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The advent of modern microscopy imaging technologies has made
possible the acquisition of cellular image sequences with high temporal
and spatial resolutions [2, 3]. While the availability of high resolution
image acquisition opened the possibility to study a large spectrum of bio-
logical processes, on the other hand it has generated a substantial problem
as the amount of data to be interpreted by biologists is constantly increas-
ing. Consequently, in many situations the manual data annotation process
has become impractical and this fact has generated a substantial interest
in the development of automatic approaches that are able to track cellular
structures in dense time-lapse images [1]. However, the development of
accurate cell tracking algorithms is a challenging task due to factors such
as non-structured motion patterns, cellular agglomeration and prolifera-
tion. To address these challenges, in this paper the cellular tracking has
been formulated as a sequential process where the inter-frame cell associ-
ation is attained by assessing the variation in the local structures contained
in consecutive frames of the image sequence.

The proposed cell tracking algorithm has been designed in a multi-
step modular fashion and a schematic that shows its main constituent
components is illustrated in Figure 1. The first component of the algo-
rithm implements the cell segmentation process where the detected cells
are used to generate a Delaunay mesh in each frame of the sequence.
The most sophisticated component of the proposed algorithm is repre-
sented by the cellular tracking process that has been specifically designed
to accommodate the under-segmentation errors that occur during the cell
segmentation process.
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Figure 1: Overview of the proposed cell tracking framework.

As illustrated in Figure 1, the cell tracking is performed in three
phases. In the first phase, the nodes that exhibit the most similar local
structures in the Delaunay meshes in consecutive frames are identified
using equation (1).
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of triangles that are matched with respect to Hausdorff distance. In the
second step of the cell association algorithm we attempt to match the un-
associated nodes that are adjacent to the nodes that are identified in the
first step (i.e. the nodes that are determined with the highest confidence
level). This is carried out using equation (2) and in this process we use
the information that is similar in the Delaunay meshes to aid the identi-
fication of the corresponding nodes in thet andt +1 frames whose local
structure is changed due to unstructured cell motility or degenerations that
may occur in the Delaunay meshes.
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whereR(•) counts the number of most similar links between the nodes
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defines the links between the nodei with its connected ref-

erence nodesm in the Delaunay mesh,
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is a parameter that defines the maximum cell movement that can occur in
adjacent frames.

The last phase of the cell tracking algorithm attempts to redress the
problems caused by under-segmentation and cellular agglomeration that
induce large distortions in the Delaunay mesh. This has been imple-
mented using normalised cross-correlation that is applied to locate in the
framet +1 a pattern that approximates the un-associated cell in framet.
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Figure 2: Illustration of the cell association process where the left and
right images depict thet and t + 1 frames. (a) and (b) Cell association
results - the nodes that are associated in the first and second steps are
labelled with A and B, respectively. With D and P are marked the nodes
in (a) and (b) that do not obey the matching criteria enforced with Eqns.
(1) and (2). These nodes are not associated due to factors such as under-
segmentation and large distortions in their local Delaunay meshes.

Experimental results using Delaunay matching (Eqns. (1) and (2)) are
shown in Figure 2, where Figure 3 illustrates the tracking improvement
obtained after the application of the under-segmentation module.
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Figure 3: The effect of under-segmentation on the cell tracking process.
(a) Cell tracking results - DM. (b) Cell tracking results - DPM.
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