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The Scanning Electron Microscope (SEM) as a 2D imaging instru-
ment has been widely used in many scientific disciplines including
biological, mechanical, and materials sciences to determine the
surface attributes of microscopic objects. However the SEM
micrographs still remain 2D images. To effectively measure and
visualize the surface properties, we need to truly restore the 3D
shape model from 2D SEM images. Having 3D surfaces would
provide anatomic shape of micro-samples which allows for
quantitative measurements and informative visualization of the
specimens being investigated. The 3DSEM is a dataset for 3D
microscopy vision which is freely available at [1] for any academic,
educational, and research purposes. The dataset includes both 2D
images and 3D reconstructed surfaces of several real microscopic
samples.
© 2015 The Authors. Published by Elsevier Inc. This is an open
access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Specifications table

Subject area

3D microscopy vision, biology, materials science, mechanical engineering.

More specific sub- 3D surface structure, 3D structural analysis.

ject area
Type of data

* Corresponding authors.

2D SEM images (JPEG,.TIFF), 3D surface models (.OFF,.PLY).
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How data was 2D SEM images are captured by a Hitachi S-4800 field emission Scanning

acquired Electron Microscope (SEM). The 3D Shape models are created using the 3D
reconstruction algorithm illustrated in [2].

Data format Digital images, 3D shape models.

Experimental Experimental setup along with its parameters described in [2].
factors

Experimental Several qualitative and quantitative experiments showed in [2]. The results were
features promising.

Data source Milwaukee, Wisconsin, USA.
location

Data accessibility ~ The dataset is freely available at [1] for any academic, educational, and research
purposes. More 2D SEM images and 3D surface models will be added into the
dataset continuously.

Value of the data

® Discovering 3D surface structure from SEM images would provide anatomic surfaces and allows
informative visualization of the objects being investigated.

® To provide the current dataset, an optimized multi-view 3D SEM surface reconstruction algorithm
is designed [2].

® Several experimental validations are performed on real microscopic samples as well as synthetic
data. The quantitative and qualitative results are promising [2].

® Many research and educational questions truly require knowledge and information about 3D
microscopic structures. The present dataset along with the algorithm would be helpful in
this way.

® The current dataset which includes 2D SEM images and 3D surface models, and the underlying
methodology may serve as a guide for 3D SEM surface reconstruction.

® The present work is expected to highlight the important roles and applications of 3D microscopy
vision, particularly 3D surface reconstruction from SEM images, and open the doors for several
interesting directions to advance the level of the research area.

1. Data

Dataset names and attributes are briefly presented in Table 1. Fig. 1 shows two samples of the
entire dataset including 2D SEM micrographs and 3D reconstructed surfaces.

A Hitachi S-4800 Field Emission Scanning Electron Microscope is used to capture the
micrographs. This microscope is equipped with a computer controlled 5 axis motorized stage
capable of 360° of rotation with a tilt range of —5-70°. Sample manipulation, such as Z-position,
tilt, and rotation of the stage, as well as image processing and capture functions are operated
through the Hitachi PC-SEM software. The working distance that would give the required depth
of focus is specified at the maximum tilt for every specimen at the magnification chosen for
image capture. As the sample is tilted in successive 1° increments through the software, the
image is centered manually by moving the stage in the x- and y-axes with the stage positioning
trackball. The working distance and magnification are kept consistent in every captured image of
the tilt series by changing the Z-axis position as required. Brightness and contrast are manually
adjusted for consistency between micrographs, using the same structure in every image. The
micrographs are acquired with an accelerating voltage of 3 kV, employing the signals from both
the upper and lower secondary electron (SE) detectors. Readers interested in SEM imaging are
referred to [4,5] for further information.

The 3D surface models and their construction strategy are fully detailed in the paper [2]. At
present, the 3DSEM dataset includes three different samples illustrated in Table 1. This dataset is
an ongoing project in which further samples will be added to the dataset by near future. As we
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