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MESHGEO / EXPORTGEO-CAD

With MeshGeo and ExportGeo-CAD, structures in GeoDict formats can be converted
to a surface mesh. Since GeoDict 2021, it is also possible to create meshes directly
from grey value images, index images and volume fields. These options add many
new possibilities: For example, it is now possible to import uCT images and convert
them to smooth meshes with sub-voxel precision. Furthermore, creating triangulation
from GeoDict index images allows the transfer of the object information from
GeoDict’s structure generators to external software.

B MeshGeo can keep the mesh in memory after creation and allows subsequent
smoothing and coarsening operations. For this, MeshGeo contains the additional
options, Analyze, Edit, Smooth, Coarsen & Remesh, Repair Mesh, and
Voxelize Mesh. Afterwards, the mesh can be saved in different file formats with
Save Mesh.

B ExportGeo-CAD saves the created mesh directly to the hard disk. Therefore, it is
not possible to edit the mesh after creation.

Since both modules work in a similar way, only MeshGeo is explained in this handbook
where it matches the functionality of ExportGeo-CAD.

To access MeshGeo, select Model — MeshGeo in the menu bar:
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MeshGeo and ExportGeo-CAD: convert structures to surface triangulations

To access ExportGeo-CAD, select Export — ExportGeo-CAD in the menu bar:

ﬂ GeoDict 2024 Standard Edition
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In the MeshGeo or ExportGeo-CAD section, to the left of the Visualization area, a
pull-down menu displays the choices for the meshing options. The options available
for Create Mesh are the same for both modules.

Additionally, MeshGeo contains options to further edit and save the mesh. For
ExportGeo-CAD, the mesh can only be directly saved after the creation. The available
options to save the mesh are the same for both modules and explained together in
pages 20.
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Visualize surface meshes in GeoDict

VISUALIZE SURFACE MESHES IN GEODICT

When a mesh is currently loaded in GeoDict and displayed in the Visualization area,

the Triangles tab becomes available in the Visualization panel, above the
Visualization area.

In this tab, various settings for the visualization of the mesh can be selected. These
settings are explained in detail in the ImportGeo-CAD handbook of this User Guide.

Camera Structure | Volume Field Streamlines Particles v | Triangles Schilieren Arrows Tensors
View Faces ¥ | Transparency | None > ClipX |0 399
Coloring | Material ID ~ | Features Show Vertices - ClipY |0 399
Color M Red Visble Meshes |0, 1 v Clipz |0 399
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MeshGeo and ExportGeo-CAD: convert structures to surface triangulations

CREATE MESH

Select Create Mesh or Export as Mesh in MeshGeo, or open ExportGeo-CAD and
specify the type of mesh from the pull-down menu. Meshes of a structure in GeoDict
can be created based on the voxel information (Voxel Mesh). This voxel information
can be a structure, a grey value image, an index image, or a volume field.

Alternatively, a mesh can be created based on the analytic objects in the structure
(Object Mesh).

Additionally, it is also possible to mesh particles (Particles Mesh) and their
trajectories (Trajectories Mesh) from results obtained with AddiDict or FilterDict or
streamlines (Streamlines Mesh) from results obtained with FlowDict, AddiDict or
FilterDict.

The parameters for the selected mesh type can then be defined by clicking the Edit...
button.

MeshGeo MeshGeo

Create Mesh - Export Voxel Mesh Export Voxel Mesh
Export Object Mesh

Create Voxel Mesh o | Export Particks Mesh
Create Voxel Mesh Export Trajectories Mesh

Options Create Object Mesh Export Streamlines Mesh
Create Particles Mesh

Create Trajectories Mesh
Create Streamlines Mesh

Help @ Record Help @ Record

P Create | Export

When all settings have been chosen, click Create at the bottom of the MeshGeo or
Export at the bottom of the ExportGeo -CAD section to create the mesh.

Since GeoDict 2024, the Export as Mesh is added also to MeshGeo and the
functionality is the same as in ExportGeo-CAD.

MeshGeo

Export as Mesh v

Export Voxel Mesh (IR QS eyl
Export Object Mesh
Export Particles Mesh
Export Trajectories Mesh
Export Streamlines Mesh

Options

Help @ Record

P Export
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MeshGeo and ExportGeo-CAD: Create Mesh

VOXEL MESH

For voxel meshes in MeshGeo, two tabs are available in the Create Voxel Mesh
Options dialog (Voxel Mesh Options and Coarsen).

A third tab, Output Options is only available in MeshGeo -> Export Voxel Mesh or
ExportGeo-CAD since the mesh is directly saved after creation.

It contains the same options as Save Mesh in MeshGeo. See page 20 for further
information.

[E] create Voxel Mesh Options O X

GEODICT

Voxel Mesh Options Coarsen

Volurme Current Structure -

Mode Multi Material -

Material to Mesh
All Solid Materals =
Periodicity
Periodic X Periodic ¥ Periodic Z
Close Periodic Walls

Add to current mesh

@n E‘l. @ ﬂ. :“n 0K Cancel

VOXEL MESH OPTIONS

The Voxel Mesh option allows to create triangulations from the available voxel
information. The kind of voxel information is selected with the Volume pull-down
menu: It can be a GeoDict structure (this is the default), a grey value image, an index
image, or a volume field. Additionally, the Mode defines how the volume is meshed.
The choices for Volume and Mode change the other available options.

VOLUME

Different types of Volume of structure information can be meshed in Create Mesh
- Create Voxel Mesh or Export as Mesh > Export Voxel Mesh. The available
options are explained below.

Current Structure

With this option, the currently loaded voxel structure is converted to a mesh. For
Current Structure, all four Modes are available: Voxel Surface, Rounded, Smooth
and Multi Material.

Current Grey-Value Image

GeoDict 2024 User Guide 5



MeshGeo and ExportGeo-CAD: convert structures to surface triangulations

Instead of first converting a grey-value image to a voxel structure (with ImportGeo -
Vol), it is now directly possible to mesh the Current Grey-Value Image. In this
case, the Mode is fixed to Rounded. Based on the given Threshold, an iso surface
is created that splits the structure in two phases. The normal of the iso surface points
into the pore space. If Automatic Threshold is selected, the OTSU algorithm is used
to determine the threshold.

With this option, all information from the grey value image can be used. The created
mesh is smoother than a mesh created from a segmented voxel structure, since the
grey value information allows to obtain sub-voxel precision.

V| Autom*jc Threshold - | E

Threshold Create an iso surface triangulation at the specified threshold that splits the structure in two phases.
- The iso surface wraps around the high values (Material ID 1) with normals pointing into the pore space (Material ID 0).
Add to If "Automatic Threshold' is enabled: use threshold determined by OTSU threshold to define the iso surface.
If "Automatic Threshold' is not enabled: use given thresholds to define the iso surface.

L ] ™
[ Create Voxel Mesh Options m] X
GEoDICT

Voxel Mesh Options | Coarsen

Volume Current Grey-Value Image N
Mode Rounded

V! Automatic Threshold
Threshold | 0.00

Add to current mesh

CARCIRCN o 2

Index Image

By choosing an Index Image as Volume, it is possible to use the object indexes to
create Multi Material triangulations. Analogously, the object indexes from GrainFind
or FiberFind results can be used in the same way.

Each object with a given index is converted to its own mesh, and the meshes for
different objects do not overlap. The Mode is fixed to Multi Material, since this is
the option that keeps the object information and preserves the partition of unity.

Voxel Mash Options Coarsen

Volurme Index Image -
Mame Index Image -
Mode Multi Material
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MeshGeo and ExportGeo-CAD: Create Mesh

In the figure below, to the left an index image from a GrainFind result is shown. The
right figure shows the mesh calculated from that index image.

Volume Field

With the Volume Field option, triangulations can be created from arbitrary GeoDict
results. In the example below, a flow field from a FlowDict simulation is converted to
a mesh. The Volume Field option works analogously to the Current Grey-Value
Image option: It creates an iso-surface mesh based on the given Threshold.

5] Create Voxel Mesh Options O X

GEODICT

Voxel Mesh Options Coarsen

Volurme Volurme Field -

Mame | Velocity -

Mode Rounded

Threshold | 0.00000008 |5 | e

Add to current mesh

COREIE o =] | 0K | Cancel

In the figure below, observe from left to right: A flow field calculated with FlowDict,
the flow field with a threshold (i.e. only fast velocities are shown), and a mesh
computed with the same threshold.
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MeshGeo and ExportGeo-CAD: convert structures to surface triangulations

Velocity / (m/s)
144.22e-9

Velocity / (m/s)
144.22e-9

Velocity / (m/s)]
144.22e-9

m &

120.00e-9 -
100.00e-9 —
80.00e-9
60.00e-9 —
40.00e-9 —

20.00e-9 l
0.0

Plot Range:

120.00e-9 -
100.00e-9 —
80.00e-9 |
60.00e-9 —
40.00e-9 —

20.00e-9 l
0.0

Plot Range:

max : 144.22e-9
min : 0.0

PR ¥ | Data Range:

4 max : 314.23e-9

min : 0.0

120.00e-9 —
100.00e-9 —
80.00e-9
60.00e-9 —
40.00e-9 —

20.00e-9 l
0.0

Range:
X .

MODE

Four Modes can be used to export voxel data: Voxel Surface, Rounded, Smooth,
or Multi Material. Multi Material is the default. Which options are available depends
on the selected Volume: For example, if the Current Grey-Value Image is selected,
only Rounded is available.

Create Yoxel Mesh Options

GeEoDiIcT

Voxel Mesh Options Coarsen

Volurne Current Structure -

Mode Multi Material - | Voxel Surface
Rounded
Smooth

Material to Mesh

Multi Material

All Solid Materials -
Periodicity
Periodic X Periodic Y Periodic Z
Close Periodic Walls

Add to current mesh

Ehu E'l. @ E;. E‘g 0K Cancel

Voxel Surface exports the exact surface of the voxel structure with its characteristic
rectangular edges. This option is available in GeoDict to ensure compatibility with
older releases. Use the Voxel Surface mode only if you intend to preserve the
staircase-like pattern of voxel structure, otherwise, Multi-Material mode is
recommended.

The Smooth algorithm is an improved version of the marching cubes algorithm which
produces a mesh with a better triangle quality. The mesh is smoothed during creation.
This surface is not constrained to the domain and the surfaces of multiple materials
may intersect. Smooth is the most suitable export mode for visualization purposes.

Rounded works analogously to the Smooth export, but it focuses on triangle quality
instead of smoothness. The exported surface is constrained to the domain and the
surfaces of multiple materials may intersect. This export mode is most suitable for
numerical simulations with only one material phase (e.g. flow simulations in the pore
space).
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MeshGeo and ExportGeo-CAD: Create Mesh

Structure in GeoDict

Multi Material

Voxel Surface

Rounded

' -
I -
l -
l -

With the Multi Material option, the meshes for the different materials do not overlap.
They have perfect contact at the points where different materials touch. When all
materials are exported, a partition of unity is created. This means that each point in
the domain is enclosed in exactly one surface. This property is preserved with further
processing steps (e.g. Smooth Mesh or Coarsen Mesh).

Multi material meshes are constrained to the domain. This export mode is suitable
to mesh multi-material microstructures for numerical simulations.

MATERIAL TO MESH

Select the material IDs to be meshed with the options under Material to Analyze.
With the first three options, either All Materials, the Pore Space or All Solid
Materials are meshed.

All Solid Materials is the default, since this is the best choice for most use cases.

GeoDict 2024 User Guide 9



MeshGeo and ExportGeo-CAD: convert structures to surface triangulations

Material to Mesh

All Solid Materials =
&l Materials

pg POre Space
All Solid Materials
Chosen Material k‘
Chosen Material IDs
Close Periodic Walls

Periodic Y Periodic Z

With Chosen Material, all material IDs for the given material are selected.

Material to Mesh

Chosen Material * | | Pore ¥
Periodici Glass (Solid)
EALEY] Manual (Solid)
Periodic X Periodic Y Periodic £

Close Periodic Walls

With Chosen Material IDs, individual material IDs can be selected.

Material to Mesh

Chosen Material IDs * | | <none= -
00 Pore
Periodici v Dl Glass [Sl:lhlj:]
ey 02 Manual (Solid) L\\)
Periodic X Periodic Periodic Z

Close Periodic Walls

PERIODICITY

The boundary condition defines how the triangulation algorithm deals with boundary
voxels.

When Periodicity is selected, the mesh of one end is periodic to the other end of the
structure in the chosen direction. This option should only be used if the original
structure is periodic.

When Periodicity is not selected, symmetric boundary conditions are applied and the
mesh is closed at all boundaries.

In the pictures below, the difference can be observed at the boundary in Z-direction.
On the left, periodic boundary conditions are used, and the green mesh is not closed
since it continues at the opposite side. On the right, symmetric boundary conditions
are used.

The Periodicity option is only available for the Multi Material mode.
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MeshGeo and ExportGeo-CAD: Create Mesh

Material Information:
w ID 00: Pore [invis.] - =
w#ID 01: Glass e e T |
wID 02: Glass |

Material Information:

w ID 00: Pore [invis.]
wID 01: Glass
wID 02: Glass

CLOSE PERIODIC WALLS

When Periodicity is selected for a direction, the mesh walls are by default open at
the boundaries. With Close Periodic Cell Walls, these periodic walls are closed. This
option is only available for the Multi Material mode.

AVOID REPEATING EDGES

Where different materials are in contact, their voxel surfaces share the same edges.
This is not allowed in a mesh in the STL format. With Avoid Repeating Edges, these
edges are shifted slightly inwards the material. Then, each material has different
edges. This option is only available for Voxel Surface mode.

For the Multi Material option, such an option is not necessary since there, the
different materials are saved to different meshes.

ADD TO CURRENT MESH

Add to current mesh is only available for MeshGeo -> Create Mesh. When this
option is selected and a mesh is already in memory, the new mesh is added to that
mesh. Multiple meshes can then be edited together and be saved to a single file.

See Smooth Mesh
in page 36 and Coarsen Mesh

in page 38 .

COARSEN

Coarsening can either be applied during mesh creation or afterwards. The settings
are the same, but the results may differ — especially if the Adaptive mode is used.
For more information, see page 38.

GeoDict 2024 User Guide 11



MeshGeo and ExportGeo-CAD: convert structures to surface triangulations

E Create Voxel Mesh Options

GEODICT

Voxel Mesh Options | Coarsen

Coarsen during creation

Coarsening Mode Percentage Reduction of Triangles
Triangle reduction / (%) | 60.00 e F
Adaptive
By @ B R 0K Cancel

OBJECT MESH

To export the objects in the structure into a mesh, select Create Object Mesh or
Export Object Mesh for MeshGeo, or Export Object Mesh for ExportGeo-CAD from
the pull-down menu. Objects in GeoDict can overlap. With Object Mesh, each object
is meshed separately, therefore the meshes for the different objects can overlap, too.
If it is important that these meshes do not overlap, use the Multi Material mode
(see page 9) instead.

Analytic Mesh does not work for combined objects or intersected objects. Check out
the GadGeo handbook of this User Guide for more information about these object
types.

m Create Object Mesh Options O X

GeEoDIcT

Analytic Mesh Options

Ohject Processing Unprocaessed -

Material to Analyze

All Solid Materials hd

Export Objects in Range

Start Humber 1 = | End Number |1 =
Quality Mode Fixed -
Fiber Quality 8 -
Elipsoid Quality 2 =

-

Target Aspect Ratio | 2.00 |5 | ===_F

Add to current mesh

@E @, @ 22 =} 0K Cancel

OBJECT PROCESSING

If Object Processing is set to Unprocessed, the complete objects are meshed,
even if they lie not completely in the domain. With Cut to Domain, only the part of
the object which is inside the domain is meshed.

12 GeoDict 2024 User Guide


https://geodict.com/fileadmin/script/UserGuide.php?lang=en&chapter=GadGeo&release=2024

MeshGeo and ExportGeo-CAD: Create Mesh

Unprocessed - Cut To Domain -

MATERIAL TO ANALYZE

The choices for Material to Analyze are explained on page 9. For Analytic Mesh,
not all material IDs in the structure can be used to create a mesh. For example, the
pore space is not an object in GeoDict and therefore no analytic mesh can be created
from it. Furthermore, the overlap between objects is not an analytic object itself and
can therefore not be meshed. To create a mesh of e.g. the pore space or the overlap
regions, use the Voxel Mesh option instead.

EXPORT OBJECTS IN RANGE

Each object in a structure has an object ID. If only some of these objects should be
meshed, a range of objects can be selected with Export Object in Range.
Alternatively, the structure can be edited so that it only contains the desired objects
(for example, with GadGeo-Edit GAD Objects). See the GadGeo handbook.

Export Objects in Range V| Export Objects in Range
Start Mumber |1 End Nurmnber | 1 Start Number |3 |%| End Number |8 | %
Material Information: Material Information:
» ID 00: Pore [invis.] » ID 00: Pore [invis.]
wID 01: Solid wID 01: Solid
nID 02: Solid wID 02: Solid

To find the object number of a given object, hover the mouse over the object in 2D
or 3D view and check out the ToolTip.

GeoDict 2024 User Guide 13
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MeshGeo and ExportGeo-CAD: convert structures to surface triangulations

Camera (Y , Z) v/ Structure Volume Field Arrows
Legend Placement | Overlay hd (=1 Reset View Direction | X -
Orientation Bottom to Top b Depth 0 v | —
Grid Off v | Zoom | €, | 1105% &, Slice 1 |3

Voxel Position:

Voxel Material:

GAD Objects:

X1, Y:87,2:20

¥ bpm, Y: 1.038 mm, Z: 114 pm

Solid (Material ID 01)
GeneralCurvedElipticalFiber (Object ID 2)

Voxel Position:

Voxel Material:
GAD Objects:

QUALITY MODE

X: 49, Y: 50, Z: 32
X: 582 pm, Y: 594 pm, Z: 258 pm
Glass (Material ID 01)
GeneralCurvedElipticalFiber {Object 1D 10)

Objects in GeoDict can be meshed in different resolutions. The Quality Mode defines
if this resolution is fixed or if it depends on the object size.

Quality Mode Ficed =~
Fiber Quality Size Dependent gl
Elipsoid Quality 2 =

With Quality Mode set to Fixed, the Fiber Quality and Ellipsoid Quality are
defined globally for the structure. When choosing Size Dependent, minimal and
maximal values must be defined. This option is recommended if the size of the objects
in the structure varies by a large amount.

The quality can only be selected for fibers and ellipsoids (including spheres). For the
other object types available in GeoDict, meshing is either trivial so that only one
reasonable mesh exists (Box, Triangle, Planar Polyhedron, Convex Polyhedron
type objects) or not possible in GeoDict (Combined Object and Intersected
Object, where no analytical mesh definition exists).

Fiber Quality

Fiber Quality controls the resolution for fibers. The entered value determines the
number of nodes in which the profile shape is resolved.

B For fibers with circular and ellipsoidal cross-section, the Fiber Quality
corresponds to the number of nodes with which the cross-section of the fiber is
discretized. This does also hold for fibers of hollow and cellulose types.
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MeshGeo and ExportGeo-CAD: Create Mesh

B For rectangular and angular fibers, the Fiber Quality has no effect on the
discretization of the cross-section. This is because these fiber types are already
perfectly resolved with one node per side.

B For Rosetta fibers, the Fiber Quality corresponds to the number of nodes per
leaf.

Fiber Quality for circular fibers
8 16
Fiber Quality for hollow fibers
8 16
Fiber Quality for Rosetta fibers
4 8 16

Ellipsoid Quality

The Ellipsoid Quality determines the resolution of the mesh for spheres and
ellipsoids. In contrast to the Fiber Quality, the Ellipsoid Quality is an exponential
measure for the resolution. For the value 0, the shape of the sphere or ellipsoid is
meshed as an octagon. With each increase of the parameter, each of the triangles is
refined into four new triangles. Therefore, a meshed sphere with
Ellipsoid Quality = 0 contains 8 triangles and for Ellipsoid Quality = 1, it contains
32 = 8 x 4 triangles. For Ellipsoid Quality = 2, it contains already 256 = 8 x 42 and
SO on.
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MeshGeo and ExportGeo-CAD: convert structures to surface triangulations

Ellipsoid Quality
0 1 2 3 4

TARGET ASPECT RATIO

The Target Aspect Ratio specifies the desired aspect ratio of the triangles in the
surface triangulation. Lower values will create more triangles of higher quality.

ADD TO CURRENT MESH

See Add to current mesh, in page 11.
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MeshGeo and ExportGeo-CAD: Create Mesh

PARTICLES MESH

Particle positions and trajectories can be obtained from FilterDict and AddiDict
simulations. MeshGeo can create a mesh from the currently loaded particles in
GeoDict. The mesh is always created at the particle positions currently shown in
GeoDict. Particles and trajectories can be loaded e.g. from a FilterDict or AddiDict
result file.

To do so, select File -» Open Results (*.gdr)... from the menu bar or click the
icon in the toolbar. Select a GeoDict results file to open it in the Result Viewer. Click
Load Structure to load the structure for which the results were computed. Under the
Result Visualization tab, click Load Particles.

Select Create Particles Mesh in MeshGeo, or Export Particles Mesh in MeshGeo
or ExportGeo-CAD and click the Options’ Edit... button to set the parameters. When
all settings are chosen, click the Create or Export button at the bottom of the
MeshGeo or ExportGeo-CAD section to create the mesh.

PARTICLE QUALITY

The Particle Quality defines the number of triangles in the mesh for each particle.
Particles in GeoDict are spherical, and the definition of the Particle Quality is the same
as the Ellipsoid Quality (see page 15).

[ Create Particles Mesh Options O X

GEODICT

Particle Mesh Options

1ir

Particle Quality 2

Add to current mesh

fy e & R | o Cancel

Observe the effect of the Particle Quality here:

Particle Quality 0 Particle Quality 1 Particle Quality 2
© \e g ¥ , .
» T 3
nﬂgg?& TR &y

v T A
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MeshGeo and ExportGeo-CAD: convert structures to surface triangulations

TRAJECTORIES MESH

As mentioned above, particle positions and trajectories can be obtained from FilterDict
and AddiDict simulations. MeshGeo can create a mesh from the currently shown
trajectories in GeoDict. Particles and trajectories can be loaded e.g. from a FilterDict
or AddiDict result file.

To do so, select File -» Open Results (*.gdr)... from the menu bar or click the
icon in the toolbar. Select a GeoDict results file to open it in the Result Viewer. Click
Load Structure to load the structure for which the results were computed.

Under the Particle Visualization (FilterDict) or Data Visualization (AddiDict) tab,
make sure that Trajectories is checked and click the Load Particles button.

Start MeshGeo, select Create Mesh and Trajectories Mesh in the MeshGeo section
and click the Edit... button to set the parameters. When all settings are chosen, click
the Create button at the bottom of the MeshGeo section to create the mesh.

] Create Trajectories Mesh Options O X

GEODICT

Trajectory Mesh Options

Diameter Particle Diarmeter -

Trajectory Diameter / (m) |1e-b

4r

Trajectory Quality 8

Add to current mesh

by & AR | 0K Cancel

DIAMETER

The Diameter option defines the diameter of the meshed trajectories. The available
options are Particle Diameter and Fixed Diameter. When Particle Diameter is
chosen, the diameter of the corresponding particles is used. With Fixed Diameter,
the given Trajectory Diameter is used.

Diameter Particle Diameter ~

) ) N Forticle Diameter
Trajectory Diameter / (M) |Fixed Diameter k.

TRAJECTORY QUALITY

The Trajectory Quality sets the quality of the trajectory mesh. It is defined
analogously to the Fiber Quality for analytic meshes. See page 14 for further
information.

ADD TO CURRENT MESH

See Add to current mesh in page 11.
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W v

eshed trajectories

Trajectories
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STREAMLINES MESH

GeoDict can visualize streamlines in flow simulation results (e.g. from FlowDict,
FilterDict, AddiDict, SatuDict, and AcoustoDict). MeshGeo can create a mesh from the
currently shown streamlines in GeoDict.

Start MeshGeo, select Create Mesh and Streamlines Mesh in the MeshGeo section
and click the Edit... button to set the parameters. When all settings are made, click
the Create button at the bottom of the MeshGeo section to create the mesh.

EJ Create Streamline Mesh Options

GEODICT

Streamline Mesh Options

Streamline Diameter [ (m) 2e-B

L

Streamline Quality a8

Add to current mesh

o @ & B B3 | oK Cancel

STREAMLINE DIAMETER

The Streamline Diameter option defines the diameter of the meshed streamlines.

STREAMLINE QUALITY

The Streamline Quality sets the quality of the streamlines mesh. It is defined
analogously to the Fiber Quality for round fibers (In Create Mesh — Create Analytic
Mesh). See page 14 for further information.

ADD TO CURRENT MESH

=

See Add to current mesh in page 1

‘ [ Meshed streamlines ]
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SAVE MESH

Save Mesh writes the currently loaded mesh to a file. When a surface triangulation
is loaded, select Save Mesh, and then click Save.

A dialog opens which allows to select the settings for the saved file. This dialog
contains the same options as the Output Options tab in ExportGeo-CAD (see
screenshots below).

Save Mesh can also be reached via File - Save Triangulation as....

MeshGeo
Save Mesh -
Options £ Edit_.
Help ® Record
P save
Save Mesh options in MeshGeo Output Options tab in ExportGeo-CAD

or MeshGeo -> Export Mesh

ﬂ Export Voxel Mesh to CAD Opt...

ﬂ Save Surface Mesh Optio...

GEoDICT GEODICT

i *
Result File Name (*.gdr) |SaveSurfaceMesh.gdr s  DPrviVoxelMesh. gdr

Voxel Mesh Options Coarsen Output Options
Fie Format | Stereolthography (*.stl) ~

Write STL in ASCII-Format File Format Stereolthography (*.stl) v
Write Multiple Files Write STL in ASCII-Format
Length Unit | mm - Write Multiple Files
Length Unit mm v

@a E"l. @ g !’E Help OK Cancel

E'hﬂ @J @ g Fﬁ Help OK Cancel

RESULT FILE NAME

When saving a mesh, a result file is saved in the project folder and contains
information about the selected parameters. Select the Result File Name (*.gdr) in
the text box. The mesh files are also saved in the project folder.

FILE FORMAT

Select the File Format for the saved mesh.

The Stereolithography (*.stl), VRML (*.wrl) and Wavefront OBJ (*.obj) formats can
be exported natively by GeoDict . Parasolid (*.x_t), Iges (*.igs), Step (*.stp) and Acis
(*.sat) require the purchase and installation of the additional software CAD/ook.
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If necessary, contact Math2Market for further information.

File Format Stereclthography (*.5tl)
5t lith hy (*.stl

Write STL in ASCIT %m*.» e

Wavefront OB (*.obj)

Parasolid (*.x_t)

Ines (*.igs)

Step (*.stp)

Acis (*.5at)

Write Multiple Filas

Length Unit

ADDITIONAL OPTIONS FOR THE *.STL FORMAT

If the STL format is chosen, two additional options appear: Write STL in ASCII
format and Write Multiple Files.

Write STL in ASCII-Format

When Write STL in ASCII-Format is selected, the file is saved as human readable
ASCII file. Otherwise, the STL file is saved in binary format. The binary files are
smaller and much faster to read and write. Therefore, the ASCII format should only
be used if necessary.

File Format Stereolithography (*.stl) -
Wirite STL in ASCII-Format

Write Multiple Files

Write Multiple Files

When the STL format is chosen and multiple meshes are currently loaded, these
meshes can be saved to different files if necessary. This option is enabled with Write
Multiple Files. For the other file formats, multiple meshes are always saved to one
file.

LENGTH UNIT

The unit in which the data is saved to the file can be selected with Length Unit.
GeoDict can handle all these available units, but most external software cannot.
Therefore, the unit should be chosen depending on the software with which the mesh
is further processed.

Length Unit MM -

Micron

nm
Inch
Voxel

In the STL format, the information about the used unit is not contained in the file.
The files for different units differ only in the order of magnitude of the data.
Therefore, the unit should be chosen carefully based on your needs.
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solid 0 Length Unit |m - |
facet normal 5.836138e-001 T7.947828e-001 1.664790e-001
outer loop
vertex 2.6224T§e-005 |8.443399%e-005 4.80317%=-005
vertex 3.16758]e-005]8.211901e-005 3.997407-005
vertex 3.09809§e-005|8.342811e-005 3.616017-005
endloop

endfacet
facet normal 5.836138e-001 7.947828e-001 1.664790e-001
outer loop
vertex 2.622470e-005 8.44339%e-005 4.803175e-005

solid 0 Length Unit | mm =

facer normal 5.836138e-001 T7.947828e-001 1.664790e-001
outer loop
vertex 2.62247Qe-002 B.443399%9e-002 4.803173e-002
vertex 3.167581e-002 B.211901e-002 3.997407e-002
vercex 3.098099e-002 E.342811e=-002 3.616017e=-002
endloop
endfacet
facet normal 5.836138e-001 7.947828e-001 1.664790e-001
outer loop
vertex 2.62247T70e-002 8.443399e-002 4.803175e-002
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ANALYZE

By visualizing the Triangles, the overall quality of the surface mesh can be
determined. However, visual inspection does not allow to check for small details, and
it makes it hard to check each single triangle. Since GeoDict 2024, the the mesh
quality can be assessed by using the Compute Mesh Statistics and Compute
Three-phase Contact Line in Analyze.

MeshGeo
Analyze -
Compute Mesh Statistics mm
- Compute Three-Phase Contact Line
ptions £ Edit
Help ® Rrecord

P Analyze

COMPUTE MESH STATISTICS

Click the Edit... button to set the parameters. The option Analyze Mesh Contacts
determines if the shared interface between individual meshes should be analyzed or
not.

ﬂ Compute Mesh Statistics

GeoDICT
Result File Name (*.gdr) ComputeMeshStatistics.gdr
V| Analyze Mesh Contacts
%
@EI @J @ g E‘ﬁ Help OK Cancel
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For a simple brick structure, the voxel mesh is generated for all the materials. When
Analyze is done, the information of Overall statistics as well as the Individual
meshes is given. The overall statistics include the number of vertices, edges, faces,
meshes, surface area, angle, and coordinates.

Input Map Log Map Post Map Results Metadata

Report Map

Mesh

Overall statistics

Number of vertices: 10,466

Number of edges: 31,380

Number of faces: 20,920

Number of individual meshes : 3

Total surface area: 3480 pm?

Total surface area (without domain boundary): 1080 pm?

Interior angles: minimum: 45 ©, maximum 90 °

Edge lengths: minimum: 500 nm, maximum 1000 nm, average 647.002 nm
Triangle sizes: minimum: 125000 nm?, maximum 250000 nm?, average 166348 nm?
Min. Coordinate (x, y, z) = (0 m, 0m, 0 m)

Max. Coordinate (X, vy, z) = (20 pm, 20 pm, 20 pm)

Individual meshes
Mesh 1

Name: VoxelMesh_Materiald

Material ID: 0

Detailed information is also given for each individual mesh.

Input Map Log Map Post Map Results Metadata

Report Map

Individual meshes
Mesh 1

Name: VoxelMesh_Material0

Material ID: 0

Number of vertices: 2,468

Number of edges: 7,398

Number of faces: 4,932

Euler characteristic: 2

Closed mesh (watertight): Yes

Surface area: 820 pm?

Surface area (without domain boundary): 340 pm?

Interior angles: minimum: 45 ©, maximum 90 °©

Edge lengths: minimum: 500 nm, maximum 1000 nm, average 646.838 nm
Triangle sizes: minimum: 125000 nm?, maximum 250000 nm?, average 166261 nm?
Min. Coordinate (x, vy, z) = (13 pm, 0 m, 0 m)

Max. Coordinate (X, y, z) = (20 pm, 20 pm, 10 pm)

Mesh 2

Name: VioxelMesh_Materiall e

All the information can be found additionally in the result Map tab that can be
accessed also with GeoPy scripts.

See the Result Viewer handbook of the User Guide for more information. When
Analyze Mesh Contacts is not chosen, the information of Contacts is not provided.
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Fri Dec 22 2023 (2024 Buid 69180) .../MeshGe02024/ComputeMeshStatistics.gdr

Fri Dec 22 2023 (2024 Buid 69180) )24/ ComputeMeshStatistics_noMeshContact.gdr

{v~v~

1.079999996e-09

0,0,0

2e-05, 2e-05, 2e-05

1,1,2
MeshID2 2,33
NumbersOfContactTriangles 1202, 842, 1202
ContactAreas m”2 1.99999999 2e-10, 1.3999999...

[ L]

Input Map l Log Map l Post Map l Results [ Metadata Input Map [ Log Map I Post Map } Resufts I Metadata
Report I Map l Report } Map I
Key Unit Value Key Unit Value
. 3 ’ 3

10466 10466

31380 31380

20920 20920

3.479999986e-09 3.479999986e-09

1.079999996e-09

0,0,0

2e-05, 2e-05, 2e-05

NONE
NONE
NumbersOfContactT riangles NONE
ContactAreas m*2 |[NONE
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COMPUTE THREE-PHASE CONTACT LINE

To describe the interface between different materials, the length the of three-phase
contact line at which three different materials meet can provide helpful information.
To compute a three-phase contact line, at least 3 meshes need to be loaded. For the
above brick example, we can choose the three meshes and start the computation.

ﬂ Estimate Three-Phase Contact Line

GEoDICT
Result File Name (*.gdr) |ComputeThreeMeshContacts.gdr |
Number of selected meshes: 3

Mesh MateriallD Select
1 VoxelMesh_Materiald 00 Air Vv
2 VoxelMesh_Materiall Bl nNCA v
3 VoxelMesh_Material2 020 NMC333 IV

N

@ﬂ E&l @ ﬂ !’ﬂ | Help | | OK | | Cancel |

The length of the contact line and the number of edges is given.

m Result Viewer

| T, Open... File
- ...2024/ExtraFiles/MeshGeo2024/Results/Col G EO D I CT
Up Down | Combine Resukts |
Swap Selected | ) Raise Main Window |
Synchronize Tabs 4

3

........

Fri Dec 22 2023 (2024 Build 69180) ' Guide/UG2024/ExtraFies/MeshGeo2024/Results/Compute ThreeMeshContacts.gdr

@
Input Map Log Map Post Map | Results | Metadata

Report | Map
MeshGeo

Length : 20 pm

Mumber of edges on contact line: 21

- Total runtime: 299 ms, Total memory usage: 821.000 MiB —

Manage Data = || Load Input Parameters | | Export - Close
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The data can be validated easily for this small structure, which has a width of 20
voxels 20 voxels and a voxel length of 1um.

The surface mesh is shown below. As it is shown in the result viewer, we can count
21 edges, where the first and last edges of the observed contact line are half as long
as the other 19 edges.
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EDIT

Edit allows modifying the loaded meshes, including Shift Mesh, Scale Mesh, Rotate
Mesh, Reassigh Mesh Material ID, Delete Selected Mesh, Delete All Meshes,
and Split Meshes into Connected Components.

MeshGeo
Edit
Shift Mesh
Options

Help

P Edit

Lt cdit

@ rRecord

Scale Mesh

Rotate Mash

Reassign Mesh Material ID

Delete Selected Mesh

Delete All Meshes

Split Meshes into Connected Components
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SHIFT MESH

Meshes can be shifted with a given distance using Shift Mesh.

Select Shift Mesh and click the upper Edit... button (to the right of Options) to open
the Shift Mesh dialog. Choose the mesh to be shifted on the right box and define the
values for Shift X, Shift Y, and Shift Z for the shift distance in X, Y, and Z direction,
respectively. Click OK to close the dialog and go back to MeshGeo section. Click the
Edit button at the bottom (the one with the red arrow) to run the command.

[ shift of Mesh

GeoDicT

Shift Vector

Shift X / (um) |0
Shift Y / (um) |0
Shift Z / (um) -40

CANCIN o ) o

pm

-

| X

Mesh MateriallD = Apply
1 MeshGeo_Edit_twoSph¢ [l Solid

2 MeshGeo_Edit_twoSphe 02 Soid = v

Help OK Cancel

In the example below, there are two meshes, one for the big red particle and the
other one for the small green particle. After shifting, the small green particle is moved
in the negative Z-direction by 40um.

30

GeoDict 2024 User Guide



MeshGeo: Delete Mesh

SCALE MESH
The mesh can be scaled with Scale Mesh. Select Scale Mesh and click Edit... to
open the dialog of Scale Mesh.

Choose the mesh to be scaled on the right box and define the scaling factors for
the X, Y, and Z directions in Scale X, Scale Y, and Scale Z.

ﬂ Scale Mesh O X

Scaling Mesh MateriallD  Apply
Scale X 3 1 MeshGeo_Edit_twoSph¢ [l Solid
Scale Y 2 2 MeshGeo_Edit_twoSph¢ I021 Soid = v
Scale Z 1

E:ha E:L @ g !’a Help oK Cancel

For the two-sphere example from the previous page, the comparison of the meshes
before with scaling factors of 3, 2, 1 for X, Y, and Z are shown below.

If the mesh of the green particle is saved in ASCII format, it can be seen that the X,
Y, and Z coordinates after scaling are 3, 2, and 1 times the original values,
respectively. Please note that after scaling, also the center of the object is shifted by
the same factor (See the green particle before and after scaling for reference).

Here, below, the first image shows the first lines of values in STL before scaling. The
second image shows the values after scaling.
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solid 1
facet normal
outer loop
vertex 5.
vertex 5.
vertex 5.
endloop
endfacet
facet normal
outer loop
vertex 5.
vertex 5.
vertex 5.
endloop
endfacet

+9.626375e-01 -1.914798=-01 +1.9147%3e-01

461940e—-02 4.8086€58e—-02 5.000000=e-02
500000e-02 5.000000e-02 5.000000e-02
461940e—-02 5.000000e-02 5.19134Z=-02

+8.17751%=-01 -1.808828e-01 +5.464093e-01

408248e—-02 4.79587¢e—-02 5.204124=-02

461940e—-02 5.000000e-02 5.19134Z=-02
353553e—-02Z 5.000000e-02 5.353553=-02

solid 1
facet normal
outer loop
vertex 1.
vertex 1.
vertex 1.
endloop
endfacet
facet normal
outer loop
vertex 1.
vertex 1.
vertex 1.
endloop
endfacet

+8.318570e-01 -2.4819%1e-01 +4.963982e-01

€38582e—-01 9.61731€e—-02Z 5.000000=e-02
€50000e-01 1.000000e-01 5.000000=e-02
€38582e—-01 1.000000e-01 5.19134Z=-02

+4.41582%e-01 -1.4€5140=e-01 +8.8517¢%e-01

€22474e—-01 9.591752e-02 5.204124=-02

€38582e—-01 1.000000e-01 5.19134Z=-02
€0e0ege—01 1.000000e-01 5.353553=-02
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ROTATE MESH

If a mesh needs to be rotated, select Rotate Mesh from the pull-down menu and
click Edit... to open the Rotate Mesh dialog.

[ Rotate Mesh | X

Euler Angles Center of Rotation Mesh MateriallD  Apply
Phi/ (%) 0 _— 1 MeshGeo_Edit_t M Soid v
Theta / (°) |0 Rotation Center X / (um) |0 2 MeshGeo_Edit_t 02 Soid v

Psi/ () 0 Rotation Center Y / (pm) |0
Rotation Center Z / (um) |0
Set to Domain Center

Set to Domain Origin

@E @l @ ﬂ !"a Help oK Cancel

Enter the Euler Angles Phi, Theta, Psi by which the selected mesh should rotate.
More details about Euler Angles can be found in GadGeo handbook. The rotation can
be around either the domain center or domain origin.

An example of mesh rotation is shown below. Image (a) shows the original mesh of
the match structure. Image (b) shows the mesh after the rotation of Phi with 90°
around the domain origin, and Image (c) shows the rotation of Phi with 90° around
the domain center.

(a) (b)

%Tf
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REASSIGN MESH MATERIAL ID

Each mesh can be assigned to a different material ID with Reassign Mesh Material
ID. Click Edit... to open the dialog.

ﬂ Reassign of Mesh Material 1D

Mesh MateriallD
1 MeshGeo_Edit_twoSpheresSplitted_1 Bl soid v
2 MeshGeo_Edit_twoSpheresSplitted_2 [02° sold o
00 Air —

Undefined

06 Undefined

Undefined

@El @_- @ g E‘ﬁ Help ] Undefined

: el Undefined =L

In the Mesh column, the currently loaded meshes are listed and the corresponding
Material IDs are shown on the right. Each of the Material IDs can be reassigned. For
the example below, the Material ID of the smaller sphere is originally 02, we change
it to Material 03 and click OK. The Material ID for the smaller particle now becomes
03.

Reassigh Mesh Material ID is often used after Split Meshes into Connected
Components that multiple meshes with a same material ID are created for different
components.
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DELETE MESH

The selected meshes can be deleted with Delete Mesh. Click Edit... to open the

Delete Selected Mesh dialog, the meshes currently loaded in memory are shown
in the Mesh column.

[ pelete Selected Mesh O X
Mesh MateriallD Delete Mesh
1 MeshGeo_Edit_twoSpheresSpitted_1 Bl Sold
2 MeshGeo_Edit_twoSpheresSplitted_2 03 Solid
@B Etl @ g EEIi Help oK Cancel

Choose the meshes to be deleted by clicking the checkboxes in the Delete Mesh

column, then click OK to go back to the MeshGeo section. Click Edit to remove the
selected meshes.

DELETE ALL MESHES
Delete All Meshes deletes all the surface triangulations currently in memory. No

options need to be set. Click IEdit after choosing Delete All Meshes to remove all
the meshes.

MeshGeo
Edit -
Delete All Meshes b
Help @ Record

» Edic

Alternatively, by clicking Menu File — Discard Triangulation all loaded meshes can
also be deleted.

SPLIT MESHES INTO CONNECTED COMPONENTS

With Split Meshes into Connected Components, an individual mesh is created for
each connected component of the loaded surface triangulation.

For example, a surface mesh loaded from a single .stl file as shown below for two
spheres. There is a single mesh handle for all the objects.

Open the settings dialog for Reassign Mesh Material ID (see below in page 33) and
observe that only one mesh is shown.

GeoDict 2024 User Guide 35



MeshGeo and ExportGeo-CAD: convert structures to surface triangulations

ﬂ Reassign of Mesh Material |...

GEODICT

Mesh MateriallD
1 MeshGeoSpitMeshTest_twoSp! [l Manual (Soid) ~

@B @ @ ﬂ E‘a OK Cancel

Now go back to Split Meshes into Connected Components. Since the command
detects the connected components automatically and separates them into individual
meshes, no settings are necessary. Just click Edit to run the command.

When opening the dialog of Reassign Mesh Material ID again, two mesh handles
now appear for the two spheres.

Now, separately, the two meshes can be saved (Save Mesh), deleted (Delete
Mesh), or assigned to different Material IDs (Reassign Mesh Material ID).

E] Reassign of Mesh Material |...

GeoDicT

Mesh MateriallD
1 MeshGeoSpltMeshTest_twoSp! [l Manual (Solid) +

2 MeshGeoSplitMeshTest_twoSp! [l Manual (Solid) ~ G EO D | CT

Mesh MateriallD Delete Mesh
1 MeshGeoSplitMest Il Manual (Solid) v

] Delete Selected Mesh O X

2 MeshGeoSpltMest Il Manual (Solid)

E*\E E’l @ ﬂ !“a Run Cancel

E*\E @ @ ﬂ :"a OK Cancel
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SMOOTH, COARSEN & REMESH

The currently loaded triangulation can be smoothened, coarsened, as well as re-
meshed by choosing the corresponding options under Smooth, Coarsen & Remesh.

MeshGeo
Smooth, Coarsen & Remesh -
Smooth Mesh -
. Coarsen Mesh
Options L Edit_.. Remesh Mesh
Help ® Record
P Smooth

SMOOTH MESH

Meshes from voxel structures often have a significant surface roughness which can
be reduced by applying smoothing filters. In MeshGeo, three smoothing filters are
selectable from the pull-down menu to improve the mesh quality: Taubin,
Laplacian, or Constraint Laplacian. Choose a filter and click Smooth to apply the
selected filter to the current mesh.

[ geodict2024 0 X
GEoDiIcT
Fitter Laplacian
Laplacian
Constraint Laplacian
@B @J @ ﬂ !‘E Help OK Cancel |

Smoothing is best shown on a structure with an irregular surface. The example
structure created here is a grain with surface roughness. The original mesh before
smoothing is created with Create Mesh — Create Voxel Mesh and the Multi Material
mode (see page 9).

To observe the differences between the mesh types, it is recommended to set the
View Mode to Faces and Wireframe (Triangles tab - View Mode — Faces and
Wireframe, in the Visualization panel above the Visualization area).

Camera Structure Volume Field Streamlines Particles V| Triangles Schlieren
View Faces and Wireframe = | Transparency |None v ClipX |0
None
Coloring |pgints Features Show Vertices - CiipY |0
Wireframe . )
) . 0,1 - ClipZ |0
Color Hidden Lines Visible Meshes | 0, ip

Faces

Faces and Wireframe
Smooth s

GeoDict 2024 User Guide 37



MeshGeo and ExportGeo-CAD: convert structures to surface triangulations

Voxel structure View Mode | Faces

View Mode | Faces and Wireframe

The Taubin filter is the default smoothing filter
in MeshGeo. This filter iteratively combines
different Laplacian filters to provide better
volume preservation. The runtime for Taubin
is longer than for Laplacian. In the screenshot
on the right, observe that the mesh is rougher
than the result after Laplacian filtering, while
its volume is closer to the volume of the
original voxel structure.

More information on the Taubin filter in (1).

The Laplacian filter is a simple and fast option
for mesh smoothing. However, this filter
causes mesh shrinking for most geometries.
For further information, see Wikipedia:
Laplacian Smoothing.

The Constraint Laplacian filter is a derivation
of the Laplacian approach, but it ensures that
points from the triangulation stay in the voxel
they originated from. This results in an even
better preservation of the volume, but it can
also lead to artefacts in the mesh.

Observe the small peaks on the surface in the
example on the right.
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COARSEN MESH

Coarsen Mesh in MeshGeo reduces the number of triangles in the currently loaded
surface mesh.

When a surface triangulation is loaded, select Coarsen Mesh and click Edit to open
the Coarsen dialog.

Generally, it is not supported to use Coarsening on the voxel surface mesh (Create
Mesh — Create Voxel Mesh —» Voxel Surface). Use the other voxel mesh modes,
or smooth the voxel mesh before coarsening.

MeshGeo
Smooth, Coarsen & Remesh -
Coarsen Mesh -
Options a Edit
Help @ Record
P Coarsen

COARSENING MODE

MeshGeo provides three modes to coarsen triangulations, based on the stopping
criteria for the coarsening algorithm: by Percentage Reduction of Triangles, by
Edge Length, and by Target Number of Triangles.

The coarsening algorithm reduces the number of triangles in the currently loaded
mesh by combining short edges to longer edges.

[ coarsen O x
Coarsening Mode Percentage Reduction of Triangles =

Percentage Reduction of Triangles
Edge Length
Target Mumber of Triangles

Triangle reduction / (%)

Adaptive

@E@a@ﬂl’a oKk Cancel

PERCENTAGE REDUCTION OF TRIANGLES

Percentage Reduction of Triangles removes at least the given percentage of
triangles. The reduction of the triangle number is done with an iterative algorithm.
The algorithm stops, if either the requested reduction is achieved, or no further
reduction is possible.

To choose the value, use the option Triangle reduction /(%).
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] coarsen O x
Coarsening Mode Percentage Reduction of Triangles =

Triangle reduction / (%) | 60.00 |5 = |

Adaptive

CACIACN o W < . oK | Cancel

In the screenshots below, the effect of reducing the number of triangles by 25 % and
75 % is shown.

Original mesh Triangle reduction / (%) | 25.00 | Triangle reduction / (%) | 75.00 |%
Adaptive Adaptive

EDGE LENGTH

With the Edge Length mode, the number of triangles in the current mesh is reduced
depending on two inputs: Minimal Edge Length and Maximal Edge Length.

The input given for Minimal Edge Length sets the length of edges to be removed.
All edges shorter than this value are removed in the algorithm.

The input given for Maximal Edge Length sets the upper bound for the created
edges which should not be exceeded.

3 coarsen O X
GEODICT
Coarsening Mode Edge Length -

Minimal Edge Length / (m) |1e-6

Maximal Edge Length / (m) 2e-6

CARCIACIN o N | ok || Ccancel

The coarsening algorithm takes all edges smaller than the minimal edge length and

combines them until no edge is smaller than the minimal edge length. The algorithm
tries not to exceed the maximal edge length in the process.

Nevertheless, it is not always possible to satisfy the given maximal edge length.
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TARGET NUMBER OF TRIANGLES

Target Number of Triangle reduces the number of triangles in the current mesh
until the Target Number of Triangles is reached.

ADAPTIVE

Adaptive is only available for the modes Percentage Reduction of Triangles and
Target Number of Triangles. With Adaptive, the coarsening algorithm minimizes
the deviation of the coarsened surface from the original surface. The Adaptive
algorithm generates a mesh with a non-uniform triangle size and can lead to triangles
with bad aspect ratios.

When the Adaptive mode is disabled, the coarsening algorithm works based on the
edge lengths in the mesh.
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REMESH MESH

The loaded mesh can be re-meshed with a given edge length for the triangles. click
Edit to open the Remesh Mesh dialog.

Mesh(Geo

Smooth, Coarsen & Remesh -

Rermnesh Mesh -

QOpfions m Edit

Help ® Record
E] Remesh Mesh O X

GEODICT

MNumber of terations 20

P Remesh

Curvature Adaptive Edge Lengths
Target edge length / (pm) 1 pm *
V| Preserve domain boundaries

Smooth before remeshing

v Smooth after remeshing

E’ha @‘, @ ﬂ !’ﬁ Help OK Cancel

NUMBER OF ITERATIONS

The Number of Iterations option defines the number of iterative meshing steps. In
each iteration, the mesh is proceeded such that edge lengths are converging into the
given target value and vertices are evenly distributed on the surface.

CURVATURE ADAPTIVE EDGE LENGTHS

When the option Curvature Adaptive Edge Lengths is activated, the algorithm
performs a remeshing with an adaptive triangle size based on local curvature values
instead of a fixed target size.

TARGE EDGE LENGTH

The remeshing aims to optimize the mesh such that the edge length converges to the
Target edge length.

PRESERVE DOMAIN BOUNDARIES

If Preserve domain boundaries is checked, the mesh vertices that are located on
the domain’s boundary will remain on the boundary after remeshing.
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SMOOTH BEFORE REMESHING

When Smooth before remeshing is chosen, the smoothing step is performed before
the remeshing algorithm starts. This is recommended when the Curvature Adaptive
Edge Lengths is used.

SMOOTH AFTER REMESHING

When Smooth after remeshing is chosen, the smoothing step is preformed after
the remeshing algorithm finishes. It often improves the quality of the resulting mesh.
However, it may also result in features such as sharp edges not being preserved if
the mesh resolution is not high enough. Technically, they are also not preserved
during the remeshing, but the additional smoothing step at the end will erode those
even further.

To illustrate the features, an example of a ball with 20 um diameter with the voxel
length 1 ym is used for meshing (Create Mesh), remeshing (Remesh Mesh), and
smoothing (Smooth Mesh) to show the different meshes created.

] creste Voxel Mesh Options O * [ create Voxel Mesh Options O *
oxel Mesh Options | Coarsen Voxel Mesh Options | Coarsen
Volume Current Structure - Coarsen during creation
Mode Multi Material - Coarsening Mode | Percentage Reduction of 7
Triangle reduction | &0.00 s
Material to Mesh Adaptive
All Solid Materials  ~
Perindicity @E E‘l- @ o i o

Periodic X Periodic ¥ Periodic Z
Close Periodic Walls

Add to current mesh

@EE’L@EPE oK | |Cancel

First, a voxel mesh is created with the settings shown in
the dialogs above, without any Coarsen.
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Remesh Mesh is executed with 200 as the Number of
iterations and 2 ym as the Target edge length.

E] Remesh Mesh O X

GeoDicT

Number of terations 200

Curvature Adaptive Edge Lengths
Target edge length / (pm) 2 pm -
v Preserve domain boundaries

Smooth before remeshing

Smooth after remeshing

@E @J @ g Eﬁ Help OK Cancel

The mesh is then smoothed with the Taubin filter

GEODICT

Fitcer Taubin -

Ehﬂ @1 @ E E‘a Help 0K Cancel

The two steps of Remesh Mesh and Smooth Mesh can be combined into one step
using Smooth after remeshing in Remesh Mesh. Then, only the mesh after the
final step is shown.

E] Remesh Mesh O X

GeoDicT

MNumber of iterations 200

Curvature Adaptive Edge Lengths
Target edge length / (pm) 2 pm ~
V| Preserve domain boundaries

Smooth before remeshing

v\ Smooth after remeshing

@E @_.- @ ﬂ E‘ﬁ Help OK Cancel
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REPAIR MESH

Repair Mesh provides options to repair meshes. The parameters for repairing the
mesh can be defined by clicking the Edit... button.

Repair Mesh is only available in MeshGeo, since it works on the mesh currently loaded
in GeoDict. With ExportGeo-CAD, the meshes are saved directly and not loaded in the
GeoDict user interface.

When a surface triangulation is loaded, select Repair Mesh and click Edit... to open
the Repair Mesh dialog.

MeshGeo
Repair Mesh =
Options ¢ Edit
Help ® Record [ Repair Mesh - 5
SR GEODICT

v | Do Edge Flip Optimization

Remove Duplicate Triangles

Reduce to One Triangle

®) Remove Al

Stitch adjacent meshes

¥| Same material IDs only

Manual Accuracy for Vertices

Epsilon [ (pm) 0.01 g

@n @, '@‘ E Fﬂ oK Cancel

When all settings have been chosen, click Repair at the bottom of the MeshGeo
section to create the mesh.

Do EDGE FLIP OPTIMIZATION

With Do Edge Flip Optimization, folded edges in the mesh are analyzed and
repaired by edge flipping. Folded edges are edges which meet in an angle close to 0°,
which can cause problems when further working with the mesh.

Edge flipping refers to switching the end points of an edge in two adjacent triangles,
which can help to avoid small angles. A simple example is shown in the screenshot
below, where one of the triangles on the left has a very small angle. By flipping the
edges, this problem is resolved.
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=

REMOVE DUPLICATED TRIANGLES

The duplicated triangles are checked and removed with Remove Duplicate
Triangles. Two options are possible for the removing. One is Reduce to One
Triangle, which leaves one instance of each set of duplicate triangles. The other one
is Remove All, which removes all instances of each set of duplicate triangles.

STITCH ADJACENT MESHES

With Stitch adjacent meshes, the meshes with overlapping boundary edges are
merged. If Same material IDs only is checked, the merge is done only when the
material IDs of the overlapping meshes are the same. Otherwise, the meshes with
different material IDs are merged, too.

MANUAL ACCURACY FOR VERTICES

The option of Manual Accuracy for Vertices is valid only when Remove
Duplicate Triangles is used to define a threshold to compensate for numerical
inaccuracies in vertex coordinates. The mesh vertices with at most the distance
given for Epsilon / (pm) is treated as equal.
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VOXELIZE MESH

With Voxelize Mesh, a voxel structure is generated based on the currently loaded
meshes. Voxelize Mesh provides the same functionality as ImportGeo-CAD, the only
significant difference is that ImportGeo-CAD works on the meshes during their import,
while Voxelize Mesh works on the meshes which are already in memory.

Voxelize Mesh is only available in MeshGeo, since it works on the mesh currently
loaded in GeoDict. With ExportGeo-CAD, the meshes are saved directly and not loaded
in the GeoDict user interface.

When a surface triangulation is loaded, select Voxelize Mesh and click Edit... to
open the Voxelize Mesh dialog. When all settings have been chosen, click Voxelize
at the bottom of the MeshGeo section to create the mesh.

MeshGeo
Voxelize Mesh hd
Options ¢ Edit
Help ® Record
P voxelze
3 voxelize Mesh O X
Keep Current Structure Mesh MaterallD

Voxelize Mode | Voxelize per Component  ~ | |1 /SaveSurfaceMesh_1 Manual (Solid) ~

V| Create Index Image 2 |SaveSurfaceMesh_2 02| Manual (Solid) -

3/SaveSurfaceMesh_3 & manual (Solid) =

Define Default Overap | JE8l Manual (Solid)

E‘hﬂ E‘L @ ﬂ l“a oK Cancel

Some of the settings in the Voxelize Mesh dialog are analogous to the ImportGeo-
CAD dialog. The more detailed explanation of the settings can be found in the
ImportGeo-CAD handbook.

KEEP CURRENT STRUCTURE

If Keep Current Structure is chosen, the currently loaded structure is not removed
and the new structure voxelized from the mesh will be added to the current structure.

VOXELIZE MODE

Voxelize Mode |Voxelze per Component Voxelze all at once
M

Voxelize per Object
Voxelize per Component
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There are three voxelize modes: Voxelize all at once, Voxelize per Object, and
Voxelize per Component.

Voxelize per Object voxelizes the mesh using object indices saved in the mesh, and
Voxelize per Component creates the voxel geometry per connected component
saved in the mesh. The different objects or components are converted to different
Material IDs. The two options are also useful to handle overlapping objects. Voxelize
all at once then does it all in one but differentiating neither the objects nor the
components.

CREATE INDEX IMAGE

The option Create Index Image is only available for Voxelize per Object and
Voxelize per Component. It creates an index image containing the object ID for
Voxelize per Object or component ID for Voxelize per Component.

MATERIAL ID SELECTION

The table lists on the first column the currently loaded meshes and on the second
column the Material ID that can be assigned to the corresponding meshes after
voxelizing.

DEFINE DEFAULT OVERLAP

With this option, the user can assign specific material to overlap regions. If no default
overlap is defined, the material ID of the overlap regions is automatically computed
through a binary addition of the IDs of the overlap materials.
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