser scanning microscopy is
being investigated in order to establish restoration of
the obtained images. Three-dimensional optical blur-
ring of the image acquisition system is characterized
by the continous point spread function (PSF), the
image of a point like source. Considering the image
acquisition as a linear and shift-invariant system, the
observed images can be expressed mathematically as
a 3D-convolution of the original fluorescent image and

the PSF. The PSF can be used to improve the quality
of the image data.

Point spread functions of different objectives were
determined using sub-resolution fluorescent beads.
Four different restoration algorithms were examined. It
was shown that linear restoration techniques, such as
Wiener-filter, perform well at good signal to noise
ratios. At high noise levels, however, it became clear
that non-linear restoration techniques give superior
results to those obtained by linear filters. Investigating
non-linear methods, reconstructions by constrained
iterative deconvolution were tested. We implemented
a modification of the Jansson-van Cittert method of
successive deconvolution. This approach provided
good performance even at a high noise level. A sec-
ond non-linear algorithm which was originally devel-
oped by Gold converges about five times faster than
the Jansson-van Cittert method, but it shows poor
performace on noisy images. There is a trade-off be-
tween computation time and accepted noise. A further
approach is being investigated which is based on a
conjugate gradient algorithm proposed by Carrington.
This algorithm is expected to give restoration with
high resolution.

FINDING CENTRES OF ELLIPSOIDS USING THE
WAVE-EQUATION

By applying the wave equation to gradient magnitude
images the axial or rotational symmetries in unseg-
mented gray-scale images can be detected. It has
been demonstrated, that the combined use of the
wave and the diffusion equation offers an efficient
alternative to Hough-transformation to detect circles
and to compute the "symmetric axis transform" (SAT)
of different objects.

We extended this procedure to 3D processing in order
to recognize spheres or ellipsoids in volume data.
Figure 1 illustrates this process. At first, a gradiant
image is computed to find object boundaries in the
image which are used as initial value for the wave
propagation process. Two wave fronts will be created
propagating into opposit directions. After a certain
number of iterations the inner wave front reaches the
center of the cell nucleus. This can easily be detected
since the wave fronts superimpose with maximum
intensity there. The constant propagation speed and
the number of iterations needed to reach maximum
intensity permits the computation of an ellipsoid ap-
proximation of the cell nucleus. In the last step this
ellipsoid will be refined to match the surface of the cell
nucleus.
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Fig. 1: Detection of the centre of a V79 cell nucleus.
a: original gray value image, b: edge detec-
tion, c: wave propagation after 10 and d: after
60 iteration steps. Besides several local
maxima there is a clear global maximum in
the center. Top row: x-y sections, bottom
row: x-z sections.

SEGMENTATION OF THE CELL NUCLEUS

Elastically deformable surface models [2, 3] have
been proven to be efficient tools for the segmentation
of 3D images if a reasonable initialization can be pro-
vided. Parametric techniques as flexible Fourier sur-
face models proposed by Staib and Duncan offer a
convenient way for the elastic deformation of the ellip-
soid resulting from the initialization step. The defor-
mation is achieved by refining the parameters in a
parameter space defined by the spherical harmonics
as basis functions.

We applied the Fourier snake algorithm for the seg-
mentation of the CLSM images [4]. To segment the
cell nuclei we used spherical harmonics up to degree
4 (75 descriptors), initialized by the 12 descriptors
(degree 1) of the ellipsoid obtained from the wave
equation process. Figure 2 shows the result of the
segmentation applied to a nucleus of a V79 cell. A
conjugate gradient technique has been applied for the
optimization, which took 10 minutes on a SUN
SpardO workstation.

Fig. 2: Segmentation example of a V79 cell nucleus.
a: manually segmented surface of the cell
nucleus; b: initial ellipsoid determined by the
wave-equation; c to e: iteration steps of the
parameter optimization; f: the final result of
the segmentation. Light gray denotes the
surface of the cell nucleus and dark gray rep-
resent the deformable model.
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