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Introduction

This program is provided to precisely position a mediceglacator’s isocenter relative
to a patient prior to radiation therapy treatment.sThaccomplished by implanting one
or more markers inside the patient, locating those markdative to an image set and the
iIsocenter of treatment beams, and tracing the imagésse markers on radiographs
taken prior to each treatment session. Because tik@rsanay be long and flexible,
they are located in the image set with this softvagreracing their visible path thought
the image set, typically a set of stackable CT scah& markers are then retraced on
two or more radiographs taken at the time of treatmé&he location of isocenter within
the image set for the radiographs is found, and the caaridioates for each treatment
beam is then reported given the couch coordinatesédarnattiographs and the known
iIsocenter of the beams relative to the image set.

The user of this software must test this patient locatiosystem before clinical
use. A test procedure is provided by the distributor othis software.

This software is built upon System 2100 from Math ResaistieLC, a radiological
image display system, and uses the plan and beam furnitton®osimetry Check, also
from Math Resolutions, LLC. Reference will be madepecific sections in the manuals
of those two integrated products. This program includébeelunctions of System 2100
and can optionally include all the functions of Dosimétheck if turned on with the
license key. Otherwise only those Plan and Beamibnxhecessary for patient
positioning will be available from Dosimetry Checkn e manuals or downloadable
PDF files are available atww.MathResolutions.com

This program is available for Microsoft Windows or winpersonal computer systems,
or for Silicon Graphics Irix computer systems.

Running the Program

Run program MarkRTTasks, shown below, as a convenienseléct and run the
programs provided for the multiple functions required. Thganm interface is shown
below. You can simply leave this small window up.
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»¢ MarkRT Tasks

The “Other Utilities” pull down:

Making a selection here runs a separate utility. Asrna@nience you can pre-select the
patient here. But for daily operation of MarkRT whiledting patients, make the patient
selection from MartRT instead as the program will tdeactly push the locate patient
toolbar. The programs selectable here are descrilbed.b&or reading in the plan from
the planning system or otherwise to enter markers dmede isocenter, you would
start with “Read in a Patient Case and Plan”.

Other utilities provides a program to create a CT st¢arveater density square, a utility
to view the information in a dicom file, and to getaanmand prompt window.

Program finds small adjustments to the couch
position.

The patient should be immobilized during this entire pocedure.

You should first closely align the patient with isocentsing the existing tools to
accomplish this, such as the laser alignment systetieotieatment machine. Here we
will solve for small adjustments as indicated by thekes. The final couch movement
found here should therefore be small. If a large coumbement is called for, then the
patient position must be reviewed. Beam films carakert to confirm the position of
isocenter to compare to the plan. Setting the isecéatthe beam in the “Trace and
Solve” popup below should result in exact alignment oftheker images and their
projected images with the new images.
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Patient Orientation

Program normally assumes that patients are treated head firsbiward the
accelerator gantry unless otherwise indicated. Care must laken for a feet
first orientation. The same precaution should be taken foa prone patient.

You can change the orientation of the patient fronptae toolbar (see the Dosimetry
Check manual). The ReadDicomCheck program for the DR®mlan download
should mark a patient feet first (FF) for each if theobn plan file indicates the patient
orientation as being feet first. Head first or first is a beam attribute, not a plan
attribute. Here we will require all beams to haved&e orientation.

You cannot change the orientation between supine ané pioyou would normally scan
the patient supine or prone. Prone patients will bevaelprone.

The RTOG protocol is another matter. The protocsbimiewhat ambiguous and
contradictory. It is stated that the Z axis alwaysigsaoward the patient’s feet, but the
coordinate system is right handed. Then that the Xvazaxks refer to the treatment
machine and not to the patient, yet scans are teebed from the patient’s feet, and that
the Z axis depends upon scan order but is to point towarngatient’s feet. Sample
RTOG files we have received for a feet first planeveot encoded correctly.

For the rare situation of feet first or prone, youwtidirst test in a phantom and
determine a protocol.

Accelerator Couch Coordinate System

The IEC coordinate system is used for the plan tabletopdinate system of this
software. With the gantry pointed toward the floog tloordinate system is for the X
axis to go to your right as you are standing in frorthefcouch looking into the gantry.
The Y axis will be parallel to the axis of rotatiohthe gantry and points toward the
gantry. The Z axis points from isocenter up towardctilng.

The direction of the positive couch X, Y, and Z axishia treatment machine’s
coordinate system will be specified in the Geomeleyrélative to the plan tabletop
coordinate system and in the CouchCoord file. X imgdrassociated with the lateral, Y
with longitudinal, and Z with height. The Geometry fiteist specify the directions of
the actual coordinate system of the couch relatitbg@lan tabletop system. The
CouchCoord file must also specify the correct directions

The Geometry file only supports coordinate systems for the cah in which
differences in a coordinate will represent differences distance, and a
coordinate defines a unique location of the couch. This coardhte system is
used for all couch movement controls for moving isocenter withia plan.
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The CouchCoord file is used to provide support for non-coordiate couch
systems and is be used to convert delta movements and inittaluch
coordinates to actual read out numbers. This file is NOT eeded if your
couch coordinates IS a coordinate system.

In a coordinate system, a point 1 cm negative to tiggnowill be represented by —1.0
and a point 1 cm to the positive side of the origin bellrepresented by +1.0. The
Geometry file described below will govern the conwarsif plan tabletop coordinates to
actual couch coordinates for movement of isocentée direction of the machine’s
couch coordinate system relative to the plan tabled@pdinate system is specified in the
file. A constant may be added to the plan tabletopdioate system so that, for
example, the origin might display the number 100.0 if thestzon value of 100.0 is
specified.

The direction vectors from the Geometry file are used ifttere is no
CouchCoord file in computing the couch coordinates of each beagiven the
couch coordinates at which the radiographs were taken and thmovement
needed. Otherwise the CouchCoord file parameters are ed for displaying
the final couch coordinates.

We have noted unusual systems. Such as on the Elektmasache couch lateral will
read 1.0 if 1 cm to the right of the origin (to your riglttile looking into the gantry) and
will display 99.0 if 1 cm to the left of the origin. Thssnot a coordinate system by our
definition since the distance from 99.0 to 1.0 is 2.0 crh98d cm. Further, in theory,
50 cm could be either 50 cm to the right or to the l&ftonfusion is only avoided by
knowing that the couch will not move that far. I&tlteral couch coordinate was
reported to be 0.2 cm and the couch must be moved -0.4 ¢he(keft in the negative
direction), MarkRT (VGRT) will report the lateral coucbordinate for the beam as at —
0.2 cm if there is no CouchCoord file. In the roomdbach will read 99.8 cm at this
location. Since the operator must be familiar whté tnachine’s readout and has to make
such translations under normal use, there should natybadditional confusion here.
The same idea applies for couch longitudinal and height mees.

If the CouchCoord file is present, the parametersvnllibe used to convert to the new
coordinate. In the example above, the coordinatenaml change from 0.2 cm to 99.8
cm for a delta of —0.4 cm.
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Definition of the Markers and Isocenter

The position of the markers and isocenter of a bearh Ineusnown in the same
coordinate system. There are two ways to accontplish One is to download the
treatment plan and CT scans to this program. The nsaakerthen traced through the
CT scan set to define them. The isocenter of béakrown from the plan download.

A second method would be to locate specific points usirgg eVver tools are available
on the planning system and to reenter those points.p®imts must include the markers
and at least one beam isocenter. This latter metiglet be more convenient for point
markers as opposed to linear markers. Immediately bsltdve downloading of the
treatment plan method.

Reading in of the treatment plan

Because the location of the treatment plan’s isocentist be known relative to the
stackable image set, means is provided to download tbrsnation from the radiation
therapy treatment planning system, or to otherwisatéoisocenter within the image set.
Both the RTOG and Dicom RT protocols are supported ding in the image set and
beam geometry.

RTOG, Dicom RT

Two separate utilities are provided to read plans and infegaghe radiation therapy
treatment planning system. See the “RTOG Download™Bicom RT Download”
sections in the Dosimetry Check manual for detailses€ two utilities will read the plan
and create a patient entry in the patient directotihiefsystem, and store the image set as
a stacked image set under the patient entry, and stopéathander the patient entry.

See the note above in regards to patient orientgiamicularly in regards to the RTOG
protocol.

A stacked image set is a group of successive slicesotipaithier models the patient
anatomy in three dimensions. A patient entry magmgre than one stacked image set
associated with it, and may have more than one [iach plan is linked to a stacked
image set and may have more than one treatment b&ten.running either utility to
create the patient case, run program MarkRT (VGRT) anpliselect the patient and
plan that was created. For the RTOG or Dicom RT doadlthe user should select the
image set and beam geometry to be downloaded from thangasystem. Region of
interest (ROI) outlines can be read and optionally drspldy MarkRT (VGRT) in 2D

and 3D views, which may prove useful.
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Recreation of Plan

If for some reason the plan is not available in RT@®icom RT format, the plan and
beam positions can be recreated with MarkRT (VGRTQweler, the images used for
the plan must be available in Dicom format. Imageshss CT images taken
consecutively through the patient are here referred toshackable image set, meaning
that the images are geometrically related and can loetaskefine a 3 dimensional

patient volume. In MarkRT (VGRT) create a new pat&d create a new stacked image
set. Read in the images for the stacked image seer ®etfhe System 2100 manual
sections on Patient and Stacked Image Sets to perfesa thnctions.

In order to position a beam, a skin outline must ex&b. under Contouring and select
the auto-body outlining tool. See the System2100 manual.

Next, create a plan and then a beam for that plasiti®tothe isocenter of that beam in
the correct location within the stacked image set‘Beam” in the Dosimetry Check
manual). If there is more than one isocenter irpthe, you may optionally create a
beam for each isocenter. The only parameter thieradhere is the isocenter of the
beam. Other aspects of beam geometry are not usedYwewemay use the default
accelerator provided when creating a beam. It is irapothat you review the Geometry
and CouchCoord files for that accelerator (see below).

Definition of the Markers from the CT Scan Set

Because the markers may be more than points, théseaezl here with MarkRT
(VGRT) in the stacked image set. Upon running MarkRT (Y{gelect the patient and
then select the stacked 1Gimage set.

The markers must be visible in the stacked image setler for you to trace them. You
must assign a name to each maker, if there is moneotin, and trace each one with the
mouse through the stacked image set. This function eredvn the “Points, Labels, and
Markers” section in the System 2100 manual. This traeithglefine the marker in the
coordinate system of the stacked image set. The makethen drawn in 2D plane
images and in 3D perspective room views. The markdityfasifound under the

Stacked Image Sets pull down menu on the main toolbaw(shelow), to Options, to
Markers.

Typing in Marker and Isocenter Coordinates

Coordinates defining the markers and isocenter cantbesedirectly if they are known

in the same coordinate system (IEC or DICOM) redattv the patient. They might be
found by locating the markers on the CT scans using thusenon the planning system,
along with the isocenter of a beam. These pointsdvoave to be written down and then
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reentered here. This program’s coordinate systen(ds [Ehe +Y axis points towards
the patient’s head, Z axis is up superior, X is the pégieight to left. In DICOM the +Z
axis points towards the patient’s head, X is the same;+Y axis is down inferior. The
program will provide the option of typing in the coordirsite DICOM if your planning
system is DICOM. Otherwise you can enter directhEi@ coordinates. You are going
to have to know and review your planning system’s coatdisystem to know how to
enter the coordinates.

Default Coordinate System for Data Entry

There is a file called VGRTTypeln in the program resesidirectory that will set the
default system used to enter the points here. An egdiigpls shown below:

[* file format version */ 1
/I file to specify default coordinate system of the planning
system.
/I 1 isIEC, -1is Dicom
-1

Note that there is only one parameter to set, IEDI@OM. This will preset the choice
in the marker and beam isocenter entry popups shown bé&amts entered in DICOM
will be converted to IEC.

Program MarkerTypeln

The type in facility is a separate program called Marie€ln. Run this program to enter
you data. The main toolbar for this program is shoelawe:

}{MarkerTrpeIn ¥ersion 1, Release 1, 15 Moy 2006 Main Toolbar |

B [ e verkor _Beom oprons | new.| et |

You will first have to select or create a patientgnflhen you will have to create or
select a plan. The current plan name will be showhartext field on the tool bar. Then
you can enter markers and beam isocenters. You cadel&te a marker or a beam, or
delete an entire planwhen done use the “Show Plan Entries” under the Plan pull
down menu to review your entries for correctness.

For each plan you create, a stacked image set will de m#h no images. A simple
model of the patient will be created to distinguish tqgesior and inferior directions on
the drawing of the accelerator when a solution is found.

Type in a marker

For a new marker you will get the marker type in popup sboivn here:



TypelInsIsMarker

Dimiss| Save Marker| Cancel Marker| Help..|

Beforehand you can delete a specific point.
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You must specify a unique name
for the marker. The line width
selection controls the width of the
line in 2D renderings and 3D wire
frame renderings. The “Solid
Fil/Wire” toggle button controls
whether the marker is solid filled on
2D renderings or just a wire outline.
The marker diameter controls the
diameter of the rendered marker in
2D and 3D renderings. The color
controls the color of the marker.
See the section “Points, Labels, and
Markers” in the System2100
manual for more details.

You must pick whether you are
entering the points in DICOM or
IEC with the radio box. Then type
in each coordinate in centimeters in
the provide field, one for X, Y, and
Z. Then hit the “Add Point to
Sequence List” button. If thisis a
point marker, you need only enter
one point. If a linear marker, then
you must enter a sequence of points
in order that will define the center
line of the marker. When you are
done hit the "Save Marker” button.



Type in a beam isocenter
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Enter a beam isocenter by selecting “Add Beam” froenlisam pull down menu. You
will get the below TypelnBeam popup:

» TypeInBeam

You must enter a unique name for
each beam if more than one. Then
select the accelerator. This selection
specifies the directory the program
will read for geometric information
about the treatment machine. See
the below sections on the geometry
and couch coordinate files. All
beams must be for the same
treatment machine and this is strictly
enforced in program MarkRT
(VGRT).

The proper selection of DICOM or IEC must be made hé&rehange in selection by the
above marker type in tool will cause the same selettge and vice versa, along with a
warning message. Type in the coordinates and thelmehiSave Beam” button. Under
the beam pull down menu you can delete a prior beam ehhgse beams will all be
stored with nominal angles which are of no interestamsequence here.
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Show Plan Entries

When finished entering the markers and beams, select “ShoRlan Entries”
on the plan pull down menu for review.

The coordinates for all the markers and beams isasewiltbe shown for review for
correctness in both IEC and DICOM coordinates, andegorinted.
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Locate the Patient

Shown below is the main toolbar of the System 2108@rkbfunctions that is the top
toolbar for MarkRT (VGRT):

If there is only one plan the program will automaticaéquence through the below tool
bars after selecting the patient to arrive at theat®®atient tool bar shown below. If
you need to first trace markers on the CT scans,hibéne Return buttons to back up to
the main tool bar.

The path you must take will initially be shown in greéfou must first select the patient
under the Patient pull down. The program will automayicalect the next toolbar if
there is more than one plan for this patient. Qilser under the Applications pull down
on the main toolbar, select MarkRT (formally VGRTI)he first time this tool bar is
selected, the Retrieve Plan function will automatidadl implemented. If there is only a
single plan, it will be selected. Otherwise you hdllve to select the plan. Otherwise
select the plan on the plans toolbar. The plan willdirieved and the plan toolbar
pushed. The stacked image set is also read but not displagedt is generally not
needed and so why wait those few seconds for thosesmageme up. However, if
you do need those images displayed just return to the a@bat and reselect the
stacked image set. Shown below is the plan toolb&rigtthe Dosimetry Check plan
toolbar):

The first time the plan tool bar is selected; the progwill push the Locate Patient
toolbar. Otherwise select Locate Patient to getdtate patient toolbar. But note that
on the plan toolbar there are functions under the Beatthdown to created a beam if
the plan had not been read in as described above.

Shown below is the locate patient toolbar which ydluse to locate isocenter from
radiographic images of the markers:

The first time you select this toolbar, the prograthaxeate a new screen with two
empty frames for you to display your images in. You se&laee an empty frames as the
location where you want to display the next imagebflelicking the mouse on one of
the buttons occupying an empty frame, such as 1 showw.bdlbe color will change to
the armed color after selection. The first framgelected automatically.
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If you are going to enter more than two images, thethgi“Screen Control...” button
shown above and on the “Screen Properties” popup beleuat ke bottom to “Change
Screen Layout™

2¢ Screen Properties | _

rows and columns you want.

~ Here we show two columns and
two rows of frames selected.

Hit the OK button and the
screen layout will change to a
layout of 2 by 2 frames. You
can always change the layout of
any screen any time.

"1 The sequence of operations is to
read in the radiographs under
the “Field Image” pull down
menu. Then to specify the
gantry angle and couch angle (if
non-zero) for each image on the
locate field tool (shown below)
also under the “Field Image”

pull down menu. If the images
were from x-ray film it will also
be necessary to locate the
beam'’s eye view coordinate
system on each image. The default distance to the iplage may be optionally chosen
to eliminate having to type in the distance on eacat®field tool as shown below. If
the images are from an EPID, you are probably donettigfunction.

B ——
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There should be at last two such radiograph images taken at c$o a right
angle (90 degrees) to each other.

If the angle is less than 60 degrees you will get a wamiessage. The couch
coordinates cannot be solved for accurately if tresesmall angle between the
radiographic images. There will be separate warningagessf the angle is less than 30
degrees and then again if less that 15 degrees. Howevearg not prevented from
using a single image, for an example an AP image, to atpistouch lateral and
longitudinal coordinates.

The makers will be projected onto the radiographic imag@d in here. The “Marker 3D
Display Control” will enable you to turn those imagesamd off, and also an option is
provided to select to project other ROI's onto theesanages. This projection is a solid
model central point perspective view. If the couch doates are correct, along with the
rest of the image geometry, the projected marker imadidseveon top of the

radiographic marker images.

The “Trace and Solve” tool provides the method for ymtrace in the image of each
marker on the radiographs and then solve for the coumftlicates.

The “Markers” button will push the markers toolbar tisadlso under Options on the
Stacked Image Sets pull down menu on the main System 2100 menu.

Read in Radiographs and Locate X-ray Fields

Read in the X-ray Image

You can select to read an image file. The availabl@dts are Dicom, TIF, and PNG.
For Elekta, the pixel size is not written to theic@®n files so a separate entry is provided
here with a defaulted value of 0.025 cm. We can also neagkes files written by
Radiological Imaging Technology Inc. software should yansmages with their
software. Otherwise you can use the Imaging progranctdmés with Windows XP

with any film scanner that has a twain driver, suslhe Vidar film scanner. Further
details, if needed, can be found in the Field Dose settithe Dosimetry Check manual.



Locate X-ray Field

The locate x-ray field popup tool is shown below:

LocateField

IEEE |
IEEE »

IEEE | » HENE [ F
HEEE > EEEL >
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This tool provides methods for specifying the geomethefradiograph and for locating
the beam’s eye view coordinate system if necesshg. tool displays an X,Y axis and

field outline according to the field geometry set here.

An example appears below:
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You must locate the x-ray field in terms of its cooadénsystem, as well as define the
gantry, image receptor, and couch angles at which ther@ietas taken. For the case of
using an EPID, it will probably only be necessarypgecsy the gantry angle used for the
radiograph.

Beam’s Eye View Coordinate System

The IEC coordinate system is used for the beam’s ieye VAt zero angle the X axis of
the beam's eye view coordinate system is paralidga@ouch lateral (when the gantry is
pointed at the floor) from your left to right while kiag into the gantry, or the patient’s
right to left if the patient is head first supine. Thexis of the beam's eye view
coordinate system is parallel to the gantry axis tdtron and is positive toward the
gantry. The z-axis of the beam's eye view systgms#tive up toward the source of x-
rays.

Gantry and Couch Angle

The gantry and couch angles must be entered for eaghixage made. The angle
directions and nominal angles are defined in the Gegrfiet{see below for an

example) for the particular machine in the machine daégtory. [The machine data
directory is defined by the file BeamData.loc in theggzam resources directory. The
program resources directory is defined by the file rineses.dir.loc in the current
directory. Each treatment machine is in a separagetdry in the machine data
directory.] The Geometry file must be reviewed andeeldib correspond with the actual
coordinate system of the medical accelerator. Heketbe gantry angle, couch angle,
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and couch lateral (x), longitudinal (y), and height (Z)rciinate system matters. For the
couch x,y,z coordinate system, what matters are thetiins defined for positive and
negative motions as described below. The CouchCoeris filsed for computing actual
readout numbers.

Normally, you will probably not rotate the couch fridszero position.

Image Receptor Angle

The image receptor angle is not the collimator anBlather it is any possible rotation
around the central ray and the positive direction (asirg angle) is counter-clockwise
when viewed from the x-ray source. The image recepigle is only needed if you are
letting the x-ray field define the beam’s eye view rciwate system and either the image
receptor has actually been rotated or you have rotagecotlimator.

If the image receptor is to define the beam’s eye weardinate system, then you need
not be concerned with this angle unless it is actaatligvice that has been rotated.

If the image of the radiation field is to define thaimés eye coordinate system, you will
have to use the image receptor angle to specify thenatdir angle if you rotated the
collimator. So for convenience, normally do notatetthe collimator but leave it in its
zero position. If you do rotate it, enter the angléheasmage receptor angle, but keep in
mind that the image receptor angle is positive counterketise when viewed from the
source. If your collimator rotates in the oppositediom, you will have to change the
sign of the angle entered here.

For an EPID, you can let the image receptor defind¢laen’s eye view coordinate
system and so you need not be concerned about theatoliangle nor the image
receptor angle. Just leave it zero.

If using an EPID, the EPID must remain centered.

Pixel Size and Source Image Distance

The pixel size and source image distance must correspaiktthe correct

magnification in the plane of the image. With an ERdEhough the EPID might

actually be at a further distance than 100 cm, the dista@e can be stated as 100 cm as
long as the pixel size reflects the actual pixel size source distance of 100 cm. Adjust
the source image distance (SID) if necessary to quoresto the distance the image was
measured at. Note that there is a mechanism for teéathis distance to something
other than 100 cm. See the file BeamFiimHolders éleww.

If the pixel size of the image was picked up in the imdgeybu should not have to
change it. If the pixel size was not in the image fihen type in what the pixel size was.
If the image has 40 pixels per inch, for example, therptkel size is 2.54cm/inch / 40
pixels/inch = 0.0635 cm. The drawn field size should agrdethe image when the SID
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and pixel size are correct. Not all image formats rechie pixel size be entered. It is
optional in TIF for example.

Likewise the SID is often not in the image file.itlis, that distance will be set here.

Locating the X-ray Field

The rest of the locate field popup is like the one itdAse for Dosimetry Check

except here there is no need for a margin around ite fidhese controls are needed if
the image of the x-ray field is to be used to locagel#bam’s eye view coordinate system.
These controls are not needed if the image receptoreddfiis coordinate system and the
central ray is always at the center and properly edtatith the correct SID and pixel

size.

If using an EPID, the EPID must remain centered on theentral ray.

The radiographic images must be viewed from the x-ray sourcéde of the
image.

Normally you would locate the x-ray field, which isdefine the beam’s eye view
coordinate system, before proceeding to trace the nsaaker solve for the couch
position. The beam’s eye coordinate system is adkaheve.

The beam’s eye view coordinate system must be properly located each image to
accurately solve for the couch position.

There are three ways to locate the x-ray fieldesehare:

1) Translate and Rotate

Use the “Field Size”, “Central Axis At”, “Translate&ihd “Rotate” controls to locate the
radiation field if the central ray and orientatiomet known. First use the "Field Size"
controls to set for the opening of the field in ceetiens to that for which the radiograph
was made. By the opening we mean the distance bethveeollimator jaws at the
defined distance, typically 100 cm, for accelerators (¢hedso defined in the below
Geometry file).

If the field is not symmetric, use the "Central Aats controls to locate the central axis.
The central axis is moved relative to the centeheffield opening, that is, here the
origin is the center of the field opening. You will ka® know how the asymmetric field
was set up.

Once you have properly defined the field size used forathegraphic image, you
should then translate and rotate the drawn field usingdiresponding controls to
correspond to the image of the radiation field.

2) Locate Axes Points: X-, X+, Y-, Y+



MarkRT (VGRT) page 21 of 45

If the X and Y axes are marked, for example with pinkgrigou can alternately use this
method. After hitting this button you are expected ikk¢he mouse on a point on the X
axis and then a second point on the X axis that lgasader X coordinate. Then you are
to click on a point on the Y axis and then a secondt pagth a greater Y coordinate. The
cursor will change for each point, <- to indicate tr& {left in beam's eye view) X axis
point, -> for the second X axis point. \|/ for thstfiY point and /|\ for the second Y
point. You can also enter three points instead of f@elect the appropriate button for
the combination of three points that you can ented,enter them in the order shown.

3) Locatethe Field using a Template.

A template would be something in the beam with definedtpahat you can locate with
the mouse on the radiographic image. Using the temptatewill solve for SID,

rotation angle, and location of the central ray. uYaust still set the correct gantry angle.
Further, it is assumed that the central ray is perpeditulthe image plane. You must
also flip the image beforehand if viewing from the wgaide (patient side instead of
source side).

A file called BeamTemplate must exist and reside imthehine’s data directory. There
must be at least three points. An example of a filevic here:

[* file format version */ 1
/I file to define the beam template for the machine
* distance in cm source to definition plane of tem plate */  100.0
/* number of points to follow */ 4
/I x 'y cm
-10. 0.0
10. 0.0
0.0 -10.0
0.0 10.0

/I diameter to draw a point in cm
0.5

/I color to use for grid.
<*spring green*>

/I color to use for points when unselected:
<*dodgerblue2*>

/1 color to use when selected:
<*orange red*>

Note that you can define the coordinates at some destatimer than 100 cm. The colors
are from the file ScreenColors.dat in the programuesodirectory. Upon selecting the
Use Template button, there will be an additional popupwiiedisplay the relative
location of the template points, as shown below:
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»¢ BeamTemplate

EnterPoints | Dismiss| Help...|

You must then hit the EnterPoints button. The cofdhe points will change to the
selected color. Then you must click the left mousehenmage of each point on the
radiographic image in the same numerical order. Upolashgoint the program will
solve for the SID and transformation (shift and angfej the field grid will redraw and
the controls on the Locate Field popup will show the faawnd values. Upon
dismissing the Locate Patient toolbar the image efdirmat to be centered and
horizontal.

Flip Image

There is also a flip image button. You should be lookindpea field image with your eye
at the source of the radiation. Use this if an xfifeywere scanned flipped over.

Color

The "Color..." button is for changing the color of thawn outline after you dismiss this
control and the field outline is no longer being movediring movement, for 24 plane
true color graphic systems, drawing is done with an X@&ation. Adjust the contrast
to dark or white so that reversed darkness is easyetassgray areas may not appear
different.
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Drawn X-ray Field

Radiation field must be located properly to be able teedor the couch coordinates.
The gantry, couch, and image receptor angles, and then&Dhave been entered
correctly.

Rather than dismiss this tool, if you select anoftsne that has an image present, the
tool will be popped up to allow you to locate that fieldtbat image. This will save you
from having to return to the pull down menu for the rietd to locate.

Using Prior Case Run

If you save each day’s program run (see Save and Rebedyw), the program will
automatically restore the settings from the prior nmefach new image. This includes
the all angles (gantry, couch, image receptor), Sl $ize, and prior central ray
location. However, the pixel size from the curremhge is always used. The images
must be taken and read in the same order as the prioapragn. This provides a
convenience to not have to constantly reenterah@snformation. However, the
anything that has changed must be updated and the ceytaald&ield orientation may
have to be relocated. Likewise, the prior tracesheilfead in and displayed. The prior
traces can be deleted, or moved to match the preskogjraphs (see the below Trace
and Solve section) if moving the trace to the imagieimarker is sufficient.

Auto-Image Read In

The program has a function that will automatically raag new image files that appear
in the new images directory. This directory is spedifoy the file
NewlmageDirectory.loc in the program resources diredwhych is in turn specified by
the rlresources.dir.loc file in the current directani where you run programs).

After a case is done and stored, the directory wherertibr images were read from is
searched for the new image files.

The functions of the auto-read in is controlled bylelw file VGRTAutoGetimage in
the program resources directory shown below:

[* file format version */ 1
/Il file to control timeout function to read in new images.

/* Auto read of images on (1), off (0) */ 1

[* Time in seconds to check for new images, every */ 10

/* number of seconds image may be old */ 600

I* number of images to read before turnoff of auto read */ 2
* type of dicom file: O general, 1 Elekta (no pix el size) */ 0

The first entry after the file format version tuthss feature on or off. The second entry
control how often the program checks for a new fil&is happens only when the locate
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patient toolbar is the current toolbar. The nextyespecifies how old an image file can
be, here defaulted to 10 minutes. Older files will berigd. The next entry will turn

off the auto read in after the specified number of inféegeare read and displayed,
regardless of how the image file is gotten (here ovalby selection). The last
parameter may be used to specify an Elekta machineh dbies not write the pixel size
to the Dicom file and must be defaulted. The auto-re&shition is only supported here
for Dicom images files.

Volume and Marker 3D Control

The Marker 3D control is used to turn on and off the jgtae of the markers onto the x-
ray radiograph plane, and to select other objects fwdjected. The popup tool is shown
below:

Select among Off, Wire, or Solid. The slider is usediange the transparency of the
marker for the solid view. Note that the diametethefmarkers are set in the properties
of the marker (see the Points, Labels, and Market®gaan the System 2100 manual).

You can select regions of interest outlines (ROIs)isosurfaces to be displayed as well
under the “Select Volume” pull down. The first time tlidume is selected it is display.
The second time it will be selected to not be display&then displayed, properties such
as transparency are accessible from the “Frame @bptrll down in the lower right

hand corner of the 3D view display window.

The markers, ROI's and isosurfaces are projected oatmattiographic images. If all
coordinates are known correctly, the projected imagaesldgizoincide with the
radiographic images.
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Trace and Solve

The trace and solve popup tool enables you to either rhaalign the projected
markers with their images on the x-ray radiographsp dortmally solve for this
alignment. Only the couch coordinates may be changadhieve alignment, and
assuming that you have correctly specified the gantggémeceptor, and couch angles,
the image distance, and that the beam’s eye view cwtedsystem has been properly
aligned. The trace and solve popup tool is shown below:

The trace and solve popup will rearrange its couch inddsfaccording to the
VGRTShowBeams file described below and is shown wiliferent presentation here:
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Couch Coordinates for Radiographs

At the top of this popup you must type in the present coaohdmnates at which the x-
ray pictures were taken. The couch coordinates for leeaim will then be solved for
relative to the coordinates entered here. Whatheddor is where the isocenter at
which the radiographs were taken is relative to thes€ih set. Here the coordinates for
that isocenter are entered here in the couch cooedéyatem. Knowing where a beam is
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relative to the same CT scan set, the beam positioouch coordinates can then be
computed.

The couch must remain at the same location while the radiogréys are taken.

Solve for Isocenter of the Radiographs

What must be solved for is where the isocenter ferr#ldiographs was relative to the
stacked image set, the CT scan set (do not move thé douog making those images).
From that isocenter location and the location ofddams, both known within the CT
scan set, the shift needed for each beam can be catrgndeapplied to the couch
coordinates typed in.

Trace Marker on Radiographic Image

You may want to adjust the contrast of an image forshd¢rease the visibility of a
marker. You might also want to use the edge enhancdeatnte of the contrast control
to also increase the visibility of maker. Slidethtiee sliders of the edge enhancement
control on the contrast popup to the right and the bitatiply button. Then adjust the
contrast of the edge enhanced image.

You may also want to zoom an image before tracin@pe riiddle mouse button will
zoom in (the center will be where you click the middleuse), the right mouse button
will zoom out. Do this before you start the trace.

Select a marker with the option menu, and then traatentarker on each of the images.
On each image, turn the "Start Marker" toggle buttonmrafid begin tracing with the
mouse. The middle mouse button or the "Backup” buttonearséd to back the trace
up one point at a time (with only two mouse buttonsnigitboth will simulated a middle
mouse button). After completing the trace, the rightisecbutton or the "End/Save
Marker" button may be hit to end the trace. The traitdoe redrawn in red on that
radiographic image.

The correct marker must be selected on the Select Markeption menu when
the "End/Save Marker" function is invoked. If auto-selectis on, the option
menu will advance each time the marker trace is saved.

A scale control is available to increase the lindtlvof the final drawn marker trace.

The "Cancel Marker" button may be hit to cancel adrhat has been started.

Use the Delete button to delete and erase the trabe atirrently selected marker in the

image frame that is current (the current frame ismedlin red). There is also a control
to delete all the traces.
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Be sure to always trace every marker from end poiehtbpoint. This includes tracing
the marker through the CT scan set. Suppose for insterecevere to trace all 6 cm of a
6 cm marker. But on the radiograph only trace 1 cm. ngAtbie long axis of a straight
marker, the 1 cm section could align anywhere alongetigth of the marker with an
uncertainty of 5 cm in that direction. The solutie@toliv could show a zero standard
deviation, yet one coordinate could be off by 5 cm.

The trace for each marker must match and lie on top of thearresponding
image of the marker on each radiograph to solve for the couch coorthtes
accurately. Upon solving, the projected markers should also c&spond.

Drag Traces

On each image you can drag the traces to fall on ttipeamage of the respective
markers. You can drag the traces collectively oradreetime. This function can be
used when the prior program run traces are picked up frofasthsaved case to save
time. If the trace cannot match the image, theriel¢les trace and re-trace it.

Select the corresponding toggle button. Depress thexdefse button and drag with the
mouse button down. Upon release the trace is replatkdsvwew location. When
dragging an individual trace, you must press the mouse ddbe existing trace. It will
snap to the mouse location and you can further drag. tépease of the left mouse
button, the drag operation is terminated. You may atather drag operation if you do
another left mouse press within 15 seconds. Othethasdrag toggle button will go
back to an off state.

Solve

To solve, hit the solve button. The program consitterslistance from each point
generated every milimeter along the traced markeragantage of the marker projected
onto the same image plane. The minimum distance femim guch traced point to the
projected marker is found (using the center line of thekenanot its diameter). The
couch coordinates are found that will minimize the stialdhese distances squared.

In mathematical terms, the software solution considethe image plane the sets of two
coordinate sequence pairs, one is the trace of the iofagmarker, call it set I, and the
other the sequence of points of the corresponding mdrieh&ve been projected onto
the image plane, call it P. Each is a sequence df¢ggrdinate pairs that define a
sequence of points on the image plane, and the markerisHagé cases is estimated by
connecting each consecutive sequence of points witlaiglgtline.

I = {(xiyy} for i from 1 to n points that were traced on the ima@e. From this
sequence, generate more points between successive@othis line segments
connecting successive points so that the distance &etwants is not more than 1 mm
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(an arbitrary distance to use). We have the novs¢hef points I' = {(xyi)} = {t i} for i
=1 to o, where o0 >=n, andg a two dimensional vector.

And for the projected sequence, m points defining the markaree space are projected
onto the plane of the radiographic image to produce m tmerdiional points on the
images plane. P = {(y)} = forjfrom 1 to m. Let §.1 represent the line segment from

(leyl) to ()Q+1,y|+1).

Let D be the function returning the distance from ptitd the line segment & where
this distance is either to the nearest end point ar@ong and (X%1,Yi+1) or is to the
perpendicular bisector of the line segment if the perpeladibisector is between the end
points of the line segment.

The measure Mof the distance between the two sets of points ineteas:

M, = i[min{D(ti,k’&,l,ul))’l =1lm, _1}]2

where we use k here to designate one of the trace <f@wjpairs among all those on all
the available image planes. We may continue to sumadiv@arker pairs over all image
planes for a total of g such pairs of sequences, k countimgl to q:

q
2M,
M=k

2.0

Kk

The couch coordinates (lateral, longitudinal, heighsesrched that will minimize the
sum of M. The square root of M is reported here astdmedard deviation. This form of
the solution is used to consider the case of a marlegigelg shape from when the
original CT scans were made. In that case a bastféitind according to the definition
of M above.

Standard Deviation in Image Plane

The standard deviation of the distance (in cm) computedeador the solution is
reported, along with the number of points generated (swg),cdnd the number of
iterations performed to generate the solution. Theskage controls will be updated and
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the location of the radiographs to reflect the cursehition. The smaller the standard
deviation, the better the solution was. A perfedichnan the image planes would have a
standard deviation of zero.

The standard deviation is for the two dimensional distancesiithe plane of
the images and does not necessarily reflect how close isoeeias actually
been located in three space.

As noted above, one could have a zero value of thdatamuleviation yet a very large
error in the actual solution if the entire length eharker were not traced. Also, if the
marker has changed shape, the fit parameter could bey&rges solution good. A
warning will be displayed if the standard deviation igdarthan a preset threshold. The
default threshold is 0.5 cm and 1.0 cm. A more seversagess displayed if larger
than the second threshold. The user may changertdsitid in the below file.

See the below error analysis for things that cacethe accuracy of finding isocenter.
A visual inspection of the images is necessary to asberprojected and traced markers
are aligned.

Threshold File

The file with name “VisiThreshold” will set the tlsieold to the users choice for two
messages. If the first threshold is reached, messegwith be displayed, if the second is
reached, a second message more severe will also BeydaplThe file is in the program
resources directory located by file riresources.diiridbe current directory. An
example of the file format follows:

[* file format version */ 2

/I threshold for first warning in cm
0.5

/I threshold for second more severe warning in cm
1.0

/I threshold for comparison to yesterday's move in cm.
0.3

The third parameter is to set a threshold for signalipgpup warning if the movement
in any direction was different by the distance spetifiere, defaulted to 0.3 cm. This
warning message comes up upon selecting the display odtilcl coordinates below.

Maximum Gantry Angle Difference

The maximum gantry angle seen between images usedsolth®n will also be
displayed. Separate warning messages will be generabedaihgles are less than 60,
30, and 15 degrees. The radiographs should be close to 90 dgtagesHowever, it is
possible to use only one file if, for example, you wednto use an AP film only to adjust
the couch lateral and longitudinal coordinates onlyth#é situation you should use the
manual controls.
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Isocenter in Plan Coordinates Manual Method

You can move the isocenter of the radiographs witlersthcked (CT) image set
manually with the popup control you get with the “Solvei@oManually...” button
above, the popup control shown below:

The location of isocenter for the radiographs is displayed inhe plan
coordinate system of this program. The couch system shown legs specified
in the Geometry file for manual movements.

This is in the plan tabletop coordinate system anlgeisriternal coordinate system of this
program, not your planning system. The tabletop coomlstem is IEC as described
above. But the couch coordinates shown here is thehamoordinate system specified
by the Geometry file for movement in plan coordinatéke CT scan set is known
relative to this coordinate system. You may ingmlihe isocenter of the x-ray images in
plan tabletop coordinates to that of the isocenterlmfam with the “Set Isocenter to
Beam” pull down menu. You can manually move the cooréiaf isocenter in plan
coordinates to visually align the projected markers thighradiographic image of the
markers (select "Marker 3D Control" to control projegtthe markers). However, we
recommend that you use the solution method described below

You can also drag isocenter with the mouse in a plaradlgddo each radiograph. Select
the Drag function by depressing the Drag toggle button sladewe. Select a frame
with a radiographic image and then depress the left moukbkalding the left mouse
button down, drag the mouse. You will see the markeo\gengorrespondingly.
However, we are actually moving isocenter in the OBH@& direction that you move
the mouse in this plane so that the marker’s will appearove in the same direction as
you move the mouse. Iterating moves between two gotial radiographs can
accomplish a solution.
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Selected ROI’s or isosurfaces will also drag with filnsction. However, fewer triangles
are drawn during the drag to facilitate the speed of drawing.

Display Couch Solution

You must first look at the radiographic images to verify that theprojected
markers now lie on top of the image of the same markers.

I _r.EhEEkISDSquI:iun_pupup

To display the couch coordinates of each beam, hitShew Beam Couch Coordinates"
button. First you must have entered at the top opthmip the couch coordinates when
and where the x-ray images were made. The couch catedor isocenter for each
beam will then be displayed (and you can print this}iveldo the entered couch
coordinates. See details on the couch coordinatensydieve.

For the first beam in the beam list, the movemeulisplayed. This is only shown once
since you would only move the couch once. If furthemiehave a different isocenter,
then the couch coordinates shown reflect the coucidow@des to move to.

The display may take four different forms depending upomseittithe
VGRTShowBeams file that is in the machine data dingcfor the particular treatment
machine. The coordinates may be arranged horizpotallertically, in the order of x,
Yy, Z, Or z, Y, X, and labels for each axes may bgmesd. Shown below are two
examples of the show beams popup:
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| »¢ BeamIsocenterCouchCoordinates
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| ¢ BeamIsocenterCouchCoordinates

The couch translation directions in the Geometry file and/olCouchCoord file
for the particular medical accelerator must be correct to dsplay the correct
couch coordinates of each beam.

An example of the VGRTShowBeams file, Geometrydiel CouchCoord file are
shown in a below section.

Isocenter of all beams are typically at the sametpbut we do not want confusion
should a plan be done with different isocenters. Hémednal isocenter couch
coordinates for each beam is presented. Shown belawexample of the beam
schedule printout (for horizontal display in x,y,z ordefhe couch coordinates for the
images that the user entered are first shown, themolvement for the first beam in the
list, then the coordinates for each treatment beam:
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Beam Couch Coordinates Schedule
CPU ID 480358442429 Page 1
WVersion 2, Release 1. 6 Jun 2003 06-Tun-2005-09:47:37(hr:min:sec)
Patient Name: visi, second test

Beam Couch Coordinates for Plan test2 ID 20

Beam Name Couch Lateral X Couch Long. Y Couch Height Z
Immages Beam 98.10 cm 46.40 cm 5.70 cm
Move for First Beam -1.2 cm 1.8 ¢m -1.1 cm
Beam 1 96.9 cm 48.2 om 7.6 cm
lao 98.1 cm 46.2 cm 8.7 cm
raoc 98.1 cm 46.2 cm 8.7 <m

There is a comment line at the bottom of the sheants popup. A comment entered
here is saved with the case and will be display omablose beam couch coordinates
schedule printout and on the beam move summary printbtlie tase has been saved,
the comment will automatically be resaved if changed.

Number of Decimal Places to Show

Normally by default, the movement is shown to theestal/10 cm, that is, 0.1 cm or 1
mm. However, if for some reason you want to seentbvement to two decimal places
(in cm), then use the VGRTDecimalPlaces file inghegram resources directory to
specify two decimal places. If this file is not prasehe default is one decimal place.

The contents of the file are shown below:

[* file format version */ 1

/I choice of 1 or 2 decimal places to show on move
1

Use WordPad if on a Windows system to edit this file emange the 1 to a 2 in the last
line. Be sure to save the file to its original narB®n’'t add .txt to the file name. The
final coordinates of the couch will continue to bewshdo the nearest 1/10 cm however,
only the movement amount will be shown to 2 places.
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Save And Retrieve

You can save your work under the SaveAs button on tlaédqaatient toolbar (under
File). You will be prompted for a name to save und&his name is actually used as a
directory name, so illegal file name charactersbelistripped out.

There is an automatic save mode as well. If teeVisiAutoSave is present in the
program resources directory (pointed to by the file oleses.dir.loc in the current
directory) then the auto-save function is on. Tleddn be an empty file and a template
file VisiAutoSave.off is provided. Just rename theVilsiAutoSave. Upon hitting the
return button on the locate patient toolbar, the valkbe saved using a date and time
stamp for the name. If further changes are made upoitering the case, the case will
be saved again under the same name upon hitting the betiton. You can at any time
hit the SaveAs button and select a new name. Butwibotherwise not be allowed to
save to an existing case name.

The case is also saved if the auto-save function vghem the show beams popup is

dismissed. This guarantees that the show beam moveaymeport will include the

current case if that function is selected before re@tgrinom the locate patient toolbar
(but has to be selected after the show beams popup).

However, note that the comment is saved if changde iEase has been saved.

To retrieve a case, select the retrieve button (uRitErand select the case. A separate
popup will appear with the case. This is so that theesptezase is never confused with a
retrieved case. You can make changes to a retriegedocd can only save to a new
name.

The locate cases are saved in directory Ip.d under thengtae which is under the
directory ckpn.d which in turn is under the patient’s namée patient directory.

Upon the next run of the program, the latest savedisased to default the field
location for each image and the traces. The imagesbaugad in the same order to
maintain the proper default settings. Otherwise thheesponding parameters can be
reentered.
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Summary of Couch Moves

Under File you can get a history of all prior movesfil@will be written to the

temporary file directory and the history can be printddd example printout is shown
below:

Couch Movement Summary
CPU ID 480358442429 Page 1

Version 2. Release 2. 16 Jun 2005 16-Tun-2005-08:49:06(hr:min:sec)
Patient Name: visi, second test

Report For: second test wvisi, for couch movements.
For Plan: visi test2

Move Lateral ¥, Move Longitudinal ¥, Move Height Z

File Date/Time X e Z cm
04-Rpr-2005 04-RApr-2005-15h:05m:358 1.2 -1.8 1.0
10 Jun_ 2005 10-Jun-2005-0%h:19m: 00s 1.2 =1.8 1.k
This is a new comment line.

15-Jun-2005 15-Jun-2005-10h:13m:21= 1.2 =18 p et

For each row is shown the first 11 characters ihndmae the case was saved under,
followed by the date and time of creation. The delbb&es are then shown in cm. Any
comment entered for a case is written about thelicase
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Error Analysis

Errors in geometry will effect the final result. leere will give a review of the
uncertainties that will effect the final result, andhot intended as a final tabulation of all
sources of error.

The accelerator isocenter will wander when the acatr is rotated. Isocenter is
typically specified to remain within the diameter cdpgecified circle, the radius of which
we will denote as “c” here. Hence we have an unicgytaf +-c introduced here.

The accuracy of the gantry rotation angle display musbbsidered. If the angle is
known to an accuracy designated by “a” here, then atdbece to image plane distance
(SID), there may be an uncertainty of displacementngoyeSID tan(a). This
displacement will introduce an uncertainty at isoceot€f00/SID) SID tan(a) or 100
tan(a).

We may assume that the geometric accuracy of the &inscwill be less than 1 mm
and that the pixel size of a CT scan is not going tsidgn@ficant here as well. However,
the spacing between CT slices and the slice thickraessftect the accuracy at which the
markers are located on the CT scans. The uncerterttlg longitudinal direction would
be larger than the transverse plane if slice thickardsspacing is larger than the pixel
size. We will nonetheless use a single parmeter beliat “t”

The physical diameter of the marker will introduce areatainty. We will use the radius
of the marker, designated as “m” here. l.e., the mdokation will be known to within
+-m.

We must consider the accuracy by which the beam’'sieyecoordinate system is
known on the image plane. Locating the central raffmammight introduce a larger
uncertainty than using an EPID if the EPID is otheevéiscurately located relative to the
treatment machine. We will use the parameter “ftiésignate the uncertainty of the
location of the BEV coordinate system. A shift @i the image plane will be scaled by
100/SID at isocenter.

The uncertainty of locating isocenter may then beasgmted by the sum of the
individual above components of the uncertainty:

c + 100 tan(a) + t + m + f (100/SID)

Typical values might be ¢ = 1.5 mm, a = 0.2 degrees, t = @ %fon 1 mm slices), m =
0.375 mm, f = 0.5 mm, SID = 150 cm. The above sum would Bel+nm. This is not
an attempt at a rigorous error analysis, but showsdhsiderations that would have to
go into one.
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Medical Accelerator Geometry File

An accelerator must be specified for any beam. Bhefimachines is in a directory that
Is specified by the BeamData.loc file in the prograsoueces directory. The location of
the program resources directory is defined by the fésolurces.dir.loc in the current
directory (the program will not run if it cannot findgtiile). A default accelerator is
provided.

Each treatment machine is in a separate directdheimachine data directory. The
machine data directory is typically called bd.d. Eachhime has a directory entry in
this directory, with the machine name used as thetdineoame. In each machine’s
directory is a Geometry file, an example of whickhswn below. In this file // is used
to define a comment that is not read by the progréro ¥ also sets text off as
comments. These comments are used to describe tles @mthe file and are not read
by the program.

The gantry and couch rotation angles must be corredtiyede The couch directions
must be correctly defined. Other entries do not m&teMarkRT (VGRT). Beam data
in these directories also are not used by MarkRT $#an#xRT does not calculate dose.

Typically, moving the couch laterally to the right & increasing coordinate value will
give the appearance of the beam displayed on a trangveige moving to the left since
the patient is actually moving to the right under a figzedm. Note below that if the
couch lateral is positive to the right, a —1 is entemdte file.

The couch system specified here is used for moving isexcesithin a plan for all couch
movement controls. The actual couch coordinate systéhe couch can be specified as
described in the next section by the CouchCoord fitlanediately below is an example
machine Geometry file:

[* file format version: */ 1

[* Source Axis Distance (cm) =* 100.00
/I This is also the distance field sizes are define d at.
* largest field size (cm) is */  40.00

e Gantry Angle ----------------
[* Positive gantry rotation: +1 = clockwise,

-1 = counter-clockwise */ 1
[* Gantry angle value when pointed at floor: */ 0 .00

[ e Collimator Angle -----------
[* Positive collimator rotation: -1 = clockwise vie wed
from ceiling +1 = counter-clockwise, with accelerat or



pointed at floor */ 1

* collimator nominal angle value =*/ 0.00
I* collimator rotation lower limit =*/0.00

/* collimator rotation upper limit = */ 360.00

[ e Couch Angle ---------------

I* Positive couch rotation: -1 = clockwise viewed
from ceiling +1 = counter-clockwise */ -1

[* couch nominal angle: */ 0.00

e Isocenter Movement --------

[* The next section is for couch movement during tr
This defines the coordinate system when moving b
the stacked image set. To move the beam to the
while looking at a transverse scan you have to m
to the left: Enter -1 for directions if moving
is to give a smaller number.

IEC is positive to right, positive in, positi
*/

[* X axis, positive couch lateral direction.

When moves to your right looking toward the gantry:
Enter -1 here if couch lateral is to be positive to

the right, +1 if negative to the right. */

[* center position value (cm) */

[*'Y axis, positive couch longitudinal direction.
When moves toward the gantry:

Enter -1 here if couch longitudinal is positive in,
+1 if negative in */

/* center position value (cm) */

[* Z axis, positive couch height direction.
When moves up:

Enter -1 here if couch height is postive up,
+1 if negative up. */

[* center position value (cm) at isocenter */

[ =mmmmmmmm e Collimator Jaws ----------------
/* 1 = lower jaws are X jaws (move sideways),
2 =lower are Y jaws (move front to back) */ 1

/* Independent jaws: 0 = neither, 1 = X jaws (left
2 =Y jaws (front to back), 3 =both*/ 2

/* label for -X jaw: */ <*  *>

[* label for +X jaw: */ <*  *>

/* label for -Y jaw: */ <*JAW B *>

/* label for +Y jaw: */ <*JAW A *>

/* limit of travel for each independent jaw, given

cm
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eatment planning.
eams within
patient's right
ove the couch

to the left

ve up.

-1
0.00

-1
0.00

to right)

as a coordinate in



MarkRT (VGRT) page 41 of 45

-Xjaw +Xjaw -yjaw +yjaw */
0.00 0.00 10.00 -10.00

Edit this file with any file editor, such as NotePadwimdows or vi on Unix. Do not
use a word processor (unless you save it as a texadilis is a text file, not a word
processing file. For the gantry and couch angle, spxafpominal angles and the
direction for increasing angle. For couch motion, $pélee directions for increasing
coordinates with a +1 or —1, but note that the oppogitegoes in the file.
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Couch Coordinate System File

The couch coordinate system file is used specificatlgdanpute the new coordinates of
the couch given the old coordinates (and the delta mowgmehis file allows for
supporting couch systems that are not coordinate systesisas Varian or Elekta
treatment machines in some cases.

If your couch system supports a regular coordinate system, thgyou do not
need this file. You need only be concerned with the abo@eometry file.
You can delete the CouchCoord file.

By a (regular) coordinate system, we mean the numeliitaence between coordinates
Is the distance between points and there are only uo@prelinates for a given axis. A
system that jumps from 0 to 99 or 999 when crossing zerat ia coordinate system.
The file name is CouchCoord and an example file is shoslow:

[* file format version: */ 1

I* this file is for the actual couch coordinate rea d out
and is presently only used by VGRT. Note that t he
couch system is not a coordinate system because the
same coordinates can describe two different poin tsin
space and the difference between two coordinates is
not the distance between two points.
*/
[ Couch Lateral ------------=--m-meemeee s
[* positive direction: +1 to right, -1 to left*/ 1
[* Value to add to center position and positive, cm */ 0.0
[* Value to add to negative side of center position */ 1000.0
* value at furthest movement to the right */ 50.0
* value at furthest movement to the left */ 950.0
[ ==mmmmeee Couch Longitudinal ------=-======== s
[* positive direction: +1 in, -1 out*/ 1
[* Value to add to center position and positive, cm */ 100.0
[* Value to add to negative side of center position */ 100.0
* value at furthest movement in */ 2000.0
* value at furthest movement out */ 0.0
[ ==mmmmeee Couch Height ----=-=--mmmmmmmmceeee s
[* positive direction: +1 up, -1 down?*/ -1
[* Value to add to center position and positive, cm */ 0.0
[* Value to add to negative side of center position */ 1000.0
[* value at furthest movement up */ 900.0

[* value at furthest movement down */ 100.0



MarkRT (VGRT) page 43 of 45

If this file is not present, the above Geometryifleised. Note the limits specified for
each direction. This is to enable the detectioanahvalid coordinate being entered.
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VGRTShowBeams File

The VGRTShowBeams file controls the layout of therdmates displayed to the user.
An example file follows below which one might use &Yarian treatment machine:

/* file format version */ 1
[* horizontal 0, vertical 1 */ 1
* xy,z:1, zyx: -1*-1

/I Move couch labels:

[* Move Lateral label  */ <*Move LAT*>

I* Move Longitudinal label */ <*Move LNG*>
/* Move Height label */ <*Move VRT*>

/I Couch coordinate labels:

/* Lateral label  */ <*Couch LAT*>
/* Longitudinal label */ <*Couch LNG*>
* Height label */ <*Couch VRT*>

This file is stored in the directory containing datatfee treatment machine, the same
place the above Geometry and CouchCoord files aredstdtéhe file is not found here,
the program resources directory will be searched.

The choices are to display the coordinate horizonballyertically on the show beams
popup and printout. And the coordinates may be listed iordher of x,y,z or z,y,X.
The order specified here is also used in the beam sunpagey The default for no file
Is horizontal, x,y,z order, with labels of latedahgitudinal, and height for x,y,z
respectively.

The symbols <* to *> are used to designate text that isetread by the program.
/* to */ is a comment not read. Likewise // to thel@rf a line is a comment not read.

The labels for the couch coordinates are also spdtiéee. Note that the move
coordinates for indicating the change coordinates shodicaite that. Besides a word
like “move” one might consider “delta” or “change”. Bid not make the same set of
labels the same. The program will append X to latewes,aY to the longitudinal, and Z
to the height.
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Beam Film Holders file

In the program resources directory is a file called Belanrolders. Use this file if you
want to define a default source image distance otherlib@rem, or want to define a list
of distances that can be selected. This is useftthéocase of using film at a fixed
distance from the source of x-rays. The distanceoti@grwise always be typed in above
on the locate field popup tool. An example of the fleshown here:

/* file format versions */ 1

/I description followed by distance in cm for each entry:
<*default distance*> 100.0

<*Film holder room 1 *> 155.0

<*Film holder room 2 *> 160.0

Edit this file as above for the Geometry file. ®yenbols <* and *> is used to designate
text that is to be read by the program, as opposed tovtesh are descriptive comments.
A list of distances may be created by description —rist@airs as shown above.



