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PMOD Anatomy Tool (PGEM)
This new tool leverages the PMOD platform for supporting various types of simulations. A
model builder allows for the construction of anatomic structures from VOIs, resulting in a
geometric model. Such models can be enriched by multimedia annotations for creating
educational 3D-scenes, and complemented by tissue properties. Based on the model
construct, phantom images can easily be generated which represent a well-defined input for
external simulators of image acquisition instruments or physiology, e.g., OpenFOAM® or
Fluent®. An alternative output constitutes atlases which can be employed for automatic VOI
generation.
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Introduction
The increased understanding of hemodynamics is driving the need for different visual
analysis solutions. These solutions rely on various visualization techniques, which create
unique challenges for blood-flow dynamic applications. Computation fluid dynamics (CFD)
models provide volumetric velocity data throughout a heartbeat for both cardiac and
cerebral application [1].
PGEM module is aimed to provide user with a comprehensive tool for fast and intuitive
processing of 3D/4D image datasets from a wide range of scan modalities (MRI, CT, PET,
microCT ...). The technical core of PGEM is converting 3D images in models.
The model is representing the functional core of the PGEM tool. It needs for input only
images and consists of volumes of interest (VOIs) and auto-generated STereoLithography
structures (STLs). Once the model is created and saved, it gives the user the possibility to
focus only on applications. Still, the user can redefine the model structures at any time point.
This "stop in the middle" of processing data, represented by the model, is a big advantage:
the user does not have to repeat the path image data-data segmentation because everything
is available within the model. The model can be used to create:
Phantom Simulation: this allows creating phantoms/atlases and preparing phantom
modality dependent simulation.
Surface meshes suitable for CFD modeling. The surface meshes are compatible with CFD
solvers like OpenFoam and Fluent. The user can create CFD cases directly through
PMOD for OpenFoam. The results can be readily visualized in the interactive PMOD 3D
environment in order to obtain new understanding about the blood-flow behavior. The
visualization is based on volume rendering and aims to convert nonvisual data into
readable and recognizable images.
PGEM is a promising solution which supplements the limited spatial and temporal
resolution of imaging data with physically based fluid simulation.
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Applications
A broad range of clinical research studies suggest that atypical blood flow directly relates to
medical conditions. Therefore, understanding blood flow behavior can help the diagnosis
and prognosis of pathology as well as the assessment of treatment risk/effectiveness and
follow-up findings. To this end, PGEM tool provides analysis and visualization techniques
for the blood flow dynamics for:
1) Education-driven application: educational 3D visualization of structures complemented
by graphics, pictures and text - knowledge base associated with geometry. It is similar to
an atlas of human physiology and is important for education and research as well.
Supporting of image acquisition process modeling: this seeks to provide the user with tool
for creation of image phantoms for simulations in PET, MR, USG, or creation of Pmod
Hammers like atlases. In particular these simulations are modeling physics of an
acquisition like process of acoustic wave dispersing in human body for the USG, process
of radiation for PET, etc.
Supporting of CFD modelling: exploration of blood flow based of STL output: interface to
CFD solvers OpenFom, Fluent and 3D printing of models. The OpenFoam solver
interfaces directly with PMOD. Therefore, the user can generate modeling cases, solve
them and visualize the results without leaving the PMOD user-friendly environment.
This application is central to provide surface meshes (STL) accurate for CFD solvers like
OpenFoam in few steps from the image data level.

PMOD Anatomy Tool (PGEM)

User Interface
Starting the PGEM Tool
The PGEM tool is started with the Anatomy button from the PMOD Toolbox:

The user interface of PGEM consists of four pages which can be selected by tabs:
1) Load Images page: This page is only available when using PMOD databases.
Models page: Page for model definition, exploration and settings definition for simulation
and/or CFD modeling.
Images page: Visualization page for the source images (in the same space) and/or 4D flow
maps. This page supports the definition of the models.
3D page: Page for interactively exploring the segments of the model and for visualizing the
CFD and Flow map in 3D.

These pages are described in separate sections of this guide.

Taskbar
The taskbar on the right side of the application window provides shortcut buttons for
frequent tasks. Please note the tooltips for hints regarding the button functionality.
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Load images.
Clear all data from PGEM.
Allows creating new model
Open the VOIS interface.
Allows rendering the selected model structures in 3D
Hide the control area for more image space. Activate again to show controls
again.
Allows managing OpenFoam remote cases
Allows managing OpenFoam local cases

Hidden Controls
In several places options are hidden to save screen space. This is indicated by a blue uparrow as in the example below.

When the button is activated, the area expands, showing all the options.

It can be collapsed again with the green down-arrow.
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Configuration Settings
The PGEM tool can be configured according to user preference. The setting dialog can be
open with the icon next to the Anatomy menu button.

The Structural models section allows defining the path where the created models will be
stored.
In the CFD Modeling section the OpenFoam server can be configured. Per default, PMOD
comes with enabled OpenFoam processor server hosted on a PMOD machine
(anatomy.pmod.com:5998). However, this open foam server should only be used for tests,
and not for productive data processing. We recommend users to set up their own server,
which is easy to do and free of charge. There are two alternative setups:
1) In a multi-user environment it is possible to set up a single open foam server interacting
with several PMOD clients.
The typical case, however, is the installation of an open foam server on every machine
running PMOD.
The Case path (local) allows setting the location on the file system where the CFD cases will
be downloaded from the OpenFOAM server. Similarly, a Backup path can be configured.
The bottom section allows setting the page to be displayed when PGEM module is started:
Models, Images or 3D.

PMOD Anatomy Tool (PGEM)

Documentation
The PGEM tool is based on a range of functionalities from the PMOD environment which
are not explained in this documentation. Please refer to the
 PMOD Base Functionality Guide for information related to data loading, image viewing,
volume-of-interest (VOI) definition and the
 PMOD 3D Rendering Tool Users Guide for information about the operation of this tool.
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Methodology Overview
The geometry model approach consists of the following main steps:
1) Definition of the model in the Models page.
Creation of the VOIs.
Construction of anatomic structures from VOIs in the model builder interface. This will
results in the model geometry. During this step the user can define an alternative
hierarchy based on predecessors/successors, which can be different by the hierarchy tree
of the model.
Further, the model can be used for different purposes, as explained in the Applications (on
page 4) section.

Models Page
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Models Page
The PGEM module is displaying by default the Heart HR model. This model is available
automatically after a typical PMOD installation. The Heart HR model will be used to
demonstrate the models applications like phantom simulation and creation of CFD case.
This page is dedicated to the model creation, exploration and settings definition for
simulation and/or CFD modeling. The Models window consists of a large display area on
the left for previewing the selected elements of the model and a control area on the right.

Convenience Buttons
The task of selecting parts in the model tree is supported by shortcuts in the area at the tree
bottom:

Set the selection check for all elements of the model.
Remove the selection check of all selected elements of the model.
/

Collapse/Expand all model nodes.

Models Page
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Save the current selection set to a file.
Load a selection set from a file.
Displays the name of the element selected in the tree.
Allows visualizing and modifying the characteristics of the selected model's
element in the tree.
Below the properties panel additional functionality button are available

offering the following functions:

/

Hide/show the properties panel to free some space in the user
interface. With the panel hidden, the icon changes to . When
this button is activated, the panel is shown again.
Allows starting the movie when dynamic models were defined.
The text box aside allows defining the movie delay

.

Allows stopping the movie
Allows activating graph preview. Its activation hides the 3D
mesh preview in the view port. The graph will present the
hierarchy defined in predecessors - successors part of add to
model panel procedure.
Allows switching on the 3D mesh preview
If enabled shows the wire-frame box.
Allows selecting the number of the 3D vertices to be displayed
in the view port. The higher the number the less vertices will be
shown.
List selection for changing the background color.
Allows rotating 360 degrees the 3D simplified model preview
in the view port.

Models Page
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Tree Structure of the Model
The model structure is organized as a hierarchical tree, as illustrated below:

The single entry in the tree is called Element and corresponds to a VOI in the VOIs list. The
Structure Node consists of at least one element. The Group of structures consists of at least one
structure node. A model may consist of several groups of structures.

Models Page
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Create New Model
To create a new model activate the dedicated button
below:

aside the models list as illustrated

A small dialog window opens allowing the user to define the name of the model in the Enter
name field. Create a new model using the Emtpy or Duplicate existing radio buttons.
With the Empty radio button enabled the user can set the Number of Frames in the model in
the dedicated text field. In the example above a number of 5 frames was set for the model.
Please note that this number cannot be edited later on. Further, the timeline of the model can
be defined activating the clock icon
in the same interface.
With the Duplicate existing option enabled, the user can select one of the existing models as
illustrated below:

Models Page
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Confirm all the settings with the OK button. A dialog window opens allowing further
settings for the model as shown in the following capture:

Two images can be defined in the Edit mode tab: image A and image B.
Image A is the image that will be loaded when the Edit model's VOIs button is activated. It
will be considered the basic image for editing VOIs. Image B, if defined, has to be matched
to the image A beforehand, as the two will be shown using the fusion mode on the Images
page.
If Reorient to Anatomical Position is enabled, the images are brought into the radiological
HFS orientation after loading.
If available, a VOI file can be added to the model. Please note that in this case the VOIs were
previously outline and saved as .voi file on image A or B.
The Reference Image tab provides some optional settings:

It allows defining a reference image which can be A or B or any other image in the same
space. The user can assigned a name to the image in the Image file name field. This can be
easily achieved typing the name in the dedicated text field. Additionally, this image can be
copied to the model activating the Copy to Model (as Nifti) green button. Doing so, the
image will be copied in the model folder. Still the image copy procedure is optional and can
be skipped.
The preview button

allows visualizing the images set for the model.

Models Page
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Confirm the model settings with the OK button. Finally, to start creating the model
components activate the Edit Model's VOIs button. The program will switch automatically
to the Images page (on page 34).
Note:
If no image is defined in the Model Settings interface, after pressing Edit Model's VOIs the
user will be asked to provide such configuration. In case there is no intention to provide
such configuration, the user has to manually select the Images tab and load an image using
the Load button available on the lateral task bar. This image will be used for VOIs definition
in the next step.

Models Page
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Definition of the Characteristics for the Model's
Elements
The characteristic of a model's element in the tree can be accessed easily. Select the element
button. A dialog window opens like the
of interest and activate the View Characteristics
one illustrated below:

The window is organized in two main tabs, Images and Description. The selection of one of
them allows accessing the currently available characteristics of the selected element.
The characteristics can be easily edited using the buttons available in the bottom section of
the window. Please note the tooltips which provide short explanation of the buttons
functionality.
Allows capturing the Images tab content.

Models Page
Allows editing the Description tab content. Its activation opens a text dialog
window like illustrated below:

Please note that the text enter in this area should be formatted using HTML tags.
Allows adding new image. Its activation opens a dialog windows as illustrated
below:

It allows defining a name for the image. Once the image is selected activate the Add
green button to add the image to the element characteristics. The image can be
preview activating the dedicated button . Finally Close the window.
Allows deleting the image currently selected for display in the Images tab.
Allows selecting the image to be displayed in the Images tab.

The characteristics of the models and the 3D visualization are representing the educationdriven application of the models.
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Definition of the Properties for the Model's Elements
The properties of the element selected in the model tree can be modified in the properties
section on the Models page:

The name of the selected element can be changed in the Rename text field by simply typing
the new name. To set the new name make sure to press the Enter button on your keyboard.
A dialog window opens: activate the OK button to confirm the change.
To eliminate an entry in the model tree, select the element or the node and activate the
Delete
button.
The Property available for selection is as follows:
1) HU is representing the Hounsfield units.
YM stands for Young's module.
AI stands for acoustic impedance.
To assign a certain e.g. HU to one or more elements in the model tree please proceed as
follows:
1) Select the element in the model tree. For multiple selection use Shift+click or CTRL+click.
In the text field aside the Property selection (e.g. HU) type the value (e.g. 100).
Confirm the action with the Enter button from the keyboard.
Note:
In case property value is entered for a group node it will affect all the nodes beneath it.
Property will be applied to all selected nodes: the selection is referring to the node, not to the
checkbox aside the node.
Group node's properties field will display value of property of the first structure in this
group: the highest hierarchical node.
If no value at the current entry was entered than the property field shows "0".

Models Page

Phantom Simulation
In the example below, the Heart HR model is used. For each entry in the model tree a
property of HU was defined as explained previously (on page 18).
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To start the simulation activate the Phantom Simulations button. A new dialog window
opens as illustrated below:

The window consists of four main areas:
1) The upper left area displays the selected elements from the model structure in a table
format. The properties of each Element (third column) belonging to a Structure (second
column) Group (first column) are displayed in the last column: in the example above the
HU properties column.
The lower left section allows defining the following characteristics for the phantom image:
the image Size, the Pixel Size and the Origins for all three directions: x, y and z. In
addition, the Number of frames can be set in the dedicated text field.
The upper right area allows previewing as a plot the value of the element selected in the
table. The value is displayed on the Value Distribution tab. The Atlas tab allows saving
the simulation results as an Atlas. The activation of the Create Synthetic Study button
allows generating the phantom image based on the definitions done at point 1 and 2
above.
The lower right section shows the simulation results as an image.

Create Synthetic Study
Activate the Create Synthetic Study button to start generating the phantom image based on
the definition of each elements property. The results of the simulation are shown on the
lower right section as illustrated below:

Models Page

Save Synthetic Study
The simulated phantom image can be saved in the Save SYNTHETIC section. Detail
information about image saving is available in the PMOD Basic Guide.
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In addition, the simulated data can be saved as an Atlas. To achieve this the Atlas tab need
to be selected in the upper right section. Consequently, the Save as Atlas button is becoming
active as illustrated in the following capture:

An Atlas name is requested and can be defined in the dedicated text field. Using this name a
subdirectory is created in the Path directory which defaults to resources/templates/voitemplates,
but which can be changed. The Species selection allows tagging the VOI atlas so that it will
be shown in the corresponding context.
An image series is generated which encodes each element (VOI) pixel as an appropriate
numeric label and saved in NifTI format. Additionally, a text file is created for the mapping
of the numeric labels to VOI names.
Optionally, files for the spatial normalization can be defined for the template. To this end
enable the Normalization files (optional) box and select a Template file and a Mask file,
which will be used for the deformable registration.
When a brain phantom is simulated a Probability maps file should be selected. This encodes
the Grey matter, white matter and CSF probability maps as a dynamic data set. In this case,
a normalization folder is created with the normalization image in NifTI format
(norm_template.nii). It also contains a mask sub-folder for the mask image (mask.nii), and a
tpm folder for the tissue probability map (tpm.nii). These files allow applying the Probability
Maps Normalization available in PMOD for brain studies.

Models Page
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Create CFD Case
The creation of a CFD case can be started activating the Create CFD Case green button. A
dialog window opens as illustrated below:

It requests a Case name definition for the CFD case. Initially, only the Surface Mesh entry
on the left side menu is active as STL structures are requested to create a CFD case.

Surface Mesh
There are two possibilities to provide STL structures for modeling:
1) From a STL file enabling the Load STL from file radio button. Once the file is selected
the menu on the left side becomes active allowing further settings. In addition, definition
for the mesh type is available in the selection of Mesh was created in.

Create mesh from the selected structures of the currently displayed model. To this end, the
Generate STL from selected structure radio button has to be enabled. Consequently, the
following settings are available:
Smoothing
(FWHM)

It is a Gaussian filter and allows smoothing the data before creating
the STL structure. The default value corresponds to the pixel size in
the data.

Models Page
Segmentation
Threshold

Reduction

All pixels with the value above the threshold are included in the
segment. When the Optimal checkbox is enabled the threshold will
be calculated automatically such that the volume of selected data is
conserved.
If enabled, allows creating simplified mesh based on data
simplification. The defaults value is 2 and is representing the smallest
value to be defined.
Initially, the program will use this number and multiply the pixel
size of the data with this value. Finally, the mesh will be generated
on the new data. It is a faster procedure and the results will consist in
mesh being less precise. Please note that if only this checkbox is
enabled the generated files will be bigger and change in topography
of the mesh will occur.

Decimation
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Allows simplifying mesh. Please note that in this case the
simplification procedure is done after the mesh is created.
It is a slow procedure which generates smaller files. Decimation only
changes the number of STL nodes, particularly the vertices of the
surface mesh. However, no change in the mesh geometry occurs,
preserving thus the mesh topology.

Models Page
Generate
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The activation of this button starts the mesh calculation. Upon
completion a dialog opens showing the 3D preview of the mesh and
allowing the definition of the Full bounding box as illustrated below:

The manipulation of the bounding box allows setting cutting planes.
The result would be a surface mesh consisting of the "original" body
and flat surfaces on the cutting planes that are just adjacent to the
"original" body mesh. The flat surfaces are useful to define the
boundary conditions. Confirm with OK to return to the Create CFD
Case interface. Consequently, the menu on the left hand side is
becoming active.
Note that for the CFD modeling only a small part of the selected
element should be enclosed within the box.

Volume Mesh
Once the surface mesh is created the user can proceed with the creation of the volume mesh.
The Volume Mesh interface is organized in two main sections:
1) BlockMesh parameters: the name is representing the OpenFOAM application
responsible for the part of generating volume mesh. It allows creating cuboid structures
filled with block cells. Inside it, the surface mesh will placed, and the block cells which
are inside the cuboid will be initial volume mesh cells. These block cells are representing
the starting point on which the final volume mesh will be build. Please note that the final
volume mesh doesn’t have cuboidal cells.

Models Page
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SnappyHexMesh parameters: is the name of the application that sculpts the volume mesh.
The volume cells are no longer blocks: they are snapped to the surface.

The Volume Mesh setting parameters are summarized in the table below:
Bounding box

 Is representing the cube that has to enclose the whole surface
mesh. Its coordinates are defined by the X, Y, Z values in the Min
and Max fields. In general these values are filled in automatically
immediately after the surface mesh is generated in the Surface
Mesh menu entry. It represents the bounding box used to create
the cutting plane. Its size can be adjusted activating the Adjust
bounding box button. Please note that if the surfer mesh is loaded
from an external STL file, the Adjust bounding box is grayed out.
Therefore the user has to know the location of the bounding box
and needs to introduce manually the coordinates.
 The Cell size determines the number of cells in each direction: X,
Y, Z. This parameter is essential for further volume mesh
development. The smaller the cells size, the more cells of volume
mesh and more elements will have to be solved.

Point in mesh
location

Is representing any point inside the surface mesh. This point is used
only to determine whether "sculpting" of the volume mesh should take
place inside or rather outside the surface mesh.
Please note that Adjust point in mesh is grayed out when the surfer
mesh is loaded from an external STL file.

Surface
refinement
level

Allows refining the mesh in the neighborhood of particular surfaces.
Please note that this procedure affects the volume nearby.
If enabled, the Min and Max level need to be specified. When a value
of 1 is set there will be no refinement calculation. In case the values are
different, the refinement will be applied nearby the whole surface.
Additionally, particular surfaces can be selected: segment or cutting
planes.

Models Page
Volume
refinement
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Allows defining how many times the volume mesh inside the whole
volume will be refined. If the check box is enabled, there are three
Modes for the refinement procedure:
 Inside: the number in the Level field indicates how many times
the cells will be divided
 Outside: the number in the Level field indicates how many times
the cells will be divided
 Distance: allows specifying many distances from the surface. The
advantage consists in the fact that each distance can have a
different level. For example cells can be divided 6 times for the
first two mm of volume mesh, counting from the surface, then 4
times for next two mm and 2 times for the next two mm. To this
purpose the number of Steps needs to be set to 3. For each step the
corresponding Distance and Level need to be specified:
- step 1: distance 2 and level 6,
- step 2: distance 4 and level 4,
- step 3: distance 6 and level 2.
It is important that levels are ordered starting from the nearest one.

Boundary Conditions
Boundary conditions for two physical variables can be defined for each surface belonging to
the surface mesh: pressure and velocity.

The settings available in this interface are:
Field type

Allows selection of a scalar or vector type.

Internal field

If uniform entry is selected means that all cells of the volume mesh will
have the same value. When non-uniform is selected, a file needs to be
provided using the Load button.

Models Page
Boundary field

Allows determining boundary conditions on the boundary: walls and
cutting planes. Three options are available:
1) zero gradient,
fixed value (can be uniform or not),
surface normal fixed value: is representing the vector value normal to
the surface, including the outside points and excluding the inside
points.

[scalar]

Is an integer value and need to be specified in the dedicated field.

Unit

Allows defining the specific unit for the P(pressure) and U(velocity)
respectively

Solution Controls

The following settings are available:
Write interval

Allows defining how often the OpenFOAM solver should write down
the results.

End Time

Allows defining the iteration number of the solver. The number is
representing the iteration for the steady state simulations.

Calculate WSS Allows calculating the wall share stress for the particular iteration
number specified in the at time field.
The easiest way to store all the settings done for the project is using the Save button below
the left side menu. All the information will be saved in a .cfdCase file which can be easily
retrieved using the Load button.
Finally, to send the CFD case to the OpenFoam interface activate the Send Case button.
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Management of the OpenFoam Remote Cases
The Open Foam remote cases are easily accessible via the dedicated
the lateral task bar. A dialog window opens as illustrated below:

button available in

In the upper section the information related with the OpenFoam server is displayed.
The main part of the window is dedicated to display in table format the currently available
cases.
The functionality of the action buttons available at the bottom of the page are summarized in
the table below:
Allows refreshing the case list
Allows stopping the selected case on the list

Models Page
Allows visualizing the logs file of the cases in the list. Its activation opens a
window like illustrated below:

The window is organized on four pages which content can be Copy to
Clipboard and paste in a text file.
Allows visualizing the error logs. Its activation opens a dialog window as
shown below:

The window is organized on four pages which content can be Copy to
Clipboard and paste in a text file.
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Allows visualizing the residuals for one case selected in the list. A dialog
window opens and shows the plotted residuals as illustrated below:

Allows deleting the selected case from the list
Allows downloading the selected case from the list. Optionally, the case can be
deleted from the OpenFOAM server enabling the Delete checkbox aside the
Download button.
When activated a confirmation dialog appears as illustrated below:

It shows the location where the file will be saved. Please note that this setting
is configured locally within the PGEM interface as explain above (on page 7).

Images Page
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Images Page
The Images page has currently two active sub-pages which can be selected with the arrow in
the upper right as illustrated below:

The actual processing works forward through the pages with the red action buttons (e.g.
VOIs button on IMAGE sub-page). After complete processing the pages can be switched
without inflicting changes by the selection in the upper right.

Images Page
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Image Sub-Page
The IMAGE page is illustrated below:

It serves for:
1) Loading the input image if no image is defined in the Model Settings interface. The user
has to manually select the Images tab and load an image using the Load button available
on the lateral task bar as illustrated in the capture above.
Cropping: if the image field-of-view is too large the data set can be reduced in order to save
RAM and optimize processing. This can be achieved enabling the Crop box. A yellow
crop volume appears on the image. Place the yellow crop volume indication by clicking
in the center of the area of interest such that is fully enclosed. The edge Size in [mm] can
be adjusted for each direction by selecting the size in the corresponding list. The Crop
button initiates cropping, whereby the original data are replaced. If cropping is not
initiated manually, a request will be shown when proceeding to the Image VOI step.
Note: The cropping operation is only allowed once.

Action Buttons
After the input image(s) have been optionally cropped, processing can be moved on by
activating the VOIs red action buttons. They will open the VOIs sub-page.

Images Page
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VOI Sub-Page
The VOIs page is illustrated below. This page serves for outlining volumes-of-interest
directly on the fused images and supports the definition of the models structure.

VOI Definition
The standard VOI options are available for the VOI creation. Please refer to the PMOD Base
Functionality Guide for explanations of the VOI functionality. The only distinctive thing to
consider is that the series selected on the tab to the right (A or B) is relevant for VOI
definition.

Add VOIs to the Model
In the example below the Hammers-N30R83 brain VOIs were projected to the patient space.
Note that brain VOIs are structurally organized in a tree on the Group tab of the VOI editing
page. Please refer to the PMOD Neuro Tool Guide for explanations related with tree
organization of brain VOIs.

Images Page
To start adding VOIs to the model the Group tab is selected as illustrated below:
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The structures belonging to the Frontal_lobe of the left L branch are selected. Note that the
structures of interest are the ones with checked boxes to the left of their color code. The
currently selected VOIs can be added to the model activating the Add to Model action
button. A dialog window opens as shown below:

The window is organized in three main sections:
1) VOIs destination: allows defining Anatomic Groups and Structure.
Properties: allows defining VOIs properties for the model as well as a graph hierarchy based
on predecessor and successors.
Surface estimation: allows defining setting to build the STL structure of the model.

Images Page
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VOIs Destination
The VOIs destination section requires definitions for the Anatomic group and Structure.
When VOIs are added to the model for the first time, these settings are <Empty> and New
names need to be provided in the dedicated field. To this end, the Left_Hemisphere and the
FrontalLobe were set as Anatomic Group and Structure respectively.

The settings available in this section are summarized in the table below:
Allows defining model Anatomic Group to which the VOIs will
belong. To define a new Anatomic group the New checkbox has to be
enabled and the name specified in the dedicated text filed. Confirm
and add the entry to the list with the Enter button on the keyboard.
The drop down arrow allows selecting among the currently available
Anatomic group.
Allows defining model Structure to which the VOI will belong. To
define a new Structure the New checkbox has to be enabled and the
name specified in the dedicated text filed. Confirm and add the entry
to the list with the Enter button on the keyboard.
The drop down arrow allows selecting among the currently available
Structure.

Images Page
To add the VOIs available in the Current VOI list to the model the OK button has to be
activated. Make sure to keep the default settings for the Properties and Surface estimates.
The result is illustrated below:
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Similarly, the OccipitalLobe, ParietalLobe, TemporalLobe and DeepNuclei Structures were added
to the Left_Hemisfere Group. The model tree structure is illustrated below:

Images Page
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For each Group entry in the model tree the program automatically creates a folder with the
same name. The destination of this folder is the structures folder of the model folder. The
model folder location is defined in the Structural Model Path section in the configuration
settings. The folder content of the Left_Hemishere group entry on the model tree is illustrated
below:

It contains:
1)

.voi files corresponding to each structure belonging to the same group in the model tree:
e.g. FrontalLobe.voi, etc. Please note that the number of .voi files equals the number of
structures belonging to the same Group.

Left_Hemisphere.XML document
stl folder: contains the STL files corresponding to the structures belonging to the same
Group. Particularly, for each .voi file the corresponding STL files is saved.
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Please note that a suffix _f1 or _f2 is appended to the structure name: it corresponds to the
Start from frame definition in the Properties section. This means that during the VOI
adding procedure the Start from frame field was set to 1 or 2 respectively. The STL files
are used for 3D simplified preview of the Model.
characteristics folder: stores the definitions set in the Properties section of the Add VOIs to
the model interface.

Properties
While adding VOIs to the model, various Properties can be defined in the dedicated section.
The properties settings are summarized below:
Allows changing or editing the color of the VOI(s) to be added to
the model structure.
Allows setting the VOI(s) as an Outer or Inner surface
When enabled applies the same properties to all the VOIs available
on the Current VOI selection list. Please note that more than one
VOI at the time can be added to the model.
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If enabled allows defining predecessor(s) and successor(s) to the
Current VOI selection as illustrated below:

In the example above a new Structure (OccipitalLobe) is added to
the Left_Hemisphere Anatomic Group. The
OL_rest_lat[Occipital_lobe[L]] is selected as Current VOI. The VOI
will appear on the frame number 1 as set in Start from frame field.
The following Graph predecessor was defined for the Current
VOI:
 Left_Hemisphere as Anatomic Group;
 FrontalLobe as Structure;
 FL_OFC_ADC[Frontal_lobe[L]] as element of the Structure.
Similarly, the Graph successor was defined:
 Left_Hemisphere as Anatomic Group;
 TemporalLobe as Structure;
 Hippocampus[Temporal_lobe[L]] as element of the Structure.
Please note that:
 more than one predecessor/successor can be defined for each
VOI using the + Add button. Consequently the aside number
field is becoming active.
 The left and right arrows allows navigating through the
defined predecessor/successor
 to delete a predecessor/successor, select the definition number
and activate the x Del button.
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Provides information related with the VOI type:


a value of 1 indicates that the user is adding static VOIs to the
model.

 a value >1 indicates the user is adding a dynamic VOI to the
model
Start from frame

Allows setting the frame in the model where the VOIs will be
added. Please note that in case of dynamic VOIs the number
indicates the starting frame of appearance in the model.
Please note that the frame number for the model was defined in
the Create New Model (on page 13) step.

Surface Estimation
The Surface estimation section allows defining characteristics for the STL model structures.
The settings are as follows:
Smoothing
(FWHM)

It is a Gaussian filter and allows smoothing the data before creating
the STL structure. The default value corresponds to the pixel size in
the data.

Segmentation
Threshold

All pixels with the value above the threshold are included in the
segment. When the Optimal checkbox is enabled the threshold will
be calculated automatically such that the volume of selected VOIs is
preserved.

Reduction

If enabled, allows creating simplified mesh based on data
simplification. The defaults value is 2 and is representing the
smallest value to be defined.
Initially, the program will use this number and multiply the pixel
size of the data with this value. Finally, the mesh will be generated
on the new data. It is a faster procedure and the results will consist
in mesh being less precise. Please note that if only this checkbox is
enabled the generated files will be bigger and change in topography
of the mesh will occur.

Decimation

Allows simplifying mesh. Please note that in this case the
simplification procedure is done after the mesh is created. The
defined value should between 0 and 1.
It is a slow procedure which generates smaller files. Decimation
only changes the number of STL nodes, particularly the vertices of
the surface mesh. However, no change in the mesh geometry occurs,
preserving thus the mesh topology.
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3D Page

3D Page
The 3D page allows:
1) Exploring interactively the segments of the model.
Visualizing CFD results together with the flow map.

Interactive Exploration of the Model
In the Models page select the elements to be visualized in 3D. In the example below the
Arteries and the Veins of the HEART HR model are selected for exploration:

Activate the 3D
button from the lateral task bar. The program will render the selected
elements of the model and show them in the 3D page. The result is illustrated below:
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CFD and Flow Map Visualization
1) Activate the Manage OpenFOAM Local cases
button from the lateral task bar. A
dialog window opens allowing the selection among the downloaded cases available
locally on the file system:

The information related with the OpenFoam server is displayed on the top.
The list of the local cases is displayed in table format.
Action buttons are available at the bottom of the page. The functionalities are summarized in
the table below:

3D Page

49

Allows refreshing the case list
Allows visualizing the logs file of the cases in the list. Its activation opens a
window like illustrated below:

The window is organized on four pages which content can be Copy to
Clipboard and paste in a text file.
Allows visualizing the error logs. Its activation opens a dialog window as
shown below:

The window is organized on four pages which content can be Copy to
Clipboard and paste in a text file.

3D Page
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Allows visualizing the residuals for one case selected in the list. A dialog
window opens and shows the plotted residuals as illustrated below:

Allows deleting the selected case from the list
Allows moving the selected entry from the list to a different location on the
file system. Its activation opens a dialog window like illustrated below:

The default path is To backup folder. The final location can be change using
the Change file or directory button.
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Allows viewing the selected case from the list. When activated, an Image
Display windows opens like illustrated below:

The image selector allows previewing one of the CFD outcomes: Geometry,
Pressure or Velocity. The CFD outcomes can be saved as images in the Save
section. Confirm selection with the OK button to send the CFD results
directly to the 3D page for visualization and interactive inspection.
Allows viewing selected case results directly in the 3D page.
Allows selecting which of the CFD results is initially shown on the Image
Display page: Velocity, Pressure or Geometry.
Allows setting the image resolution for the Image Display preview. The
following selection is available: 64, 128, 256 and 512.
Allows setting the size for the Sugar box to be displayed or not (NONE) in
the 3D page:

3D Page
In the example below the change of the Pressure in time is shown for the aortic arch CFD
Geometry:
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3D Page
The change of Velocity through the same Geometry is illustrated below (different view
point):
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PMOD Copyright Notice
Copyright © 1996-2014 PMOD Technologies Ltd.
All rights reserved.
The PMOD software contains proprietary information of PMOD Technologies Ltd; it is
provided under a license agreement containing restrictions on use and disclosure and is also
protected by copyright law. Reverse engineering of the software is prohibited.
Due to continued product development the program may change and no longer exactly
correspond to this document. The information and intellectual property contained herein is
confidential between PMOD Technologies Ltd and the client and remains the exclusive
property of PMOD Technologies Ltd. If you find any problems in the document, please
report them to us in writing. PMOD Technologies Ltd does not warrant that this document
is error-free.
No part of this publication may be reproduced, stored in a retrieval system, or transmitted in
any form or by any means, electronic, mechanical, photocopying, recording or otherwise
without the prior written permission of PMOD Technologies Ltd.
PMOD Technologies Ltd
Sumatrastrasse 25
8006 Zürich
Switzerland
+41 (44) 350 46 00
support@pmod.com
http://www.pmod.com
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