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FIGURES AND TABLES

FIG. 1. Representative example of the type of images aimed at in this paper. The image shows a hippocampal
neuron in culture and was compiled from multiple ßuorescence microscopy scans to capture all of the neuronÕs
outgrowth. Typical features include ambiguities regarding the branching or crossing of neurites (as in the regions
indicated by the letter ÔAÕ), discontinuities in background intensity (as in the regions indicated by ÔBÕ), and varying
neurite contrast (compare the segments indicated by ÔCÕ). The former problem makes it virtually impossible to
develop fully automated approaches to neurite tracing for such images. Problems such as noise and varying neurite
contrast and background intensity are tackled by the technique described in this paper.
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FIG. 2. Output of the neurite detection algorithm applied to the image in Fig. 1. The top image shows, for every
pixel, the “probability” of belonging to a neurite, as computed by the algorithm, where bright and dark values
correspond to a high and a low probability, respectively. The bottom image shows a zoom of a region in the middle-
lower part of the top image, superimposed with the local neurite orientations (white dashes) computed by the
algorithm. The algorithm is designed to suppress dark line-like structures and background intensity discontinuities.
Moreover, it is tunable to neurites of specific width while it also reduces noise.
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FIG. 3. Graphical presentation of the results of the validation experiments comparing fully manual tracing (solid
bars) and our semiautomatic tracing technique (dotted bars). The graphs show, from top left to bottom right, the
length difference ratio (εL), the average deviation (εD), the intraobserver variability for εL and εD, the interobserver
variability for εL and εD, and the amount of user interaction required (see the main text for details on these
measures). The bars show the full range of observed values for each of the observers, with the black circle around
the middle of each bar indicating the mean value. The four observers (denoted by O1, O2, O3, and O4, where the
first two were cell biologists and the latter two computer scientists) are indicated at the bottom of the graphs. The
asterisks on top of each graph indicate for each observer the probability for the null hypothesis of equivalence to
be true based on the paired t-test applied to the data presented. The different levels of probability considered are
p < 0.001 (***), p < 0.01 (**), p < 0.05 (*), and any probability larger than 0.05 (no asterisk).
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FIG. 4. Representative sample neurite tracings (red curves) from the validation experiments, illustrating the per-
formance of our technique in the case of high (top left) or low (top right) neurite contrast, background intensity
discontinuities (middle left), very low neurite contrast and the nearby presence of bright spots (middle right), and
wiggling (bottom left) or sharply bending (bottom right) neurites. In the latter two type of cases the tracing algo-
rithm has the tendency to shortcut, resulting in an underestimation of the true neurite length. The problem may
be reduced to some extent by decreasing the parameters pertaining to the path coordinates smoothing filter (the
last two rows of Table 1). Alternatively, the problem can be avoided simply by additional user input. The magenta
crosshairs in the top-left and middle-right images are examples of the pointers used in the experiments to indicate
the start and end positions of the neurites of interest.
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FIG. 5. Visual impressions of the steerable convolution filter implicitly used in our neurite detection algorithm.
On the left, the filter is displayed in vertical orientation and at arbitrary scale as an image, in which the intensity
at the borders corresponds to zero, brighter intensities correspond to positive and darker intensities to negative
values. The graph on the right depicts the same filter as an inverted landscape. The filter is more elongated than
the filter normally found in the literature on detection of line-like image structures.

Parameter Value Description

σ 2.0 Gaussian smoothing scale

γ 0.7 Cost components weight factor

w 9 Snapping window size

p 5 Path coordinates postfilter size

s 5 Path coordinates subsampling factor

TABLE 1. Parameters of the neurite detection and tracing algorithms and their values as used in the validation
experiments. The parameters are listed in the order of their first appearance in the Appendix.


