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SUMMARY

MINERVA (Modality-Inclusive Environment for Radiotherapeutic Variable
Analysis) is a Java-based patient-centric radiation treatment planning system
(RTPS) for computational dosimetry and treatment planning in emerging areas of
radiotherapy for cancer and other diseases. MINERVA was primarily developed
at the Idaho National Laboratory (INL) and Montana State University (MSU).
MINERVA allows the radiotherapist to make side-by-side comparison of plans
for multiple treatment modalities with a common anatomical basis for the
computational geometry, calculate doses for combinations of different
radiotherapy modalities, and perform dose analysis and reporting functions. This
provides the therapist with a consistent basis for selecting the modality or
combination of modalities to use for treatment of the patient.

MINERVA employs an integrated, lightweight plug-in architecture to
accommodate multi-modal treatment planning using standard interface
components. The MINERVA design facilitates integration of improved or
emerging treatment planning technologies.

MINERVA consists of the basic radiation treatment planning software modules
managed by a consistent patient interface for developing multi-modal
radiotherapy patient treatment plans. One of MINERVA's main functions is to
provide a graphical environment for constructing and displaying uniform
volume-element-based solid models derived from medical images. These solid
models form the geometric basis of the target areas for the radiation transport
model.
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1. INTRODUCTION

MINERVA is a Java-based patient-centric radiation treatment planning system (RTPS) which can be used
for planning and analyzing several radiotherapy modalities, either singly or combined, using common
modality independent image and geometry construction and dose reporting and guiding. An example of
combined planning would be an IMRT external beam treatment with a brachytherapy boost.

MINERVA is being developed with the Java Virtual Machine for interoperability. MINERVA employs
an integrated, lightweight plug-in architecture to accommodate multi-modal treatment planning using
standard interface components. The MINERVA design also facilitates the future integration of improved
planning technologies.

As shown in the upper half of Figure 1, the MINERVA design includes the three common software
modules used by any RTPS, along with a central patient module to coordinate communication and data
transfer. The source and transport plug-in modules, shown on the left and bottom of Figure 1,
communicate with these modules either directly through the patient database or through MINERVA’s
extensible markup language (XML)-based application programmer’s interface (API). All internal data is
managed by the database management system (DBMS) and can be exported to other applications or new
installations through the API data formats.

Image Model Analyze

Database

Fy

Patient

Figure 1. Basic design of the MINERVA treatment planning system. Dashed boxes represent future (to be
developed) plug-in modules.



In typical use, MINERVA consists of three main components:

e Manual and semi-automated geometric modeling of organs and physical structures derived from
MRI, CT, and other medical imaging modalities;

e Dose computation for these geometric models with the appropriate radiation transport computer
code;

e Dose reporting and combination to determine dose distribution and dose-volume histograms.

Digitized data produced from medical imaging devices are used as a template to draw, fill, paint, or
automatically construct regions of interest in each image plane, forming a solid model description of the
region of interest. These solid model descriptions are composed of rectangular parallelepipeds of uniform
size, each uniquely mapped to a single organ or physical structure. The rectangular parallelepipeds are
referred to as uniform volume elements (univels). Because of the uniformity of the univels, geometric
interrogation can be performed using a very efficient integer arithmetic algorithm. Also, the resolution of
the univels is only limited by the imaging modality, since each univel can be as small as an individual
image pixel.

Using the solid model descriptions of the regions of interest, a three-dimensional radiation
transport calculation determines the radiation fields present for a particular treatment modality.
These radiation fields are then related to radiation doses delivered to the treatment volume and
surrounding areas.

When the planning calculations are complete, the radiation fields are displayed either as dose
contours in the original image space, dose volume histograms, or dose-depth plots. This gives the
clinician or researcher an accurate and convenient way to view the radiation fields, so that the
modality and dose delivery parameters can be quickly determined, balancing tumor cell kill
against healthy tissue sparing.

The remainder of this manual provides a guide to the practical use of MINERVA’s basic
modules, but is not an exhaustive treatment of each feature of the code.



2. CONCEPTS AND NOTIONS

The basic concepts used by MINERVA are image slices and regions, as illustrated in Figure 2. An image
slice is data corresponding to a single medical image. Typically, several anatomical features of interest
will intersect an image slice. For example, an image slice can contain a cranial object, tumor object, and
objects defining eyes, sinuses, and other relevant features.

Image Slices

V Regions

Figure 2. Basic MINERVA Concepts

Regions are defined by segmenting the data in a set of image slices. Once defined, region definitions in
different slices are combined to form three-dimensional volumes.

Typically, the user begins by displaying an image slice, and then defining regions on that image. After
several regions have been defined, they may be reconstructed (or synthesized) into a three dimensional
object representing a structural or functional feature. These reconstructions can be displayed in a three-
dimensional viewing window, where viewing controls allow arbitrary views of the reconstructed data.

The univel, or Uniform Volume Element, geometry (Frandsen 1998, Frandsen 2001) is fundamental to
the MINERVA geometry description. A univel is essentially a three-dimensional image pixel with
uniform slice spacing between image slices. This representation gives significant computational
advantages for Monte Carlo transport dose calculation and simplifies the description and display of the
data. Note that the image data used for segmentation must have a uniform spacing between slices; if
imported image data does not have uniform slice spacing; tools are provided to re-slice the image data to
achieve this uniform spacing.



3. DATA MANAGEMENTS

MINERVA's data management system employs an interface layer to provide a framework for modules to
communicate with the data sources. As a result, the data sources are loosely coupled to the rest of the
MINERVA. This allows new data storage technologies to be added without cascading effects throughout
the system. Although not every module accesses all of the data sources, the data interface layer gives
them the ability to do so, if needed.

Currently, MINERVA supports two types of data storage, relational databases and XML files. When
MINERVA is first invoked, the Patient module will create the data interface layer, which can be utilized
by the Image, Model, and Analyze modules. When data is required from a data source, a module issues a
request to the data interface layer with a unique data identifier and the data source to examine. Once the
data is retrieved, it will be cached in memory or on disk if memory availability is low. Subsequent
requests for that data will retrieve the data out of the fastest cache available, thus improving the system's
response time.

3.1 Database

All patient data is stored in a relational database, removing the burden of tracking multiple patient files
from the user. The Java Database Connectivity (JDBC) technology allows MINERVA to communicate
with almost any database that has a JDBC driver available for it.

The Patient, Image, Model, and Analyze modules have working database access. The database connection
is established as part of the data interface layer setup by the Patient module.

Steps have been taken to ensure that the database integrity is maintained by using database transactions
and foreign key constraints. Database transactions allow MINERVA to revert to a previous state if there
was an error while saving an object, keeping the database from becoming corrupted. The foreign key
constraints prevent MINERVA from removing items from the database until all references to the item
have been removed, preventing accidental partial deletion of items.

3.2 File Import/Export Features

Because database files are generally hidden from the user and not easily transportable, a convenient way
to transfer patient information between various users and installations was developed. To accomplish this,
a complete Extensible Markup Language (XML) file specification of all of the information contained in
the database and a set of XML-based import/export tools are being developed. This same XML file
specification will also be used to help define the API between MINERVA and the various source and
transport plugin modules.



Patient Module

Relational
Database

Image Module

Model Module Data Interface Layer ¥ML File |

Analyze Module

External Java Plugin

Figure 3. Data management scheme for MINERVA.

The XML-based tools allow any module that has access to the data interface layer to perform the
following functions:

import external patient XML files directly into the database;

import XML files generated by an external plugin;

export specific data needed by an external plugin to perform an operation;
export all or part of a patient's data.

Sl e N e

Tools 1 and 4 can be used to transport a patient or partial patient from one installation to another, or to
backup a patient's data in a form not specific to any database vendor. Tools 2 and 3 allow external plugins
to acquire information from, and provide information to, the MINERVA system.

The user can directly access the XML import/export features from the Patient module's toolbar, as shown
in Figure 4. The menu options activate or deactivate situationally based on previous user actions. The user
may export an entire patient, or export only the data of interest. The import command may import an
entire XML document into the database, or only import a subsection of the XML document. Dependency
checking will be done to maintain the integrity of the database. Other modules have access to XML
functionality, should they need to use it.
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Figure 4. XML import/export menu in the Patient module.



4. THE PRIMARY MINERVA MODULES

The Patient, Image, Model, and Analyze modules of the MINERVA system are summarized in the
following sections.

4.1 Patient Module

The Patient module, which is the entry point to, and the hub of, the MINERVA system, manages the
entire treatment planning process. In addition to launching and managing the Image, Model, and Analyze
modules, the Patient module creates, edits, and retrieves data from the patient database.

The Patient module user interface allows the user to record, review, and edit patient information. A screen
shot of the user interface is shown in Figure 5. This information includes some standard fields (name,
address, phone, e-mail, date of birth, gender, etc.), but also includes user-specified fields. The Patient
module allows the user to see what other data is associated with a given patient.

£ Patient -lol x|
File View Modules Database Help

f Address & Contact Information |/ Physician Information |
Patient Address

Blsjejm®/a

i
k| Patient Name

Address | |
City | |
State | |
|

|

zZip |

Country |

Contact Infomation No Picture Available

Home Phone |

Work Phone |

Home Email |
VWork Email |
Cell Phone |

Import Picture

Fax |

Emergency Contact

Emergency Contact Info |

Image Model Analyze
Running Count: 0 Running Count: 0 Running Count: 0

Connected to neutron.csnet.montana.edu as user wessol

Figure 5. Patient module user interface.



The Patient module controls MINERVA by launching the other modules, managing memory and data,
allowing the user to view and modify preferences for the software's behavior and appearance, and
maintaining a list of the most recently used patient data.

The Patient module is able to open a robust connection to the patient database using a Java Database
Connectivity (JDBC) compliant database engine. Thus far, it has been tested using the MySQL (Widenius
and Axmark 2002), PostgreSQL, and Derby database systems. A complete user interface is provided so
that the planner can easily create, edit, or retrieve the patient data. If the Patient module is unable to
complete the database connection, the program can still run and provide diagnostics to the user.

Figure 6. Image module user interface.

Patient information may be imported to, or exported from, the patient database using the XML-based API
data formats.

4.2 Image Module

The Image module prepares and processes individual images and complete image sets for use by
subsequent analysis modules.



The user interface for the Image module is shown in Figure 6. Full database connectivity is included in
the Image module. The Image module currently supports QSH, grayscale JPEG, grayscale PNG, and raw
image import functions and partially supports DICOM-RT. With appropriate plugins, the Image module
can convert other image formats to the internal MINERVA image format and store this data in the patient
database. Plugin support allows additional image manipulation operations and import filters to be added
at a later date. Standard image processing features, including noise filtering, gamma correction, and
contrast enhancement, are provided.

A rigid body registration system based on maximization of mutual information (Viola and Wells 1997)
has been included, with a three-dimensional display of the image registration process (see Figure 7). To
facilitate the registration and define the geometry, a reslicing tool has been developed. This tool performs
a pixel-by-pixel interpolation between existing image slices to define new images and create a uniform
spacing between image slices, if one does not already exist in the original image set.

File Preferences ﬁ

(@8 p|x| »|u| s3] 2

5 [% v[z|lelzd o]

Yiew of Slice Overlay:

| Yiew || Update || Close |

i e

[0.99523 [-0.01957 |[0.09558 |[0.z0129 |
[vozsze |lo.sess1 |[-o.0s036 |[-38.24034
[-0.09338 [[0.09263 |[0.99131 |[-4.85239 |
[0 [[or [[o |[1 |

I !pdating ..

Figure 7. Image module registration process.



4.3 Model Module

The Model module creates the anatomical geometry of the patient and target based on the image data
received from the Image module. The Model module can be used to either create a new univel geometry
file or edit an existing model. Anatomical structures are defined by various methods, and materials are
assigned to these regions. The univel geometry permits very fast Monte Carlo analysis. The user interface
and some of the features of the Model module are shown in Figure 8.

Kadel. Dilhert

Fils Edit View Operations Taols
BEIDREIR |CIearsnce||C|earn||5|ices| B

201(CT) |
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15 oo o o o e e e
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igw Opti Tool Options
Zoom:; ——L7 1 Opacity: {2k 1 | Size: ¢ (73}
fSIice: L [l ] iﬂg Axis: ‘IS - | Rotate:| <y " o | Configure Buttons

Figure 8. Model module user interface.

The Model module contains several methods for manually or semi-automatically defining up to 32,768
regions of interest (ROIs) from one or more image sets, which may encompass several imaging
modalities. A great deal of effort was expended to make manual ROI definition easy and fast, as an
interim solution until a suitable and robust automated procedure can be developed. All of the tools and
operations have been implemented as plugins to simplify the program design and to allow the later
addition of more advanced tools. A generic undo manager will record the user’s actions, and allow them
to be reversed. All modeling can be conducted with multiple image sets along the three principal
orthogonal axes simultaneously and interchangeably. Multiple image sets may be used simultaneously to
define the ROls.

Zooming support is included, and the display of image slices is optimized for speed and memory usage. A

3D visualization view, shown in Figure 9, can be used to display the current geometry and will update as
the user constructs the geometry to give interactive feedback.

10



Regions rRenderSEttings |

Camera Lighting [©  cClipping |

Displa Regioh | Alpha |
[ blood =
[v] gallEladder iz
[ heart g
] inside_fill —zl
5] kidney =S N —
[w] large_intestine ————I37
[+ liver '
[w] liver_lobe s———
[w] lung "
[ muscle s———
[¥] pancreas '
[ skeleton izl
[+] skin =
[ small_intestine —————7
[+] spinal cord ——
[+ spleen |:L\/|
[v] stomach = —
[v] throat i
[w] urinary_bladdey ————I3%

{

Figure 9. Model module univel surface rendering plugin.

The Model module also supports scripting, where significant user actions are recorded to a file that can be
played back later. Either an entire or partial modeling session can be recorded, giving the user the ability
to automate common tasks. With this feature, modeling sessions can be replicated easily or stored as
planning templates. This has the capability of validating and simplifying the modeling process.

4.4 Analyze Module

Control of plan development and dose reporting is consolidated in the Analyze module. The planning
function controls the launching of the source and transport plugins, receives the results from these plugin
modules, and saves the results to the database. The dose reporting function accesses the database to read
the dose information for each field in the plan, and performs the dose combination and reporting. An
example of the Analyze module capabilities is shown in Figure 10.

The Analyze module planning control, shown in the upper (tabbed) section of Figure 10, can create
multiple strategies, plans, and fields, and can combine fields into plans and plans into strategies. For the
MINERVA system, a field is defined as a single radiation application, a plan is a single radiation therapy
modality application, and a strategy is a set of plans administered to a patient. Basic checks are executed
before inserting a field or a plan, such as checking the dimensions and modality types to assure
consistency. The Analyze module launches source plugins to create the radiation source descriptions for
each field, and transport plugins to calculate the dose distribution. (The dose data are included in the
MINERVA field definition.) A default transport plugin was created to export the field information, with
its associated source and geometry, to an XML file and import calculated dose data from an XML file and
associate it with the field.

11
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Figure 10. Analyze module user interface.

The Analyze module merges the dose data from multiple fields into one dose data object for a plan, and
multiple plans are merged into a strategy. This merger can be customized by allowing the user to set
modality-dependent biological weighting factors by field, region, and dose component. Binary agents,
radioprotectants, and radiosensitizers may be included for each field, with the effects included in the
merging process.

Analyze uses a plugin system to display the dose data to the user. This allows the user to customize the
program by adding additional display plugins. The standard plugins calculate and display dose contours,
dose volume histograms, and dose-depth charts. The dose volume histogram plugin itself uses plugins to
generate the data and users will be able to implement their own algorithms for these functions.

The contour plugin will display the dose data as contours drawn on top of an image set, as shown in
Figure 11, on all three principal axes. These contours will automatically update in the background as the
user changes the weighting values (biological weight factors, binary agent concentrations, etc.) for
interactive feedback. The user also has the ability to print and export the contours as an image file.
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Figure 11. Analyze module dose contour display.

The dose volume histogram (DVH) plugin displays the dose information based on the chosen graph type,
as shown in Figure 12. It currently supports several different plot types, including plugins for cumulative,
frequency, and volume graphs. The dose-depth plugin will display dose information on a chosen line
segment through a 3D region. Both plugins have automatic updates as the user changes weighting values.
The user is able to print, export, or save plots to the database for future use.
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Figure 12. Analyze module DVH display.
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5. INSTALLATION INSTRUCTIONS

Before installing MINERVA, an ODBC/JDBC compliant database system must be installed. Instructions
for setting up MySQL are given in Appendix A and instructions for PostgreSQL are given in Appendix B;
to install other database systems, follow the instructions provided with the database software. MINERV A
is distributed to the typical user as either an exe file for Windows users or a bin file for Linux, Solaris, or
MacOS X users. After running or executing this file as is normal for your operating system, the wizard
window shown in Figure 13 should appear. Simply follow the instructions and the run time version of
MINERVA will be installed on your system. Appendix C provides a list of additional software that must
be installed for proper MINERVA operation; these packages should be installed before attempting to
install MINERVA.

~ix

Introduction

3 Introduction

3 License Adreerier

(3 Chionse Install Set
) L" Ghoose InstaI‘I:Fitfllder

1) Ghonse Shorolt Folder Click the Mest' button to proceed to the next screen. Ifyou want to
change something on a previous screen, click the 'Previous' button.

Installanywhere will guide you through the installation of Minera.

Itis strangly recommended that you guit all programs before
continuing with this installation.

ﬁ Fre- Ilnstallatmr] $umman,r

J .‘5 Instlllng :"a You may cancel this installation at any time by clicking the 'Cancel’
huttan,

Frewious

Figure 13. MINERVA installation wizard window.
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6. MINERVA OPERATIONAL GUIDE

It is not the intent of this section to exhaustively cover every possible selection in the various modules;
that would be overly detailed and burdensome, and that function has been delegated to the MINERVA
help system. Rather, the aim of this section is to provide an overview of the basic functionality needed by
the user to start the various modules and access the help menu for further operational detail.

6.1 MINERVA Help System

As a supplement to the information provided in this manual, a help system has been developed for
MINERVA. This system provides a help information facility that allows users to navigate, search, and
display help information, as shown in Figure 14. It can also help new users learn how to use the
MINERVA system, reducing the initial training time.

8|aees 09020 Help
¢y B2 BE R
[ ([ > : ;
- = Minerva Overview T
Table Of Contents |
¥ Overview Pat |
© MINERVA Irﬁa'egt |
_ Patient Model |
_ Image Analyze .L
_ Model
_ Analyze Database
g Tutorial
> Patient Image Madel Analyze
| g Image -
b Model
F | % Analyze .

= O E——

e

Figure 14. The MINERVA help system.

The help system has a table of contents displaying all the pages in a tree structure, an index, a glossary of
terms, and a search function. Information for additional plugins can be added as needed, as can tutorials.
The help system may be launched from any of the MINERV A modules or plugins.
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6.2 Patient Module

The Patient module provides access to the Image, Model, and Analyze modules and provides the interface
layer to the patient database. This module can be launched from the command line or a desktop icon.
Launching the Patient module should produce the display shown in Figure 15.

4. patient -] x|

Filel‘u"lew Modules Datahase Help

[ New... Ctil-H
7]
= Open... Ctrl-0 i

Close Cotrl-ui
Rewvert

Save Ctrl-5

Save As Ctrl+ Shift- 5
Import. b
Export 3

B Preferences... Cirl-k

Print... Ctrl-P

Exit Chrl-0
— Ho Open Patient

Image Model Analyze
Running Count: 0 Running Count: 0 Running Count: 0

Connected to neutron.csnet.montana.edu as user wessol

Figure 15. Patient module main interface.

To open a patient in the Patient module, select Open from the File pull-down menu. If connection to a
database has not been made, you will be prompted to do so, as shown in Figure 16.
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Database Login x|

Database Information:

Database Host: |neutr|:|n.csnet.muntana.edu |

Database Type: |m~_.f5q| |

Port: 3306 |
User Login
Usernarme: | |
Password: | |
0K Cancel

Figure 16. Interface prompting for database connection information.

Once connected to a patient database, choose the patient from the list and click OK, as shown in Figure
17.

Open Patient x|

L ] Choose Patient to Open
Patient -

OK Cancel

Figure 17. Selection of a patient from the database.

If opening a new patient choose New from the File menu and enter the new patient ID, as shown in Figure
18.

mput x|

- Enter new patient ID
|Jane Coe |
OK Cancel

Figure 18. Entering a new patient ID.

If an existing patient ID is entered for a new patient, the Patient module will produce an error message. A
new and unique patient ID must be provided for each patient.
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The patient information may now be entered, via the panel shown in Figure 19. This includes normal and
emergency contact information, physician information, and patient medical history. A photograph of the
patient may also be provided, if desired. Navigation between data fields may use either the TAB key or
the mouse.

4. patient -10] x|
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|
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Contact Infomation Ho Picture Available

Home Phone |

Work Phone |
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|
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|
|
|

Import Picture

Emergency Contact

Emergency Contact Info |

Image Madel Anahze
Running Count: 0 Running Count: 0 Running Count: 0

Connected to neutron.csnet.montana.edu as user wessol

Figure 19. Patient information panel.

Importing and exporting data for a particular patient can be done from the Patient module. Data can be
imported by using the option “Import New Patient” under the File—Import menu. This imports data for a
new patient not currently in the selected database. Data may be added to an existing patient with the
“Importing Into Current Patient” option, which can also be found under the File—Import menu. This
operation imports particular data objects without having to import the entire patient. Exporting patient
data can be done using the “Export Data” option located under the File—Export menu. This allows any
particular subset of the patient's data to be exported.

All XML import and export operations use a dependency checking system to ensure data integrity. For
example, if the user were to try to import or export a 3D model, then the Patient module would also
require importation of the images that were used to construct that model. In order to allow this in an
intuitive manner, MINERVA supplies a visual tool that allows the user to see the dependencies in real
time. If the user selects an object that has dependents, then the dependents will also be selected. There is
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protection in place to prevent the user from unselecting any data object that is a dependent of another data
object. If the user tries to unselect a dependent object, an error popup will be displayed (see Figure 20).

O Patient - Ox
File View Modules Datj[] Select Classes and Id's you would like t X

Please select the ids which you want to export
G = @ I® | & | If you select an entire class, all it's ids will be exported
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fﬁ\ddress & Contact Inform ST

Patient Address o [] Materials

Address o~ [] Patient Datas
City l— o []Region Lists
State| | |¢ Wlimages
zin[| ] v|ST
Country I—

Contact Infomatinn urg Availahle
Dependecy Warning X

& This item is a dependent of the following items, and thus cannot be unselected: Geometries:ST

CEIT FAOHE |
Fax ort Picture

Emergency Contact

Emergency Contact Info |:

| OK || Cancel

Figure 20. Export dialog and dependency error message.

The Import dialog looks virtually the same as the Export dialog, except the Import dialog has a different
header. This helps the user identify which window is open.

6.3 Image Module

The Image module is launched from the Patient module through either the Image Module icon on the
toolbar or the Modules menu. As stated in section 3, the Image module can currently Import DICOM-
RT, QSH, JPEG, and raw image. Standard image processing features, including noise filtering, gamma
correction, and contrast enhancement, are also provided.

With the exception of the Register selection of the Tools menu, the help system should provide
sufficient operational detail for the other Image module menu features.

A rigid body registration system based on maximization of mutual information (Viola and Wells 1997)
has been included, with a three-dimensional display of the image registration process (Figure 21). To
facilitate the registration, and to define the univel geometry, a reslicing tool has been developed. This tool
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performs a pixel-by-pixel interpolation between existing image slices to define new images and create a
uniform spacing between image slices. This univel representation is the basis for the segmentation
process in the Model module.

File Preferences

 slERas] o[ »[n] & 2

25 % x|z lwivla o| %

View of Slice Overlay:
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Hiel

[0.99523 |[-0.01957 [[0.09558 |[o.20129 |
[o.0za26 [[0.99551 |[-0.09036 |[-38 24034
[-0.09338 |[0.09263 |[[o.99131 |[-4.85239 |
[o | |0 ||1 |

[«

| S Upiating ..
Figure 21. Display from the MINERV A Image module, showing co-registration of MR and PET images.

6.4 Model Module

The Model module is used to segment an image set by defining organs and other structures using a variety
of segmentation tools. This defines the patient geometry model used to perform dose calculations.

The Model user interface is split into six main sections. The segmentation tools are displayed on the far
left, with the currently active tool highlighted. These tools are provided by plugins, so this section of the
display may look different depending on the plugins installed. To the right of the tools display is the main
editing area. The currently selected tool is operable inside this area and any actions taken (mouse clicks,
drags, etc.) are forwarded to the current tool. Farther to the right is a thumbnail display of the image
slices. Clicking on a slice will place that slice in the editing area. The list of currently defined regions
within the geometry is at the far right. (In MINERVA, a region denotes an organ or structure and the
properties — composition, density, etc. — associated with it.) The view controls, including zooming, axis
orientation, and opacity, are at the bottom center. The options available for the currently selected tool are
displayed at the bottom right. These options will change depending on the selected tool.
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Figure 22. Model module user interface display.

6.4.1 Editing

While segmenting, it is important to remain aware of the current region and the status of the overwrite
option for that region. The current region is the currently selected region in the regions list. The tools use
the current region when performing their operations. The overwrite flag allows the user to protect some or
all regions from being accidentally erased or overwritten. If the overwrite flag is turned off, then the
univels with that region value cannot be modified. In order to erase or alter part of a region, that region’s
overwrite flag must be set.

6.4.2 Tools

The segmentation tools along the left hand side of the window are used to define structures within the
geometry. If the selected tool has any configuration options to control its behavior, then the controls are
placed in the lower right of the Model display.

#| Paintbrush: Paints the area under the mouse (drag) with the currently selected region. The
brush size can be controlled and the middle and right mouse buttons can be defined to operate
other tools. It is useful to define the middle button to use the Fill tool (Paint Bucket) and the right
button the Eraser tool. In this way you could quickly outline an object, fill it, and make
corrections by erasing.

 Paint Bucket: Fills an enclosed area with the current region. Usually the paintbrush is used to
outline a region and the paint bucket is used to fill the interior of the outline. The paint bucket can
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also be used to change the region assigned to a segmented area. If the user clicks on a segmented
area with a different region selected, then the area they clicked on will be replaced with the
currently selected region. The paint bucket can work in 2D or 3D mode. In 2D mode the fill is
constrained to the current slice. In 3D mode the tool will fill connected areas above and below the
active slice.

@Eraser: The eraser is the inverse of the paintbrush — it removes the region definition from
the selected area under the mouse. This tool uses the same brush size as the paintbrush.

ﬂ Wand: The wand tool fills based on the image pixel intensity. The user selects a “seed
pixel” that serves as the starting point for the wand function and defines a threshold for the pixel
intensity search. The wand tool will expand the area around the seed pixel, in either 2D or 3D, to
include pixels directly connected to the seed pixel that have intensity within half the threshold
(plus or minus) of the seed pixel intensity. This expansion is continued recursively until either no
additional pixels within the threshold are found or until a boundary, either a defined area with
overwrite protection or the image boundary, is encountered.

@ Copy: Allows the user to copy selected areas to a different slice. When the user clicks on a
region in the image, the copy tool finds the boundary of that region and copies it to the clipboard.
To select multiple areas hold down the shift key while selecting regions. A preview is displayed
in the tool options area to show the clipboard contents.

Erode: The erode tool will find the edges of the region the user clicked on and remove a
specified amount from the edge of the region. The amount removed can be specified in pixels,
centimeters, or millimeters. The erode tool can be constrained to work only in the current slice or
to work in 3D.

@/ Dilate: The inverse of the Erode operation. Instead of deleting pixels at the edge of the
region, the dilate tool adds pixels. Like the Erode tool, the amount added is user-defined and the
tool can be configured to work in 3D.

ﬂ Constraint Marker: This tool allows the user to specify constraints on any point in the
geometry or for any region. The constraints allow the user to specify limiting doses for that
location or region.

v Convergence Marker: The convergence marker allows the user to specify locations in the
geometry to be used to determine dose calculation convergence in the transport plugins.

ﬂ Fiducial Marker: The fiducial marker allows the user to mark points in the geometry for
use in registration, alignment, or positioning.

6.4.3 Operations

Operations are commands that affect the entire geometry rather than just a single slice.
Mode Fill: This operation will search the geometry for unassigned pixels. For each unassigned
pixel, it will find the region that has the most pixels surrounding it and assign that region value to

the unassigned pixel. This is useful for catching the occasional stray pixel that was missed by a
tool operation.
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Thresholding: The thresholding operation allows the user to isolate regions using pixel intensity
thresholds. The threshold can apply to a slice or to the entire image set. It may also be applied to a
subsection of a slice by clicking on the preview (see Figure 23) and the threshold operation will
flood fill from that point, constrained by the threshold. To specify the threshold the user clicks
and drags in the histogram area. The preview image will update to display the results of the
thresholding operation. The user can modify the threshold definition by holding down a modifier
key. A slider mode is also available to define the upper and lower threshold values.

6.4.4 Loading Data From External Files

The Model module provides two plugins which read geometry information from existing files. Under the
File menu is a Import menu that lists all the current plugins for importing data. The first plugin, labeled
UVH on the menu selction reads univel geometry files, and the other plugin, labeled Dicom Geometry,
has limited support for DICOM RT structure sets that have closed planar contours as long as the image
set and the structure set are within the same plane.

8N\ Thasholding: ST

Preview Scale
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V| Show Preview Entire Image Set
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Apply Clear Mask Close

Figure 23. The threshold operation display.

6.5 Analyze Module

The Analyze module has two principal functions: create one or more treatment plans for a patient; and
graphically display and compare the dose data from these various treatment plans. The Analyze module
display window has a specific work area for each of these functions — the upper section is used to define
treatment plans and the lower section displays the dose data.
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Figure 24. Analyze module interface display.

6.5.1 Definitions

The following terms need to be defined to allow a clear and consistent explanation of the Analyze module
functions.

Field: A field is the base data object. It represents a single source of radiation, and the effects of
that radiation dose. Fields are used to build plans, which are then used to build strategies. A field
may exist in more then one plan, so any changes to one field may affect multiple plans and
multiple strategies.

Plan: A plan corresponds to a full treatment course with a single irradiation modality. A plan
may be constructed from multiple fields, with the constraint that all the fields have the same
coordinates (image sets are co-registered) and the same modality as the plan. Fields within a plan
can be weighted to change the effect of a single field. A single plan can be inserted into multiple
strategies. If a plan exists in multiple strategies, then all associated strategies will be changed if
the plan is changed.

Strategy: A strategy is a complete treatment plan for a patient. It consists of multiple plans that
may contain multiple fields, with the constraint that all plans in the strategy must have the same
coordinates. Plans of different modalities can be added to the same strategy. Multiple strategies
can be made and the user can compare the effects of the different strategies by evaluating the
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resulting dose data. Once a course of action is determined, the strategy to be administered can be
locked to prevent any changes. This locked strategy is defined as the treatment.

Source Editor: Each field is associated with a single radiation source. The source editor is used
to define the radiation source for the field.

Transport Editor: Each field requires a dose calculation. The transport editor takes the field
definition (geometry, source, etc.), simulates the radiation transport through the geometry, and
returns a data object containing the results of the simulation, i.e., the dose.

6.5.2 Analyze Workflow

The Analyze module has a specific workflow. First a strategy is created, and then plans and fields are
added to it. The various source and transport editors are used to run the radiation simulations. Then, the
user evaluates the strategies, plans, and fields using the dose display features. If a strategy/plan/field is
found to be lacking, the user can go back, make changes, rerun the simulations, and revaluate the plots.
This is done repeatedly until the user is satisfied with the results and can mark one strategy as the strategy
used to treat the patient. This strategy will then become locked and the user will be prevented from
changing it.

6.5.3 Analyze Walkthrough
This section describes the process for creating and adding strategies, plans, and fields.

1) First, create a new strategy by clickin