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Cell migration is a critical parameter for a wide va-
riety of physiological and pathophysiological pro-
cesses. In order to capture important details of a bi-
ological process under consideration and to arrive
at quantitative predictions, it is generally required
that algorithms capable of analyzing the specific ex-
perimental data have to be developed first.
We take first steps towards a fully automated char-
acterization and parameter-free classification of cell
track data.
We identified the following two requirements to
achieve this aim:
(i) computation of staggered measures to retrieve
local information from all possible track segments.
(ii) combination of different measures such as the
confinement ratio and the asphericity of the cell
track volume. We demonstrate that classification
of cell tracks can be achieved via hierarchical clus-
tering of cell tracks in the space of the staggered
confinement ratio and asphericity.

1. Introduction

Schematic cell track characterization. (A) Ex-
ample of a cell track segment. (B) The volume
asphericity. (C) Track segments with different
time-orderings. (D) The confinement ratio is de-
termined by the displacement over the length of the
cell track segment. (E) The displacement ratio is
determined by the displacement over the maximal
displacement of the cell track segment. (F) The
outreach ratio is determined by the maximal dis-
placement over the length of the cell track segment.
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Staggered confinement ratio:
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Staggered displacement ratio:
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Staggered outreach ratio:
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2. Method

Cell population analyses of cell track data obtained from neutrophil migration

Analyses at the population level do not provide the information required to decompose a cell
population into different sub-populations with distinct migration behavior.

3. Population analysis

Cell tracks with different types of migration behavior are shown (left). Heat maps of the stag-
gered confinement ratio, staggered volume asphericity, staggered outreach ratio and staggered
displacement ratio for the three types of cell tracks are shown (right).

Hierarchical clustering of neu-
trophil cell tracks in the parame-
ter space of four staggered mea-
sures. (A) Dendrogram from the
agglomerative hierarchical clus-
tering based on the euclidean
distance between the centroids
of groups of data points. (B) Rep-
resentative cell tracks of the clus-
ter with fairly straight cell tracks.
(C) strongly confined cell tracks.
(D) purely random cell tracks.

4. Single cell analysis

•Dynamic changes in the migration behavior of single cells can be studied by extracting the
information of a staggered measure contained in its heatmap.
•Hierarchical clustering of cell tracks in the parameter space related to staggered measures

is applied to map clusters of cell tracks with similar migration behavior back into a system’s
spatial environment.

5. Conclusion
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