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This data article presents a data set comprised of 2048 synthetic
scanning electron microscope (SEM) images of powder materials
and descriptions of the corresponding 3D structures that they
represent. These images were created using open source ren-
dering software, and the generating scripts are included with the
data set. Eight particle size distributions are represented with 256
independent images from each. The particle size distributions are
relatively similar to each other, so that the dataset offers a useful
benchmark to assess the fidelity of image analysis techniques. The
characteristics of the PSDs and the resulting images are described
and analyzed in more detail in the research article “Characteriz-
ing powder materials using keypoint-based computer vision
methods” (B.L. DeCost, E.A. Holm, 2016) [1]. These data are freely
available in a Mendeley Data archive “A large dataset of synthetic
SEM images of powder materials and their ground truth 3D
structures” (B.L. DeCost, E.A. Holm, 2016) located at http://dx.doi.
org/10.17632/tj4syyj9mr.1 [2] for any academic, educational, or
research purposes.
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Specifications Table

Subject area
More specific
subject area
Type of data
How data was
acquired
Data format

Experimental

Materials Science, Computer Science
Microstructural image analysis and classification

Images, 3D structures, scripts

Simulated 2D SEM images were rendered from the ground truth 3D structures
using the Blender [3] open source graphics rendering suite

Raw 3D structures in.JSON plain text format, processed digital images in.PNG
format, formatted scripts in.SH and.PY plain text formats

Spherical particles are placed at random with size drawn at random from the

factors generating particle size distribution. The resulting structures are rendered at a
resolution of 512 x 512 pixels.
Experimental 2048 images of powder materials, representing 8 related but distinct particle size
features distributions
Data source Pittsburgh, PA, USA
location
Data accessibility Data are publicly available via Mendeley Data at http://dx.doi.org/10.17632/

tj4syyjomr.1

Value of the data

e Microstructural image analysis is a core discipline and an active research area in materials
science; however, data science approaches to microstructural image analysis are hindered by a
lack of large, well-understood image data sets. The images in this data set help fill that gap by
providing a statistically significant number of powder material images with known ground
truth characteristics.

e Because their generating particle size distributions are closely related, the resulting structures
are challenging to differentiate, thus they present a useful benchmark to assess the fidelity of
image analysis techniques.

e When combined with their ground truth structures and classifications, these images can be
used to benchmark image analysis approaches including segmentation, quantitative char-
acterization, machine learning, and others.

e Images of powder materials are especially important for understanding powder bed based
Additive Manufacturing (AM) processes.

1. Data

This data set is comprised of 2048 synthetic scanning electron microscope (SEM) images of
powder materials and descriptions of the corresponding 3D structures that they represent [2]. There
are 256 images/structures from each of eight closely related particle size distributions (PSDs), as
described in Table 1. Fig. 1 shows the PSDs sampled to create the images, and Fig. 2 shows example
images from each PSD. Fig. 3 shows a text snippet from a 3D structure file, as well as a rendering of an
example 3D powder structure that would be synthetically imaged to generate a 2D micrograph.

2. Experimental design, materials and methods

The dataset of 3D structures and their corresponding 2D images was created using Blender [3], an
open source computer graphics suite used for 3D modeling, rendering, animation, and scientific
visualization. In this dataset, powders are comprised of spherical particles with sizes drawn at
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Table 1
Dataset file structure.

729

a-lognormal-loc0.l-shape0.5

Contains files pertaining to particle size distribution ‘a": a
lognormal distribution with mean u = 0.1 and shape factor
o= 0.5 [expressed in arbitrary Blender units).

b-lognormal-loc(.l-shape0.6

‘b’: a normal distribution with u = 0.1 and o= 0.025.

c-normal-loc0.1-shape0.025

‘c’: a lognormal distribution with u = 0.1 and 0= 0.6.

d=lognormal-locO.l=-shape0.25

‘d": a lognormal distribution with i = 0.1 and o= 0.25.

e-lognormal-loc0.12-shape0.5

‘e’: a lognormal distribution with ¢ =0.12 and 0= 0.5.

f-lognormal-locl.12-gshape0.6

‘f': a lognormal distribution with g = 0.12 and o= 0.6.

g-weibull fit-loc0.12-shape0.S

‘g': a welbull distribution with parameters fit to match ‘e,

h-weibull fit-loc0.12-shape(.6

pan.iclesl .json
particles.json

particles256.json

particlesl.png
particles2.png

particles256.png

blender_ powder.py

generate_sample.py
blend.sh
matal_texture.jpg
README

'h': a weibull distribution with parameters fit to match f".

Contam 30 s s

Text files containing 3D structure information, induding
particle coordinates and sizes, corresponding to the ground
truth structure for the synthetic SEM images.

Computer scripts and texture image used to generate and
render 3D powder structures as described in the text, with
a README file describing their use.

random from the appropriate PSD. We consider eight PSDs, as shown in Fig. 1, and construct 256
independent structure/image pairs for each PSD, resulting in 2048 synthetic powder micrographs

(examples are shown in Fig. 2).

To synthesize each image, we use an 11 x 11 x 2 (arbitrary Blender units) render volume and insert
800 particles placed at random. Particle radii are selected at random from one of the eight generating
PSDs, and they are permitted to intersect and/or occlude each other. Particles are rendered using a
spherical mesh, with a surface texture achieved by wrapping the particle with an image of zinc grains,
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Fig. 1. Cumulative probability distributions for the eight particle size distributions sampled to create the synthetic SEM images
in this dataset.

Fig. 2. Example synthetic SEM images of powder materials. (a) Four examples representing particle size distribution ‘a,’ as
shown in Fig. 1. (b-h) One example each of particle size distributions ‘b’ through ‘h’.

included in the dataset. The particles are imaged on the z=0 plane, which intersects the centroid of
the render volume, as shown in Fig. 3(b). The camera is located in the center of the volume at height
z=10, and the resulting image resolution is 512 x 512 pixels. Python scripts used to perform these
operations are included in the dataset files.
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a b

{"x": 0.7151104153698564, "y": 0.34161924876145744,
"size": 0.15473928225359207, "z'": 0.22253387409835113},
{"x": 0.6765049863115645, "y": 0.11566012182172836,
"size": 0.053448776815041496, "z": 0.7208925767769172},
{"x": 0.021076509270391175, "y": 0.8200360434330045,
"size": 0.06516108393420765, "z": 0.646981990674846},
{"x": 0.8774704029171219, "y": 0.14268794563545673,
"size": 0.10146963349215361, "z": 0.02748896546747437},
{"x": 0.5715450013867972, "y": 0.230403247707762,
"size": 0.23156021542530525, "z": 0.8094627610086771},
{"x": 0.22419512934505115, "y": 0.5288817605243922,
"size": 0.10802785536500464, "z": 0.3083662940203088},
{"x": 0.6177323043114071, "y": 0.9502822204609923,
"size": 0.1327224310684336, "z": 0.7472238900448478},
{"x": 0.2514336338262535, "y": 0.9220996084103551,
"size": 0.11181009334094745, "z": 0.7336668835840748},

Fig. 3. Example of a 3D ground truth particle structure. (a) A text snippet from the.JSON structure file, showing how particle

sizes (“size”) and coordinates (“X”, “y”, and “z”) are represented. (b) A 3D rendering of a particle structure, which would be used

to create a synthetic 2D SEM image as described in the text. The x-axis is shown by the red arrow; the y-axis is the green arrow;
and the z-axis is the blue arrow. The imaging plane is located at z=0, and is shown by the overlaid grid.

It is worth noting that the PSDs in Fig. 1 consist of four pairs of size distributions that are relatively
similar to each other. The characteristics of the PSDs are given in Table 1 and described in more detail
in [1].
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