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Text S1. Sampling boundary detection along a sampling ray 

Those rays who reach the boundary of the local structure should be terminated early. Thus, it 

is important to detect the boundary along a sampling ray. In the original rayburst sampling, 

an intensity threshold is adopted, or a binary image is available [1]. To break those 

restrictions, we use a hysteresis threshold to deal with heterogeneous images, described as 

follows. At each time, the intensity value at endpoint P of the extended ray is obtained using 

tri-linear interpolation, which is defined as the sampling value, and the difference between it 

and the last sampling value on the same ray is defined as the sampling gradient, as shown as 

Figure S1A. In a local area around the current node, such as a cube block with a side length 

of 10 times the node radius, the mean of all voxels is calculated and recorded as m, while the 

mean of the foreground, whose voxel intensity is more than m, is recorded as h, as shown as 

Figure S1B. A ray endpoint P with a sampling value of more than h is foreground, and one 

with a sampling value of more than m and a sampling gradient of less than (h-m) is also 

regarded as foreground. The two criterions are expressed as 
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where the function val calculates the sampling value at a given point. 

 

Figure S1. Detection the boundary of the structure along a sampling ray. (A) 2D illustration of the 

sampling value and gradient along a sampling ray. (B) Histogram of local area used to detect 

threshold parameters. 
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Text S2. flNeuronTool: neuron reconstruction system 

The freeware system flNeuronTool that implemented the proposed method was built in C++ 

with a GUI based on OpenGL (http://www.opengl.org/) and FLTK (http://www.fltk.org/). It 

potentially supports multiple platforms. This system is partly inspired by Vaa3D [2] and 

FARSIGHT trace editor [3] and selectively combines their most important features, which 

allows users to reconstruct and proofread multiple neuronal morphologies in a cooperative 

3D interactive visualization-assisted environment, as shown as Figure S2. The source code 

and binaries are freely available at http://sourceforge.net/projects/flneurontool/. The current 

version includes basic features, as follows: 

 File: Loading and exporting an image stack in the TIFF format, single or multiple neuron 

reconstructions in the SWC format. 

 Visualization: The image stack is visualization using GPU based volume rendering, on 

which multiple neuron reconstructions are conveniently displayed overlaid in different 

colors and styles. User interaction and direct object pick in 3D are provided. 

 Tracing: Automatic tracing and reconstruction of neuronal morphology based on the 

algorithm described above is the core of the system. 

 Editor: Errors in the automated reconstruction can be corrected in manual editing mode. 

Individual tree segments can be added, rotated, jointed, split and removed. A few batch 

operations, such as radius and branch fix ups, are also permitted. 

 Analysis: A few statistic features of reconstructions can be counted. 

 Thread: The system supports multi-threading processing, by which user operations can 

be quickly responded while performing time-consuming calculation. 

 

Figure S2. GUI of flNeuronTool. Multiple reconstructions are displayed overlaid on the voxel data in 

different colors and styles. The table at right shows the statistical information of completed 

reconstructions. 
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Text S3. Validation of the reliability of the radius estimation 

We validate the reliability of the radius estimation, because the local radius is the basis of the 

hemispherical sampling that is used to predict centerline and branch. We use synthetic data 

that has helix-like structure and varying width [4]. The image and the automated 

reconstruction from flNeuronTool are shown in Figure S3A. As comparison, we reconstruct 

the same structure using NeuronStudio [5] and OpenSnake [6], and analyze the change of the 

local radius along the z axis, as shown in Figure S3B. In the results, changes of the radius 

estimation are highly consistent for different reconstructions, which show that all of the 

methods are acceptable. However, for some positions, the radius value from NeuronStudio 

appears bigger than the two others. The possible reason is that NeuronStudio estimates radius 

on the axial cross-sectional plane, which could cause deviation when the structure is oblique 

crossing the plane. Potentially, the radius estimation that is available in 3D has higher 

credibility. 

 

Figure S3. Validate the reliability of the radius estimation on helix-like data. (A) The image (voxel 

size 50×50×100) and automatic reconstruction from flNeuronTool are displayed in two different 

styles. (B) The change of the local radius along the z axis for different reconstructions from 

flNeuronTool, NeuronStudio and OpenSnake, respectively. 
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