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SUMMARY

MINERVA (Modality-Inclusive Environment for Radiogiapeutic Variable
Analysis) is a Java-based patient-centric radigtieatment planning system
(RTPS) for computational dosimetry and treatmeahping in emerging areas of
radiotherapy for cancer and other diseases. MINERMA primarily developed
at the Idaho National Laboratory (INL) and Mont&tate University (MSU).
MINERVA allows the radiotherapist to make side-ligescomparison of plans
for multiple treatment modalities with a common t@naical basis for the
computational geometry, calculate doses for contioinga of different
radiotherapy modalities, and perform dose anabsisreporting functions. This
provides the therapist with a consistent basisébecting the modality or
combination of modalities to use for treatmenthaf patient.

MINERVA employs an integrated, lightweight pluganchitecture to
accommodate multi-modal treatment planning usiagdard interface
components. The MINERVA design facilitates integmatof improved or
emerging treatment planning technologies.

MINERVA consists of the basic radiation treatmelainming software modules
managed by a consistent patient interface for dgusd multi-modal
radiotherapy patient treatment plans. One of MINBRMMain functions is to
provide a graphical environment for constructing displaying uniform
volume-element-based solid models derived from o&dinages. These solid
models form the geometric basis of the target dieabe radiation transport
model.
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1. INTRODUCTION

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

MINERVA is being developed with the Java Virtual &féne for interoperability. MINERVA employs
an integrated, lightweight plug-in architecture accommodate multi-modal treatment planning using
standard interface components. The MINERVA desigo &cilitates the future integration of improved
planning technologies.

As shown in the upper half of Figure 1, the MINER\d&sign includes the three common software
modules used by any RTPS, along with a centraépatnhodule to coordinate communication and data
transfer. The source and transport plug-in modu#®mwn on the left and bottom of Figure 1,
communicate with these modules either directly agtothe patient database or through MINERVA's
extensible markup language (XML)-based applicaposgrammer’s interface (API). All internal data is
managed by the database management system (DBMSgarbe exported to other applications or new
installations through the API data formats.

Image Model Analyze

Database

F

Patient

Transport
e

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



In typical use, MINERVA consists of three main canpnts:

« Manual and semi-automated geometric modeling armsgand physical structures derived from
MRI, CT, and other medical imaging modalities;

« Dose computation for these geometric models withaghpropriate radiation transport computer
code;

« Dose reporting and combination to determine dostillition and dose-volume histograms.

Digitized data produced from medical imaging desiege used as a template to draw, fill, paint, or
automatically construct regions of interest in eambhge plane, forming a solid model descriptionhaf
region of interest. These solid model descriptimrescomposed of rectangular parallelepipeds obumif
size, each uniquely mapped to a single organ osipalystructure. The rectangular parallelepipegs a
referred to as uniform volume elements (univelgcdise of the uniformity of the univels, geometric
interrogation can be performed using a very efficiateger arithmetic algorithm. Also, the resaduatiof

the univels is only limited by the imaging modaligince each univel can be as small as an individua
image pixel.

Using the solid model descriptions of the regiorisinberest, a three-dimensional radiation

transport calculation determines the radiationdBgbresent for a particular treatment modality.
These radiation fields are then related to radmatloses delivered to the treatment volume and
surrounding areas.

When the planning calculations are complete, tlataten fields are displayed either as dose
contours in the original image space, dose voluisidgrams, or dose-depth plots. This gives the
clinician or researcher an accurate and convemaytto view the radiation fields, so that the
modality and dose delivery parameters can be quidktermined, balancing tumor cell Kill
against healthy tissue sparing.

The remainder of this manual provides a guide ® phactical use of MINERVA’s basic
modules, but is not an exhaustive treatment of éatlure of the code.



2. CONCEPTS AND NOTIONS

The basic concepts used by MINERVA are image skcgbkregions, as illustrated in Figure 2. An image
slice is data corresponding to a single medicalgend ypically, several anatomical features of ieser
will intersect an image slice. For example, an ienalijice can contain a cranial object, tumor objent]
objects defining eyes, sinuses, and other relefeantres.

Image Slices

V Fegions

Figure 2. Basic MINERVA Concepts

Regions are defined by segmenting the data in afdatage slices. Once defined, region definitioms
different slices are combined to form three-dimenal volumes.

Typically, the user begins by displaying an imatjees and then defining regions on that image. Afte
several regions have been defined, they may benstrewted (or synthesized) into a three dimensional
object representing a structural or functional deat These reconstructions can be displayed imegeth
dimensional viewing window, where viewing contrallw arbitrary views of the reconstructed data.

The univel, or Uniform Volume Element, geometrydfdsen 1998, Frandsen 2001) is fundamental to
the MINERVA geometry description. A univel is esBally a three-dimensional image pixel with
uniform slice spacing between image slices. Thipragentation gives significant computational
advantages for Monte Carlo transport dose calanaind simplifies the description and display & th
data. Note that the image data used for segmentatist have a uniform spacing between slices; if
imported image data does not have uniform sliceiagatools are provided to re-slice the image data
achieve this uniform spacing.



3. DATA MANAGEMENTS

MINERVA's data management system employs an irderfayer to provide a framework for modules to
communicate with the data sources. As a resultd#tia sources are loosely coupled to the resteof th
MINERVA. This allows new data storage technolodgiebe added without cascading effects throughout
the system. Although not every module accessesfalte data sources, the data interface layer gives
them the ability to do so, if needed.

Currently, MINERVA supports two types of data stggarelational databases and XML files. When
MINERVA is first invoked, the Patient module wilteate the data interface layer, which can be atlliz

by the Image, Model, and Analyze modules. When ataquired from a data source, a module issues a
request to the data interface layer with a unicata @entifier and the data source to examine. Gimee
data is retrieved, it will be cached in memory or disk if memory availability is low. Subsequent
requests for that data will retrieve the data duhe fastest cache available, thus improving tstesn's
response time.

3.1 Database

All patient data is stored in a relational databasmoving the burden of tracking multiple patiitgs
from the user. The Java Database Connectivity (JDBChnology allows MINERVA to communicate
with almost any database that has a JDBC drivetadla for it.

The Patient, Image, Model, and Analyze modules hearking database access. The database connection
is established as part of the data interface lagtip by the Patient module.

Steps have been taken to ensure that the datatiagéty is maintained by using database transagtio
and foreign key constraints. Database transacatass MINERVA to revert to a previous state if tieer
was an error while saving an object, keeping thalese from becoming corrupted. The foreign key
constraints prevent MINERVA from removing itemsrfrahe database until all references to the item
have been removed, preventing accidental partlatida of items.

3.2 File Import/Export Features

Because database files are generally hidden frenusglr and not easily transportable, a conveniagt w
to transfer patient information between variougsised installations was developed. To accomphis t

a complete Extensible Markup Language (XML) fileesification of all of the information contained in

the database and a set of XML-based import/exmmistare being developed. This same XML file
specification will also be used to help define &iel 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 axdesthe data interface layer to perform the
following functions:

import external patient XML files directly intbe database;

import XML files generated by an external plugin

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

PwnE

Tools 1 and 4 can be used to transport a patiepadial patient from one installation to anothar to
backup a patient's data in a form not specifioip @atabase vendor. Tools 2 and 3 allow externayips
to acquire information from, and provide informatim, the MINERVA system.

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



We| View Modules Database Help
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Exit Ctil-2

Figure 4. XML import/export menu in the Patient mted



4. THE PRIMARY MINERVA MODULES

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

4.1 Patient Module

The Patient module, which is the entry point tod &@ime hub of, the MINERVA system, manages the
entire treatment planning process. In additioratsthing and managing the Image, Model, and Analyze
modules, the Patient module creates, edits, andves$ data from the patient database.

The Patient module user interface allows the useedord, review, and edit patient information.ckeen
shot of the user interface is shown in Figure SsTihformation includes some standard fields (name,
address, phone, e-mail, date of birth, gender), dtat also includes user-specified fields. Theidpat
module allows the user to see what other datasiscésted with a given patient.

4. patient =10 x|

File View Modules Database Help
@R -

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

Gis®

s

i
F| Patient Name

Address | |
City | |
State | |
|

|

zZip |
Country |

Contact Infomation Ho Picture Availahle

Home Phone |

Work Phone |

Home Email |
Work Email |
Cell Phone |

Fax |

Import Picture

Emergency Contact

Emergency Contact Info |

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

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

Figure 5. Patient module user interface.



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

The Patient module is able to open a robust commmetb the patient database using a Java Database
Connectivity (JDBC) compliant database engine. Tausit has been tested using the MySQL (Widenius
and Axmark 2002), PostgreSQL, and Derby databastersg. A complete user interface is provided so
that the planner can easily create, edit, or ngdrithe patient data. If the Patient module is umdbl
complete the database connection, the programtidianiis and provide diagnostics to the user.

|
|
|

Figure 6. Image module user interface.

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

4.2 ImageModule

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



The user interface for the Image module is showRigure 6. Full database connectivity is included i
the Image module. The Image module currently sup@@86H, grayscale JPEG, grayscale PNG, and raw
image import functions and partially supports DICGM. With appropriate plugins, the Image module
can convert other image formats to the internal ERVA image format and store this data in the patien
database. Plugin support allows additional imagaipudation operations and import filters to be adide
at a later date. Standard image processing featimelsiding noise filtering, gamma correction, and
contrast enhancement, are provided.

A rigid body registration system based on maximirabf mutual information (Viola and Wells 1997)
has been included, with a three-dimensional dispfaghe image registration process (see Figurd d@).
facilitate the registration and define the geomedryeslicing tool has been developed. This todiopms

a pixel-by-pixel interpolation between existing igeaslices to define new images and create a uniform
spacing between image slices, if one does notdyrexgist in the original image set.

File Preferences E

sleElsl ola| »[u| 3] 2]

SO [x vz |xvvz|zx| | %

Yiew of Slice Overlay:

| Yiew || lpdate || Close |

= M= [ |

lo99523 [l-0.01957 |looesss |lozo129 |
wozgze |loogess1 |-o.09036 |[-38.24034
[-0.09238 [[0.09262 |[n.99131 |-4.85239 |
o Jlo | |[1 |

| I | !bdating ..

Figure 7. Image module registration process.



4.3 Model Module

The Model module creates the anatomical geometrth@fpatient and target based on the image data
received from the Image module. The Model module lwa used to either create a new univel geometry
file or edit an existing model. Anatomical struesirare defined by various methods, and materials ar

assigned to these regions. The univel geometryipeuery fast Monte Carlo analysis. The user iratesf

and some of the features of the Model module ave/shin Figure 8.

Kodel: Dilaert

File Edit View Operations Tools
| nlal|®| B|®| cearsice| ciear ansices | | 2

201(CT) |

CMlU.UUI

Regions

Name Overvrite | Color

10.00 |2EI.UU ‘SU.UU
Lisil Loaalissl I 1 I

SERPCIEEE

| Load Regions || SaveRegions |
~Wiew Opti Taol Opticns
Zoom: ——7) 1 Opacity: =) 1| Size: « {7k
Slice: {:} 1 ﬂ = Axis: |IS v| Rutate:| [ " o | Configure Buttons

Figure 8. Model module user interface.

The Model module contains several methods for mnoa semi-automatically defining up to 32,768
regions of interest (ROIs) from one or more imag#s,swhich may encompass several imaging
modalities. A great deal of effort was expendedntmke manual ROI definition easy and fast, as an
interim solution until a suitable and robust auttedaprocedure can be developed. All of the tools an
operations have been implemented as plugins toliyrthe program design and to allow the later
addition of more advanced tools. A generic undoagen will record the user’s actions, and allow them
to be reversed. All modeling can be conducted withltiple image sets along the three principal
orthogonal axes simultaneously and interchangediljtiple image sets may be used simultaneously to
define the ROls.

Zooming support is included, and the display ofgmalices is optimized for speed and memory usage.

3D visualization view, shown in Figure 9, can bediso display the current geometry and will updete
the user constructs the geometry to give interadgedback.
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4

Figure 9. Model module univel surface renderinggpiu

The Model module also supports scripting, wheraigant user actions are recorded to a file tlzat be
played back later. Either an entire or partial niodesession can be recorded, giving the user Ibilgya

to automate common tasks. With this feature, madesiessions can be replicated easily or stored as
planning templates. This has the capability ofdating and simplifying the modeling process.

4.4 Analyze Module

Control of plan development and dose reportingassolidated in the Analyze module. The planning
function controls the launching of the source aadgport plugins, receives the results from thésgimp
modules, and saves the results to the databasedoBeereporting function accesses the databasatb r
the dose information for each field in the pland grerforms the dose combination and reporting. An
example of the Analyze module capabilities is shawhigure 10.

The Analyze module planning control, shown in thmper (tabbed) section of Figure 10, can create
multiple strategies, plans, and fields, and canhioenfields into plans and plans into strategias. the
MINERVA system, a field is defined as a single edidin application, a plan is a single radiatiorr&ipy
modality application, and a strategy is a set ahpladministered to a patient. Basic checks areutes
before inserting a field or a plan, such as cherliime dimensions and modality types to assure
consistency. The Analyze module launches souraginduo create the radiation source descriptions fo
each field, and transport plugins to calculate dbse distribution. (The dose data are includechen t
MINERVA field definition.) A default transport pluig was created to export the field information, twit
its associated source and geometry, to an XMLatfilé import calculated dose data from an XML filel an
associate it with the field.

11



BEIEE

Strat-Mirtest | Strat1 | Strat3 |
Display | Plan ID [ Modality [ RBE ] Field ID [Wveight| Geometry | Source [ Transport | Binary Agent |
s12 MIR Default [S/ST2 0.755T activity created [Elpose saved = 0.00( |
ST3 0.265T activity created [Slpose saved 5] 0.00[_|

Contours | Dose Depth | D |

5.00 10.00

Maximum = 2.91 Humber of Levels = 10 Dose = total

| Select Dose || E«it Plot Properties H Print Plot || Export |Axis:|IS v| [v] Show Contours Size: nj\_/'

Figure 10. Analyze module user interface.

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

Analyze uses a plugin system to display the dos& tathe user. This allows the user to custontiee t
program by adding additional display plugins. Thendard plugins calculate and display dose contours
dose volume histograms, and dose-depth chartsd@$e volume histogram plugin itself uses plugins to
generate the data and users will be able to impietheir own algorithms for these functions.

The contour plugin will display the dose data astgors drawn on top of an image set, as shown in
Figure 11, on all three principal axes. These amstavill automatically update in the backgroundtzes
user changes the weighting values (biological weiiglctors, binary agent concentrations, etc.) for
interactive feedback. The user also has the aldifyrint and export the contours as an image file.
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¥ Analyze: Dilbert =
File Edit Yiew Tools

Isls]l®[e][¥]e]

Display/ PlaniD | Modality | RBE | FieldID |Weight| Geometry | Source
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RL: 10.34
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Maximum = 2.91 Number of Levels = 10 Dose = to... el | i B
ARL 1122 RL: 11.33 RL:11.44

Select Dose Edit Plot Properties Print Plot Export Axis:| RL » | ¥l Show Contours Size:

Figure 11. Analyze module dose contour display.

The dose volume histogram (DVH) plugin displays dose information based on the chosen graph type,
as shown in Figure 12. It currently supports sdwdifeerent plot types, including plugins for cunatilve,
frequency, and volume graphs. The dose-depth plagindisplay dose information on a chosen line
segment through a 3D region. Both plugins haveraatit updates as the user changes weighting values.
The user is able to print, export, or save plothé&database for future use.

13
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Figure 12. Analyze module DVH display.
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5. INSTALLATION INSTRUCTIONS

Before installing MINERVA, an ODBC/JDBC complianatébase system must be installed. Instructions
for setting up MySQL are given in Appendix A andtiictions for PostgreSQL are given in Appendix B;
to install other database systems, follow the utgtons provided with the database software. MINBRV

is distributed to the typical user as either anfédgeor Windows users or a bin file for Linux, Bas, or
MacOS X users. After running or executing this fie is normal for your operating system, the wizard
window shown in Figure 13 should appear. Simplyofelthe instructions and the run time version of
MINERVA will be installed on your system. Appendixprovides a list of additional software that must
be installed for proper MINERVA operation; theseckeges should be installed before attempting to
install MINERVA.

i
e Introduction
mlhffﬁfumi'aﬁf InstallArywhers will guide vou through the installation of Minera.
2 Lipense Adreerient -

ot -Ghntse Ihﬁtall"'BE{r Itis strongly recommended that yvou quit all programs befare
L it s T g continuing with this installation.
o 3 Cliopseinetall Folder

1) Chooes ShoticltFalder Click the ™ext button to proceed to the next screen. If you want to
change samething on a previous screen, click the Previous' buttan,

i F'r_e-l'ri's'ﬁaII:aiiInn":Summaw
Ll .'|||i"ﬂ£1---_ . You may cancel this installation at any time by clicking the 'Cancel!
» [retalliE armplete | hutton,

Freyials

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

It is not the intent of this section to exhaustyvebver every possible selection in the various nhes|
that would be overly detailed and burdensome, &at function has been delegated to the MINERVA
help system. Rather, the aim of this section gr&wvide an overview of the basic functionality negdy
the user to start the various modules and accedselp menu for further operational detail.

6.1 MINERVA Help System

As a supplement to the information provided in thanual, a help system has been developed for
MINERVA. This system provides a help informatiorcifay that allows users to navigate, search, and
display help information, as shown in Figure 14c#én also help new users learn how to use the
MINERVA system, reducing the initial training time.

»O8 Help
¢y | wlw|ale

o 0O me Minerva Overview I

Table Of Contzms
¥ (wervew

MINERVA rﬁgegt
Patient _Q_M cdel
mage Analvze "
Model
Analyze Datanase
F Tutorial
g Patient Image Model Analyss
g Image -
> Model
L Analyze _

| Eaternal i
Bn.am 1 |
YL u: IH;er m"::.:? [ 'rénln:'::d
u L Pr*m“ i

Figure 14. The MINERVA help system.

The help system has a table of contents displagfinthe pages in a tree structure, an index, asghysof
terms, and a search function. Information for addél plugins can be added as needed, as canalstori
The help system may be launched from any of the BRMA modules or plugins.
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6.2 Patient Module

The Patient module provides access to the ImagdeMand Analyze modules and provides the interface
layer to the patient database. This module carabeched from the command line or a desktop icon.
Launching the Patient module should produce thal@isshown in Figure 15.

4 patient =0 x|

Filel\n‘iew Maodules Database Help

[ New... Ctrl-H
= Open... ctrl-0

Close Cirl-nf
Revert

Save Ctrl-5

Save As Ctr+Shift S
Import... 3
Export... 3

B2 Preferences.. Ct-k

Print... CtikP

Ex=it Ctil-

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, seljmen from theFile pull-down menu. If connection to a
database has not been made, you will be promptdd $o, as shown in Figure 16.

17



Database Login x|

Database Information:

Database Host: |neutr|:|n.c:snet.mnntana.edu |

Database Type: |m3rs ]| |

Port: 3305 |
User Login
Username: | |
Password: | |
OK Cancel

Figure 16. Interface prompting for database cotimenformation.

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

Open Patient il

- Choose Patient to Open
Patient -

OK Cancel

Figure 17. Selection of a patient from the databas

If opening a new patient choose New from the Filmmand enter the new patient ID, as shown in Eigur
18.

mput x|

- Enter new patient ID

|Jane Doe |

OK Cancel

Figure 18. Entering a new patient ID.

If an existing patient ID is entered for a new eatj the Patient module will produce an error mgssa
new and unique patient ID must be provided for qzatfent.

18



The patient information may now be entered, viagheel shown in Figure 19. This includes normal and
emergency contact information, physician informatiand patient medical history. A photograph of the
patient may also be provided, if desired. Navigatetween data fields may use either the TAB key or
the mouse.

4 patient =0 x|

File View Modules Database Help

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

Gl @m®/a

1
F| Patient Name

Address | |
City | |
State | |
|

|

zZip |
Country |

Contact Infomation Ho Picture Available

Home Phone |

Work Phone |

Home Ernail |
Work 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 19. Patient information panel.

Importing and exporting data for a particular pattiean be done from the Patient module. Data can be
imported by using the option “Import New Patientider the File-Import menu. This imports data for a
new patient not currently in the selected databBsg¢a may be added to an existing patient with the
“Importing Into Current Patient” option, which catso be found under the Fi#dmport menu. This
operation imports particular data objects withoavihg to import the entire patient. Exporting patie
data can be done using the “Export Data” optiorated under the FileExport menu. This allows any
particular subset of the patient's data to be dgdor

All XML import and export operations use a deperechecking system to ensure data integrity. For
example, if the user were to try to import or expwr3D model, then the Patient module would also
require importation of the images that were useddawstruct that model. In order to allow this in an
intuitive manner, MINERVA supplies a visual toolthallows the user to see the dependencies in real
time. If the user selects an object that has degpgadthen the dependents will also be selecteekeTis
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protection in place to prevent the user from urtiglg any data object that is a dependent of anatai
object. If the user tries to unselect a dependejeict, an error popup will be displayed (see Figt0g

af = Patient _ T
File View Modules Dat{[ 1| Select Classes and Id's you would lilce £| X

. Please select the ids which you want to export.
[ R @ | @ B | & | If you select an entire class, all it's ids will be exported

¢ [¥] Geometries

|’Address & Contact Inform

[v]ST
Patient Address o [] Materials
Address | o= [_] Patient Datas
City | o= [_| Region Lists

State | 2 |¥] Images

Zip | []sT
Country

Contart Infomation i 1 fure Availahie

| Dependecy Warning X

& This item is a dependent of the following items, and thus cannot be unselecied: Geometries:5T

| Ok I
CEIT PIOTE | :
Fa:n:! ort Picture

Emergency Contact

Emergency Contact Info |_

| Qk ” Cancel ‘

Figure 20. Export dialog and dependency error agess

The Import dialog looks virtually the same as the&t dialog, except the Import dialog has a défer
header. This helps the user identify which windswpen.

6.3 Image Module

The Image module is launched from the Patient neodhough either the Image Module icon on the
toolbar or theModules menu. As stated in section 3, the Image moduleccarentlyl mport DICOM-
RT, QSH, JPEG, and raw image. Standard image pimcegeatures, including noise filtering, gamma
correction, and contrast enhancement, are alsodmay

With the exception of thdregister selection of theTools menu, thehelp system should provide
sufficient operational detail for the other Imagedule menu features.

A rigid body registration system based on maxinizabf mutual information (Viola and Wells 1997)
has been included, with a three-dimensional displathe image registration process (Figure 21). To
facilitate the registration, and to define the @higeometry, a reslicing tool has been developéi tbol

20



performs a pixel-by-pixel interpolation betweenstixig image slices to define new images and create
uniform spacing between image slices. This uniwgresentation is the basis for the segmentation
process in the Model module.

File Preferences

 ElEas ol »[nf 8] 7

25 [ x|z lolvlz] o] %

¥iew of Slice Overlay:

| Yiew || Update || Close |

[ =N

lo99523 |[-0.01957 |jo 0es58 [joz0129 |
[o.0z826 [[o.s9551 [-0.09036 |[-38.2403¢
[-0.083z8 |[o.09263 |[o99131 |[-4.85239 |
[o J[o Jlo | |

4]

 — Updatng .
Figure 21. Display from the MINERVA Image modulbpsving co-registration of MR and PET images.

6.4 Model Module

The Model module is used to segment an image seetiying organs and other structures using a tyarie
of segmentation tools. This defines the patientgtoy model used to perform dose calculations.

The Model user interface is split into six maintg®es. The segmentation tools are displayed orfahe
left, with the currently active tool highlightedh@&se tools are provided by plugins, so this seafdhe
display may look different depending on the plugitstalled. To the right of the tools display ig ttmain
editing area. The currently selected tool is opleraiside this area and any actions taken (mouskscl
drags, etc.) are forwarded to the current tooltHearto the right is a thumbnail display of the gea
slices. Clicking on a slice will place that slige the editing area. The list of currently definegjions
within the geometry is at the far right. (In MINERY a region denotes an organ or structure and the
properties — composition, density, etc. — assatiatiéh it.) The view controls, including zoominggis
orientation, and opacity, are at the bottom ceritee options available for the currently selectsal tire
displayed at the bottom right. These options withtge 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 awaféhe current region and the status of the oveewrit
option for that region. The current region is tlkerently selected region in the regions list. Theld use
the current region when performing their operatidrie overwrite flag allows the user to protect samn
all regions from being accidentally erased or ovéten. If the overwrite flag is turned off, thehet
univels with that region value cannot be modifiedorder to erase or alter part of a region, tegion’'s
overwrite flag must be set.

6.4.2 Tools

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

4| paintbrush: Paints the area under the mouse (drag) wittctineently selected region. The
brush size can be controlled and the middle anut ngouse buttons can be defined to operate
other tools. It is useful to define the middle butto use the Fill tool (Paint Bucket) and the tigh
button the Eraser tool. In this way you could glyickutline an object, fill it, and make
corrections by erasing.

2 Paint Bucket: Fills an enclosed area with the current regidsually the paintbrush is used to
outline a region and the paint bucket is usedltth# interior of the outline. The paint buckenhca

22



also be used to change the region assigned toneesegd area. If the user clicks on a segmented
area with a different region selected, then thea dhey clicked on will be replaced with the
currently selected region. The paint bucket cankwor2D or 3D mode. In 2D mode the fill is
constrained to the current slice. In 3D mode tloéwall fill connected areas above and below the
active slice.

@Eraser: The eraser is the inverse of the paintbrushrenioves the region definition from
the selected area under the mouse. This tool heesame brush size as the paintbrush.

N\l Wand: The wand tool fills based on the image pixekndity. The user selects a “seed
pixel” that serves as the starting point for thend/&unction and defines a threshold for the pixel
intensity search. The wand tool will expand theaaasound the seed pixel, in either 2D or 3D, to
include pixels directly connected to the seed ptkak have intensity within half the threshold
(plus or minus) of the seed pixel intensity. Thipa&nsion is continued recursively until either no
additional pixels within the threshold are foundumtil a boundary, either a defined area with
overwrite protection or the image boundary, is emtered.

@| Copy: Allows the user to copy selected areas to auifit slice. When the user clicks on a
region in the image, the copy tool finds the bounpdd that region and copies it to the clipboard.
To select multiple areas hold down the shift keyleveelecting regions. A preview is displayed
in the tool options area to show the clipboard eots.

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

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

€| Constraint Marker: This tool allows the user to specify constraiotsany point in the
geometry or for any region. The constraints alltwe tiser to specify limiting doses for that
location or region.

V] Convergence Marker: The convergence marker allows the user to spémifations in the
geometry to be used to determine dose calculatomargence in the transport plugins.

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

6.4.3 Operations

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

the unassigned pixel. This is useful for catchimg dccasional stray pixel that was missed by a
tool operation.
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Thresholding: The thresholding operation allows the user étai® regions using pixel intensity
thresholds. The threshold can apply to a slice ¢the entire image set. It may also be applied to a
subsection of a slice by clicking on the previeee($igure 23) and the threshold operation will
flood fill from that point, constrained by the tkimld. To specify the threshold the user clicks
and drags in the histogram area. The preview imaifjeupdate to display the results of the
thresholding operation. The user can modify theghold definition by holding down a modifier
key. A slider mode is also available to definedpger and lower threshold values.

6.4.4 L oading Data From External Files

The Model module provides two plugins which readrgetry information from existing files. Under the
File menu is a Import menu that lists all the currdagims for importing data. The first plugin, ldbe
UVH on the menu selction reads univel geometry fies] the other plugin, labeld2icom Geometry,

has limited support for DICOM RT structure setst thave closed planar contours as long as the image
set and the structure set are within the same plane

8eNne Theshelding: 5T

Preview Scale:

Avis: IS |- 15

<J

¢ | Show Preview Entire Image Set

Preview Color - Fill Region: |brain | Mode: |Graphical |~

Apply Clear Mask Close

Figure 23. The threshold operation display.

6.5 Analyze Module

The Analyze module has two principal functionseate one or more treatment plans for a patient; and
graphically display and compare the dose data fittese various treatment plans. The Analyze module
display window has a specific work area for eactheke functions — the upper section is used tinalef
treatment plans and the lower section displaysitse data.
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4. Analyze: Dilbert _|EI|1|
Edit View Tools Help

File

S Add Strategy %o | [
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Mo Strategies for this Patient
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Select Dose Axis: O size: [

Figure 24. Analyze module interface display.

6.5.1 Definitions

The following terms need to be defined to alloweacand consistent explanation of the Analyze rfedu
functions.

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

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

Strategy: A strategy is a complete treatment plan for gep& It consists of multiple plans that
may contain multiple fields, with the constrainathall plans in the strategy must have the same
coordinates. Plans of different modalities can thdea to the same strategy. Multiple strategies
can be made and the user can compare the effeth® afifferent strategies by evaluating the
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resulting dose data. Once a course of action &rahited, the strategy to be administered can be
locked to prevent any changes. This locked stratedgfined as the treatment.

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

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

6.5.2 Analyze Workflow

The Analyze module has a specific workflow. Firssteategy is created, and then plans and fields are
added to it. The various source and transport edéce used to run the radiation simulations. Tiies,
user evaluates the strategies, plans, and fielidg) tise dose display features. If a strategy/plela/fis
found to be lacking, the user can go back, makegds rerun the simulations, and revaluate thesplot
This is done repeatedly until the user is satisfitl the results and can mark one strategy astth&gy
used to treat the patient. This strategy will thextome locked and the user will be prevented from
changing it.

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

1) First, create a new strategy by clicking onrib@s strategy button in the toolbar, or by selectiigw
Strategy” from the File menu (see Figure 25).

File Edit View Tools Help

L]

enn Input

MNew Strategy's Name:
|M\.Strategy

Figure 25. Display for creating a new strategy.

2) Next, create a plan by clicking the add plartdrubr selecting “Add Plan” from the Edit menu, and
then clicking the “Create New Plan” button (seeuf@y26). The plan treatment modality then must be
selected. After creating the plan, click OK to alld new plan to the current strategy. To add timeesa
plan to another strategy, click the add plan buétgain and, rather than creating a new plan, seleebf

the plans available in the plan popup menu.
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Figure 26. Display for creating a new plan.

3) Create a field by first making sure the planated in the previous step is selected. Then clickhe
add field button or select “Add Field” from the Edienu, and click the “Create New Field” buttong(se
Figure 27). The add field button is context semsitind will not be available unless a plan is setkéc
Create the field by giving it a name, the geomadryse, and specifying the modality, the sourcéoetid
use, and the transport editor. The geometry wifingethe coordinates for the field and Analyze will
prevent addition of a field to a plan with diffetasoordinates. Like the add plan command, the &dd f
command will allow the same field to be used bytipld plans.

non Analyze: Dilbert
File Edit View Tools Help

[slsi[e]e][¥] e/[m][»]u]

[ MyStrategy |

M O Create New Field
Name | we ng . e : IFr-erz ew Fie =
< Planl (TR ie ame: |Fie |E——
|
|
|
|

Geometry: |DA

[ O O O Add Field to Plan: Planl| Modality: [MTR

Select a Field: | |1 Source: [MTR source

—— Transport: |Default Transport
Create Mew Field |
| I OK H Cancel |

L— | OK | Cancel |

[ Co oo PO OvHT

Figure 27. Display for creating a new field.

4) Once the field has been created the sourcerangport editors must be run. To run the editdisk c
the button next to the status message supplietideditors. Each modality will have a different mau
and transport editor; these are defined locally.

5) As shown in Figure 28, the weight column forléFleis highlighted in red. This is to alert you thiae
weights for that field do not sum to one. You viai# prevented from plotting the results until theghts
have been corrected. To edit the weight, doubtk cn the desired weight value and enter the ndueva
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Figure 28. Analyze display showing a strategy witie plan and one field.

6) After the source and transport editors haveanuhthe field weight values are set, the plottieatdires
can be used to display and compare the dose data.

6.5.4 Plotting

In order to evaluate the effectiveness of a stydpdan/field, the Analyze module includes threeibas
plotting engines. The Contours engine displays @os¢ours on top of an image set, Dose Depth traces
ray through the object’'s coordinate system andlalspthe dose levels along that ray, and the DMH, o
Dose Volume Histogram, engine charts the volumedigtribution of dose. Each plotting engine is
provided by a plugin, so new plotting plugins canddded easily.

The user can plot the results for an entire styataglan, or just a field. There are some condgithat
will prevent a plot from being generated. For exbnis the transport editor has yet to be run fdiedd,
then no plots for that field can be displayed. Tdascades up the chain of objects, so a plan tmdhios
an incomplete field cannot be displayed and tregesly containing that plan is also prevented freindp
displayed.

In order to display a plot, the user just has tckobn a field, a plan, or a strategy. If the useselection
contains a valid dose, as described above, theitl ibe displayed in the current plotting mode. §witch
between the different plotting modes, the user si¢edselect a different plot engine tab in the tpigt
area. As the user selects different objects thés phall update to reflect the user’s current setect
Sometimes there may be a delay while the dosenaton is being calculated. During these calcutetio
a short message will be displayed in the uppemletihe plots informing the user that MINERVA isdyu
calculating the dose information.

6.5.4.1 Contours
The Contours plotting engine displays dose contourgop of an image set. To display the contours,

simply select the “Contours” tab in the plottingear and click on a field, plan, or strategy conteajn
valid dose information. The resulting display wésemble that shown in Figure 29.
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Figure 29. Dose contour display.

Thumbnails of available slices are displayed onritjet hand side, and the large image is displayed
the left with the contours drawn on it. The contcan be displayed on the thumbnail images byiolick
the “Show Contours” button on the bottom of theesar. The Contour data can be displayed along any of
the three principal coordinate axes by choosingattie from the Axis popup menu at the bottom of the
screen (see Figure 30).

£ 4 1
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Figure 30. Dose contour display along an alternatgdinate axis.
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Various plot settings are available by clicking tilit Plot Properties” button (see Figure 31). 3de
include configuring the ruler, displaying a gridgénd, adding labels, defining line styles, andifpag
contour levels for display.

Dispilay Labels: [

Tahel Funt Sive: |12 |

Figure 31. The Edit Plot Properties display far tontour plots.

In addition to the standard line contours, the Gorg plot can be configured to display the dosea as
color wash instead of lines, as shown in Figure BRally, the plots can be printed or exported to a
graphic file.

Figure 32. Colorwash contour display.

6.5.4.2 DVH

The DVH plot displays information about how muclsea certain region received. To create a DVH
plot, click on the “New Plot” button of the DVH paln This brings up a panel to select which dose
components and which regions to graph. Multipleedosmponents, or multiple regions can be selected,
but there cannot be both multiple selected dosepooents and multiple selected regions. The user
interface will prevent the user from selecting npét elements from both types. Options are also
available to specify the type of DVH plot (cumwatior differential). The different DVH calculation
algorithms are implemented as plugins, so new #lgos can be added to the system easily.
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Figure 33. Colorwash contour display.Figure 3®loGvash contour display.

After the wizard completes its operations, the plidt be displayed. In addition to the plot, a téou
summary of the DVH statistics is provided.
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Figure 34. The DVH plot display.
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Clicking on the “Edit Plot” button allows the ugerre-define the data sources and modify the ptigser
of the plot (line color, range, title, etc.). Likke Contours plot, the DVH plot allows you to pramd
export to a graphic file.

In order to compare two or more fields, plans,taategies, the current curves can be frozen. Thises
the current curves to stay on the plot as the seects different fields, plans, or strategies. Ginees for
the new selection will be displayed over the cutéed have previously been frozen, allowing the tise
compare the different data objects.

6.5.4.3 Dose Depth

The Dose Depth plot works by tracing a ray throtigh3D geometry and displaying the dose data along
the defined path. It also records what regions wiereersed, allowing the user to see how the dose
changes through the coordinate space. Creatingse Depth plot is similar to creating a DVH plot.
Clicking the “New Plot” button on the Dose Deptmphlaunches the point selection panel and will ask
for the starting and ending points of the ray &ér.

e o Dose Depth Properties
Data | Styles Axes

Starting Point

IS: 10 RL: 10 AP 10
Ending Point
IS: -10 RL: -10 AP -10

Dose Weighting

Physical
® RBE
Regions: v|Show . i
OK Cancel

Figure 35. The dose depth plot panel.

Once the user has entered the starting and endimyspthe Dose Depth plot will be displayed. In
addition to the graph of the dose levels, the mgihe ray traversed is displayed as a verticaldineach
region boundary.
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Figure 36. The dose depth plot display.

Like the other plotting engines, the user can xditdata and plot properties by clicking on theitBdot”
button. Printing and exporting to a graphic filaiso supported.
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APPENDIX A-MYSQL SETUP
HOW TO SETUP MYSQL FOR USE WITH TIRADE

This appendix provides minimal instructions neetiedet up the MySQL database software for use with
the MINERVA system. It is not a complete guide fienning and administering MySQL.

The database needs to be setup on one computachatsite. After the database server is setup, each
computer and MINERVA user only needs a user acconrihe server. To complete the installation, root
access on the server system is required.

1. Obtaining MySQL
The MySQL database can be foundhtp://www.mysqgl.comIn the downloads section, select the latest

stable production release. The next page will priegeu with the variou8lySQL system binarie&ind
the appropriate system and download the "Standandties.

If you choose to download Linux RPMs you will alseed to get the "Client programs" package as well.
Versions of MySQL before 4.1 required the “max”sien. Mysql 4.1 and later include the needed
features in the standard version, so the “max”igars not required.

This example will assume installation on a Linuatfirm using RPM. For installation on a different

platform or from a tar.gz file, please see the MiSdpcumentation for installation and configuration

instructions.

2. Installing MySQL
Quick install instructions:

1. su to root
2. type 'rpm -ivhMySQL-server-version.platform.rpm MySQL-clientsien.platform.rprm (using the
full filename that includes the correct versiond atatform )

3. Creating the Database
First, set a password for root to prevent unauteoriaccess to your database.

$/usr/bin/mysgladmin -u root password ‘'new-password
Then connect to the database

$mysql -u root —p
and create the database.

mysql>create database tirage

4. Adding usersto MySQL
Now add a user.

$mysd -u root —p

Appendix A-i



mysql>grant all privileges on tirade.* to username@hostr@identified by 'user-passward'
The hostname is the name of the computer usethtMINERVA, not the server name.

This can be repeated for any number of users bygihg the hostname, username, and password. After
all users have been added, type 'quit' to exitrtiegl shell.

5. Creating the MySQL configuration file

The MySQL configuration file will be run when they®QL server starts. Several tiers of my.cnf files
can be setup, but for simplicity only the servezaific file will be setup. If installing via RPM gashown
above), create the file /var/lib/mysqgl/my.cnf. distalling MySQL by a different method or in a difet
location, or to learn more about the my.cnf filegse see thellySQL documentatiofior more details.

As root, open the my.cnf file in the specified ltoa (it may be necessary to create the file i§ lsithe
first time anything has been added to it). There taro lines that must be added for MINERVA. A
minimal configuration file should look like:

[mysqld]
max_allowed_packet=8M

The first line lets MySQL know that this is a valinfiguration file. The second line sets the max
allowed packet size to 8 MB. This is needed becatfigbe large binary objects will be stored in the
database. After saving this file, perform the fallog commands as root:

# etclinit.d/mysql restart
#mysqgladmin variables | grep max_allowed_packet

The second command should show the value for meved packet, which should output something
like:

max_allowed_packet | 8387584

Note: If the max_allowed_packet is not set corggddINERVA will likely fail when saving binary data
8 MB is not necessarily the smallest packet siasipte, but during testing it has consistently veark

The new MySQL database is ready for use with MINEBRWor additional information on database
security, please see the MySQL documentation
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APPENDIX B-POSTGRESQL SETUP
HOW TO SETUP POSTGRESQL FOR USE WITH TIRADE

This appendix provides minimal instructions neettedet up the PostgreSQL database software for use
with the MINERVA system. It is not a complete guide running and administering PostgreSQL.

The database needs to be setup on one computachatsite. After the database server is setup, each
computer and user that uses MINERVA only needs ex ascount on the server. To complete the
installation, database admin access on the seystrs is required.

1. Obtaining PostgreSQL

The PostgreSQL database can be fouridtpt//www.postgresgl.orgln the downloads section, select the
latest stable production release. Most Linux and Bistributions have PostgreSQL available in there
package management system. For Fedora, the command

yum install postgresql-server

will install the PostgreSQL server on your computer

2. Post ingtall of PostgreSQL
Quick setup instructions:

1. su to root
2. Start the postgreSQL service. Either a graplsieevice starting program such as serviceconher t
command line tools service and chkconfig can bé.use

3. Creating the Minerva Database
Switch to the postgres user (or another use ttaatministrative privileges for the database)

# su postgres
Then connect to the database

$ psql
and create the database.
postgres=# create database minerva;

4. Adding usersto PostgreSQL
Now add a user.

# su postgres
$ psql

postgres=# create user fred with password 'pasgior

postgres=# create database fred;
Note that with PostgreSQL and Minerva, a databaile thhe user’'s name must be created, otherwise
Minerva will not be able to connect.
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5. Allowing Remote accessto the Database

By default on Fedora PostgreSQL is not set upleaalemote access. First, the firewall needs t@det
5432 through. Then in the directory /var/lib/pddata the following configuration files need to be
configured. The pg_hba.conf file should have atyeto allow the user to connect from the remole fi
add a following line (with correct username and iftheddress of the computer that they are conrgectin
from substituted) for each user and computer thihtennect:

host all fred 192.168.123.45 md>5

The postgresql.conf needs to allow remote connestio add or edit the following lines:
listen_addresses = "*'

port = 5432

This will allow the database to be accessed from eBemote computer.
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APPENDIX C-ADDITIONAL PACKAGES FOR
INSTALLATION

ADDITIONAL PACKAGESNEEDED FOR MINERVA INSTALLATION

In addition to the database software, several Jsaekages are necessary to properly install the
MINERVA software system. All are available as frpapblicly-distributed software packages; however,
several have license restrictions on redistributidius, each MINERVA user site will need to asgdhed
these packages are installed on the local hardwefere installing MINERVA. The following is a
complete list of the necessary packages, alongthtltyRLs to download each package:

JOGL https://jogl.dev.java.neiThe July 12, 2005 1.1.1 version is required. Maeent JOGL
versions will not work.

JAI http://java.sun.com/products/java-media/jai/indgx.

dcmdche http://sourceforge.net/projects/dcm4tfiacluded in installation)

JDOM http://www.jdom.org(Included in installation)

JavaHelp http://java.sun.com/products/javahelp/download_tyifaml (Included in installation)

JUNIT http://www.junit.org/index.htn©nly required for compiling program.

log4j http://logging.apache.org/log4j/dod#cluded in installation)

Vecmath http://java.freehep.org/jcvslet/JCVSlet/log/freetfiEgehep/tools/vecmath.jar/@Included
in installation)

Xerces http://xerces.apache.org/xerceghjicluded in installation)

In addition, the JDBC connector for the databask é required. (PostgreSQL and Cloudscape

connectors are included in installation.)
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APPENDIX D-XML FILE WITH DOSESET

EXAMPLE XML FILEWITH DOSESET

his is an example xml file of a test patient thaild be used as a guide for constructing the ARV&en
MINERVA and the transport plug-in. Elements withia extension would be provided by the exporter.

<?xml version="1.0" encoding="UTF-8"?>
<minerva>
<patients>
<patient id="2007mar12test01">
<dosesets>
<doseset id="field">
<description />
<nameGeneratedBy />
<time />
<versionGeneratedBy />
<doseSetRBEs />
<doseSetTissueToBlood />
<doseSetBinaryAgents />
<patientID>2007marl2test01</patientID>
<datalD>field</datalD>
<IS_length>53</IS_length>
<RL_length>512</RL_length>
<AP_length>512</AP_length>
<IS_mult>-0.5</IS_mult>
<RL_mult>0.08899999856948854</RL_mult>
<AP_mult>0.08899999856948854</AP_mult>
<IS_adder>36.5</IS_adder>
<RL_adder>-23.03999938964844</RL_adder>
<AP_adder>-25.73999938964844</AP_adder>

<sliceOrientation>AXIAL</sliceOrientation >
<dimensionality>CM</dimensionality>
<creationDate>2007-03-14T14:13:55Z</creat ionDate>
<modificationDate>2007-03-14T14:15:10Z</m odificationDate>
<doseComponentList>
<dosecomponent>
<scaleFactor>1.8788310785320574E-6</s caleFactor>

<parentID>field</parentID>
<patientID />
<datalD>dose</datalD>
<IS_length>53</IS_length>
<RL_length>512</RL_length>
<AP_length>512</AP_length>
<IS_mult>-0.5</IS_mult>

<RL_mult>0.08899999856948854</RL_mult >
<AP_mult>0.08899999856948854</AP_mult >
<IS_adder>36.5</IS_adder>

<RL_adder>-23.03999938964844</RL_adde r>
<AP_adder>-25.73999938964844</AP_adde r>
<sliceOrientation>AXIAL</sliceOrienta tion>
<dimensionality>CM</dimensionality>

<creationDate>2007-03-14T14:13:55Z</c reationDate>
<modificationDate>2007-03-14T14:13:55 Z</modificationDate>
<slices>
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<slice>file_0.bin</slice>

<slice>file_1.bin</slice>

<slice>file_2.bin</slice>

<slice>file_3.bin</slice>

<slice>file_4.bin</slice>

<slice>file_5.bin</slice>

<slice>file_6.bin</slice>

<slice>file_7.bin</slice>

<slice>file_8.bin</slice>

<slice>file_9.bin</slice>

<slice>file_10.bin</slice>
<slice>file_11.bin</slice>
<slice>file_12.bin</slice>
<slice>file_13.bin</slice>
<slice>file_14.bin</slice>
<slice>file_15.bin</slice>
<slice>file_16.bin</slice>
<slice>file_17.bin</slice>
<slice>file_18.bin</slice>
<slice>file_19.bin</slice>
<slice>file_20.bin</slice>
<slice>file_21.bin</slice>
<slice>file_22.bin</slice>
<slice>file_23.bin</slice>
<slice>file_24.bin</slice>
<slice>file_25.bin</slice>
<slice>file_26.bin</slice>
<slice>file_27.bin</slice>
<slice>file_28.bin</slice>
<slice>file_29.bin</slice>
<slice>file_30.bin</slice>
<slice>file_31.bin</slice>
<slice>file_32.bin</slice>
<slice>file_33.bin</slice>
<slice>file_34.bin</slice>
<slice>file_35.bin</slice>
<slice>file_36.bin</slice>
<slice>file_37.bin</slice>
<slice>file_38.bin</slice>
<slice>file_39.bin</slice>
<slice>file_40.bin</slice>
<slice>file_41.bin</slice>
<slice>file_42.bin</slice>
<slice>file_43.bin</slice>
<slice>file_44.bin</slice>
<slice>file_45.bin</slice>
<slice>file_46.bin</slice>
<slice>file_47.bin</slice>
<slice>file_48.bin</slice>
<slice>file_49.bin</slice>
<slice>file_50.bin</slice>
<slice>file_51.bin</slice>
<slice>file_52.bin</slice>

</slices>
</dosecomponent>
</doseComponentList>
</doseset>
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</dosesets>
<univelscans>

<univelscan id="images">
<modalitySpecificData />
<scannerSetID />
<imagingMachine />
<description />
<imageModality>CT</imageModality>
<colorTable>file_53.bin</colorTable>
<patientID>2007marl2test01</patientID>
<datalD>images</datalD>
<IS_length>53</IS_length>
<RL_length>512</RL_length>
<AP_length>512</AP_length>
<IS_mult>-0.5</IS_mult>
<RL_mult>0.08899999856948854</RL_mult>
<AP_mult>0.08899999856948854</AP_mult>
<IS_adder>36.5</IS_adder>
<RL_adder>-23.03999938964844</RL_adder>
<AP_adder>-25.73999938964844</AP_adder>

<sliceOrientation>AXIAL</sliceOrientation >
<dimensionality>CM</dimensionality>
<modificationDate>2007-03-14T14:15:11Z</m odificationDate>
<univelProperties>

<element key="levels-high">250.0</eleme nt>

<element key="levels-low">-250.0</eleme nt>

<element key="levels-center">0.0</eleme nt>
</univelProperties>
<slices>

<slice>file_54.bin</slice>
<slice>file_55.bin</slice>
<slice>file_56.bin</slice>
<slice>file_57.bin</slice>
<slice>file_58.bin</slice>
<slice>file_59.bin</slice>
<slice>file_60.bin</slice>
<slice>file_61.bin</slice>
<slice>file_62.bin</slice>
<slice>file_63.bin</slice>
<slice>file_64.bin</slice>
<slice>file_65.bin</slice>
<slice>file_66.bin</slice>
<slice>file_67.bin</slice>
<slice>file_68.bin</slice>
<slice>file_69.bin</slice>
<slice>file_70.bin</slice>
<slice>file_71.bin</slice>
<slice>file_72.bin</slice>
<slice>file_73.bin</slice>
<slice>file_74.bin</slice>
<slice>file_75.bin</slice>
<slice>file_76.bin</slice>
<slice>file_77.bin</slice>
<slice>file_78.bin</slice>
<slice>file_79.bin</slice>
<slice>file_80.bin</slice>
<slice>file_81.bin</slice>
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<slice>file_82.bin</slice>
<slice>file_83.bin</slice>
<slice>file_84.bin</slice>
<slice>file_85.bin</slice>
<slice>file_86.bin</slice>
<slice>file_87.bin</slice>
<slice>file_88.bin</slice>
<slice>file_89.bin</slice>
<slice>file_90.bin</slice>
<slice>file_91.bin</slice>
<slice>file_92.bin</slice>
<slice>file_93.bin</slice>
<slice>file_94.bin</slice>
<slice>file_95.bin</slice>
<slice>file_96.bin</slice>
<slice>file_97.bin</slice>
<slice>file_98.bin</slice>
<slice>file_99.bin</slice>
<slice>file_100.bin</slice>
<slice>file_101.bin</slice>
<slice>file_102.bin</slice>
<slice>file_103.bhin</slice>
<slice>file_104.bin</slice>
<slice>file_105.bin</slice>
<slice>file_106.bin</slice>

</slices>

</univelscan>
</univelscans>
<geometries>
<geometry id="geometry">

<patientID>2007marl2test01</patientID>

<datalD>geometry</datalD>

<IS_length>53</IS_length>

<RL_length>512</RL_length>

<AP_length>512</AP_length>

<IS_mult>-0.5</IS_mult>

<RL_mult>0.08899999856948854</RL_mult>

<AP_mult>0.08899999856948854</AP_mult>

<IS_adder>36.5</IS_adder>

<RL_adder>-23.03999938964844</RL_adder>

<AP_adder>-25.73999938964844</AP_adder>

<sliceOrientation>AXIAL</sliceOrientation >
<dimensionality>CM</dimensionality>
<creationDate>2007-03-12T13:17:52Z</creat ionDate>
<modificationDate>2007-03-14T14:15:15Z</m odificationDate>
<fiducialMarkerMap />

<constraintMarkerMap />

<regionConstraintMarkerMap />

<convergenceMarkerMap />

<body_info>

<bodylInfo key="0">

<name>undefined</name>
<material_name>undefined</material_na me>
<uvval>0</uvval>
<c_red>0</c_red>
<c_green>0</c_green>
<c_blue>0</c_blue>
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<regionlD>0</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>

</bodyInfo>

<bodylInfo key="1">
<name>BLADDER</name>
<material_name>BLADDER</material_name
<uwval>0</uvval>
<c_red>0</c_red>
<c_green>-1</c_green>
<c_blue>-1</c_blue>
<regionlD>1</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>

</bodyInfo>

<bodylInfo key="2">
<name>FEMUR_LEFT</name>
<material_name>FEMUR_LEFT</material_n
<uwval>0</uvval>
<c_red>-1</c_red>
<c_green>0</c_green>
<c_blue>-1</c_blue>
<regionlD>2</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>

</bodyInfo>

<bodylInfo key="3">
<name>FEMUR_RIGHT</name>

<material_name>FEMUR_RIGHT</material_

<uwval>0</uvval>
<c_red>-1</c_red>
<c_green>0</c_green>
<c_blue>-1</c_blue>
<regionlD>3</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>
</bodyInfo>
<bodylInfo key="4">
<name>GTV</name>
<material_name>GTV</material_name>
<uwval>0</uvval>
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<c_red>-1</c_red>
<c_green>0</c_green>
<c_blue>0</c_blue>
<regionlD>4</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>

</bodyInfo>

<bodylInfo key="5">
<name>PTVHD</name>
<material_name>PTVHD</material_name>
<uwval>0</uvval>
<c_red>-1</c_red>
<c_green>0</c_green>
<c_blue>0</c_blue>
<regionlD>5</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>

</bodyInfo>

<bodylInfo key="6">
<name>RECTUM</name>
<material_name>RECTUM</material_name>
<uwval>0</uvval>
<c_red>0</c_red>
<c_green>0</c_green>
<c_blue>-1</c_blue>
<regionlD>6</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>

</bodyInfo>

<bodylInfo key="7">
<name>SKIN</name>
<material_name>SKIN</material_name>
<uwval>0</uvval>
<c_red>0</c_red>
<c_green>-1</c_green>
<c_blue>0</c_blue>
<regionlD>7</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>

</bodyInfo>

</body_info>
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<imagesets>

<element>images</element>

</imagesets>

<materialHash />

<slices>
<slice>file_107.bin</slice>
<slice>file_108.hin</slice>
<slice>file_109.bin</slice>
<slice>file_110.bin</slice>
<slice>file_111.bin</slice>
<slice>file_112.bin</slice>
<slice>file_113.hin</slice>
<slice>file_114.bin</slice>
<slice>file_115.bin</slice>
<slice>file_116.bin</slice>
<slice>file_117.bin</slice>
<slice>file_118.hin</slice>
<slice>file_119.bin</slice>
<slice>file_120.bin</slice>
<slice>file_121.bin</slice>
<slice>file_122.hin</slice>
<slice>file_123.hin</slice>
<slice>file_124.bin</slice>
<slice>file_125.bin</slice>
<slice>file_126.hin</slice>
<slice>file_127.bin</slice>
<slice>file_128.hin</slice>
<slice>file_129.bin</slice>
<slice>file_130.bin</slice>
<slice>file_131.bin</slice>
<slice>file_132.bin</slice>
<slice>file_133.hin</slice>
<slice>file_134.bin</slice>
<slice>file_135.bin</slice>
<slice>file_136.bin</slice>
<slice>file_137.bin</slice>
<slice>file_138.hin</slice>
<slice>file_139.bin</slice>
<slice>file_140.bin</slice>
<slice>file_141.bin</slice>
<slice>file_142.bin</slice>
<slice>file_143.bin</slice>
<slice>file_144.bin</slice>
<slice>file_145.bin</slice>
<slice>file_146.bin</slice>
<slice>file_147.bin</slice>
<slice>file_148.hin</slice>
<slice>file_149.bin</slice>
<slice>file_150.bin</slice>
<slice>file_151.hin</slice>
<slice>file_152.hin</slice>
<slice>file_153.hin</slice>
<slice>file_154.bin</slice>
<slice>file_155.bin</slice>
<slice>file_156.hin</slice>
<slice>file_157.bin</slice>
<slice>file_158.hin</slice>
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<slice>file_159.hin</slice>
</slices>
</geometry>
</geometries>
<fields>
<field id="field">
<patientID>2007marl2test01</patientID>
<datalD>field</datalD>
<sourcelD />
<geometrylD>geometry</geometrylD>
<description_string />
<modality>External_Beam_P</modality>
<sourcePluginName>Null Source Editor</sou rcePluginName>
<transportPluginName>Default Transport</t ransportPluginName>
<doselD>field</doselD>
<sourceClassString />
<locked>false</locked>
<sourceProperties />
<transportProperties />
<[field>
<ffields>
<patientData>
<datalD>2007marl12test01</datalD>
<patientID>2007marl12test01</patientID>
<physicianNotes />
<patientinfo>
<homeEmail>
<value />
<displayValue>Home Email</displayValue>
</homeEmail>
<sex>
<value />
<displayValue>Sex</displayValue>
</sex>
<weight>
<value />
<displayValue>Weight</displayValue>
</weight>
<emergencyContactinfo>
<value />
<displayValue>Emergency Contact Info</d isplayValue>
</emergencyContactinfo>
<diagnosis>
<value />
<displayValue>Diagnosis</displayValue>
</diagnosis>
<patientIDKey>
<value />
<displayValue>Patient ID</displayValue>
</patientIDKey>
<referringPhysician>
<value />
<displayValue>Referring Physician</disp layValue>
</referringPhysician>
<state>
<value />
<displayValue>State</displayValue>

Appendix D-viii



</state>
<homePhone>

<value />

<displayValue>Home Phone</displayValue>
</homePhone>
<workEmail>

<value />

<displayValue>Work Email</displayValue>
</workEmail>
<treatmentProtocol|D>

<value />

<displayValue>Treatment Protocol ID</di
</treatmentProtocollD>
<city>

<value />

<displayValue>City</displayValue>
</city>
<postalCode>

<value />

<displayValue>Zip</displayValue>
</postalCode>
<patientName>

<value />

<displayValue>Patient Name</displayValu
</patientName>
<height>

<value />

<displayValue>Height</displayValue>
</height>
<age>

<value />

<displayValue>Age</displayValue>
</age>
<birthdate>

<value>Mon Mar 12 13:00:51 MDT 2007</va

<displayValue>Birthdate</displayValue>
</birthdate>
<heightUnits>

<value>meters</value>

<displayValue>Height Units</displayValu
</heightUnits>
<workPhone>

<value />

<displayValue>Work Phone</displayValue>
</workPhone>
<strategyUsedForTreatment>

<value />

<displayValue>Strategy Used</displayVal
</strategyUsedForTreatment>
<planAdministrationDatetime>

<value />

<displayValue>Plans Administered Dateti
</planAdministrationDatetime>
<fax>

<value />

<displayValue>Fax</displayValue>
<[fax>
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<cell>
<value />

<displayValue>Cell Phone</displayValue>

</cell>
<physicianNotes>
<value />

<displayValue>Physician Notes</displayV

</physicianNotes>
<oncologist>
<value />

<displayValue>Oncologist</displayValue>

</oncologist>
<country>
<value />
<displayValue>Country</displayValue>
</country>
<caseHistory>
<value />
<displayValue>Case History</displayValu
</caseHistory>
<address>
<value />
<displayValue>Address</displayValue>
</address>
<radiologist>
<value />
<displayValue>Radiologist</displayValue
</radiologist>
<weightUnits>
<value>kg</value>
<displayValue>Weight Units</displayValu
</weightUnits>
<plansAdministered>
<value />
<displayValue>Plans Administered</displ
</plansAdministered>
<treatingPhysician>
<value />
<displayValue>Treating Physician</displ
</treatingPhysician>
</patientinfo>
</patientData>
<plans>
<plan id="plan">
<datalD>plan</datalD>
<patientID>2007marl2test01</patientID>
<modality>External_Beam_P</modality>
<locked>false</locked>
<plan_fields>
<element key="field">1.0</element>
</plan_fields>
</plan>
</plans>
<strategies>
<strategy id="strat">
<datalD>strat</datalD>
<patientID>2007marl2test01</patientID>
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<locked>false</locked>
<planIDSet>
<element>plan</element>
</planIDSet>
</strategy>
</strategies>
</patient>
</patients>
</minerva>
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APPENDIX E-XML FILE WITH SOURCE

EXAMPLE XML FILEWITH SOURCE

This is an example xml file of a test patient tbatild be used as a guide for constructing the API
between MINERVA and the source plugin . Elementh &bin extension would be provided by the
exporter.

<?xml version="1.0" encoding="UTF-8"?>
<minerva>
<patients>
<patient id="mtr test">
<geometries>
<geometry id="test4 _geom">

<patientID>mtr test</patient|D>
<datalD>test4 geom</datalD>
<IS_length>8</IS_length>
<RL_length>8</RL_length>
<AP_length>8</AP_length>
<IS_mult>1.0</IS_mult>
<RL_mult>1.0</RL_mult>
<AP_mult>1.0</AP_mult>
<IS_adder>0.0</IS_adder>
<RL_adder>0.0</RL_adder>
<AP_adder>0.0</AP_adder>

<sliceOrientation>AXIAL</sliceOrientation >
<dimensionality>CM</dimensionality>
<creationDate>2005-10-10T10:48:37Z</creat ionDate>
<modificationDate>2007-03-14T14:08:51Z</m odificationDate>
<fiducialMarkerMap />

<constraintMarkerMap />
<regionConstraintMarkerMap />
<convergenceMarkerMap />
<body_info>
<bodylInfo key="0">
<name>undefined</name>
<material_name>undefined</material_na me>
<uvval>0</uvval>
<c_red>0</c_red>
<c_green>0</c_green>
<c_blue>0</c_blue>
<regionlD>0</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>
</bodyInfo>
<bodylInfo key="1">
<name>water</name>
<material_name>Unassigned</material_n ame>
<uvval>0</uvval>
<c_red>-127</c_red>
<c_green>-26</c_green>

Appendix E-i



<c_blue>-115</c_blue>
<regionlD>1</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>
</bodyInfo>
<bodylInfo key="2">
<name>ventricles</name>
<material_name>Unassigned</material_n ame>
<uvval>0</uvval>
<c_red>51</c_red>
<c_green>51</c_green>
<c_blue>-1</c_blue>
<regionlD>2</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>
</bodyInfo>
<bodylInfo key="3">
<name>carbohydrate</name>
<material_name>Unassigned</material_n ame>
<uvval>0</uvval>
<c_red>-1</c_red>
<c_green>51</c_green>
<c_blue>51</c_blue>
<regionlD>3</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>
</bodyInfo>
</body_info>
<imagesets>
<element>test4_geom</element>
</imagesets>
<materialHash />
<slices>
<slice>file_0.bin</slice>
<slice>file_1.bin</slice>
<slice>file_2.bin</slice>
<slice>file_3.bin</slice>
<slice>file_4.bin</slice>
<slice>file_5.bin</slice>
<slice>file_6.bin</slice>
<slice>file_7.bin</slice>
</slices>
</geometry>
<geometry id="test4 _geomRot">
<patientID>mtr test</patientID>
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<datalD>test4 geomRot</datalD>
<IS_length>8</IS_length>
<RL_length>8</RL_length>
<AP_length>8</AP_length>
<IS_mult>1.0</IS_mult>
<RL_mult>1.0</RL_mult>
<AP_mult>1.0</AP_mult>
<IS_adder>0.0</IS_adder>
<RL_adder>0.0</RL_adder>
<AP_adder>0.0</AP_adder>
<sliceOrientation>AXIAL</sliceOrientation
<dimensionality>CM</dimensionality>
<creationDate>2005-10-10T13:10:17Z</creat
<modificationDate>2007-03-14T14:08:51Z</m
<fiducialMarkerMap />
<constraintMarkerMap />
<regionConstraintMarkerMap />
<convergenceMarkerMap />
<body_info>
<bodylInfo key="0">
<name>undefined</name>
<material_name>undefined</material_na
<uvval>0</uvval>
<c_red>0</c_red>
<c_green>0</c_green>
<c_blue>0</c_blue>
<regionlD>0</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>
</bodyInfo>
<bodylInfo key="1">
<name>water</name>
<material_name>Unassigned</material_n
<uvval>0</uvval>
<c_red>-43</c_red>
<c_green>-40</c_green>
<c_blue>-46</c_blue>
<regionlD>1</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>
</bodyInfo>
<bodylInfo key="2">
<name>ventricles</name>
<material_name>Unassigned</material_n
<uvval>0</uvval>
<c_red>-9</c_red>
<c_green>115</c_green>
<c_blue>-93</c_blue>
<regionlD>2</regionID>
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<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>
</bodyInfo>
<bodylInfo key="3">
<name>carbohydrates</name>
<material_name>Unassigned</material_n
<uwval>0</uvval>
<c_red>49</c_red>
<c_green>-103</c_green>
<c_blue>-103</c_blue>
<regionlD>3</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>
</bodyInfo>
</body_info>
<imagesets>
<element>test4_geomRot</element>
</imagesets>
<materialHash />
<slices>
<slice>file_8.bin</slice>
<slice>file_9.bin</slice>
<slice>file_10.bin</slice>
<slice>file_11.bin</slice>
<slice>file_12.bin</slice>
<slice>file_13.bin</slice>
<slice>file_14.bin</slice>
<slice>file_15.bin</slice>
</slices>
</geometry>
<geometry id="test4 geomTARBIlox">
<patientID>mtr test</patientID>
<datalD>test4 _geomTARBIlox</datalD>
<IS_length>8</IS_length>
<RL_length>8</RL_length>
<AP_length>8</AP_length>
<IS_mult>1.0</IS_mult>
<RL_mult>1.0</RL_mult>
<AP_mult>1.0</AP_mult>
<IS_adder>0.0</IS_adder>
<RL_adder>0.0</RL_adder>
<AP_adder>0.0</AP_adder>
<sliceOrientation>AXIAL</sliceOrientation
<dimensionality>CM</dimensionality>
<creationDate>2005-10-10T13:10:17Z</creat
<modificationDate>2007-03-14T14:08:51Z</m
<fiducialMarkerMap />
<constraintMarkerMap />
<regionConstraintMarkerMap />
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<convergenceMarkerMap />
<body_info>

<bodylInfo key="0">
<name>undefined</name>
<material_name>undefined</material_na me>
<uwval>0</uvval>
<c_red>0</c_red>
<c_green>0</c_green>
<c_blue>0</c_blue>
<regionlD>0</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>

</bodyInfo>

<bodylInfo key="1">
<name>water</name>
<material_name>Unassigned</material_n ame>
<uwval>0</uvval>
<c_red>-43</c_red>
<c_green>-40</c_green>
<c_blue>-46</c_blue>
<regionlD>1</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>

</bodyInfo>

<bodylInfo key="2">
<name>ventricles</name>
<material_name>Unassigned</material_n ame>
<uwval>0</uvval>
<c_red>-9</c_red>
<c_green>115</c_green>
<c_blue>-93</c_blue>
<regionlD>2</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>

</bodyInfo>

<bodylInfo key="3">
<name>carbohydrates</name>
<material_name>Unassigned</material_n ame>
<uwval>0</uvval>
<c_red>49</c_red>
<c_green>-103</c_green>
<c_blue>-103</c_blue>
<regionlD>3</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
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<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>
</bodyInfo>
<bodylInfo key="4">
<name>TopAnteriorRightBlob</name>
<material_name>Unassigned</material_n
<uvval>0</uvval>
<c_red>-61</c_red>
<c_green>28</c_green>
<c_blue>-63</c_blue>
<regionlD>4</regionID>
<IS_lowerBounds>0.0</IS_lowerBounds>
<IS_upperBounds>0.0</IS_upperBounds>
<RL_lowerBounds>0.0</RL_lowerBounds>
<RL_upperBounds>0.0</RL_upperBounds>
<AP_lowerBounds>0.0</AP_lowerBounds>
<AP_upperBounds>0.0</AP_upperBounds>
</bodyInfo>
</body_info>
<imagesets>
<element>test4_geomRot</element>
</imagesets>
<materialHash />
<slices>
<slice>file_16.bin</slice>
<slice>file_17.bin</slice>
<slice>file_18.bin</slice>
<slice>file_19.bin</slice>
<slice>file_20.bin</slice>
<slice>file_21.bin</slice>
<slice>file_22.bin</slice>
<slice>file_23.bin</slice>
</slices>
</geometry>
</geometries>
<fields>
<field id="TAR test">
<patientID>mtr test</patientID>
<datalD>TAR test</datalD>
<sourcelD>TAR test</sourcelD>
<geometrylD>test4_geomTARBIlox</geometrylD
<description_string />
<modality>MTR</modality>
<sourcePluginName>MTR source</sourcePlugi
<transportPluginName>Default Transport</t
<doselD />

<sourceClassString>minerva.tirade.common.data.Singl
tring>
<locked>false</locked>
<sourceProperties>
<element key="detector_efficiency">1.0<
<element key="width_direction_1">[-0.0,
<element key="detector_area">1.11E-5</e
<element key="height_spacing_1">0.33333
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<element key="height_spacing_0">0.33333
<element key="calc_valid_1">false</elem
<element key="calc_valid_0">false</elem
<element key="width_direction_0">[0.0,1
<element key="posterior_image_index">1<
<element key="activity set">false</elem
<element key="distance">-0.5</element>
<element key="width_spacing_0">0.333333

<element key="image_name">test5_emmissi

<element key="bodies_0">1,4</element>
<element key="width_spacing_1">0.333333
<element key="bodies_1">1,4</element>
<element key="image_width_flip">1</elem
<element key="height_dimension_0">24</e
<element key="counts_per_micro_curie">8
<element key="width_dimension_0">24</el
<element key="width_dimension_1">24</el
<element key="image_height_flip">1</ele
<element key="view_direction_1">5</elem
<element key="view_direction_0">4</elem
<element key="imaging_nuclide">1-131</e
<element key="use_counts_per">false</el
<element key="height_dimension_1">24</e
<element key="height_direction_1">[-0.0
<element key="projection_direction_1">[
<element key="height_direction_0">[-0.0
<element key="projection_direction_0">[
<element key="current_view">0</element>
<element key="anterior_image_index">0</
<element key="background">false</elemen
<element key="image_corner_1">[7.5,7.5,
<element key="image_corner_0">[-0.5,-0.
<element key="calc_made_0">false</eleme
<element key="treatment_nuclide">I-131<
<element key="calc_made_1">false</eleme

</sourceProperties>

<transportProperties />

<[field>
<field id="correct_geom2">

<sourceClassString>minerva.tirade.common.data.Singl

tring>

<patientID>mtr test</patientID>
<datalD>correct_geom2</datalD>
<sourcelD>correct_geom2</sourcelD>
<geometrylD>test4_geomRot</geometrylD>
<description_string />
<modality>MTR</modality>

<sourcePluginName>MTR source</sourcePlugi

<transportPluginName>Default Transport</t
<doselD />

<locked>false</locked>

<sourceProperties>
<element key="detector_efficiency">1.0<
<element key="width_direction_1">[0.0,1
<element key="detector_area">1.11E-5</e
<element key="height_spacing_1">0.33333
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<element key="height_spacing_0">0.33333
<element key="calc_valid_1">false</elem
<element key="calc_valid_0">false</elem
<element key="width_direction_0">[-0.0,
<element key="posterior_image_index">1<
<element key="activity set">false</elem
<element key="distance">0.0</element>
<element key="width_spacing_0">0.333333
<element key="image_name">test5_emmissi
<element key="bodies_0" />

<element key="width_spacing_1">0.333333
<element key="bodies_1" />

<element key="image_width_flip">1</elem
<element key="height_dimension_0">24</e
<element

key="counts_per_micro_curie">2.8333333333333335</el

<element key="width_dimension_0">24</el
<element key="width_dimension_1">24</el
<element key="image_height_flip">1</ele
<element key="view_direction_1">5</elem
<element key="view_direction_0">4</elem
<element key="imaging_nuclide">1-131</e
<element key="use_counts_per">false</el
<element key="height_dimension_1">24</e
<element key="height_direction_1">[-0.0
<element key="projection_direction_1">[
<element key="height_direction_0">[-0.0
<element key="projection_direction_0">[
<element key="current_view">0</element>
<element key="anterior_image_index">0</
<element key="background">false</elemen
<element key="image_corner_1">[7.5,-0.5
<element key="image_corner_0">[-0.5,7.5
<element key="calc_made_0">false</eleme
<element key="treatment_nuclide">I-131<
<element key="calc_made_1">false</eleme

</sourceProperties>

<transportProperties />

</field>

<field id="mtr_test">

<patientID>mtr test</patientID>

<datalD>mtr_test</datalD>

<sourcelD />

<geometrylD>test4_geom</geometrylD>

<description_string />

<modality>MTR</modality>

<sourcePluginName>MTR source</sourcePlugi

<transportPluginName>Default Transport</t

<doselD />

<sourceClassString />

<locked>false</locked>

<sourceProperties />

<transportProperties />

</field>

<field id="test 4">

<patientID>mtr test</patientID>

<datalD>test 4</datalD>
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<sourcelD />
<geometrylD>test4_geom</geometrylD>
<description_string />
<modality>External_Beam_N</modality>
<sourcePluginName>Test Source</sourcePlug
<transportPluginName>Default Transport</t
<doselD />
<sourceClassString />
<locked>false</locked>
<sourceProperties />
<transportProperties />
<[field>
<field id="test_2">
<patientID>mtr test</patient|D>
<datalD>test_2</datalD>
<sourcelD />
<geometrylD>test4_geom</geometrylD>
<description_string />
<modality>MTR</modality>
<sourcePluginName>MTR source</sourcePlugi
<transportPluginName>Default Transport</t
<doselD />
<sourceClassString />
<locked>false</locked>
<sourceProperties />
<transportProperties />
<[field>
<field id="test_3">
<patientID>mtr test</patient|D>
<datalD>test_3</datalD>
<sourcelD />
<geometrylD>test4_geom</geometrylD>
<description_string />
<modality>MTR2</modality>
<sourcePluginName>Test Source</sourcePlug
<transportPluginName />
<doselD />
<sourceClassString />
<locked>false</locked>
<sourceProperties />
<transportProperties />
<[field>
<[fields>
<patientData>
<datalD>mtr test</datalD>
<patientID>mtr test</patientID>
<physicianNotes />
<patientinfo>
<homeEmail>
<value />
<displayValue>Home Email</displayValue>
</homeEmail>
<sex>
<value />
<displayValue>Sex</displayValue>
</sex>
<weight>

Appendix E-ix

inName>
ransportPluginName>

nName>
ransportPluginName>

inName>



<value />
<displayValue>Weight</displayValue>
</weight>
<state>
<value />
<displayValue>State</displayValue>
</state>
<referringPhysician>
<value />
<displayValue>Referring Physician</disp layValue>
</referringPhysician>
<patientIDKey>
<value />
<displayValue>Patient ID</displayValue>
</patientIDKey>
<diagnosis>
<value />
<displayValue>Diagnosis</displayValue>
</diagnosis>
<emergencyContactinfo>
<value />
<displayValue>Emergency Contact Info</d isplayValue>
</emergencyContactinfo>
<homePhone>
<value />
<displayValue>Home Phone</displayValue>
</homePhone>
<city>
<value />
<displayValue>City</displayValue>
</city>
<treatmentProtocol|D>
<value />
<displayValue>Treatment Protocol ID</di splayValue>
</treatmentProtocol|D>
<workEmail>
<value />
<displayValue>Work Email</displayValue>
</workEmail>
<height>
<value />
<displayValue>Height</displayValue>
</height>
<patientName>
<value>MTR Test</value>
<displayValue>Patient Name</displayValu e>
</patientName>
<postalCode>
<value />
<displayValue>Zip</displayValue>
</postalCode>
<age>
<value />
<displayValue>Age</displayValue>
</age>
<heightUnits>
<value>meters</value>
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<displayValue>Height Units</displayValu
</heightUnits>
<birthdate>

<value>Mon Oct 10 10:42:18 MDT 2005</va

<displayValue>Birthdate</displayValue>
</birthdate>
<workPhone>

<value />

<displayValue>Work Phone</displayValue>
</workPhone>
<strategyUsedForTreatment>

<value />

<displayValue>Strategy Used</displayVal
</strategyUsedForTreatment>
<planAdministrationDatetime>

<value />

<displayValue>Plans Administered Dateti
</planAdministrationDatetime>
<fax>

<value />

<displayValue>Fax</displayValue>
</fax>
<cell>

<value />

<displayValue>Cell Phone</displayValue>
</cell>
<physicianNotes>

<value />

<displayValue>Physician Notes</displayV
</physicianNotes>
<oncologist>

<value />

<displayValue>Oncologist</displayValue>
</oncologist>
<country>

<value />

<displayValue>Country</displayValue>
</country>
<caseHistory>

<value />

<displayValue>Case History</displayValu
</caseHistory>
<address>

<value />

<displayValue>Address</displayValue>
</address>
<radiologist>

<value />

<displayValue>Radiologist</displayValue
</radiologist>
<plansAdministered>

<value />

<displayValue>Plans Administered</displ
</plansAdministered>
<weightUnits>

<value>kg</value>

<displayValue>Weight Units</displayValu
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e>

lue>

ue>

me</displayValue>

alue>

e>

ayValue>

e>



</weightUnits>
<treatingPhysician>
<value />
<displayValue>Treating Physician</displ ayValue>
</treatingPhysician>
</patientinfo>
</patientData>
<plans>
<plan id="external_test">
<datalD>external_test</datalD>
<patientID>mtr test</patientID>
<modality>External_Beam_N</modality>
<locked>false</locked>
<plan_fields>
<element key="test 4">1.0</element>
</plan_fields>
</plan>
<plan id="mtr2_test">
<datalD>mtr2_test</datalD>
<patientID>mtr test</patientID>
<modality>MTR2</modality>
<locked>false</locked>
<plan_fields>
<element key="test_3">1.0</element>
</plan_fields>
</plan>
<plan id="mtr_test">
<datalD>mtr_test</datalD>
<patientID>mtr test</patient|D>
<modality>MTR</modality>
<locked>false</locked>
<plan_fields>
<element key="correct_geom2">1.0</eleme nt>
<element key="test_2">0.0</element>
<element key="mtr_test">0.0</element>
<element key="TAR test">0.0</element>
</plan_fields>
</plan>
</plans>
</patient>
</patients>
</minerva>
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