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ANALYSIS OF SOLID MATERIAL IN POROUS MEDIA
WITH MATDICT

For three-dimensional models of porous media obtained from a tomography image or
from a digital model generated with GeoDict, the MatDict module analyzes the
characteristics of materials. There is no fix assignment of a material ID (identification)
to solid or pore space. Instead, it depends on the definitions made for the constituent

materials.
Mat
Material Statistics diMaterial Statistics k
- ~ Material Characterization
Structure Information GAD Objects Analysis
Options Edit ... Algorithms
MatDict’'s commands are grouped by four topics:
Material Statistics, Material Characterization, GAD
Objects Analysis and Algorithms.
Help| Record Run

MATERIAL STATISTICS

Structure Information: The algorithm determines porosity, solid volume
fraction, number of GAD objects, density, mass and grammage in all three
spatial directions. Values represent average values for the entire material(s)
inside the bounding box. Additionally, the individual solid volume fraction of all
materials is given as well.

1D Statistics: The method determines the solid volume fraction (SVF) of the
material in the different spatial directions and measures the material thickness.
The SVF is computed in the plane normal to the direction of interest and the
average value for each of those planes is reported in the 1D Statistics.

2D Density Map: The algorithm calculates the distribution of grammage, solid
volume fraction, and number of objects in the direction of interest. Each pixel in
the density map is calculated by averaging the respective property in the
direction of interest.

3D Inhomogeneity: The algorithm computes the solid volume fraction and
density (distribution) of specified subvolumes.

MATERIAL CHARACTERIZATION

The Solid Size Distribution (Granulometry) is determined by fitting spheres
into the solid objects. To be more precise, a point belongs to a solid object of a
diameter larger than d, if it is inside any sphere of diameter d, which can be
fitted into the solid objects.
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Analysis of solid material in porous media with MatDict

For the calculation of Percolation Paths, the method determines the maximal
diameters of spherical particles that can move through the medium. In addition,
the shortest paths of the largest particles are calculated and displayed.
Furthermore, one can compute the shortest path of a given sphere size through
the medium.

Connected Components: the solid fraction of a porous medium is not
necessarily a homogeneous medium but can be composed of individual
components that (all together) form the solid. Neighborhood relations between
voxels inside a component differ from those among different components and
between component and pore. The method analyzes the voxel-to-voxel relations
of the solid material and computes the components that build up the solid
fraction. Results of the method include the number of defined components
(material and background), mean number of components per 2D slice in each
spatial direction, and their size with respect to volume visualized as a histogram.

Estimate Surface Area: The algorithm calculates an approximation of the
surface area by statistical methods and not simply by adding up the voxel
surfaces. Therefore, the surface of a sphere is approximated correctly. However,
the estimation is slightly biased in case of highly anisotropic media. The method
originates from statistical image analysis, where the determination of the four
Minkowski measures (Volume, Surface Area, Integral of mean curvature,
Integral of total curvature) from voxelized images is an essential task. To
determine the surface area, the Crofton formula is used, which relates at first
the 3D surface area to an integral over 2D boundary lengths of planar cross
sections and then second these lengths to an integral over 1D rays. Based on
this formula, an analysis of the intersection points of rays in all space directions
with the structure allows determining the surface area.

Estimate Three-Phase Contact Line. The algorithm estimates the length of
the contact line between the phases in a three-phase system and the number of
voxel edges of the contact line in the Cartesian directions. The length of the
contact line, which strongly depends on the structure’s topology, is often
important for the performance of a material (for example for catalysts).

The four Minkowski Parameters (Volume, Surface Area, Integral of mean
curvature, Integral of total curvature) are the structures characterizing
parameters to analyze mathematical topology. These parameters can be used
e.g. for image processing, estimating root lengths or hysteresis.

A Chord Length Distribution (CLD) is the distribution of the length of a typical
chord of a structure. By being characteristic for any given geometry class, it is a
highly precise and sensitive measure to compare the geometries of porous
media. The calculation of CLD is particularly useful in 2D tomographic cross-
sections, for which the pore size distribution cannot be determined by
granulometry or by porosimetry (See PoroDict for further information about
granulometry or porosimetry).

The Geodesic Tortuosity command computes the tortuosity of paths crossing
the material, either through pore space or through solid materials. For every
voxel on the outflow plane, the algorithm finds the shortest path through the
selected material.
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Introduction

GAD OBJECTS ANALYSIS

Analyze Objects. The algorithm analyzes GeoDict Analytic Data (GAD) for the
total number of GAD objects, number of overlap objects (i.e. the overlaps
between different objects), number of objects, overlap solid volume percentage,
total number of contacts, mean coordination number, and the individual volume
of each component. It provides histograms for object volume and contact area.

The GAD-Objects Orientation analysis provides the direction tensor and
anisotropy for individual classes of GAD objects.

ALGORITHMS

In the Euclidean Distance Transform (EDT), the algorithm calculates the
distance from any point (voxel) inside a pore to the nearest pore/solid boundary.
This is useful when characterizing the structure’s pore morphology.

The Skeletonizer reduces any given structure to its center lines.

During the simulations, the results from all MatDict computations are saved as *.gdr
files in the project folder. In addition, the results can be opened, analyzed, and plotted
using the GeoDexcel spreadsheet.
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Analysis of solid material in porous media with MatDict

MATERIAL STATISTICS

STRUCTURE INFORMATION

The Structure Information command determines porosity, solid volume fraction
(SVF), density, mass, and grammage in all three spatial directions for the volume

inside the bounding box. For these calculations, the algorithm requires the density of
all solid materials as input data.

Material Information:
my ID 00: Pore [invis.]

wID 01: Polyethylene Terephtalate (PET)

ID 02: Cellulose
ID 04: Binder

After selecting Structure Information from the pull-down menu and clicking the
Options’ Edit... button, the Structure Information dialog box opens.

EJ Structure Infermation

GeoDicT

Result File Name (*.gdr)

+ Material

ID Name
0o Pore ...

04 [ wanual (Solid) ...

o @ & BB

01 M Polyethylene Terephtalate (PET) (Solid) ...
02 B Cellulose (Solid) .

Examplel-StructureInformation.adr

Temperature -273.15 <= |20

A & a8 a8

<=1000.00

Solid Density

Density |/ (ka/m#} = | Termp. Range [ (=C)

Not Defined
1380
1500

£ (1200

ac -

Edit Material Database

oK Cancel

At the top of the dialog box, replace the default Result File Name by a name
according to your current project. The result files are saved in the chosen project

folder (File - Choose Project Folder, in the menu bar)
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Material Statistics — Structure Information

Underneath, the Material panel contains the material IDs of the constituent materials
present in the current structure, and the Solid Density tab contains the density
information for each of the present material IDs.

By default, material IDs that are not present in the structure are not displayed under
the Material tab, but they can be displayed by clicking on the “+” symbol to the left
of the Material tab.

For materials that are defined in GeoDict's Material Database, the density of the
material is directly inserted under the Solid Density tab for that material ID.

If a material is not present in the GeoDict Material Database, it can be added by
clicking Edit Material Database and defining its properties. Alternatively, a material
can be set to Manual, and its density can be entered under the Solid Density tab.

The density of the solid materials can be given in kg/m? or g/cm3 for all materials.

The given Temperature value and the Temp. Range are only of importance, if the
solid density is defined as a temperature-dependent quantity in the GeoDict Material
Database. For example, if Aluminum would be chosen as material, the solid density
would be temperature dependent:

[ Edit Material Database O x
Add Material Add Material Database
Copy Material  Alurminum copy ... C:/Users/rief.LAPTOPSR/GeoDict2022/
2 B, MaterizlDataBase Choose...
Delete Material Delete
Name - General Solid Mechanical Properties Electrochemistry Thermal Conductivity Elect ¢ |*
v Fluid
Air Parameter Temperature =
Brine = =
Electrolyte (Salvionic) Temperature / (°C) Density / (ka/m=)
ﬁ':rcctﬁv""te 1 |-253.15 2734
gi'ater 2 |-203.15 2732.9
~ Solid
Alurminum (5083) - Copy 3 |-153.15 2728.1
Alurminurm (5083)
Aluminum (A4 - 1050 4 |-103.15 2721.2
Aramide (PPTA - Kevlar 29) .| |5 |-93.15 2713.2
Aramide (PPTA - Kevlar 49)
Aramide (PPTA - Keviar 965) H 6 -3.15 2704.4
Aramide (PPTA - Twaron)
Brass (CuZn30) 7 |46.85 2605.1
Brass (CuZn5s)
Calcite
96.85 2685.4
Carbon Fiber (DIALEAD - K63712) g
Carbon Fiber (MB0IB)
Carbon Fiber (T300) 9 |146.8 2675.3
Carbon Fiber
Cellulose 10/196.85 2665.3
Copper
Cordierite 11 246.85 2654.8
Dolomite
Epoxy (3501-6) 12|296.85 2643.9
Feldspar
Glass (A-Glass Fiber) 13| 346.85 2632.6
Ghce [ AR-Glse Fihar) 3 =
L] »
Number of Rows 20 =
Group by | Typa -
Load... Save...
Search
Help Save Database Cancel

In the above example, the densities of the PET and cellulose fibers are not set to be
temperature dependent.
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Analysis of solid material in porous media with MatDict

RESULTS

Click OK to input the entered parameters, and then click Run in the MatDict section
to start the structure analysis. The result file (*.gdr) is opened in the Result Viewer
after the computation is finished.

Be aware, that the reported Solid Grammage values are only meaningful if the whole
thickness of the media is included in the domain. In the example on page 4, this is
only true for the value in Z-direction.

3 Result Viewer - O X
Mon Sep 6 2021 (2022 Build 51973) -..{ MatDict2022/MaterialStatistics/ Example1-Structure Information. gdr
Domain: 512 x 512 x 2000 Voxel: 750 nm | Load Structure ®

Input Map Log Map Results Metadata

Report Map

Voxel Length 7.5e-07 m

Size 512 % 512 x 2000 Voxel
Porosity 0.895601

Solid Volume Fraction 0.104399

Mumber of GAD-Objects | O

Solid Density 147.356 kg/m3

0.147356 g/cm3

Solid Mass 3.25928e-08 kg

Solid Grammage:

¥-Direction: 56.5848 g/m?
Y-Direction: 56.5848 g/m2
Z-Direction: 221.034 g/m2

Specific Solid Volume:

X-Direction: 4.00893 mm3/m2
Y-Direction: 4.00893 mm3/m2
Z-Direction: 15.6599 mm3/m2

Specific Pore Volume:
H-Direction: 0.343911 L/m?2
Y-Direction: 0.343911 L/m?2
Z-Direction: 1.3434 L/m2

Constituent Materials:
Pore, Polyethylene Terephtalate (PET), Cellulose, Manual

Volume Fraction:

Material Pore: 0.895601

Material Polyethylene Terephtalate (PET): 0.0149915
Material Cellulose: 0.0645953

Material Manual: 0.0248125

MateriallD 0: 0.895601

MateriallD 1: 0.0149915

MateriallD 2: 0.0645953

MateriallD 4: 0.0248125

Manage Data - Load Input Map Export - Closa

6 GeoDict 2022 User Guide



Material Statistics — 1D Statistics

1D STATISTICS

The 1D Statistics command calculates the solid volume fraction (SVF) and the
thickness of the solid material in the given direction. The SVF is computed on the
plane (layer) normal to the direction of interest and the average value for each of
those layers is reported in the 1D Statistics.

MatDict
Material Statistics [ 10 statistics - . X
1D Statistics - G E 0
Options Edit ... Result Fle Name (*.gdr) |Example1-1DStatistics.gdr
Direction
Help| Record Run X Y vz
Background Mode Pore d
Method Pore
After clicking the Options’ Edit... Homogeneous media
button, the 1D Statistics dialog box Homogeneous media with inlet/outlet
opens. Homogeneous media with non-empty inlet/outlet

Gradient media

At the top of the dialog box, enter the e

Result File Name. The result file with v Gradient media with non-empty inlet/outlet
the given name is saved in the chosen
project folder (File -» Choose Project
Folder, in the menu bar). (Pore/Fluid Material IDs: none)

@B E’L @ g Eﬁ oK Cancel

V| Write Inlet and Outlet to gdt-File

In the Direction panel, the direction(s) for the 1D analysis can be chosen from the
three spatial directions.

In the Background Mode pull-down menu, choose Pore to assign the material ID
corresponding to pore space (background) and exclude it from the 1D statistics
calculations. Alternatively, choose GivenID to assign one or multiple material IDs to
the pore space (only for the calculations within the 1D Statistics) and select the
material IDs from the Background MaterialID pull-down menu.

Besides the measured SVF, the algorithm computes an estimated SVF of the structure
to determine the thickness of the media. The estimated SVF is computed based on a
least squares fit on the measured SVF. For this, choose one or multiple types of fit in
the Method panel. Multiple methods can be selected, and the results for all selected
methods are computed. Additionally, all these methods can be calculated in the post-
processing in the Result Viewer. This is especially convenient if one wants to
compare the results between different methods.

A distinction is made between media with a homogeneous density distribution
(Homogeneous media) and media with a density gradient (Gradient media).
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Analysis of solid material in porous media with MatDict

With Homogeneous media with

inlet/outlet or Gradient media with

inlet/outlet, layers that contain only background material are considered as
inlet/outlet regions. These are excluded from the calculation of the estimated SVF.

For structures that include a non-empty inlet/outlet region due to e.g. a few fibers
that stick out from the media, choose Homogeneous media with non-empty
inlet/outlet or Gradient media with non-empty inlet/outlet.

As example, we analyze a 3D model of a structure with a side length of 1500 um (1.5
mm) in Z-direction (2000 voxels x voxel length of 0.75 pm/voxel).

Material Information:

=y ID 00: Pore [invis.]

mID 01: Polyethylene Terephtalate (PET)
ID 02: Cellulose
ID 04: Binder

To analyze the structure, we use the
settings shown on the right.

For inlet / outlet methods, check Write
Inlet and Outlet to gdt-File to save the
geometry of the detected inlet and outlet
to a file called InletOutlet.gdt.

[ 10 statistics O i

GEODICT

Result File Name (*.gdr) Examplel-1D5tatistics.gdr
Direction

X Y vz

Background Mode Pare v
Method

Homogeneous media

Homogeneous media with inlet/outlet
Homogeneous media with non-empty inlet/outlet
Gradient media

Gradient media with inlet/outlet

v Gradient media with non-empty inlet/outlet

v Write Inlet and Outlet to gdt-Fie
(Pore/Fluid Material IDs: none)

#a 2 & BB OK

Cancel
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Material Statistics — 1D Statistics

RESULTS

Click OK to input the entered parameters, and then click Run in the MatDict section
to start the structure analysis. The result file (*.gdr) is opened in the Result Viewer
after the computation is finished.

3 Result Viewer = O X
Mon Sep 6 2021 (2022 Build 51973) .../ MatDict2022/MaterialStatistics/ Example1-1DStatistics.gdr
Domain: 512 x 512 x 2000 Voxel: 750 nm | Load Structure L]

InputMap | Log Map | Post Map | Results | Data Visualization = Metadats
Method Report | Plots = Map
Mean SVF: 0.104399

Homogeneous media

Homogeneous media with inlet/outlet Z-direction analysis
Homogeneous media with non-empty inlet/outlet Method 5: 0, [1,335] Media thickness: 1335 voxels,
) ) Gradient media with non-empty 0.20382%(i-335 1.00125 mm
Gradient media inlet/outlet (‘;36-335; [335]':‘35] Surface thickness: Inlet-384.5
Gradient media with inletfoutlet 0.20382+ :gi:::’ gii'gfmum} Outlet-282
V| Gradient  media with non-empty inlet/outlet vt ={ Eitésuilésssjg}ﬁgs?ssg;]
0.109562%(1781-i)/
| Apply .. J (1781-1657), [1657,1781]
H 0, [1781,2000]

1 Spedific Solid Volume:
15.6599 mm3/m2

Spedific Pore Volume:
1.3434 L/mz

-— Total runtime: 1.43877 min, Total memory usage: 1.856 GiB -—

Plot Options

Manage Data > Load Input Map Export > Close

The reported Mean SVF is the solid volume fraction of the whole sample.

In this example, the Z-axis was selected for analysis. Therefore, the Z-direction
analysis is contained in the report. It shows the computed least squares fit for the
solid volume fraction distribution as a piecewise linear function that consists of up to
five intervals describing

a. Inlet

b. Upstream media surface

c. Porous media

d. Downstream media surface
e. Outlet

The reported Media thickness is computed as the distance between the center of
the upstream media surface interval and the center of the downstream media surface
interval.

The solid volume fraction distribution, the least squares fit, and the estimated
thickness are visualized under the Approximation subtab:
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Analysis of solid material in porous media with MatDict

Input Map = Log

Repart Plots

Approximation

Method 5: Z-Dir

Map
Map

Material

Post Map

Results

Material ID

Data Visualization

Metadata

0.35 A

— Layers SVF

—— Estimated SVF
—— Thickness

0.30

0.25

0.20

0.15

Volume Fraction / (1)

0.10

0.05

0.00

T
0.8
Z-Layers / (mm)

The Layers SVF plots the mean solid volume fraction of each individual layer, the
Estimated SVF plots the computed least squares fit of the mean solid volume
fractions, and the Thickness bar visualizes the computed media thickness.

Furthermore, under the Material subtab, plots of the solid volume fraction of the
different materials are shown:

Input Map Log Map Post Map Results Data Visualization Metadata
Report | Flots | Map
Approximation | Material | Material ID

Method 5: Z-Dir

1.0 1
— 0.8 1
=
_5 06 4 —— Pore
3 —— Polyethylene Terephtalate (PET)
n —— Cellulose
% 041 —— Manual 1 (Binder)
&
= 0.2

0.0 1

T T T T T T T T

08
Z-Layers / (mm)

Under the Material ID subtab plots of the solid volume fraction of the different
materials IDs are shown. The plots differ only from those in the Material subtab, if
several material IDs are assigned to the same material.
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Material Statistics — 1D Statistics

Input Map Log Map Post Map Results
Report | Plots | Map
Approximation Material Material ID

Method 5: Z-Dir

Data Visualization

Metadata

1.0 1
— 0.8
L]
S o6l —— ID 00: Pore
"é ) —— ID 01: Polyethylene Terephtalate (PET)
n —— ID 02: Cellulose
g 047 —— ID 04: Binder
=
o
= 02

0.0

0.8
Z-Layers / (mm)

Depending on the number of chosen directions (X, Y, Z) for the 1D Statistics analysis,
the Results - Plots subtab contains 1, 2, or 3 entries in the pull-down menu for the
analyzed directions (X-Dir, Y-Dir, Z-Dir).

Input Map Log Map Post Map Results

Method

Homogeneous media
v/ Homogeneous media with inlet/ outlet
Homogeneous media with non-empty inlet/outlet

Gradient media

Data

The methods for the analysis can be selected
in the result viewer. Click Apply to update the
Report and the Plots and the corresponding
results Map. If multiple methods are selected,
all of them are shown in the report and in the
plots.

Gradient media with inlet/outlet

v Gradient media with non-empty inlet/outlet

Apply ...

Report

Approximation

\ Method 1: Z-Dir
E —— Layers SVF
= 037 —— Estimated SVF
= —— Thickness
g 0.2
[N
4}
£ 014 n
S ¥
] J V v k
~ 0.0
T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 12 14
Z-Layers / (mm)
Plot Options ||
Method 5: Z-Dir

E —— Layers SVF
= 037 —— Estimated SVF
= —— Thickness
g 0.2
[F
4}
£ 014
=
(=]
“ 0.0

T T T

Plots = Map

Material Material 1D

T T
0.6 08
Z-Layers / (mm)
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Analysis of solid material in porous media with MatDict

DATA VISUALIZATION

Under the Data Visualization tab, a structure showing the identified inlet/outlet
regions can be loaded. The inlet and outlet areas are calculated based on the
measured SVF and the selected methods. If multiple methods with inlet/outlet are
selected, a structure is saved for each of those methods.

Mon Dec 6 2021 (2022 Buid 53734) .../MyFirstGeoDictProject/Example1-1DStatistics_multipleMethods.gdr
Domain: 512 x 512 x 2000 Voxel: 750 nm | Load Structure @

Input Map Log Map Post Map Results Data Visualization Metadata

Inlet and Outlet (*.gdt) InletOutlet_Method1_ZDir.gdt hd Load
InletOutlet Method1_ZDir.qdt

InletOutlet_Method2_ZDir.gdt
InletOutlet_Method4_ZDir.gdt
InletOutlet_Method5_ZDir.gdt

The inlet/outlet volume is assigned to Material ID 02 (here green) and the entire solid
structure is assigned to Material ID 01 (here red).

Where the structure’s fibers overlap with the identified inlet/outlet volume, they are
assigned to Material ID 03 (here yellow).

Material Information:
w ID 00: Pore [invis.]
D 01: Solid

wnID 02: Solid
w ID 03: Solid
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Material Statistics — 2D Density Map

2D DENSITY MAP

The 2D Density Map command calculates the distribution of Grammage, Solid
Volume Fraction (SVF) or the Number of Objects in a plane normal to the chosen
direction. Each pixel in this plane is calculated by averaging the respective property
in the direction of interest at this position.

The 2D Density Map dialog box opens when clicking the Options’ Edit... button. It
contains two tabs: Statistic Options and Material Density.

320 pensity Map o X
At the top of the dialog box, enter
the Result File Name. The result
files are saved in the chosen project
folder (File — Choose Project
Folder, in the menu bar). Compute Map for Grammage
Compute Statistics for  All Solid Materials

GeoDicT
Result File Name (*.gdr) DensityMap2D.gdr

Statistic Options Material Density

Compute in X-Direction
Compute in Y-Direction

v Compute in Z-Direction

Raster Length Voxel Length
Histogram Bins 10
% . & B B OK  Cancel

STATISTIC OPTIONS

Under the Statistic Options tab, choose the property to be computed from the
Compute Map for pull-down menu.

Only when choosing Grammage, the Material Density tab is selectable and the
density values for the individual Material IDs can be defined. For Solid Volume
Fraction or Number of Objects, the density of the material IDs is not considered in
the calculations and the Material Density tab therefore not needed.

When choosing Number of Objects, analytic information about the objects in the
current structure must be available. Otherwise, a warning message appears, and the
density map cannot be computed.

ﬂ MatDict:DensityMap

No analytic data in memory to analyze the number
of objects.

o

The choice in the Compute Statistics for pull-down menu
controls whether the property is computed for All Solid
Materials or only for Selected Material IDs.

All Solid Materials &
All Solid Materials
Selected Material IDs

For Selected Material IDs, those can then be chosen from the materials present in
the structure in the Choose Material IDs pull-down menu.

GeoDict 2022 User Guide 13



Analysis of solid material in porous media with MatDict

Check Compute in X-Direction, Compute in Y-Direction, and/or Compute in Z-
direction to calculate the chosen properties in these directions.

From the Raster Length pull-down menu, choose Voxel Length or Given Length
to define the resolution at which Grammage, Solid Volume Fraction, or Number of
Objects are computed.

Voxel Length sets the raster length equal to the voxel size and, thus, the 2D density
map is computed in the chosen directions for each voxel. If Given Length is chosen,
the Length must be entered to define the resolution for the calculations. The following
figures show the effect of the Raster Length on the results: The left picture shows
the result for Voxel Length, the right picture the result for a Given Length of 10
voxels.

500
" o00
350 350 ;l
400 . i = 1 P+ 400
300 & 300 . <
£ E||E ' " £
= 250 > 3 2504 = i = =
= 300 g’ = _:I' i . = i 300 2
S 200 © 5 200 = . P
=B y D = 1 o
O © 5] . » - (1]
2 150 200 £ D 150 l'ﬁ 200 E
@) S o _l'. £
; ® . ©
> 100 o) > 100 - 0]
100 1 [ 100
50 4 50 .I' i
0 " 0 0 ik : .'. ."" 0
0 100 200 300 0 100 200 300
X-Direction / (um) X-Direction / (um)

Histogram Bins refers to the number of bins used to divide the range of density
values (Grammage, Solid Volume Fraction, or Object Number) into a series of equally
sized intervals. In the result file, the number of histogram bins is used to create tables
and plots with the frequency (probability) of values that fall into each interval.

For example, the following plots are taken from result files for the same structure. In
the left figure, the histogram is shown with 20 bins, and in the right figure with 10.

Histogram Bins 20 Histogram Bins 10 H

Z-Dir Z-Dir

Probability / (%)

[ - ‘| L

T r r - T
100 150 200 250 300 350 400 450 100 150 200 250 300 350 400 450
Grammage / (g/m?) Grammage / (g/m?)

MATERIAL DENSITY

If grammage is chosen as the computed material property, the density of every
material in the structure must be specified under the Material Density tab. For
materials from the GeoDict Material Database, the density value is entered
automatically.

14 GeoDict 2022 User Guide



Material Statistics — 2D Density Map

Statistic Options ‘ Material Density ‘

Temperature -273.15 <= 20 ' <=1000.00 °C - Edit Material Database
H Material ‘ Solid Density ‘
ID Name Density / (kg/m3) - Temp. Range / (°C)
00 \ Pore ... \ Not Defined -
01 -Polyethylene Terephtalate (PET) (Solid) ... \ 1380 =
02 [ cellulose (Solid) ... | 1500 =
04 I Manual (Solid) ... | 11400 =

RESULTS

Click OK to input the entered
parameters, and then click Run
in the MatDict section to start | g, sep 62021 (2022 Buid 51973) rict2022/MaterialStatistics/Example1-DensityMap2D.adr
the structure analysis. The | porain:si2x512x2000 Voxel: 750 nm | Load Structure | °®
result file (*.gdr) is opened in —————
the Result Viewer after the
computation is finished.

m Result Viewer

Input Map Log Map Post Map | Results | Metadata

Report | Plots Map

Z-Direction Grammage:

The Minimal Value: 51.3 g/m2

- The Maximal Value: 482.475 g/m2
In the Results Report tab’ a The Mean Value: 228.478 g/m?2
table shows the com puted The Standard Deviation: 55.6473 g/m2

density distribution. The report

.. Min. Grammage / (g/m?) | Max. Grammage [ (g/m2) | Probability / (%
table also states minimal, ge / (g/m) ge / (9/m) /(%)
maximal, and mean value of the 313 44175 0.505447
computed parameter (here: 94.4175 137.535 4.31061
grammage). 137.535 180.652 15.3

180.652 223.77 26.7941
223.77 266.887 28.6377
266.887 310.005 17.58652
310.005 353.122 5.29327
252132 396.24 1.2043
Input Map  LogMap  PostMap  Results  Metadata 439.357 0.303268
Report  Plots ~ Map
7 482.475 0.0648499
2D Density Map Histogram
Z-Direction | runtime: 4.092 s, Total memory usage: 1.635 GiB —- -
30
geData ~|| Load Input Map || Export || Close

251

N
=]
L

Probability / (%)
s o

w
1

o
I

P P In the Results - Plots tab, the table
Grammage / (g/m?) entries are additionally available as a
Histogram plot.
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Analysis of solid material in porous media with MatDict

The 2D Density Map subtab shows the computed result.

Right-click on the image to
get additional options.
Save Image allows to
save the shown picture.
Edit Axis Settings opens
the Edit Axis Settings
dialog.

] -

Input Map

Report

Log Map Post Map Results Metadata

Plots

Map

2D Density Map Histogram

Z-Direction

Y-Direction / (um)

-
350 . * a w :
4 » 400
300 ¢ ‘ 0 YL R
: a X B
250 4 Q - 200 5
20047 ' L3 E,
R 200 £
150 .:, X E
100

1 v Save Gra[;h(sj as Text File(s)
i
Save Image

Copy to clipboard (Ctrl + C)
Edit Axis Settings

0

Axes Labels Font Si 10 = I
56 Lahel Font S 0 100 200 J Edit Graph Styles

Tick Labels Font Size 9 = X-Direction / ( V| B Z-Direction

Draw Legend

Legend Location Best -

X-Audis Options
Axis Label X-Direction
ST LTETIL I um__ |~ |1.000e+06 |v In the dialog, the font sizes of axes and tick
e labels and the layout of the X and Y axes can
Scale Axis automatically v be mOdIfled
Axis Range 384
. . = When 0 is entered as Number of Ticks,
umber of Ticks 0 i X

- GeoDict selects the tick number
Number Forrmat Scientific - .
automatically.

YoAxs Oprions In the Color-Axis Options, various color
Axis Label Y-Direction schemes are selectable under Color Map.
Axis Unit and Factor pm |~ | [1.000e+06 |+ The Axis Range sets the lower and upper
Use logarithmic scale bound. Values lower than the lower bound
Scale Axis automatically v are visualized with the color at the lower
Axis Range 384 bound, values higher than the upper bound
Number of Ticks 0 : are visualized with the color at the upper
Number Format Scientific v bOU nd .

Color-Axis Options
Axis Label Grammage
Axis Unit and Factor g/m~2 = | |1.000e+03 =
Use logarithmic scale
Scale Axis automatically v
Axis Range 482.475
Interpolate Image
Show Color Bar v
Color Map Jet A

Apply | Close
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Material Statistics - 3D Inhomogeneity

3D INHOMOGENEITY

The 3D Inhomogeneity command calculates the distribution of the solid volume
fraction or density in specified sub-volumes. Each sub-volume is a cube with a side
length that can be specified by the user.

MatDict The 3D Inhomogeneity dialog box opens when

clicking the Options’ Edit... button and includes the

Material Statistics o Statistic Options and the Material Density tabs.

3D Inhomogeneity -

Options Edit ... ESD Inhomogeneity = 2
GeoDicT
Result File Name (*.gdr) 3DInhomogeneity.gdr

Help| Record Run

Statistic Options Material Density

3D Inhomogeneity Mode Solid Volume Fraction

Compute Statistics for ~ Pore and Solid

At the top of the dialog box,
enter the Result File Name. Raster Length / (Voxel) |10
The result file is saved in the (Pore/Fluid Material IDs: 00)
chosen project folder (File —»
Choose Project Folder, in

the menu bar). CNERN <« N <] | OK | Cancel

STATISTIC OPTIONS

Under the Statistic Options tab, choose the property to be computed from the 3D
Inhomogeneity Mode pull-down menu.

Only when choosing Solid Density, the Material Density tab is selectable and the

density values for the individual Material IDs can be | pgre and Soid -
defined. For Solid Volume Fraction or Porosity, the pore and Sold

density of the material IDs is not considered in the LSEESEIEEE S
calculations and the Material Density tab therefore not ChosenMaterial IDs

needed.

The choice in the Compute Statistics for pull-down menu controls whether the
property is computed for all materials (Pore and Solid) or only for specified materials
(Chosen Material) or for Chosen Material IDs. Sore and Solid :

For Chosen Material IDs, those can then be [y
chosen from the materials present in the structure Chosen Material !
in the Choose Material IDs pull-down menu. Chosen Material IDs

Compute Statistics for ~ Chosen Material - Compute Statistics for ~ Chosen Material IDs -
Choose Material Pore Choose Material IDs 1, 2, 3

Pore 00 Pore k
Polyethylene Terephtalate (PET) (Solid \/IPolyethylene Tere...ate (PET) (Solid)
Cellulose (Solid . v/ B2 Cellulose (Solid)
Manual (Solid) v/ 03 Manual (Solid) [

S

Manual (Solid)
(5 Manual (Solid)
06 Manual (Solid)
07 Manual (Solid)
08 Manual (Solid)

_ [E]Manual (Solid)
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Analysis of solid material in porous media with MatDict

The Raster Length determines the side length of the cubic sub-volume in voxels. If
Raster Length is not a common divisor of the side lengths NX, NY, NZ of the current
structure, some boundary layers of the current structure will not be contained in any

sub-volume. In this case, a warning will be plotted in the result viewer.

MATERIAL DENSITY

If Solid Density is chosen as the material property to be computed, the density of
every material in the structure must be specified under the Material Density tab.
For materials from the GeoDict Material Database, the density value is entered

automatically.

Statistic Options Material Density
Temperature -273.15 <= 20 <=1000.00 °C - Edit Material Database
+ | Material Solid Density
ID Name Density |/ (kg/m3) - Temp. Range / (°C)
00 Pore ... Not Defined =
01 -Polyethylene Terephtalate (PET) (Solid) ... 1380 -
02 Cellulose (Solid) ... 1500 -
04 [ Manual (Solid) ... 1400 =
RESULTS

Click OK to input the entered parameters, and then click Run in the MatDict section
to start the structure analysis. The result file (*.gdr) is opened in the Result Viewer

after the computation is finished.

Report Plots Map
Density:

The Minimal Value: 0 kg/m3

The Maximal Value: 1365.99 kg/m3
The Mean Value: 153.547 kg/m3

The Standard Deviation: 233.029 kg/m3

remain (0, 0, 16).
These voxels are neglected in the analysis.

--- Total runtime: 4.311 s, Total memory usage: 1.622 GiB ---

Input Map Log Map Post Map Results Data Visualization Metadata

Warning: dividing the geometry by the given raster length some voxels at the domain boundary

In the Results - Report subtab, the minimal and maximal density or solid volume
fraction found in any sub-volume are reported. Additionally, the mean value of all

densities and the corresponding standard deviation is shown.
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Material Statistics - 3D Inhomogeneity

DATA VISUALIZATION

Under the Data Visualization tab, it is

: el " Data Visualization  + *
possible to visualize the computed densities or | FestMap  Results  Data Visualization

solid volume fractions of the sub-volumes. | 3p 1nhomogeneity " Load Solution File |
Clicking on Load Solution File loads the I
result field.

Density / (kg/m3)
656.84
600.00 :.
500.00 —
400.00 —
300.00
200.00 —
100.00 :.

0.0

Plot Range:

max : 656.84

min : 0.0

Data Range:

max : 889.69
min : 0.0
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Analysis of solid material in porous media with MatDict

MATERIAL CHARACTERIZATION

SoLID Size DISTRIBUTION (GRANULOMETRY)

After  selecting Solid Size Distribution | Matpict
(Granulometry), the needed parameters can be
entered by clicking the Options’ Edit... button. The | Material Characterization

Pore Size Distribution dialog includes the Pore Size Solid Size Distribution (Granulometry)
Options and the Material Density tabs. Options Edit

ESolid Size Distribution (Granulometry)

GeoDicT Help Record Run

Result File Name (*.gdr) |ExampIe2-SoIidSizeDistribution.gdr

Solid Size Options Material Density

Bin Size / (Voxel) 1 =1pm

Domain Boundary Conditions

At the top of the dialog box,

e Symmetric Periodic Encase Expert enter the Result File
Name. The result file is
V| Write Solid Size Distribution as *.gsd File saved in the chosen project
(Solid/Porous Material IDs: 01) folder (File — Choose
Project Folder, in the

menu bar).

@B @a @ ﬂ !’% ‘E‘ Cancel

SoLID Size OPTIONS

The Bin Size can be entered (or modified). The bin size units are voxels and their
equivalent in metric length units is shown. The solids are classified by their diameter
into bins with given Bin Size. All bins are of equal size, and each bin contains objects
with a diameter in the range between [(i — 1) x Bin size] and [i x Bin size], being i
the bin number.

For example, when analyzing a porous structure with a voxel size of 1 ym, setting the
Bin Size to 2 or to 4 voxels (i.e. 2 um or 4 um) leads to the bins shown in the table

below:
Object diameter between
Bin number (i) [(i = 1) x Bin size] - [i x Bin size]
Bin Size 2 ym Bin Size 4 pm
1 0-2um 0-4pum
2 2-4pum 4 -8 pum
3 4-6pum 8-12 um

When choosing the Bin Size, be aware that the underlying algorithm to compute the
Euclidean distance operates directly on the voxel grid. Thus, the smallest possible
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Material Characterization — Solid Size Distribution

distance between two grid points is 1 Voxel, which corresponds to a radius of 1 Voxel.
Thus, the smallest diameter that the algorithm can find is 2 Voxel lengths.

The Domain Boundary Conditions can be chosen to be Symmetric, Periodic,
Encase, or any combinations of those boundary conditions in all three directions with
the choice of Expert.

Choosing the appropriate boundary condition depends on the structure’s design.

For example, imagine a structure with a cross-section as shown in (a). For the three
boundary condition options shown in (b), (c) and (d) the resulting size is visualized
in blue.

B If the geometry has mirror symmetry (b), Symmetric boundary conditions should
be used, which would be a good approximation e.g. for a cut-out from a CT image.

B If instead the expected pattern of the geometry is repeated in all directions (c),
Periodic boundary conditions should be selected. That has the effect that the
structure’s objects and pores ending on one side of the structure reappear in the
opposite side.

B If the structure is encased in a closed wall (d), the Encase boundary conditions
should be used.

(a) (b) () (d)

When different boundary conditions need to be specified for the three directions,
choose the Expert option. Then, the boundary conditions can be set differently for
each direction. For example, the boundary conditions could be chosen to be Encase
in X-direction, Symmetric in the Y-direction and Periodic in Z-direction.

Domain Boundary Conditions

Syrmmetric Periodic Encase ® Expert

Expert Settings

X Perindic |y Symmetric > | Z Encase i

Syrmmetric
Periodic

v| Write Solid Size Distribution as *.gsd File

When Write Solid Size Distribution as *.gsd File is checked, a volume field with
the name SolidSizeDistribution.gsd (in *.gsd format) is saved in the results folder
inside the project folder. The file contains the calculated sphere diameter in each
voxel written of the structure.
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MATERIAL DENSITY

Under the Material Density tab, the temperature can be edited, and the density of
every material in the structure must be specified under the Material Density tab.
For materials from the GeoDict Material Database, the density value is entered
automatically.

Solid Size Options Material Density

Temperature -273.15 <= 20 <=1000.00 °C - Edit Material Database
+ | Material Solid Density
ID Name Density / (kg/m3) - Temp. Range / (°C)
00 © Air (Fluid) ... Not Defined -
o1 [ Graphite (Solid) ... 2000 =

RESULTS

Click OK to input the entered parameters, and then click Run in the MatDict section
to start the structure analysis. The result file (*.gdr) is opened in the Result Viewer
after the computation is finished.

B3 Result Viewer = O x
Mon Sep 6 2021 (2022 Build 51973) .../ MatDict2022/MaterialCharacterization/Example2-SolidSize Distribution.gdr
Dormain: 400 x 400 x 400 Voxel: 1 pm |Load Structure ®

Input Map Log Map Post Map Results Solid Size Visualzation Metadata
Report Plots Map

MatDict: Granulometry

Characteristic Diameters:

D 10: 8.55246 pm

D 50: 18.0304 pm
D 90: 19.7178 pm

Geometric Solid Size Distribution:

Min. Diameter / Max. Diameter / Vol. Fraction / (%) | Cumulative / (%) | Solid Vol. / (m?) | dV/d(log,(Diameter)) / | dV/d(In(Diameter)) /
3| [ () (pm) (cm/g) (cm¥/g)
o 1 0 0 0 0 0
1 2 0.0525169 0.0525169 1.1764e-14 0.000872287 0.000378829
2 3 0.0574275 0.109944 1.2864e-14 0.00163062 0.000708169
3 4 0.349038 (0.458983 7.8186e-14 0.0139684 0.00606639
4 5 0.512022 0.971005 1.14695e-13 0.0264174 0.0114729
5 6 1.17973 2.15073 2.64264e-13 0.0744955 0.032353
6 7 1.34306 3.49379 3.00851e-13 0.100308 0.0435632
7 8 3.0246 6.5184 6.77523e-13 0.260778 0.113254
Manage Data > Load Input Map Export > Close

Under the Results - Report subtab, the Characteristic Diameters are shown. For
example, here, the D10 value of 8.55 um means that 10% of all pores have a smaller
than 8.55 ym. The D50 value of 18.03 ym means that 50% of all pores have a
diameter smaller than 18.03 um, and the D90 value of 19.71 pm means that 90% of
all pores have a diameter smaller than 19.71 pm.

The discretization error is less than 1 voxel, which means for the presented example,
that the D10 is 8.55 ym £ 1.0 pm.
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Material Characterization — Solid Size Distribution

Below the characteristic diameters, a table contains Maximum and Minimum
Diameters, Volume Fraction, Cumulative Volume Fraction, the Pore Volume, and the
Differential Pore Volume Distribution for every bin size.

Volume Histogram Plot

Relative Histogram | Volume -

Volume Fraction

Apply ... dV/d(log(Diameter))
I

Under the Results - Plots subtab, different relative and cumulative histograms can
be plotted. The histogram of interest, i.e. Volume, Volume Fraction, or
dV/dlog(Diameter) can be chosen in the Volume Histogram Plot section.

The differential solid volume distribution dV/dlog(Diameter) is computed as

chm (di+1) - chm (di)
(In (di+1) —In(d)) - m

where the d; are the diameters, V., the cumulative volume fractions, and m is the
mass of the structure. The mass of the structure is computed using the densities of
the solid constituent materials of the sample. This normalization ensures that the
value of dV/dlog(Diameter) is independent of the size of the domain.

For the option dV/dlog(Diameter), it can be |Relative Histogram dV/d(log(Diameter)) -
chosen if the natural logarithm In or the |Logarithm Definition Common Logarithm

common logarithm log,, should be used. Common Logarithm ‘
N

atural Logarithm

Furthermore, the user can define several
visualization options, such as Length Unit, Fraction Unit, Histogram Style, X-Axis
Range, Y-Axis Range, and if the X-Axis scaling should be logarithmic.

After clicking the Apply ... button, the plots on the right hand-side change
accordingly.

Relative Histogram
x10""
= 81
S
o 41
E
=
S 2
U -
0 5 10 15 20
Solid Diameter / (um)
In the Cumulative

Histogram plot, the red curve shows the volume fraction of solids smaller than a
given diameter and the blue curve shows the solids larger than or equal to a given
diameter. Both curves sum up to 100% for any given diameter.
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Cumulative Histogram

Cumulative Volume
Fraction / (%)

100
—— solids smaller than diameter

80 - —— solids larger than diameter

[=2]
o
1

B
o
!

N
o
1

o
1

0 5 10 15 20
Solid Diameter / (m)

As usual, the plots can be edited and saved as images or as text files by right-clicking

on the graph area.

The Results - Map subtab gives access to the values of the computed parameters.

Report Plots Map

Key
MinDiameter
MaxDiameter
MeanDiameter
VolumeFraction
VolumeAbsolute
VolumeFractionCumulative
Saturation
Weight
dVdLogDiameter
dVdLog10Diameter
Fractions

CharacteristicDiameters

Porosity
GSDFile

Input Map Log Map Post Map Results Solid Size Visualization Metadata

Unit  Value
m 0, 1e-06, 2e-06, 3e-06, 4e-06, 5e-06, 6e-06, 7e-06, 8e-06, 9e-06, 1e-05, 1.1e-05, 1.2e-05, 1.3e-...
m 1e-06, 2e-06, 3e-06, 4e-06, 5e-06, 6e-06, 7e-06, 8e-06, 9e-06, 1e-05, 1.1e-05, 1.2e-05, 1.3e-05,...
m 5e-07, 1.5e-06, 2.5e-06, 3.5e-06, 4.5e-06, 5.5e-06, 6.5e-06, 7.5e-06, 8.5e-06, 9.5e-06, 1.05e-05,...
1 0, 0.0005251690527, 0.0005742753055, 0.003490383165, 0.005120219696, 0.01179728617, 0.0...
m~3 0, 1.1764e-14, 1.2864e-14, 7.8186e-14, 1.14695e-13, 2.64264e-13, 3.00851e-13, 6.77523e-13, 1...
1 0, 0.0005251690527, 0.001099444358, 0.004589827524, 0.00971004722, 0.02150733339, 0.034...
1 1, 1, 0.9994748309, 0.9989005556, 0.9954101725, 0.9902899528, 0.9784926666, 0.9650620618,...
kg 4.4800812e-08
cm”3/g 0, 0.000378829394, 0.0007081685872, 0.006066389775, 0.01147292778, 0.03235296578, 0.043...
cm”3/g 0, 0.0008722869154, 0.001630618432, 0.01396837866, 0.02641739247, 0.07449545671, 0.1003...
% 10, 50, 90
m 8.55246326e-06, 1.803038773e-05, 1.971784923e-05
1 0.6499936562

SolidSizeDistribution.gsd

DATA VISUALIZATION

The distribution of pores is observed in the Volume Fraction/Pore Diameter plot but
can also be visualized through the Solid Size Visualization tab. When Write Solid

Size Distribution a

s *.gsd File was checked before running the command, it is

possible to visualize the size distribution by clicking Load GeoDict Size Distribution

(*.gsd).

Input Map

Load Solid-Size Distribution File Load GeoDict Size Distribution (*.gsd)

Log Map Post Map Results Solid Size Visualization ’

24
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Material Characterization — Solid Size Distribution

Statistics | Camera (Y, Z)I | | structure I Volume Field | [] Arrows |
ColorBy | Diameter = [ | Threshold |0.00000e+00 | [ = |2.25000e-05
Color Map [ Default .] [ Edit... ]
Interpolation | No Interpolation - ] || Transparent Visible on Material IDs 12345678010 1112 13 14~
00 Pore o]

7
Graphite (Solid)
03 Undefined
Undefined
Undefined
Undefined
Undefined
Undefined
Undefined -

SO Cs

LRSS

kg

To see the solid size distribution inside of the structure, it is recommended to
deactivate visualization of the structure itself. This can be done by unchecking
Structure in the tab headers or alternatively in the Data View settings. Additionally,
the visualization of the result field in the pore space (where the value is always zero)
can be deactivated by unchecking all pore materials with the option Visible on
Material IDs under the Volume Field tab.
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PERCOLATION PATH

The Percolation Path command is accessible from MatDict and PoroDict. It can find

percolation paths in the pore space, or through a given material.

MatDict PoroDict
Material Characterization Percolation Path
Percolation Path Options Edit ...
Options Edit ...
Help| Record Run Help | Record Run
The Percolation Path dialog opens, and Fgl sy s o x

the necessary parameters can be entered
by clicking the Options’ Edit... button.

At the top of the dialog box, enter the
Result File Name. The result files are
saved in the chosen project folder (File

GEO

pm

Result File Marme (*.gdr) |Example3-PercolationPath-Highres.gdr

-

. . Computation Direction | Z-Direction =
— Choose Project Folder, in the menu _
Material to Analyze
bar).
- - - . Pore Space o
The Computation Direction defines the
direction in which the percolating path | yumber of paths 4 -

should cross the structure.
Material to Analyze defines through

Dormain Boundary Conditions

® Symmeftric Periodic Encase Expert
which materials the path may run. Four
options are available: Search Periodic Path
Chosen Material IDs - Diameter Mode Maximal Diameter >
Pore Space Maximal Diameter / (um) |0
All Solid Materials S ) .
Chosen Material V] High Resolution
Chosen Material IDs Save Intermediate Data
Pore Space finds a percolation path Optimize path
through the pores, All Solid Materials | (Pore/Fuid Material IDs: 00)
through the solids. Chosen Material
allows to choose a single material. The | [, [¢, & B B3 oK Cancel

last option, Chosen Material IDs, gives

the full flexibility to select a list of material IDs where the path may run through.

The number of percolation paths to be detected is set with the Number of Paths
parameter. Then, the algorithm computes the n best percolation paths.

The diameter of pores and solids near the domain boundary is strongly influenced by
the selected Domain Boundary Conditions. Here, the same boundary conditions as
in the granulometry command are available. An example explaining the available
options is given in the previous section on page 21.

Search Periodic Path is only available for periodic boundary conditions. If checked,
the Percolation Path is allowed to cross lateral periodic boundaries. Using this option
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increases computation time. A periodic percolation path is not necessarily periodic in
the computation direction.

From the Diameter Mode pull-down menu, choose to detect percolation paths with
the Maximal Diameter possible or Specify Maximal Diameter and enter a
Maximal Diameter value below.

To run the calculations in High Resolution might be useful when the path space is
expected to be narrow. The standard algorithm computes distances directly on the
voxel grid, i.e. when determining a pore size, only the distances from the center of a
pore voxel to the center of a solid voxel are taken into account. High Resolution also
takes the voxel surfaces and edges into account, so the computed distances
correspond to the distance to the next surface or edge.

As an extreme example, the standard algorithm detects a
percolation path across voxel edges as shown on the left. Using
the High Resolution mode, no percolation path is found in such
a situation, which is more accurate.

The disadvantage of the High Resolution mode is that the
calculation runtime and memory usage may increase by a factor
of eight.

If the largest computed path is smaller than

five voxel Iengths, and the simulation was The smallest computed pore diameter is smaller
run in the standard mode, a warning ! e

. . . . s the percolation path algorithm may lead to
message Is shown. In this .case,. it _IS errors up to one voxel length the result might not
recommended to re-run the simulation in be very accurate.

High Resolution mode. OK [10]

When Save Intermediate Data is checked, the | © centerline particlel.gdt
results folder additionally contains *.gdt files with the | @ centerline_particle2.gdt
centerline of the computed percolation paths. @ centerline_particle3.gdt

© centerline_particle4.gdt

With Optimize Path, the length of the percolation path is optimized after the
calculation. This shortens the calculated path by removing voxel staircase artifacts:
The algorithm for the percolation path works on the voxel structure and can therefore
only find paths which run directly through connected voxels. Therefore, the default
method might not always find the best path in structures with large open pores. In
these cases, it is recommended to select Optimize Path (see the examples below).
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Structure without path

Optimize Path

+/| Optimize Path

Click OK to close the Percolation Path dialog and start the command by clicking Run.
The Result Viewer automatically opens at the end of the calculations.

RESULTS

The Results - Report subtab includes the Maximum Particle Diameter (in um and
voxels) of spherical particles which may pass through the medium, as well as the
Path Length (in pm and voxels) of the detected percolation path(s).

Input Map

Log Map

Report Map
Particle Paths

Results

Domain: 200 x 200 x 200 Voxel: 400 nm Load Structure

Data Visualization

Metadata

Path No|Maximum Particle | Maximum Particle  Path Length / Path Length /
Diameter / (um)  Diameter / (Voxel) (pm) (Voxel)

1 3.2 8 117.067 292.667

2 2.88444 7.2111 |95.7205 239.301

3 2.88444 7.2111 96.6421 241.605

4 2.88444 7.2111 97.4232 243.558

A file showing the calculated paths has been stored in Paths.gdt.

Under the Data Visualization tab, three options are available.

Domain: 200 x 200 x 200 Voxel: 400 nm Load Structure

Input Map

Log Map

Load Intermediate

Results

Data Visualization

Metadata

Load Result

Load Analytic Path

28
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Click Load Result to show the percolation path(s) in the structure. Use Settings —
Color & Visibility Settings — visible, to turn off the materials in the original
structure (here Material ID 01: Solid, Material ID 02: Solid, Material ID 03: Solid) and
see only the percolation path(s) (here Material ID 04: Undefined).

Material Information: ) Material Information:
00: Air [invis.] % Cone. w ID 00: Air [invis.] .

: Solid = wID 01: Solid [invis.]|—
wID 02: Solid [invis.
w ID 03: Solid [invis.
wID 04: Undefined

o}

Alternatively, the percolation path can be visualized with animated spheres moving
through the structure.

For this, reload the original structure by clicking Load Structure in the Result Viewer.
Then, click Load Analytic Path under the Data Visualization tab. Deactivate the
structure visualization by unchecking the Structure button in the Visualization tabs
panel.

Statistics Camera %Structure Volume Field Streamlines v Particles

In the Visualization panel, above the Visualization area, click Play under the Particles
tab. For convenience, check loop and, for the Trajectories, select to show all.

Statistics =~ Camera Structure Volume Field Streamlines V Particles Triangles Schlieren Arrows Tensars

Time /(s) 1.33280e+2 Particles all - Clip Direction X - Clip 0 99
Speed ratio 2.38000e+1 Trajectories all - MaterialIDs 0,1, 2,3,4,5,6,7,8,9,10, -
Batch 1 ¢ Play v Loop  ShortTime + Periodicity &

In this example, you can observe four spheres (here green) corresponding to the four
percolation paths moving through the volume.

Material Information:
wmy ID 00: Air [invis.]
myewID 01: Solid
wmyID 02: Solid
wyID 03: Solid |

al
) \
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The last option, Load Intermediate, is only available if Save Intermediate Data
was switched on when running the simulation. It loads a structure file that contains
the center line of the path with the maximal diameter.

Material Information:
my ID 00: Undefined [invis.]
mID 01: Undefined
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CONNECTED COMPONENTS

Through the Connected Components command, it is possible to find and count the
number of connected components in the 3D structure. A connected component
consists of all voxels that are in contact with each other, and which belong to the
same phase or the same material ID.

The Connected Components dialog opens when clicking the Options’ Edit... button
and includes the General Options and the Post-Processing tabs.

EConnected Components O X EConnected Components O X
GEoDICT GeoDicT
Result File Name (*.gdr) ConnectedComponents.gdr Result File Name (*.gdr) ConnectedComponents.gdr

General Options ~ Post-Processing General Options ~ Post-Processing

Periodicity Histogram

v X v Y vz X-Axis Volume
Y-Axis Relative Count Probability
Component Mode Pore / Solid > Mode Automatic Histogram

Count Components for Solid
Neighborhood Mode

Histogram Bins 10

X-Axis Range Automatic
e Y-Axis Range Automatic
Voxel sharing a face, edge
Voxel sharing a face, edge, vertex
v Write Voxel Geometry with Component Indices (*.g32)
v Write Voxel Geometry with Component Indices (*.leS)
(Pore/Fluid Material IDs: 00) (Pore/Fluid Material IDs: 00)
S\ . &\ 2
@B @J & !:2 :E OK  Cancel @a E’l. & !13; !E OK  Cancel

At the top of the dialog box, enter the Result File Name. The result file is saved in
the chosen project folder (File - Choose Project Folder, in the menu bar).

GENERAL OPTIONS

In the Periodicity panel, periodic boundaries can be set in the three spatial
directions. If the box is checked, every voxel located on the boundary of the domain
is connected to a voxel on the opposite side of the domain. Thus, components can be
connected across the domain boundary. If the box is not checked, no connections
exist across the domain boundary.

If the Component Mode is set to0 |component Mode Pore / Solid .
Material ID, all voxels belonging to pore | Solid

one component must have the same Material

material ID. If it is set to Material, all Material ID

voxels belonging to one component must belong to the same material. If it is set to
Pore / Solid, the distinction happens only between solid or pore voxels. Thus, in the
Pore / Solid mode, voxels with different material IDs may form one component. For
the user’s convenience, all material IDs which denote pore space are shown at the
bottom of the dialog box.
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While the Component Mode defines which parts may belong to one component, set
what is counted and reported with Count Components for. Select if pore and/or
solid components are counted. Dependent on the selected Component Mode, it is
also possible to count components only for a specific material or for specific material
IDs.

Component Mode Material ID

Count Components for Chosen Material IDs

Choose MaterialIDs 1,2 .
00 Pore

v [l Aluminum (Solid) N
v 02 Aluminum (Selid)

03 Undefined

. . . | Undefined

The meaning of ‘connected’ is defined ‘ Eundefined
in the Neighborhood Mode panel. | 06 Undefined
Voxels can be connected through faces, | g; Bnge;!“ej
H ndaerine

edges, and corners (vertices). [ Undefined

The two red voxels share a face, the green voxels share an edge, and the blue
voxels share a vertex. In Voxels sharing a face mode, the two red voxels form
one component, the green voxels form two components, and the blue voxels form
two components. In Voxels sharing a face, edge mode, the red voxels form one
component and the green voxels from one component, while the blue voxels still
form two components. In Voxels sharing a face, edge, vertex mode, the red
voxels form one component, the green voxels from one component, and the blue
voxels form one component.

When checking Write Voxel Geometry with Object Indices (*.g32), the
connected components are saved as objects in a .g32 file. This file can be opened in
GeoDict, GeoPy or GeolLab.

When checking Write Voxel Geometry with Object Indices (*.leS), the object
indices are stored in an *.leS ASCII file. This file is human readable, but will be
considerably larger and slower to read than the *.g32 file. Therefore, it is
recommended to use the *.g32 format.

POST-PROCESSING

Under the Post-Processing tab, the settings used to create the histogram of the
analyzed components are defined. It is possible to modify those settings after the
computation has been run in the result viewer. The explanation of the input
parameters is therefore given below in the Results section.
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RESULTS

Click OK to input the entered parameters, and then click Run in the MatDict section
to start the structure analysis. The result file (*.gdr) is opened in the Result Viewer
after the computation is finished.

The box in the upper part of the Result Viewer can be collapsed (and expanded) by
pulling up (or down) the dotted line under the box.

The same applies to the left panel of the Results tab, which can be collapsed (and
expanded) by pulling left (or right) the dotted line between the post-processing
options and the Results - Report subtab.

Under the Results - Report subtab, the information about the Number of 3D
Components, Number of Components per 2D-Slice, The Component Volume
and the Object Volume Histogram is given.

Domain: 300 x 300 x 300 Voxel: 1 ym Load Structure [ ]

Input Map Log Map Post Map Results Data Visualization Metac
Report Plots Map

Number of 3D Components:

Number of Counted Components: 1027
Number of Solid Components: 1
Number of Pore Components: 1026

:Number of Components per 2D-Slice:

EMean Number in X-Direction: 130.603
Mean Number in Y-Direction: 131.14
Mean Number in Z-Direction: 129.903

The Component Volume:

The Minimal Volume: 1e-18 m?
The Maximal Volume: 7.28456e-12 m?
The Mean Volume: 2.62902e-14 m?

As a post-processing step, the settings of the object volume histogram can be
adjusted and changed on the left-hand side panel, which can be expanded and
collapsed as explained above. Edit the options and click Apply to adapt the values in
the Results tabs.

The options are the same as the ones available under the Post-Processing tab in
the Connected Components dialog.

Input Map Log Map Post Map Results Data Visualization Metadata
Volume Histogram Report | Plots | Map
A — - Object Volume Histogram: -
Min. Volume [ (m7) | Max. Volume / (m?) | Relative Count
Y-Axis Relative Count Probability = Probability
Mode Give Min. and Max. Value = 0 3e-15 0.0613437
Min. Valume / (m?) |0 3e-15 6e-15 0
Max. Volume / (m?) |3e-14 6e-15 0e-15 0
Histogram Bins 10 > 3| oe15 1.2a-14 0
Apply ... i 1.2e-14 1.5e-14 0
1.5e-14 1l.8e-14 0.0593963
1.8e-14 2.1e-14 0.53554
2.1e-14 2.4e-14 0.316456
2.4e-14 2.7e-14 0.0243427
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POST-PROCESSING

The X-Axis pull-down menu allows choosing whether the components should be
classified based on volume (Volume) or based on volume equivalent sphere diameter
(Equivalent Diameter).

For the Y-Axis pull-down menu, the Relative Count Probability provides the
number of components in each bin normalized to the total number of components.
The Cumulative Count Probability is the sum of the Relative Count Probability over
all bins starting from the smallest bin. Relative Volume Probability gives the
volume of the components within one bin normalized to the total volume of all
components. The Cumulative Volume Probability sums up the Relative Volume
Probability of each bin of the histogram starting from the smallest one.

The histogram Mode offers the choice between generating an Automatic Histogram
without further specifications or to Give Min. and Max Value for the parameter
defined in the X-Axis pull-down menu (Volume or Equivalent Diameter). Either Min.
Volume and Max. Volume or Min. Diameter and Max. Diameter can be directly
entered here.

The number of Histogram Bins determines the number of rows in the Object
Volume Histogram table.

The object volume histogram is shown under the Result - Plots subtab. In the plot,
the values for each bin are visualized as bars.

The parameters X-Axis Range and Y-Axis Range can be used to adjust the area
shown in the plot. If X-Axis Range is set to Automatic, the whole range of the
Object Volume Histogram table is plotted.

The table and plot are updated when the Apply... button is clicked after changing the
Volume Histogram input parameters.

Report Plots Map

Volume Histogram Components 2D-Slice

Volume Histogram

0.5 1

o
-
1

o
w
1

Relative Count
o
N

Probability / (1)

o
-
1

| 1] =

T

T T T
0.5 1.0 1.5 2.0 25 3.0
Volume / (m?3) x10

o

o
o
o

Under the Plots tab, also the computed Number of Components per 2D Slice is
visualized by three graphs.
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Volume Histogram  Components 2D-Slice

Components per Slice in X-Dir.
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DATA VISUALIZATION

The detected connected components can be visualized in GeoDict area in two different
ways.

Input Map Log Map Post Map Results Data Visualization Metadata

Index Image of Components (*.g32) Load *.g32
Index Image of Components (*.leS) Load *.leS
Components as Structure(*.gdt) Load *.gdt

The first option is to load the index image in *.g32 or *.leS format. These files are 3D
images, where for every voxel the index number of the corresponding component is
stored. For example, if the structure consists of 1027 components, the file will contain
numbers from 1 to 1027. Click Load *.g32 or Load *.leS to load the index image.

After clicking OK in the appearing dialog, the Visibility Options dialog pops up.

3 visibility Options

The structure is set to be visible and might intersect the object indices.

Should the structure be set to invisible?

(Click in dialog stops countdown.)

For the visualization of the index image, it is recommended to set the structure
visualization to invisible, so that the indices can also be seen in the solid parts of the
structure.

In the index image visualization, every index is highlighted with a different color. The
example below shows the index image of a closed-cell foam in 2D, where every cell
of the foam belongs to another connected component of the pore space.
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| Statstics | Camera(¥,7) | | Stucture | V|Volume Field | | |Amows |

ColorBy |Index Image -J "] Threshoid [00e+00 | [} [1.02700e+03
Color Map | Defauft Sl EdE ]
Interpolation [lndexed Colors = ] || Transparent Visible on Material IDs [0, 1,2 3,4,56,7, 89 10,11,12, 13,1~ ]

The second option is to load the components as a structure file in GeoDict’s *.gdt file
format. This format supports only 16 different material IDs.

Every component is assigned a material ID based on the index number as shown in
the following picture.

Statistics | Camera (Y, Z) | V! Structure ‘ | Volume Field | ["] Arrows |

Legend Placement l[)veday - ] l [=] Reset View ] Direction l)( -
Orientation Bottom to Top ~ Depth |0 : B
Grid Off ~ | Zoom @ 184% @ sice (1 [2| [
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Be aware that neighboring components might get assigned to the same ID. In the
example, every 15% foam cell gets assigned to the same ID as the cell walls, and

therefore disappears in the visualization.

RESULT MAP

The result map additionally contains the details for every found component:

® VoxelCount states the number of voxels inside of a component.

® SeedVoxel is an arbitrary voxel inside of this component.

® IsPore states if this component is pore or solid.

® Counted states if this component is counted.

Input Map Log Map Post Map Results

Report Plots Map
Key Unit
MeanNumberOf2DComponentsYDirection 1
MeanNumberOf2DComponentsZDirection 1
ComponentVolume mA3
- Componentl
VoxelCount
SeedVoxel
IsPore
: Counted
" - [Component2
VoxelCount
SeedVoxel
IsPore
Counted
+ Component3
+ Component4
+ Component5
+ Component6

Data Visualization Metadata

Value
131.14
129.9033333

2.1299%e-14, 7.284562e-12, 2.0732...

21299
0,0,0
true
true

7284562
12,0,0
false
true
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ESTIMATE SURFACE AREA

With Estimate Surface Area, the surface area of the structure is estimated with a
method based on statistical measures. The Estimate Surface Area options open
when clicking the Options’ Edit... button.

MatDict 3 estimate surface Area mi X
Material Characterization > GEoDICT
Estimate Surface Area - Result File Name (*.gdr) Example2-SurfaceArea.gdr
Options Edit ... Surface Mode All Solid Materials >

Periodic

Al Solid Materials

. . . Chosen Material
(Pore/Fluid Material IDs: 00) Chosen Material ID

Help| Record Run Between Materials
Between Material IDs

[ @, @ B B3 0K Cancel

At the top of the dialog box, enter the Result File Name. The result file is saved in
the chosen project folder (File - Choose Project Folder, in the menu bar).

Under Surface Mode choose the materials or material IDs for which the surface area
should be calculated. The surface is defined as the boundary between the chosen
materials (material IDs) and all other materials (material IDs) or between two given
materials (material IDs).

Pore Space computes the surface of the pore space, and returns the same result as
All Solid Materials, which computes the surface of all solid materials combined to
one material. Especially, All Solid Materials does not include the inner surfaces
between different solid materials or material IDs.

If Chosen Material or Chosen Material ID is selected, choose the desired material
(material ID) from the pull-down menu that appears below.

Surface Mode Chosen Material - Surface Mode Chosen Material ID >
Material 1 Air (Fluid) Material ID 1 00 Air (Fluid) .

: : 00 Air (Fluid i
Graphite (Solid) ;

Graphite (Solid)
03 Undefined
Undefined
15 Undefined
06 Undefined
07 Undefined
08 Undefined
0] Undefined -

For the surface modes Between Materials and Between Material IDs select the
two materials (material IDs) to be considered for the surface area.

Surface Mode Between Materials . Surface Mode Between Material IDs -
Material 1 Air (Fluid) < Material ID 1 00 Air (Fluid) -
Material 2 Graphite (Solid) - Material ID 2 M Graphite (Solid) -
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Selecting Periodic, the algorithm estimates the surface area assuming that the
structure is periodic, so that the material that ends on one side of the volume
reappears on the opposite side.

RESULTS

Click OK to input the entered parameters, and then click Run in the MatDict section
to start the structure analysis. The result file (*.gdr) is opened in the Result Viewer
after the computation is finished.

These values include the Number of voxel surfaces, the Surface area, and the
Specific surface area, defined as the Surface Area normalized by the total volume
of the structure.

Algorithm 1 computes the surface area by adding up the voxel surfaces.

3 Result Viewer = O X
Mon Sep 6 2021 (2022 Build 51973) .../ MatDict2022/MaterialCharacterization/ Example2-SurfaceArea.gdr
Dormain: 400 x 400 x 400  Voxel: 1 pm | Load Structure @

Input Map Log Map Results | Metadata
Report Map

Algorithm 1: Counting voxel surfaces

Number of voxel surfaces: 9037120
Surface area: 9.03712e-06 m?
Specific surface area: 141205 m*/m?

Algorithm 2: Estimation of real surface area [1]

Surface area: 5.93676e-06 m?
Specific surface area: 93461.1 m*/m?

References:

[1] 1. Ohser and F. Miicklich, Statistical Analysis of Microstructures in Materials Science, Wiley and Sons, 2000

--- Total runtime: 5.324 s, Total memory usage: 1.053 GiB -

Manage Data v Load Input Map Export b Close

Algorithm 2 estimates the real surface area, originating from statistical image
analysis, where the determination of the four Minkowski measures (Volume, Surface
Area, Integral of mean curvature, Integral of total curvature) from voxelized images
is an essential task.

Algorithm 2 uses a staggered grid, which means it uses the voxel centers of the
original grid as corners. In this grid, half a voxel cell is left over on each side. When
using Periodic boundary conditions, those half-cells are completed across the domain
boundary again to full grid cells, and this way the whole volume is taken into account.
Without periodic boundary conditions, these half-cells are discarded. This means, that
without periodic boundary conditions half a voxel is cut away on every side, so a
slightly smaller volume is considered when computing the specific surface area.
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ESTIMATE THREE-PHASE CONTACT LINE

With Estimate Three-Phase Contact Line, the length of the contact line between
the phases in a three-phase system and the number of voxel edges of the contact
line in the cartesian directions can be computed. The Estimate Three-Phase
Contact Line options are opened by clicking the Options’ Edit... button.

MatDict ﬂEstimate Three-Phase Contact Line O X
Material Characterization = GeoDict
Estimate Three-Phase Contact Line - Result File Name (*.gdr) Example3-ThreePhaseLine.gdr
. ) Material ID 1 00 Air (Fluid)
Options Edit ...
Material ID 2 B Manual (Solid)
Material ID 3 02 Manual (Solid)
Hel Record Run —
; B e BER o | cance

Through the Material ID 1, Material ID 2, and Material ID 3 pull-down menus,
the three-phase material IDs for which the Three-Phase Contact Line length should
be computed are selected.

RESULTS

Click OK to input the entered parameters, and then click Run in the MatDict section
to start the structure analysis. The result file (*.gdr) is opened in the Result Viewer
after the computation is finished.

In this algorithm, all voxel edges are found that are adjacent to all three materials.

The report contains the computed values for Number of voxel edges in x-, y-, and
z-direction, as well as the Total length of three-phase contact edges, which is
computed by multiplying the sum of the above numbers with the voxel length.

Domain: 200 x 200 x 200 Voxel: 40 Load Structure (]

Input Map Log Map Results Metadata

Report Map

Number of voxel edges in x-direction: 4712
Number of voxel edges in y-direction: 4792
Number of voxel edges in z-direction: 4816

Total length of three phase contact edges 0.005728 m
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MINKOWSKI PARAMETERS

To compute Minkowski Parameters, the needed parameters can be entered by
clicking the Options’ Edit... button.

MatDict

Material Characterization

Minkowski Parameters

Options Edit ... ﬂ Minkowski Parameters O X

GeoDicT
Result File Name (*.gdr) MinkowskiParameters.gdr

Help | | Record i Compute for Material ID 00 Air (Fluid) =

Periodic Structure

[ @ @ B B 0K Cancel

Compute for Material ID defines the Material ID for which the Minkowski
Parameters are computed.

Selecting Periodic, the structure is assumed to be periodic, so that the material that
ends on one side of the volume reappears on the opposite side.

RESULTS

Click OK to input the entered parameters, and then click Run in the MatDict section
to start the structure analysis. The result file (*.gdr) is opened in the Result Viewer
after the computation is finished. Under the Results-Report subtab the four
Minkowski Parameters characterize the mathematical topology of the structure:

B The parameter Volume Fraction is the volume fraction of the chosen Material ID.

B The Surface Area is the boundary between the chosen Material ID and all other
Material IDs. It is computed as in Algorithm 2 of the Estimate Surface Area
command.

B The Integral of Mean Curvature describes the mean curvature of the selected
Material ID.

un =3[ (E+2)a
M()_zzSX kK, S

B The Integral of Total Curvature describes the total curvature of the selected
Material ID.

Cr(X) = L ) (kllkz) ds

where X is the chosen material ID, s is a surface element of the chosen Material ID
and the parameters k; and k, are defined as the two principal curvatures from the
respective surface element.
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ks

surface element s

The surface area and the curvature values are given additionally as specific values,
which are normalized by the total volume of the structure.

The Euler Characteristic (F) is a topological number, that describes to what extend
the structure is connected. It equals ﬁ times the integral of total curvature. This

results in E = N— L+ C, where N is the number of objects, L is the number of loops
and C is the number of cavities.

m Result Viewer

Mon Sep 6 2021 (2022 Build 51973) haracterization/Example2-MinkowskiParameters-Mat00.gdr ~ Mon Sep 6 2021 (2022 Build 51973} haracterization/Example2-MinkowskiParameters-Mat01.gdr

Dormain: 400 x 400 x 400 Voxel: 1 ym | Load Structure | @  Domain: 400 X 400 X 400 Voxel: 1 pm | Load Structure | [ ]
Input Map Log Map Resufts ‘ Metadata Input Map Log Map | Resulfts ‘ Metadata
Report | Map Report ‘ Map
Minkowski Parameters: “ | Minkowski Parameters: 3
Volume 4.12961e+07 pm?® Volume 2.22251e+07 pm?
Volume Fraction 0.6501 Volume Fraction 0.3499
Surface Area 5.93676 mm* Surface Area 5.93676 mm*
Specific Surface Area 9.346e+04 m™ Specific Surface Area 9.346e+04 m™
Integral of Mean Curvature -0.2854 m Integral of Mean Curvature 0.2854 m
Specific Integral of Mean Curvature -4.494e+09 m™ Specific Integral of Mean Curvature 4.492e+08 m”
Integral of Total Curvature (Neighborhood Mode: Face) |-4.172e+04 i ||| Integral of Total Curvature (Neighborhood Mode: Face} | -2.635e+04
Specific Integral of Total Curvature (Meighborhood Mode: -6.568e+14 m~ i Specific Integral of Total Curvature (Meighborhood Mode: -4.148e+14 m™
Face) Face)
Euler Characteristic (Neighborhood Mode: Face) -3320 Euler Characteristic (Neighborhood Mode: Face) -2097
Euler Characteristic (Neighborhood Mode: Face, Edge or -2097 Euler Characteristic (Neighborhood Mode: Face, Edge or -3320
Vertex) Vertex)

The specific surface area and the specific curvature integrals in the table above are The specific surface area and the specific curvature integrals in the table above are

normalized by the total volume of the structure. normalized by the total volume of the structure.

References: I References:

[1] 1. Ohser and F. Micklich, Statistical Analysis of Microstructures in Materials [1]1. Ohser and F. Mucklich, Statistical Analysis of Microstructures in Materials

Science, Wiley and Sons, 2000 s Science, Wiley and Sons, 2000 =

Manage Data '| | Load Input Map | | Export '| | Close | | Manage Data '| | Load Input Map | | Export '| \ Close

The screenshot shows the computed Minkowski parameters for the pore space (here
material ID 00, on the left), and the solid material (ID 01, right).
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CHORD LENGTH DISTRIBUTION

The Chord Length Distribution command is accessible from MatDict and PoroDict.
After selecting Chord Length Distribution from the pull-down menu, the settings
for the calculations can be modified through the Edit... button.

MatDict PoroDict
Material Characterization > Chord Length Distribution
Chord Length Distribution ~ Options Edit ...
Options Edit ...
Help | Record Run Help, Record Run

In the Chord Length Distribution dialog box, choose the material ID of the material
(Chord MaterialID) for which the chord length distribution is to be calculated. This
can be done for pore or solid materials alike.

In the Chord Directions section, select the direction(s) in which the chord lengths
are determined. This can be done along the axes (X, Y or Z), along the two-
dimensional diagonals (All face diagonals), or along the three-dimensional
diagonals (All volume diagonals).

ﬂChord Length Distribution

GeoDicT
Result File Name (*.gdr) ChordLength.gdr
Chord MateriallD 00 Air (Fluid)
Chord directions Periodicity v Per-voxel chord length computation
vV Direction X o
Periodic X
v Direction Y Minimum over chosen directions
v Direction Z Periodic Y
v All face diagonals o @ Maximum over chosen directions
) Periodic Z
Vv All volume diagonals
‘\ .
by e @ BB 0K Cancel

Periodicity can be applied in the X-, Y-, and/or Z-direction for the calculation.
Periodicity means, that chords continue on the opposite side of the domain. This can
lead to infinitely long chord lengths, if a complete ray along the chosen direction is
inside of the selected Chord Material ID. Such chords are neglected when computing
the distribution results, and a warning is plotted on top of the resulting report if this
occurs:
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Report Plots Map

Warning: 491 chords of infinite length did not count for mean
chord length and L10/L50/L90 in Z-direction

Check Per-voxel chord length computation for the output to include a scalar field
in which, for each voxel, the length of the minimum or maximum chord through that
voxel over all chosen directions is stored. For this, Minimum over chosen
directions or Maximum over chosen directions must be selected.

RESULTS

Click OK to input the entered parameters, and then click Run in the MatDict section
to start the structure analysis. The Result Viewer opens at the end of the calculation.

Under the Report tab, the Mean Chord Length(s), the Fraction Lengths L10, L50,
L90 and P10, P50, P90 in the selected chord direction(s), and the complete Chord
Length Distribution in the selected direction(s) is shown. The fraction lengths table
reports the chord lengths smaller than 10%, 50%, 90% of all chord lengths (L10,
L50, L90) and the percentile of a particular length in the distribution (P10, P50, P90).

Report Plots Map

Mean Chord Lengths
Direction Mean Chord Length / (m)

Z-direction | 2.57696e-05

Fraction Lengths

Z-direction:
Percentile | Chord Length / (m)
L10 2.6727e-06
F10 3e-06
L50 1.73873e-05
P50 1.8e-05
L90 5.8631e-05
Pa0 5.9e-05

Note: Ln is the n-th percentile of chord lengths, that is n percent of chords are shorter than the given length Ln. Pn is the same
value rounded up to the next multiple of voxel lengths (edge, face diagonal or volume diagonal, depending on direction).

Chord Length Distribution
Length / (Voxel) | Length / (m) | Number of chords (Z-direction) | Mormalized Distribution di Number per 1m ray ) / dLength

1 le-06 62182 0.71594e+08
2 2e-06 60262 0.41594e+08
3 3e-06 57953 0.05516e+08

For example, a L10 of 2.6 ym means that 10% of all chords are smaller than this
length. A L50 of 17.4 pm) means that 50% of all chords are smaller than this length.
A L90 of 58.6 um means that 90% of all chords are smaller than this length.

A P10 of 3e-6 means that this length (3 pm) is larger than or equal to the length of
10% of all chords. A P50 of 1.8e-5 means that this length (18 pm) is larger than or
equal to the length of 50% of all chords. A P90 of 5.9e-5 means that this length (59
Mm) is larger than or equal to the length of 90% of all chords.
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The plot of the computed chord length distribution can be seen under the Results-
Plots subtab

Input Map Log Map Post Map Results Data Visualization Metadata

Y-Axis | Cumulative Number = ML Plots | Map

Main Directions Chord Length Distribution

v X vy vz x104
Face Diagonals 254 — X
— Y
+HE+Y K+Y — 7
+X+Z X+Z é 204
—
+Y+Z -Y+Z ey

Volume Diagonals

+X+Y+Z +X-Y+Z
+X+Y-Z K+Y+Z

Apply ...

Cumulative Number of Chords

0.0 1

T T T T T
0.0 0.5 1.0 1.5 20 25 3.0 3.5

Chord Length / (m) %107
Plot Options

For the Y-Axis, the Cumulative Number, the Normalized Number, or the
Number of Chords can be selected.

Y-Axis |Cumulative Number J
Cumulative Number
Normalized Number R‘

Number of Chords

The normalized number of chords is the difference quotient of the cumulative chord
length distribution, where the step size is the current voxel length.

Alternatively, the normalized number of chords can also be obtained from the number
of chords histogram. For example, the normalized number of chords in X-direction
can be computed as follows: First, the number of chords is divided by NY*NZ to obtain
the number of chords per ray. Then, this number is normalized by NX*voxel length
to obtain the number of chords per meter. In the last step, this number must again
be normalized by the voxel length to reflect the histogram bin size. This allows to
compare results for structures with different voxel lengths.

In addition, if more than one direction was chosen for the computations, it can be
chosen for which directions the distribution should be shown (Main directions, Face
diagonals, Volume diagonals).

Click Apply... to update the shown plot.
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DATA VISUALIZATION

By clicking the Load button under the Data Visualization tab, the corresponding
per voxel chord length can be loaded and visualized over the structure, if Per-voxel
chord length computation was previously checked (see page 44).

Input Map Log Map Post Map Results | Data Visualization | Metadata
y
Load Chord Lengths per Voxel | Load /

ﬂ Loading volume file PerVoxelChordLengths.gef

GeoDiIcT

Select Volume Field | View File Header —

Select components to load / compute:
v Chord Length Field:ChordLength

Allow clipping by distance

| Check all [ Uncheck al

/ oK ‘| Cancel |

ChordLength / (m)
219.91e-6
200.00e-6 :.

150.00e-6 —

Material Information:

ID 00: Air [invis.]
;ID 01: Graphite

100.00e-6

50.00e-6

0.0

Plot Range:

max : 219.91e-6
min : 0.0

Data Range:
max : 403.57e-6
min : 0.0
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GEODESIC TORTUOSITY

The Geodesic Tortuosity command is accessible from MatDict and PoroDict. It
computes the tortuosity of paths crossing the material, either through pore space or
through solid materials.

MatDict PoroDict
Material Characterization S Geodesic Tortuosity ©
Geodesic Tortuosity > Options Edit ...
Options Edit ...
Help || Record Run Help  Record Run
In the Geodesic Tortuosity dialog, e ari - O X

set the direction of the paths by
selecting the Computation GEODICT

Direction. Result Fle Name (*.gdr) |Example2-GeodesicT ortuosity-Mat01.gdr
At the top of the dialog box, enter the | Computation Direction | Z-Direction -

Result File Name. The result file iS | Material to Analyze
saved in the chosen project folder

(File - Choose Project Folder, in | hosenMateralIDs ~ (11 -
the menu bar). e
The algorithm will search for paths in X v z

the selected Material to Analyze,
which can be Pore Space, All Solid | (Pore/Fluid Material IDs: 00)
Materials, Chosen Material or a list Optimize Paths

of Chosen Material IDs.

@B @; @ Ee!- !’3 oK Cancel

Paths might leave the domain and enter again on the opposite side if Periodicity is
selected for this direction. The option Optimize Paths is explained on p. 27.

RESULTS

Click OK to input the entered parameters, and then click Run in the MatDict section
to start the structure analysis.

For every voxel on the outflow plane, the algorithm finds the shortest path through
the selected Material to Analyze. The corresponding geodesic tortuosity is then
computed as

shortest path to inflow plane

distance to inflow plane

The Result Viewer opens at the end of the calculation.
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In the Report tab, the minimal and maximal path lengths found are shown, and the
mean length of all paths. The corresponding minimal, maximal and mean geodesic
tortuosity are also given.

Input Map Log Map Results Data Visualization Metadata

Report Map

Statistics over values in outflow plane

Min tortuosity: 1.1534
Max tortuosity: 1.43864
Mean tortuosity: 1.2526

Min path length: 0.000461359 m
Max path length: 0.000575458 m
Mean path length: 0.000501041 m

DATA VISUALIZATION

When clicking the Load button under the Data Visualization tab, a scalar field is
loaded that contains for each voxel inside the selected material the shortest path
distance between this voxel and the inflow plane. Therefore, on the inflow plane all
voxels contain the value 0. On the outflow plane, the voxel values show the computed
path lengths as shown below and their local distribution around the mean value of
501 ym

o VO - w»
| -
I,. - s MinPathLengths / (m)
) 550.00e-6
“ ! 540.00e-6
Y @ 1520.00e—6
[ & 500.00e-6 E
. ® 480.00e-6 :
‘ 460.00e-6 .
& 450.00e-6
‘ Plot Range:
® - max : 550.00e-6
- _@min  : 450.00e-6
s ® -9 ] .
A - §Data Range:
\ ®max :579.26e-6
‘ e . min _ : 0.0
[ L ]
-»
' o
%Y 1
- A » = #
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GAD OBJECTS ANALYSIS

ANALYZE OBIJECTS

With the Analyze Objects command it is possible to analyze how the geometrical
objects forming the 3D micro-structure, e.g. fibers, spheres or ellipsoids, are in
contact with each other. Therefore, this command requires that the structure is not
only described by a voxel grid, but also that the underlying analytic Object Data is
available.

MatDict

The Analyze Objects dialog box opens when

GAD Cbjects Analysis ~ | clicking the Options’ Edit... button and includes the

Analyze Objects . Object Data and the Analyze Options tabs.
Options Edit ...
ﬂAnaIyze Objects O X
GeoDicT

Result File Name (*.gdr) AnalyzeObjects.gdr

Help = Record Run Object Data Analyze Options

Object Data Use Current GAD Structure M

At the top of the dialog box, enter a
name for the Result File Name.

@B @a @ !:3; !'E ‘E‘ Cancel

OBJECT DATA

The necessary geometrical information, required by the analysis can be taken from
two different sources:

1. The information is already available for the » @& ..MatDict2022/MaterialCharacterization
current 3D structure. » @ Structure (300x300x300, 750 nm)

+ @ GAD Objects (3072)

b Constituent Materials (2)

» T Open Result Files (1)

Volurne Fields (—)

When this is the case, a green dot is displayed
in the Objects row in the Project Status
section, at the left of the GUI.

To use the current object information, set Object Data to Use Current GAD
Structure.

Object Data Use Current GAD Structure -
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2.

The second option is to load a voxel
geometry with object indices (*.g32

ﬂ Analyze Objects m|

or *.leS File).

These files are the result of object

analysis commands in GeoDict, e.qg.

MatDict’s Connected Components
analysis.

To use this option, set Object Data
to Load Index Voxel File (*.g32 or
*.leS) and click Browse... to choose

a file.

ANALYZE OPTIONS

GEoDICT
Result File Name (*.gdr) AnalyzeObjects.gdr

Object Data Analyze Options

Object Data  Load Index Voxel File (*.g32 or *.leS)
g32 / leS Import

Periodicity
X-Direction
Y-Direction
Z-Direction

R & B

File Name jents/ComponentIndices.g32 ‘Browse |

OK | Cancel

If Use Current GAD Structure is selected in the Object Data tab, the following
options are available under the Analyze Options tab:

In the Material Mode pull-down menu, choose to Analyze All Material IDs present
in the structure or only one material (Analyze Selected Material ID). For the
analysis of a single selected material ID, that material ID must be chosen from the

corresponding pull-down menu.

When Analyze Object Contact is
checked, the number of contacts, the
contact area, and the mean
coordination number is computed.

When Analyze Object Volume is
checked, the volume of each object is
computed, and a histogram of all
object sizes is created. The
parameters in the panel below the
checkbox describe the settings for the
object volume histogram plot. They
can be changed in the post-processing
step and are explained in the Results
section below.

ﬂAnaIyze Objects O

GeoDicT

X

Result File Name (*.gdr) \Example6-AnaIyzeObjects.gdﬁ

Object Data Analyze Options

Material Mode
V| Analyze Object Contact

Analyze All Material IDs

v/ Analyze Object Volume
X-Axis Volume ~
Y-Axis Relative Count Probability ~

Mode
Histogram Bins 10 -
X-Axis Range
Y-Axis Range

V| Write Object Orientation (*.gof)
V| Write Voxel Geometry with Object Indices (*.g32)
V| Write Voxel Geometry with Object Indices (*.leS)

e € & BB

Automatic Histogram -

Automatic >

Automatic -

‘E‘ Cancel
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When checking Write Object Orientation (*.gof), the data on the orientation of
the objects is saved to a file with the same name as the result file (Result File Name)
with the ending *.gof.

When checking Write Voxel Geometry with Object Indices (*.g32) or Write
Voxel Geometry with Object Indices (*.leS), the objects are saved into a 3D
image file in which the object ID corresponding to each voxel is stored. Choosing
these options generates one file in GeoDict’s format in binary format (*.g32) and one
file in ASCII (*.leS).

RESULTS

Click OK to input the entered parameters (here, Use Current GAD Structure was
used), and then click Run in the MatDict section to start the structure analysis. The
result file (*.gdr) is opened in the Result Viewer after the computation is finished.

Domain: 300 x 300 x 300 Voxel: 750 nm Load Structure ®

Input Map Log Map Post Map Results Data Visualization Metadata

Volume Histogram Report ~ Plots  Map
X-Axis Volume - Mat
Y-Axis Relative Count Probability -/ Total Number of GAD Objects: 3072
—— Analyzed Number of GAD Objects: 3072
s Automatic Histopgram " Number of Overlap Objects: 3364
Histogram Bins 10 : Number of Objects in Domain (GAD + Overlap): 6426

Overlap Solid Volume Percentage: 0.307556 / (%)
X-Axis Range  Automatic i
.fContact:
" Total Number of Contacts: 12999
Mean Coordination Number: 4.04575
Information: the result map contains detailed object-contact information

Y-Axis Range  Automatic
Apply ...

Object Volume:

The Minimal Volume: 4.21875e+8 nm?
The Maximal Volume: 3154.36 pm?
The Mean Volume: 880.723 pm?

In the Results - Report subtab, the following values are reported:

B Total Number of GAD Objects is the number of all objects present in the 3D
structure.

B Analyzed Number of GAD Objects is the number of objects considered in the
analysis. This number is different from the above number if Analyze Selected
Material ID was chosen. In this case only the number of GAD objects of the
selected material ID is reported here.

B The Number of Overlap Objects shows how many overlap objects are present
in the structure.

B The Number of Objects in Domain (GAD + Overlap) is the number of objects
inside of the current domain. It is possible that some objects lie completely outside
of the domain, and in this case, they are not counted here.

B Overlap Solid Volume Percentage is the volume fraction of the overlap objects.
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The resulting numbers depend on the way overlapping objects are treated. How
overlap is handled is typically defined at the creation of the structure but can also be
modified later using the Edit Domain command from the Objects’ context menu.

See the GadGeo handbook of this
User Guide for a more detailed
description of this command.

b i _ide/GeoDict2022/ExtraFiles/MatDict2022/MaterialCharacterization
» @ Structure (300x300x300, 750 nm)

| @ cro objects (3072)
» Constituent Materials (2)

T Open Result Files (—)

Volume Fields (-)

Discard All GAD Objects

Edit GAD Objects ...

Create / Add GAD Objects ...
Edit Domain ... k‘

Delete Selected GAD Objects ...
Scale GAD Objects ...

Shift GAD Objects ...

Rotate GAD Objects ...

Resolve Overlap / Mark Contacts
Change Material ID Model ...
Create GAD Index Image
Create GOF Orientation Image

Algorithms b

If Analyze Object Contact was checked (see page 50), the total number of contacts
and the mean coordination number is reported in the Contact section of the report.
Here, the Mean Coordination Number is defined as

2 * Total Number of Contacts / Number of Objects in Domain (GAD + Overlap)
Under the Results - Map subtab, more detailed results for all contacts are available:

Input Map Log Map Post Map Results Data Visualization Metadata
Report Plots Map

Key Unit Value
MeanCoordinationNumber 4.045751634
- Contact
TotalNumberOfContacts 12999
TotalContactFaces 354238
MaximumContactFaces 1 356
MinimumContactFaces 1 1
MeanContactFaces 1 27.25117317
ContactAreas m~2 5.625e-13, 1.125e-12, 1.6875e-12, 2.25e-12, 2.8125e-12, 3.375e-12, 3.9375e...
NumberOfContacts 1 281, 323, 828, 272, 341, 578, 254, 317, 438, 225, 272, 306, 226, 249, 296, 2...
CumulativeNumberOfContacts 1 281, 604, 1432, 1704, 2045, 2623, 2877, 3194, 3632, 3857, 4129, 4435, 4661...
- Contacts
Objectl 1,1,1,1,1,1,1,1,1,2,2,2,2,2,3,3,3,3,3,3,3,3,3,3,3,3,4,4,4,4, ...
Object2 125, 1760, 1996, 2266, 2315, 3028, 4294965792, 4294965882, 4294967292, ...
ContactFaces 27,35,17,17, 26, 1, 46, 24, 20, 2, 6, 21, 23, 10, 21, 29, 28, 34, 53, 31, 48, 2...
- BackgroundContacts
Objectl 0,0,0000000000000000000000000000,..
Object2 1,2,3,4,56,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, ...
ContactFaces 1675, 1832, 1524, 1303, 1787, 156, 1334, 263, 1727, 1712, 1874, 1840, 1625...
NumberOfOverlaps 1 3364
» Overlaps
ObjectIndex 1,2,3,4,56,7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, ...
» Volume

L VR VR

Under the Contacts key, for each contact the index numbers of both objects and
the number of contact faces are given. In the above example, the first contact is
between object number 1 and object number 125 and has a size of 27 voxel faces.
The second contact is between object number 1 and object nhumber 1760 and has a
size of 35 voxel faces.
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Under the Results - Plots subtab, the Contact Area Histogram visualizes the size
distribution of the contact areas:

Input Map Log Map Post Map Results Data Visualization Metadata
Report Plots Map
Volume Histogram Contact Area Histogram
Contact Area Histogram
=
@
o
8
C
o
@]
gs)
@
o
£
]
z
& 1 1 1 T 1
0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Contact Area / (m?) %1010

If Analyze Object Volume was checked (see page 50), the minimal, maximal, and
mean volume are stated in the Object Volume section. Furthermore, an Object
Volume Histogram table is plotted based on the Volume Histogram settings
defined in the post-processing panel on the left-hand side of the Report tab.

Input Map Log Map Post Map Results Data Visualization Metadata
Volume Histogram Report = Plots ~ Map
X-Axis Volume Object Volume Histogram:
Y-Axis Relative Count Probability Min. Volume / Max. Volume / Relative Count
e (nm?3) (nm?3) Probability
Mode Sutoniatic Ksoamn 4.21875e+8 3.15816e+11  0.561936
Histogram Bins |10 3.15816e+11 6.31209%+11 0.0231871
X-Axis Range  Automatic 6.31209%e+11 9.46603e+11 0.0166511
Y-Axis Range  Automatic §19.46603e+11 1.262e+12 0.0186741
111.262e+12 1.5773%e+12 0.0208528
Apply ... 1.5773%e+12 '1.89278e+12 0.223778
1.89278e+12 2.20818e+12 0.00451292
2.20818e+12 2.52357e+12 0.00529101
2.52357e+12 2.83897e+12 0.00949269
2.83897e+12 3.15436e+12 0.115624
Information: the result-map contains detailed object-volume
information

The X-Axis pull-down menu allows choosing whether the components should be
classified based on volume (Volume) or based on volume equivalent sphere diameter

(Equivalent Diameter).
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For the Y-Axis pull-down menu, the Relative Count Probability provides the
number of components in each bin normalized to the total number of components.
The Cumulative Count Probability is the sum of the Relative Count Probability over
all bins starting from the smallest bin. Relative Volume Probability gives the
volume of the components within one bin normalized to the total volume of all
components. The Cumulative Volume Probability sums up the Relative Volume
Probability of each bin of the histogram starting from the smallest one.

The histogram Mode offers the choice between generating an Automatic Histogram
without further specifications or to Give Min. and Max Value for the parameter
defined in the X-Axis pull-down menu (Volume or Equivalent Diameter). Either Min.
Volume and Max. Volume or Min. Diameter and Max. Diameter can be directly
entered here.

Mode Give Min. and Max. Value
Min. Volume / (m3) 4.21875e-19

Max. Volume / (m3) 3.15436e-15

The number of Histogram Bins determines the number of rows in the Object
Volume Histogram table.

The object volume histogram is graphically shown under the Result - Plots subtab.
In the plot, the values for each bin are visualized as bars.

Input Map Log Map Post Map Results Data Visualization Metadata

Volume Histogram Report  Plots =~ Map
X-Axis Volume Volume Histogram = Contact Area Histogram
Y-Axis Relative Count Probability Volume Hissagram
Mode Automatic Histogram
Histogram Bins 10 05
X-Axis Range  Automatic =23
5 04
Y-Axis Range  Automatic S =
far
g = 03
a
Apply ... S m
©
° ‘§ 0.2
oo
0.1
0.0 { T |= I T ;

0.5 1.0 1.5 2.0 2.5 3.0
Volume / (m?3) x1071°

The parameters X-Axis Range and Y-Axis Range can be used to adjust the area
shown in the plot. If X-Axis Range is set to Automatic, the whole range of the
Object Volume Histogram table is plotted.

The table and plot updates when the Apply... button is clicked after changing the
Volume Histogram input parameters.
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DATA VISUALIZATION

Depending on the input data file type and the options chosen in the input dialog, the
Data Visualization tab allows different visualization options.

If Use Current GAD Structure was used as Object Data input, the Data
Visualization tab offers visualization of object overlap and object orientation.

Objects and Overlap (*.gdt) Load *.gdt
Mark Contacts (*.gdt) Load *.gdt
GeaDict Orientation File (*.gof) Load *.gof

Index Image of Objects (*.g32) Load *.g32

Index Image of Objects (*.leS) Load *.leS

By clicking the Objects and Overlap (*.gdt)’s Load *.gdt button, the overlap
between objects is displayed. All objects are assigned to Material ID 01 and the
overlap is assigned to Material ID 02.

Statistics Camera (Y, 2) V Structure Volume Field Arrows
Volume % ~-| 3D: ID00:50.31 -| 2D: ID00: 48.73

Objects 3D: -- 2D: --
Components 3D; -- 2D; --

Material Information:
1 ID 00: Pore [invis.]
m ID 01: Objects
1 ID 02: Overlap

o
',
-

It is possible to visualize the contact voxels by clicking on the Mark Contacts
(*.gdt)’s Load *.gdt button. All contact voxels will be marked with material ID 15:
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Material Information:

[ ID 00: Air [invis.] .
m ID 01: Glass

m ID 15: Undefined ""

For the visualization of the labeled contacts only, select Settings — Color &
Visibility Settings in the menu bar. Uncheck the visibility of all the material IDs in
the structure model and check only the visibility of the Material ID 15.

Color and Visibility Settings BEE [
Statistics | Camera (X, Y} | V|Structure | V| Volume Field Arrows =
I _ GeEoDICT
Legend Placement | Overl - S Reset View Direction | Z &
2 . Load Preset | @ wisble %’-
3
Orientation Bottom to Top ~ Depth 1] 5 e <
D 00: Air White visible a
i - e @ i 2| e— g
Grid Off Zoom | S | 228% | & Slice 299 |2 1D 01: Glass B Red vishle i
-
Material Information: D 02: Glass [Overlap] | I Green | v/ visble Z
O ID 00: Air [invis.] ) E

B ID 01: Glass [invis.] ,ﬂ D 03: Undefined Yellow | ¥ visble

. - '
B ID 15: Undefined ; . «
. " " ' r ID 04: Undefined M Blue v/ visble =
— h [ g
- ID 05: Undefined M Custom | |v| visible iy
“ - £
- - a L. ‘F ﬁ‘. D 06: Undefined Cyan v/ visible a
. o
- h L #~ " L™ = - ID 07: Undefined M Custom | v visble =
- Y ’ «
™ Hﬁ. | ID 08: Undefined Custom | v/ vishle g
- ] 1

" - - £ ID 09: Undefined M Custom | v/ visible g
' 1 =
- - ID 10: Undefined M Custom | ¥/ visble =
b
J" 1 - D 11: Undefined Customn | V| visible 5
' LY i

- D 12: Undefined M Custom | |V visible
«
— # ] - - ID 13: Undefined M Custom | |v| visible B
o
- o D 14: Undefined M Custom | v/ visible W

-
h ' " 1D 15: Undefined M Custom | |V visble «
- T %
I Background Color White V| Apply Immediately E_
' " 2
Y
n ]
- -
Console Bﬂ E'ln @ E FE

If Write Object Orientation (*.gof)was checked (see page 51), the orientation of
the objects can be displayed by clicking the Load button for GeoDict Orientation
file (*.gof).
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To properly see the orientation data of each object, uncheck Data View — Structure

in the Visualization Se

ttings, uncheck the Pore material in the Material selector under

the Visibility on Material IDs menu under the Volume Field tab as shown below.

Statistics | Camera Structure

Color By Phi

Color Map Default

Interpolation | No Interpolation

Material Information:
my ID 00 Air [invis.]

maganID 01 Glass [invis.]

V| Volume Field Streamiines Particles Triangles Schlieren AITOWS Tensors

> Threshold By | Phi > Smooth v Clipx |0 == _l 300 (% Invert

Edit... == ~ | |-3.14030e+00 V! Clipy |0 | 1300 |+

"~ Transparency Visible on Material IDs 1,2,3,4,56 7 v/ CipZ |0 s | 1300 |+

Glas_lid)
Glas.. lid)
d

Phi / (rad)
Nl |
2.00

1.00

y
i

14

0.00
-1.00

-2.00

-3.14
Plot Range
max 3.
min -3.14
Data Range:

If Write Voxel Geom

etry with Object Indices (*.g32) or Write Voxel Geometry

with Object Indices and (*.leS) was checked (see page 51), the index image of

the identified objects

is loaded by clicking on the Load *.g32 or Load *.leS button.

In this image, every object is visualized with a different color. Again, to visualize the
results, it is important to uncheck View — Structure in the main menu.

Material Information:
w ID 00: Air [invis.]
w#ID 01: Glass
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GAD-0OBJECTS ORIENTATION

The GAD-Objects Orientation command computes the orientation of GAD objects.

The Gad-Object Orientation dialog opens when

MatDict clicking the Options’ Edit... button.

GAD Objects Analysis

GAD Objects Orientation EGAD Objects Orientation O X

Options Edit ... GEoDIcT
Result File Name (*.gdr) GadOrientation.gdr

Orientation for Type InfiniteCircularFiber <

@B @a @ &’; E’E ‘E‘ Cancel

Help| Record Run

At the top of the dialog box, enter the Result File Name. The result file is saved in
the chosen project folder (File - Choose Project Folder, in the menu bar).

From the Orientation for Type pull-down menu, select the object type that should
be analyzed. All object types present in the current structure are identified
automatically and are listed in the pull-down menu.

If no analytic data is available for the current structure, the object orientation analysis
is not carried out after clicking Run in the MatDict section, and a warning message
appears.

ﬂ MatDict:GadOrientation

Not all object types are suitable for an _
orientation analysis. If this is the case e You need gad-data in memory to calculate the
’ orientation.
an error message appears.
0K |

RESULTS

Click OK to input the entered parameters, and then click Run in the MatDict section
to start the structure analysis. The result file (*.gdr) is opened in the Result Viewer
after the computation is finished.
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Input Map | Log Map | Results | Metadata
Report Map

Direction Tensor:

0.3772 | -0.1080 | -0.0962

- 0.5186 | 0.1702

- - 0.1043

Anisotropy 1: 4.934
Anisotropy 2: 1.992
Euler Angles (Phi, Theta, Psi): 30.457, 19.805, -1.718

--- Total runtime: 1.188 s, Total memory usage: 1.228 GiB —-

The definition of these parameters is the same as in the FiberGeo module. See the

FiberGeo User Guide for a more detailed description of these parameters.

In FiberGeo, the parameters are used to describe the orientation of the randomly
created fibers. That means, if FiberGeo was used to generate the current 3D structure,
MatDict Gad-Objects Orientation can be used to verify the orientation of the
created structure. For example, the results shown above were achieved for a structure
created with this target orientation:

EOrientation [}
GeoDict
Isotropic
® Anisotropic Direction
Direction Mode Anisotropy Parameter
Anisotropy 1 5
Anisotropy 2 2
Phi / (°) 30
Euler Angles Theta / (°) 20
Psi/ (°) 0
0.3829 -0.1118 -0.0989
Orientation Tensor - 0.5120 0.1713
0.1051

In XY-Plane

Anisotropic Orientation

Given Directions

Angle Around Direction

Normalize + Calculate Anisotropy Parameters

OK | Cancel
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ALGORITHMS

EUCLIDEAN DISTANCE TRANSFORM

After selecting Euclidean Distance Transform (EDT) from the pull-down menu, the
settings for the calculations can be modified through the Edit... button.

MatDict

Algorithms - B3 euclidean Distance Transform | X

Euclidean Distance Transform
GEoDicT

Options Edit ... Result File Name (*.gdr) Example2-EuclDistTrans.gdr
Domain Boundary Conditions
@ Symmetric Periodic Encase Expert
Help | | Record Run
Distance Mode Pore -

Component Distance P

Signed Distance

High Resolution
(Pore/Fluid Material IDs: 00)

@B @a @ g E’% ‘E‘ Cancel

In the Euclidean Distance Transform dialog box, choose the Result File Name.

Decide which Domain Boundary Conditions should be used during the calculations.
More detailed information about this feature is given on page 21.

The Distance Mode defines the material IDs that are considered. From any point
(voxel) inside these material IDs the distance to the nearest boundary to all other
material IDs is calculated. The default is to analyze the pore space. However, if
switching the Distance Mode to GivenID, all material IDs can be selected.

Distance Mode GivenID -
Background MaterizllDs | 0 -
v | 00 Pore -

@ manual (Solid)
02 Manual (Solid)
03 Manual (Solid)
g Glass (Solid)
Undefined
068 Undefined
Undefined
i} Undefined
1] Undefined -

If Component Distance is selected, for each point of the domain the distance to the
next boundary is computed. In this case all boundaries between the materials are
considered, including the pore space. When Component Distance is checked, the
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selection of Distance Mode is disabled, as the EDT is used for all structure components
at once.

If Signed Distance is checked, a modified version of the EDT is used. In the pore
space or background materials, the signed EDT will be the same as in the original
version, but the signed EDT will also compute a negative distance inside of the solid
or foreground material.

To run the calculations with High Resolution might be useful when the pore space
is expected to be especially narrow. The calculation run time and memory usage are
increased. See page 27 for more explanations.

RESULTS

Click OK to input the entered parameters and then click Run in the MatDict section
to start the structure analysis. The Result Viewer opens at the end of the
computation and the result file is automatically saved in the project folder. In the
Results — Report tab three values can be found.

The Maximal distance value is the maximal value found in the computed Euclidean
distance map. It corresponds to the maximal distance a point within the selected
Material IDs can have to the next boundary.

The Minimal distance value is the minimal value found in the computed Euclidean
distance map. Be aware, that this is in general not the minimal distance a point within
the selected Material IDs can have to the next boundary, because also the values
inside of the solid materials are taken into account. In the standard case, this value
will be 0. For sighed distance maps, the result corresponds to the maximal (negative)
distance a point within the solid material can have to the boundary.

The Mean distance value is the average of all values in the computed Euclidean
distance map. All materials (foreground and background) are taken into account when
the average distance is determined.

Input Map Log Map Results Data Visualization Metadata
Repaort Map

Maximal distance value: 27.3496 voxels
Minimal distance value: 0 voxels
Mean distance value: 2.74112 voxels

(Information: load the distance map field via the 'Data Visualization' tab.)

--- Total runtime: 5.851 s, Total memory usage: 1.466 GiB ---

DATA VISUALIZATION

The Euclidean Distance Transform result can be visualized in 2D-Cross section
view or 3D-Rendering when selecting the Data Visualization tab of the result file.

By clicking Load *.dst, the computed distance map is loaded into GeoDict.

The Volume Field tab (in 2D Cross section view and in 3D Rendering) becomes
selectable in the visualization panel above the Visualization area to fine-tune the
visualization settings.

To see only the volume field, turn off the visualization of the structure (uncheck
Structure in the tab header).
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Analysis of solid material in porous media with MatDict

EuclideanDistanceTransform / (voxel) Plot max : 11.27
3 - Plot min : 0.0
0.0 5.00 11.27

EuclideanDistanceTransform / (voxel) max: 11.27
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Algorithms - Skeletonizer

SKELETONIZER
MatDict The Skeletonizer reduces a structure to its center
lines. This command might be useful as an
Algorithms - intermediate step in some workflows creating or
Skeletonizer B analyzing certain structure types.
{
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The command requires no parameters. It can directly be started by clicking Run in
the MatDict section.

RESULTS

In contrast to all other commands in MatDict, the Skeletonizer command does not
create a result file. Rather, it directly modifies the current structure and creates a new
voxel structure which consists only of the center lines.
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