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Introduction

This manual gives specific details on the operatiom@Dosimetry Check program. This
program provides a feed back mechanism for checking thenelimgiof x-ray radiation
fields that are to be applied to patients. This is mplished by measuring each radiation
field that is to be applied and then recomputing the dosdbdison to the patient using
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the measured fields as input and the definition of eaaimber his technique does not
include electron therapy.

Dosimetry Check Tasks

The program may be invoked by running the DosimetryChesksTarogram shown
below:

DosimetryCheckTasks

The user must either recreate the plan to be check#ohor load it from the planning
system, to include the CT scan set for the plan. iMiperting of the plan can be in either
the Dicom RT or RTOG protocol, the RTOG protocol gaieplaced by Dicom RT. A
process is run to import the plan, selected above.

If using an integrating device to measure the radiateddsfj the data for the fields must
be imported, normalized, and possibly processed to codose back to fluence.
Separate programs are provided for reading in the integoatad fields from various
devices and may be selected from the above programfieldseare normalized to the
center of a 10x10 for known monitor units in order to lhle 8o compute the absolute
dose. For an EPID and most devices, there is a regeksconvolution to convert the
integrated image back to fluence. The result of the psoisawritten to files in the patient
directory. Dosimetry Check will automatically pick up skdiles and match them to the
respective beams if the beam names are embeddedfile tiemes of the fluence files
produced by this process.
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This application rests on top of System 2100, a GenerpbBerRadiological Display
System. Functions are here added to System 2100 under ¢fnarpneame of
DosimetryCheck. For all functions regarding to image aisptontouring, and image
fusion, refer to the manual for System 2100.

Warning on intended use:

This system is not intended to be used as a radiation thenapreatment
planning system, but rather as a system for providing a redundédrdose
calculation using the feed back mechanism of basing the calation on
measured radiation fields.

Indications for Use

510(k) Number: K010225
Device Name: Dosimetry Check
Indications for Use:

The product is to be used by radiation oncologist, dossteand radiation therapy
physicist to check the correctness of the x-ray neat fields from high energy treatment
machines that are planned to be or have been applegdatent. This product is to be
used in addition to the treatment planning system to gecwvimeans for additional and
redundant verification that the plan is in fact sucedlgsiccomplished. This product is
not a treatment planning system and is not to be usedeasThis product only checks
the applied dose based on the measurement of eachialdegnid a theoretical
calculation. This product does not provide any quality asegrthat the fields are in fact
correctly applied to and correctly aligned with the pat@ratomy as planned. In
addition, the product may be used to display the above daosther fused image sets
which could provide additional clinical information tcethadiation oncologist regarding
the treatment.
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Broad Considerations in the Use of this Program

Inherent in any activity carried out by human beinggarticular is the possibility of

making errors. Radiation therapy presents unique probtethsiregard to the

application of ionizing radiation to patients. This &din cannot be seen, heard, smelled,
felt, or tasted, as the five senses do not recoptésence. By contrast, a nurse who
administers a drug can visually read the label from thigebfrom which the drug is taken.
The amount of drug that is measured out can be visuattyadee time it is administered
to the patient.

Radiation on the other hand must be measured at soemetiotke by a physicist with
complex equipment and complex calibration processes.pl@heof radiation is often
computed on a computer where all aspects of the treattekvery system must be
modeled mathematically by the planning software. Trusleling may include the
insertion of objects into the beam such as wedgeshaeldiag blocks. Intensity
modulation may be designed by the treatment planningrnsystd accomplished by a
compensator manufactured for the purpose or by the treatnaehine during treatment
with moving multi-leaf collimators. This lengthy andnaplex process has multiple
opportunities for errors to be committed by persons achimes.

Radiation therapy, like other medical specialties thavaly act upon the patient, has zero
tolerance for error. It is generally not acceptablenjure, Kill, or paralyze a patient. Yet
injuries, death, and paralysis can result if mistakesnaigke in the delivery of the
treatment. Quality control measures must be institimt@dy treatment center to assure
proper treatment of patients as planned. The standarddu@s for quality control (see
references 1, 2, 3, and 4 below) generally call for beeking of each component of the
treatment planning process. It is assumed, and hopedylibatall the components are
correct that the end result is correct. Yet withofgealback mechanism for the entire
treatment planning and delivery process, failure to det@coblem with any component
or underlying concept will most likely go unnoticed. Aertexample of such a system
failure would be the lost of the Mars lander caused ihyéato convert English units to
metric units in some component of the system. Nonmtieed this mistake until they flew
the rocket. The use of this program will allow fowitilg” the plan before treating the
patient.

General Quality Control Principles

General principles have been discovered in the engngeand manufacturing fields to
assure quality. They include having and following documeptededures that include
redundancy and feedback mechanisms. The firing of theetrabove provided the
ultimate feedback as to whether the satellite wiltlnt target. Medical practitioners need
to be cognitive of quality control methods that are eygd in other industries. In the
airplane industry there is a principle that the failura single component should not bring
down the airplane. Redundancy is employed to reduce failures

Let us examine this concept for a moment. If ther@irate of a component is 0.01 or 1
percent, and the failure rate of a redundant componafgsa<.01, then the failure rate of
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the two components employed together so that both albefore the system can fail is
the product of the individual components, or 0.01 x 0.01 = 0.00010arpercent, a
hundredfold improvement in reliability. Therefore €@mponent cannot be made better,
simply add redundancy.

Feedback mechanisms are also powerful tools for angiegliable systems. Consider the
float in the flush toilet. The level of water shof§the incoming flow by lifting the float.

If a simple timer were used instead and if the waterspreswere to be higher on some
particular day the reservoir tank might overflow befidre timer shuts off the incoming
water. The overflow tube in the reservoir tank @savides redundant protection against
such a failure. Consequently | have yet to experidmedailure of the reservoir tank
overflowing in my life time to date.

Human Fallibility

Human beings perform the task of treatment planning.y hest operate complex
programs on computers and may also have to use calculatcospute or check the
results. Human beings are fallible. No person caroparéven a routine procedure
repetitively without eventually making a mistake. Fag gast two years | have been
giving fluid subcutaneously to our cat twice a week. Dutrggtivo years | have stuck
myself twice with the needle. My failure rate witletneedle is 2 out of 208 or about 1
percent. It seems unlikely that any individual can gawvaok everyday over a 40 or so
year career and operate computers and calculators andnmegke a mistake. It seems
unlikely that every patient can be treated without larfaif there is no quality control
process.

Typical Possible Errors

Treatment aids such as blocks or compensators maydéeemade. A milling machine
might make a compensator for example. Things can gogamothe manufacturing
process. The tools might not be calibrated corredilye physicist might make an error
measuring the attenuation factor. The compensator igghtounted backwards or
switched with the wrong field or patient. The wrong fiight be down loaded to a multi-
leaf collimator system for field shaping or intensitgdulation. There was an incident
where a compensator was made for a lung field. Theatexis went through lung but
the monitor units were not corrected for lung trandomssEvidently no one noticed that
the result would be the raising of doses to structurasdrthe perimeter of the lung,
such as the cord, to what the lung would get without atnession correction, rather then
the intended lowering of the dose to the lung to correspothe dose outside the lung.
This can result in the cord getting 10 to 15 percent highss tlmn anticipated. | have
heard of another incident where a physicist assumeadtige factor was not accounted
for in an external beam program when in fact it veasl so ended up applying the wedge
factor twice.

Undoubtedly anyone who works in radiation therapy has me®lved in or heard about
some kind of mistake. Because of the nature of mistahkeshe possible consequences to
the patient, not to mention law suits, mistakes arbably not publicized and we may not
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be aware of the full extent of this problem in radiatinerapy. Our concern here is to
develop a procedure that will minimize the chance ofraisyake not being caught before
treatment.

Feedback

There remains very little immediate feedback in ragimatherapy that the treatment is
delivered as planned. The only feedback mechanisms colgneraployed to verify the
dose consist of making a surface measurement on that{sasiein. This surface
measurement can be related to a predicted dose valueevEigwhe measurement at one
or a few points does not demonstrate how the effécil the treatment beams are adding
up nor show the dose to the target volume or criticatsires. Errors can still exist at
other positions within the radiation field that wiltnbe detected by a single point
measurement, such as performing a point measuremeng garitral ray but the wedge is
reversed in position. Making measurements inside therpasi generally limited to a few
points if there is a cavity available and is an in@agrocedure.

This product provides a feedback loop for the dose and shad py be a powerful tool
for assuring the correct treatment of patients. Bgutaing the dose to the patient based
upon the measured fields, any mistake in the treatmemtrplanitor unit calculation, or
devices placed within the beam should be evident if sofesita By substantial we would
hope to flag any error in dose greater than five percéhis also means that if a wedge
were applied backwards, or the wrong wedge used, or somev&de in intensity
modulation such as down loading the wrong file to thelexa®r, that the resultant dose
to the patient would be evident from examining the dosteilolition computed from the
measured fields applied to the patient.

Advantage of This Method

An advantage of this approach is that the dose will esgmted against the same anatomy
that the plan was done on. The review of the dosedvmtl be abstract as compared to,
say, measuring the dose in a cylindrical phantom foclwthie plan has been recomputed,
not that such an approached doesn’t also have its mériisrther advantage here is that
the confirming dose can be computed for any desired glmoaghout the patient or
shown in 3d perspective room views, and is not limitethéoplanes measured in a
phantom. By downloading the dose distribution from tharpfey system, a direct
comparison can be made to the planned dose.

Limitations

Warning on limitations:

At the same time one must bear in mind that only the dosietry is being
checked. Nothing is done in this process to check thdtd fields are in the
right place on the patient. Further, we are also assumindnat the treatments
will be given with the same parameters that the field measements were
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made with, i.e. that a mistake is not made after this dosietry check is
completed. Nor is the correct energy selection being doty checked.

A careful review and evaluation should be done in impléimgprocedures so that it is
understood and documented what is checked and what is noethéless, this
verification of the dose distribution based on measuneglgnminates many possible
sources of error by providing a much needed feedback loop.

Possible False Positives: Common Errors

A possible source of failure to flag an incorrect et would be the occurrence of the
same error in the planning and treatment process andh#cking system. Care must be
taken that the same mistake cannot be made twicabcdmplimentary errors are not
made. For example, suppose a wedge or compensator isdnses reversed position
from that intended. If the measured field used as inptitigsystem were to be then
incorrectly reversed as well as to make the deviapp®ar to be in the correct position,
the error in the device position would not be detectéthe treatment machine
calibration were incorrectly specified to both thenplag system and this checking
system, an actual error would go undetected. Errorstidtiorientation of the measured
field can be avoided by having a procedure with a poditie between the measured
field and the collimator. Other common errors wouldmally be found during routine
acceptance testing of treatment planning systems andlycqeaaitrol of the measured
beam data.

However, it is desirable to reduce as much as possiple\aerlapping dependency
between the checking system, the treatment planningnsyand treatment machine. The
use of generic beam data as provided here and or thetgapafdhe beam data used by
this system from the treatment planning system Walhafor independence between those
two systems.
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Measurement of the X-ray Fields

As a general rule, we believe that the persons wiab the patient should also make the
exposures for the measurement of the x-ray fields. r@&son is for increased assurance
that the field exposure will be made identical to thadua the treatment, i.e., that the
same devices will be used in the beam in the samegssitBelow we discuss the
possibility of making such a measurement during treatrhenitable technology is
available.

Possible X-ray field There are many

parallel technologies
plate ion available for
chamber measuring the

radiation field. X-
ray film is tedious
_ and many
i Possible departments are
electron  getting rid of their

shield  x-ray processors.
r Image

Detecto EPID

Electronic portal
imaging devices
(EPID) and ion
chamber or diode
arrays are suitable

replacement
b% devices. Using

Geometry for making a measured picture of the xfedg. these devices is

covered in a separate document: “EPID Functions fomizisy Check”.

X-ray film

Kodak EC film in ready pack, known as EDR2 (Extended Dosg®ashould have a
dynamic range out to 650 monitor units with the film plaaed00 cm (we have measured
density of 3.0 at 650 monitor units at 100 cm). Verificafiomin ready pack will be

limited to less than 200 monitor units at 100 cm (we hasasored a density of 3.0 at 200
mu). In the case of such limited dynamic range, tHisveme can handle a truncated
treatment because the user can enter the monitoruseitsto irradiate the film and the
monitor units that the field otherwise is to get, whk measured dose scaled according to
the ratio. Digital radiography systems applied to radui@rapy have the potential of
also offering a wide dynamic range. Electronic devetesh as phosphorescent screen, a
45 degree mirror, and a TV camera may be sufficient,edlsas/a diode or ion chamber
arrays. Film will work and may be the most readilgible device to use.
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Measured Field Orientation

It will be important that there be no confusiort@she orientation of the imaging device

relative to the collimator. An electronic imagidgvice that is mounted to the collimator
or gantry would completely eliminate any possiblemtation errors with distinction made
as whether or not the imaging devices rotates thihcollimator.

With film in ready pack, one can pin prick the filming a pattern that clearly marks the
positive X and Y axis, such as two marks just agtshe field to mark +X and one to
mark +Y, with a second mark to mark the other efnthe@ X or Y axis. Leave at leasta 1
cm margin between the marks and the field image.

The imaging surface must be perpendicular to thérakeray. Closer distances than 100
cm may be desirable to fit a large field within fih@ size available. This software can
correct for a changed distance of measurement flyiag the inverse square law to
calibrations made at a different distance.

The location of the central ray must be known. iheege of the field edges can also
serve to locate the central ray with the locatmal provided in Field Dose below.
However, an aperture block would obscure the &eldes.

Warning measured field and collimator:

There should be a positive locking system between the meestli field and the
collimator, so that the location of the central ray is known, ando that there
IS no confusion as to the rotation of the measured field relae to the
collimator.

An electron shield will have to be above the imggnrface to provide just sufficient
material to shield contamination electrons fromgiog the film. Using water density
materials will cause a small problem in that segtteduced in the bolus will round off the
edges of the measured radiation field. We havedtitat this will cause higher isodose
levels, such as the 95% level, to contract somewhat

With x-ray film, we have gotten best results using 3mm of coggp for the
bolus material to shield out contamination electrons. We haveoh seen any
degradation of the measured field edge with 3mm of coppe/At 6x one can
use 1 mm copper.

We do not want a phantom under the imaging sutfacause the measured field is to
approximate an in air measurement. A phantom uttdemeasured surface would
contribute full back scatter and we are assumiagttiere is no back scatter in the
measured field. Otherwise a deconvolution prosesseded.
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It is assumed that a dry run will be made withdwt patient. However, making a
measurement of the field during treatment is netlded if the technology exist to do
that, that is, if there is a suitable device tlat also be treated through. However, in that
case, careful consideration needs to be givenetoatal attenuation the imaging device
presents between the source of x-rays and thenpatel the effect this might have on one
treatment. If the monitor units were increasedaeadiogly, care must be taken that the
monitor units are readjusted when the imaging syssenot in the beam for the rest of the
radiation course.

Relative Monitor Units

The imaging system must not only record the vameatif the x-ray intensity over the area
of the beam, but must accurately measure the apglative monitor units. This can be
accomplished with film by running a calibration eeito convert film response to relative
monitor units at the same time. Using a step wekigecan be accomplished with the
single exposure of an extra film. Another variatiwould be to put a parallel plate ion
chamber or diode above or below the imaging surféceill have to be possible to
determine the point of measurement if differentrfrine central axis, and the chamber and
leads must not introduce large artifacts onto #s¢ of the image of the field. Please
review the below Field Dose section for a defimtaf relative monitor units.

Making a Calibration Curve for Film

We would recommend that you simply place the filmtloe treatment couch at 100 cm
and cover it by the dmax thickness using a solitewslab. Use a 10x10 cm field size
(assuming you have normalized your scatter coliamégtctor to a 10x10, otherwise
correct the monitor units you use). We also recenurthat you use at least 10 steps in
the calibration curve from the minimum exposuréh® maximum density that can be
digitized by the film scanner. For example, foerdpy verification film you might
consider running the curve up to a maximum of 6@itoo units and shoot all the
treatment fields with 50 monitor units (you canlpably go higher if your film scanner can
handle the darker densities).

If you expose the same film multiple times, you treensider the leakage from the
accelerator. If you fit six 10x10 field exposumsa single 14x17 inch film, each field will
receive the leakage from five other exposures. wiald suggest that you cut each film
into three strips 14 by 5.7 inches. Place eadghistan empty paper ready pack, fold the
open edge over and fix with a paper clip. Therth length is long enough to run
through the film processor. And you can make tWg1D cm field exposures on each
strip. But, the other part of the film still must covered by bolus to protect the film from
exposure to secondary electrons. If the leakag®ie than 0.5%, we would recommend
you use more film with only one exposure per dlyqu can also tape a leader onto
smaller pieces of film for running through the fiprocessor). The calibration curve is
simply monitor units versus the measured valubdatenter of each 10x10 cm field. An
unexposed area would serve for O monitor units.
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Rescale, Step Strip, or Dosimeter

Using multiple exposures every time the verificatgystem is used to create a calibration
curve will be time consuming. You can either makéy one curve and rescale the curve
for each use, rely on a dosimeter measuremenntomalize the treatment field films, or
calibrate a step wedge to generate a calibratioredor each use of the system. The
iIssue here is that there will be large variationfim response due to variations in the film
processor and possibly from one film batch to amo#md we need to correct for that
variation.

Rescale the Calibration Curve

To correct for changes in film processing, it malyde necessary to rescale the
calibration curve. When making film images of eéeld for a patient case, expose one
extra calibration film, typically 10x10 cm, to adaun monitor unit. Use the existing
calibration curve to determine the relative moniaits for the calibration film. Type in
the monitor units used on the provided popup teeé (Field Dose in next chapter) to
rescale the calibration curve. The rescaled cisrsaved and then used separately and
instead of the original curve.

Dosimeter

If using a dosimeter, you could use a parallelgpiah chamber imbedded in plastic and
place it either immediately above or below the filithe software has options for you to
simply type in the reading, the temperature andsanee if an ion chamber, and the
distance. You need to calibrate the dosimetdnersame geometry used by making an
exposure with the 10x10 cm field size for known rtmmunits. The film calibration curve
will correct for the dose on a relative basis, wita dosimeter supplying an absolute
value.

Making a Step Strip

The sensitometer meters used in radiology aredastofdr our fims and also have too
much variation between exposures. Stated staksiltiypically +-0.02 log exposure, which
means about +- 5% in exposure. You can insteae raaidtep strip out of cerrobend or
lead. The linear attenuation factor will very withergy. Using a value between 4 and 18
MV x-rays (-0.420/mm) we have computed suggestettribsses for a step wedge made
out of cerrobend:

approximate % transmissionn ~ Thickness cm

0 extend thickest part beyond field edge.
4.3 7.5

10 5.5

20 3.8

30 2.9

40 2.2

50 1.6

60 1.2
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70 0.85
80 0.53
90 0.25
100.0 0.0

A band saw can be used to cut out each step. Yayunrant to cut the sides on diverging
rays.

To calibrate the step wedge, you must still ruald@ation curve. Then place the step
wedge on top of the film. Decide on the field sirel orientation that will always be used
(still assuming the film is at 100 cm), i.e. markexe the central axis is to go on top of the
step wedge. Expose to slightly less than the sng@nitor units you used when you ran
the calibration curve. Digitize this film with tlealibration curve. Next use the software
to create a step wedge file. The calibration cuvilldoe used to assign an equivalent
monitor unit to each step.

Then when treatment films are exposed, make aufilimg the step wedge for the same
distance, orientation, field size, and monitor sinised to create the step wedge file. The
software will then associate the measured valuedoh step with the above equivalent
monitor units to generate a calibration curve taat be applied to the treatment field
films.

Digitizing Film

The field image must be converted to digital forBome consideration must be made to
the dynamic range of the film scanner device,gftiting film, as to the maximum density
that can be measured. You must use less monitisramas not to exceed the dynamic
range of the film scanner. The program has armopt allow you to scale the measured
values up by the ratio of monitor units used tooseothe film to that for the treatment
field if the monitor unit prescription exceeds thgnamic range, which will be the case if
using therapy verification film.

The zero crossing of the response of the film dgiitmust also be considered. Some
signal should be seen for an unexposed area difth@therwise it may be that low doses
are being truncated to zero.

Another consideration is the number of bits that loa digitized. Eight bits per pixel will
only permit a number from 0 to 255 to representrémge of monitor units. Since field
prescriptions can top off around 250 to 300 muweeld barely have the resolution of 1
mu. With the necessary dynamic overrange neededuoe that the range is not
exceeded, the resultant resolution will probablgben less. If the number of bits limits
accuracy, consider adding a dosimeter readingadi¢ld measurement as mentioned
above.

Even if the device has 12 or 16 bit analogue taaligonverters, the image file format
must also be considered. The Tiff format for exi@namly supports 8 bits per color, so
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the image pixel data would normally have to be ¢ated to 8 bits. Usually the same
number is stored for each of red, green, and blesingle byte (8 bits) is used for gray
scale. However, in one case using software wehlthbit Vidar film scanner, we noted
that 12 bits were in fact being written to the Til# with the 12 bits distributed over the
red, green, and blue color bytes. This is not phthe Tiff standard as gray scale can
only go to 8 bits, but we have nonetheless moddedTiff reader to decode a 12 bit
number from the red, green, and blue fields. Veéenat able to read non-standard 16 bit
Tiff pixels. We will attempt to deal with this iss as the need arises if other encoding
schemes are encountered.

The PNG format can accommodate a 16 bit gray pcedd has provision for specifying a
pixel size, and so is to be preferred over usirfgFTlI

The Dicom standard permits a data size of 12 dvits6per pixel and so is preferred for
this application.

If the accuracy in terms of the absolute doselative monitor units cannot be achieved
with only digitized film images, then a paralleht# ion chamber or a small diode (or
mosfet) should be used either in the bolus stackeidmitely above the measuring surface,
or might be placed immediately below. The poinaswgement is used to renormalize the
dose array. The calibration curve is still usefbfeethe final renormalization. We would
like to have the relative monitor units measureditin 1 or 2 percent to have
confidence in the result. This is achievable iith relying upon a step wedge or a point
measurement.

Pixel Size

Anther issue with the Tiff and PNG formats is ttiat pixel size is an optional parameter,
not a required one (actually the image size isipédrom which the pixel size can be
computed). Yet we need the pixel size of the digit image. If the pixel size is not in
the file, a message will be popped up and thewtidrave to determine the pixel size.
This can be accomplished with the provided todi kbeates the field image in beam’s eye
coordinates.
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Dose Recomputation Procedure

The CT scans, beam positions, outlined regionstefest, and a 3d dose matrix can be
downloaded in Dicom RT or RTOG format. If the skimundary is included in the
download, it is only necessary to select that velas being the skin boundary. The
Dicom RT protocol has a mechanism for specifyirag.thA pixel value to density
conversion still must be done with this softwaiettee conversion curve is not part of the
Dicom RT or RTOG protocols.

If the plan cannot be downloaded, the user must irga this software the CT scan set
used for the treatment plan. A skin boundary rbesgenerated and CT pixel number to
density specified. Then the user must locatedbeenter of each beam. The plan will
have to be referred to with at least two orthogdpafpendicular) views of the image

data to locate isocenter. A transverse scan molswhere isocenter is in the plane of the
scan, but a sagittal or coronal reconstruction beageeded to show where isocenter is
along the axis parallel to the long axis of theyopdrpendicular to the transverse plane.
The beam location is easily adjusted with thisvgafe along three axes. Subsequent
beams will start with the isocenter of the prioatme The user must also select the correct
energy. The user must set the gantry, collimatod, couch angles for each beam.

Lastly, in either case, each beam must be assdaiatle the respective measured field.
This can happen automatically or the user cantséleaneasured fields for each beam.
Selecting two or more fields will result in themrgpadded together. When this process
Is completed the dose distribution can be computed.

Comparison of Results

For the check of the dosimetry to be effective,rémilt of the dose computation must be
compared to the treatment plan. The user shoaldipe same planes presented in the
plan for comparison. The hot spot (maximum dobkelkl also be noted as this may
indicate a conditioned that has gone unnoticede ridrmalization point (usually
iIsocenter) should be computed for comparison vighplan. The normalization point and
hot spot can serve for an objective comparisore ddse distribution comparison will be
more subjective in nature, but one can look atahget volume coverage and dose to
critical structures.

Warning on quality control plan failure:

Treatment of the patient must NOT continue until any largedifference in
dose greater than five percent to significant volumes is undgood and
corrected. The treatment plan must not be changed basedlsly upon the
result of this check, rather the cause of any such diffence must be resolved
and understood and a corrected treatment plan produced.
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Gamma Method

The gamma analysis method provides a means to cerhpa dose distributions taking

into account both dose at a point and distancehtrevthe dose is the same. See the
reference in Medical Physics by Daniel Low, et. bl 25(5) May 1998, pp. 656-661, "A
technique for the quantitative evaluation of doiséridutions.” The reason here is that in
a low gradient area, the isodose curves from twtridutions for the same dose can be far
apart whereas the difference in dose is actualgllsrAnd in a high gradient area, the
there can be a large change in dose at a poirdribut very short distance to where the
dose is the same.

Comparison Tools

Several comparison tools are available for the wdm the plan is downloaded from the
treatment planning system and includes a 3d dosexmand are described in a separate
section. The tools include, besides the above gamathod, generating a difference dose
volume histogram, showing the computed and dowmdatbse on the same images,
showing a plot of the dose difference on an imagéd, showing a 3d perspective room
view of the dose and dose difference. Using gagure, one could also use this program
to show the downloaded dose distribution on othsed image sets.

Algorithmic Differences

One can expect small differences in dose due terelifces in the algorithm between this
system and the planning system. Some knowledg®sé differences may be needed.
The pencil beam algorithm used here is not goindotevell in internal interface areas and
differences can be expected if compared to anighgothat does account for interface
effects such as Monte Carlo or a fully implemergeat dose superposition algorithm.
We can also expect differences at field and blatges in penumbra regions. Within the
beam no closer than one cm to an edge, we shop&teany two systems to agree within
at least five percent, hopefully three percent.weieer, one should not be surprised at
dose differences greater than five percent in regaf electronic disequilibrium which
includes beam edges.

Another potential source of small differences migatthe skin boundary. Here shape
interpolation is performed (unless turned off) betw contours that are further than
several milimeters apart.

Systematic Procedures for Comparing Plans

The user should develop a systematic procedureoimparing the doses from the two
systems, noting the dose that covers the targat Hve dose to critical structures, and the
maximum hot spot doses. Significant differencesukhbe understood and resolved.
Comparing the dose at a central point providesbgective measure, as well as the
difference dose volume histogram and gamma volustedram.

Possible Failure of This Checking System
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Warning, program only tests dosimetry:

This system only tests the dosimetry, not the actual appliagan of the fields
to the patient.

The actual treatment to the patient will dependruhe@ proper placement of the fields on
the patient and that the fields are not changddifi@rent for actual treatment.

With the dosimetry check performed here, theretn@oemodes of failure, false positive
and false negative. False negative is showingram @shen none exist and a false positive
shows no error when one in fact exist.

A negative result alerts the user and investigaaten can be taken to resolve the
problem.

A false positive should be less likely but consadiem should be given to the possibilities.
A false positive would result if the same error lsggpto both the checking system and the
original planning system. A common error mightutegom using the same beam data.
However, one would expect normal quality contralgadures for the planning system to
screen out any such error in the beam data. FRuttiere is the possibility for using
generic data provided with the checking systemwmatld make the checking system
more independent of the planning system. But ¢évemgeneric data may require some
editing by the physicist to properly define how treatment machine is calibrated. For
example, is the distance to the calibration potfd dm + dmax or just 100 cm?

Another source of a false positive error wouldflibe fields are set up correctly for the
dosimetry check but incorrectly for the actual tneent. But this last consideration
applies equally to the daily treatment of the putie that there must be consistency and
some control for guaranteeing consistency.

Warning, input field parameters:

The dosimetry check program relies upon the user properly efining the
isocenter and angles for each field, and for properly specifyg the energy of
each beam. The measured field must be correctly associateth each beam.

Special attention needs to be paid to the acteldl fheasurement and the means to
determine the orientation of the measured fieldtred to the collimator. The
measurement device, be it film or otherwise, mestdnsistently placed in the same
orientation relative to the collimator. If the megement device attaches to the collimator
this is assured. It not a procedure must be ésttadl such as always putting the
collimator in its unrotated position and alwaysihgwhe fim or measurement device in
the same position on the treatment couch. Furfioene markers may be needed so that
the beam’s eye view x and y axes are clearly digleras well as which side of the film
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the x-ray source was on. With film in ready pagkin prick outside the field would serve
this purpose. But be aware also that the imagapimarker will also be interpreted by
the checking system as a change in dose.

Warning, understand what part is checked:

The user must take care to clearly understand what part ofite treatment
process the dosimetry checking system is confirming and whparts of the
process the system cannot provide a check.

Future enhancements of this system might includéadly calibrated images of the patient
that can be compared to the rendered skin surfaoeefification of the patient’s position
relative to isocenter. Similar measurements ottéatment machine gantry and
collimator may be possible.

Fused Image Sets

Warning Fused Image Sets:

Clearly, if the checking system signals a difference andrer in dose the
system cannot be used to show the dose on a fused image set.

The dose distribution transferred to the same plaadused image set should be the
same in both identical planes. The tools providéd image fusion provide means to
verify that the fused solution is correct. Onlyh€ fusion solution is correct and the
dosimetry check agrees with the plan can the doserson a fused image set be relied
upon.
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Introduction

The Field Dose (Fluence) Toolbar is accessible froyncd the Convert****Images
programs if there is a need to perform some functioowe¥er, images are added
automatically in Dosimetry Check for all images sav@diie same beam, and adding
need not be performed here. Most of the functiormabale for entry from the use of x-
ray film or a similar process. However, functions available under the Fluence
Functions pull down to process images from electroniccdsvprocessed by a
Convert***Images program.

It should be understood that in general we are referoimgages that will define the
fluence map of a field, or otherwise defined as the somnmdel. How ever, these
functions could be used under some circumstances for praresse although there are
no analysis tools provided. Hence in this documentetha dose and fluence are used
loosely.

This program will read in an image of an integrated readidteld and provides tools for
converting the pixel values of the image to a dose dititeouser’s choice using a
calibration curve. The result is written to a filedenthe patient’s directory which may
then be used by other applications. Tools are provided:
- for locating the field center, orientation, and disea(magnification).

for creating a calibration curve.

for calibrating a step strip, and using a step strip torgéme calibration curve.

for using the calibration curve to convert pixel valteslose.

for rescaling a calibration curve to force agreematit a/single point.

for piecing together a single field image from multiple g@s of parts of the field.

These functions may be provided as a separate prograu EaldDose, or as part of
another application. In either application, selectibkield Fluence will lead to the Field
Dose (fluence) toolbar.
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Field Dose (Fluence) Toolbar

Retun...| Feut image  Calbration _Dose |

Test,Stuff

Field Dose Toolbar, showing a field image and BEV’'stocaxes partially located.

A patient must be selected before the Field Dose tooliabe used. A bogus patient can
be created if doing work that does not involve a pati@itown above is the Field Dose
toolbar. Under the Field Image pull down are optionstumin a field image, locate the
field, and show pixel and dose values. Under the Catlorgull down are options to
create calibration curves and step strips. Under tlse pall down are options to convert
to dose and save the result, as well as functions te pagether a field from multiple
images. There is also an option to normalize tle titea point measurement and to
display isodose curves.
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Read Field Image

To read in a field image you must first select a framnptit the image into. Simply click
the button that is holding an empty frame. If them@iempty frame, hit the Screen
Control button on the lower right hand corner and masereen. Then select one of the
frames. Under the Field Image toolbar select the ¢ypmage. At present the image
must be in Dicom, Tiff, PNG format, or a proprietésymat from Radiological Imaging
Technology (Colorado Springs, CO). You must know whichét the file has that you
want to read. Generally, Tiff file names should enthenextension .tif, PNG files with
.png. The Radiological Imaging Technology system produces fites for each scanned
film. This system reads two of those files, jus¢seany one of the three, the two needed
files will be read.

Tiff and PNG formats do not necessarily specify thelmikze but the pixel size is usually
include in the file. If not, you must either know thggpisize or it can be determined
when you locate the field. However, you must then ktlfeevdistance that the image was
taken at to determine the pixel size and the dimendisaroething in the image. A
Dicom file should include the pixel size in its dataodgtam rIDicomDump provided can
be used to display the contents of Dicom files if yaufamiliar with the Dicom standard.

We do read 16 bit TIFF gray scale images, which is wleet film scanners write.

We have noted that some software (IrfanView) with 8canners will pack a 12 bit gray
scale into at 24 bit true color pixel (2 most significemted, 5 to green, 5 to blue). We
have implemented one scheme to unpack a tiff image wibtd2ncoded in the red,
green, and blue fields. Since this kind of packing is ndtqfahe Tiff standard, it will
work only for this specific case with a 12 bit scanner.

The PNG file format does go up to 16 bit gray scale anbdave implemented a PNG
gray scale file reader.

From the file selection popup, select the file to la&lrelf there are no errors the image
will appear in the frame you selected.
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Locate Field

You must first select a frame that holds an
image on which you must locate the field.
You cannot convert a field image to dose
unless the field has been located. The
locate field popup will draw the field on the
image. The locate field popup has controls
to specify the field width and height. For
asymmetric fields you use the central axis at
control to move the central axis within the
field. You should know the field size and
asymmetric jaw settings of the field and set
the corresponding values. Field sizes are
typically defined at 100 cm, but if at 80 you
have the option to select 80 cm with the
toggle button. We generally always refer to
a field size at the distance of definition, i.e.
100 cm, rather than the size at the distance
where the field enters the patient.

The bottom half of the control is for the
purpose of moving the field within the
image. If you know the distance to the
image, set that first with the SID (Source
Image Distance) control. Then translate the
image and possibly rotate it until the field
edges line up with the edges of the image.
Note the pixel size at the bottom of the
control. It defaults to 0.1 cm if the pixel
size were not in the image file, and you will
be warned in a popup that you must specify
the pixel size.

You can default the SID to something other
than 100 cm through the use of a file and an
option menu on the FieldDose toolbar. This
| — is a convenience for the case of taking
Locate Field Popup images routinely at a distance other than

100 cm. Write a file with the name
ImageHolders and put the file in the program resourcestaige(pointed to by file
rlresources.dir.loc). The file format is as follows:

[* file format version */ 1
/I description, followed by distance in cm
<*Film holder 1*> 64.5
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<*Film holder 2*> 59.8
<*couch top*> 100.0

You can have as many entries as you desire. In Hrepga above, you might have two
accelerators for which the source to image distandéfagsent for a film holder that
attaches to the collimator. On the toolbar you waoligh select the film holder distance
with the option menu. When the LocateField popup comethigpwill be the default
distance showing in the SID field. You can changeoitnfthere. This mechanism simply
provides a way to not have to type in a distance diffsdrem 100 all the time. If the file
does not exist the option menu will simply show 100.0 cth@®nly choice for a default
distance.

If the field is blocked with an irregular field block dwat the edges of the field defined by
the collimator are not visible, you will need visilbfarks from which the center and
rotation of the field is known. For marks on thesaga the field image, you have the
option of clicking the mouse on those points rather thanipulate the wheel controls to
align the field locater with the marks. The programests you to enter points in the
order of x-, x+, y-, y+. By x- we mean a point tisgahegative relative to the point x+ on
the BEV x-axis. The same concept for the y axisthere are only three points, than pick
the combination that you have from the buttons showhe cursor will turn to a left
arrow when it is expecting you to hit x-, right arrcav k+, down arrow for y-, and up
arrow for y+. The program will fit the BEV axes Idicen to the points entered. You can
still continue to move the field afterwards with tleoodinate wheel controls.

Match the field size with the field size width and heigbntrol. Use the margin control to
include as much area around the field as possible upe¢asita cm. This extra area
includes the penumbra and tail area of the beam and mustlbded if the dose in the
area just outside of the field is to be accurate. Bciude any extraneous marks such as
fudicial marks, because they will otherwise show up as.dos

A flip image button is available for the case if thege were digitized from the wrong
side. The image must be viewed from the source sideistlas if your eye is at the
source of x-rays.

Warning: must properly locate field in beam’s eye v lew:

It is imperative that you locate the field in beam’s eye viewoordinates for
the Dosimetry Check application.

For the unrotated collimator, the x axis goes leftidht across the couch when standing
looking into the gantry. The y axis points along tmgté of the couch toward the gantry.
This is known as IEC coordinates. If the collimasorotated, the image rotates with it.

If the imaging device is not physically attacked to tbiimator, we suggest that you
always make the image in the same setup with the eddinunrotated. Further, you
should then have some marker that shows up on the imagafirm the orientation of
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the beam’s eye view coordinate system. With filmeiady pack you might consider pin
pricking the x axis with two dots and the y axis witle @ot just outside the field. When
used with the Dosimetry Check system, if you rotatectieedinate system incorrectly
here, it will be rotated incorrectly when applied te fatient image set. This may cause
failure to detect a wrong collimator rotation if thedd image is otherwise rotated such
that it compensates. If the imaging system is atththé¢he collimator you will have less
to do. The center and orientation should be consgdative to all images taken with the
device.

As the controls on the Locate Field popup are movedidldewill be drawn accordingly.
The color button at the bottom of the popup is for $lgthe color that is used after this
control is dismissed.

If the source to film distance is unknown, you can chahgesID until the beam edges
match the image. If the film distance is known butpixel size is unknown, you can type
in different pixel sizes until the beam edges again mapchin general, you should know
the pixel size or it should be included in the image file.

You can dismiss the FieldLocator popup when done. Eaaeinm a different frame has
its own locator tool. If you simply click the mouse the next frame when the locator is
up, the locator will go down and you will get the locdtmrthe next image. This saves
you the step of having to go back to the pulldown menu.

Show Pixel Value

| This tool is used to display and measure
. the pixel value in images. It is also used
L) BEEURE € (A HEIBEEE i) | with other functions when pixel values

generating a calibration curve using a

Ave. Pixel Value calibration image such as a calibration

Number of Pixels _ film. At the top of_the popup is a toggle
| button for measuring upon mouse

release. If selected the area will be

measured after dragging with the mouse

| to the desired location when the mouse is

“* Rectangle -~ Ellipse | released, making for rapid measurements.
Width em ———Height em— Otherwise, one must hit the Measure

EEE ) B ) . button to make a measurement. The

_ _ measurement will be inside the area
| drawn on the image. The area may be a
. square, rectangle, circle, or ellipse. The
- - g dimensions of the area is controlled with
Show Pixel Value Popup. controls provided near the bottom of the

popup tool. The dimensions of the area
are in the coordinate system of the image at the idsg@nce. When a measurement is

Standard Deviation

Signal Ave. Area
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made, the average pixel value within the area is digplajeng with the number of pixels
that are sampled within the area, and the standard ideviat the average. If this tool is
used with another tool, the average pixel value withb®matically transferred to that
tool. The other tools that might use this one wifh pup this tool at the time the other
tools pop up. Used alone, this tool simply reports orptked values in images.
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Show Dose
m"‘m Here we have the first example of a control that
uses the above Show Pixel popup. This tool is for
computing the dose from a pixel value given a
calibration curve. Once an image is converted to
dose, a different tool is used to simply show the
dose from the dose image. The Select Calibration
Curve must be hit to select an existing calibration
curve. Below we will cover how you make a
calibration curve. The pixel value, referred to as
the Signal value in the popup, may be typed in or
may be found with the Show Pixel Value popup
tool. The dose or relative monitor unit is then
Show Dose Popup computed, depending upon the type of calibration
curve. The Show Calibration Curve may be used atian@yto redisplay the selected
calibration curve.
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Make Calibration Curve

What we must do here is create a curve that convertgixel or signal value in an image
to a dose value. The calibration curve may be ingerhabsorbed dose or relative
monitor units. The choice is made with the providedor&dix on the popup. The
Dosimetry Check program requires that the dose be irsteffiRelative Monitor Units”
which we will define immediately below.

Relative Monitor Unit

The relative monitor unit is normalized to the cemtithe field size for which the scatter
collimator factor is unity, i.e. has a value of 1.(hisTis typically a 10x10 cm field size as
most physicist use this field size as their referdietet size. 100 mu applied with a 10x10
open field is 100 relative mu at the center of the fi¢ldhe field size is increased to
40x40 and if the scatter collimator factor for a 40x40 is 1tl@En a 100 mu applied
exposure results in 105 relative mu at the center ofdlie fif an attenuator is inserted
into the beam, such as a wedge, that attenuates tinalcay by a factor of 0.5, then that
ray will represent 105 x 0.5 = 52.5 relative mu. The Dosy@heck program computes
the dose from an array of pixel values in terms @ftregd monitor units. For the above
10x10 cm field size, the relative mu will change off akie to any change in beam
intensity off axis typically caused by the flattenirtef.

To generate a curve in terms of relative mu, one icaplysset an open field of size
10x10cm, and make selective exposures for different mamiics. The source to image
distance (SID) to the image plane must be known anddios thickness must remain the
same for this and all images taken that are to usesiodting calibration curve. The
resulting signal values at the center of the field mes be paired with the monitor units
when generating a curve of signal value versus relative The measured signal values
must be in a plane perpendicular to the central axisamitéx buildup above the
measuring surface. There should not be a phantom bletomeasuring plane. We want
the dose profile to correspond to the in air profil@asithe field. The build up should
not significantly degrade this assumption but in any taseecessary to record a proper
signal free of electronic disequilibrium artifacts. Blohat with film variation in film
response with depth is not much of an issue as the deptinstant over the area of the
film.

Another important consideration is the distance thatrélative monitor unit signal values
are measured at. We wish to support the possibilityeafsoring a field at a different
distance than the calibration curve was measured atmMgét therefore report the
distance that the calibration curve was measured a tisintext field provided. Suppose
the calibration curve was measured at 100 cm and theafi@d cm. Then the signal
values for each pixel of the image will be convertedetative mu from the applied curve
and then multiplied by 80/100 squared, since it takes lessonamits to give the same
dose at 80 than at 100. The signal value ultimately issthét of an absorbed dose.
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Dose

Other uses of this application may require a dose measnta@mstead. The units of the
dose may be specified in the text field provided. A dosasored is the same at any
distance and an inverse square law factor is not applied.Dosimetry Checking
program will not accept a field image converted with aedmadibration curve, only
relative monitor units can be used.

If the signal value has all ready been converted to doselative monitor units as the
case may be, a straight calibration curve may beemhtee., 0 to 0, 100 to 100, 2048 to
2048, etc.. In any case, the calibration curve mustrabeeexpected range of signal
values. The calibration data pairs are fitted to aruoiyal curve, and the curve will not
be extrapolated beyond the data used to generate the dungemeans that in general,
zero must be entered at the bottom of the curve, anldrhest signal value anticipated
must be included at the top end of the curve.

Signal Versus Dose Popup

Sigal Versus Dose Popup
The signal versus dose popup is the tool to use to creafii@ation curve. Below
calibration curves also may be generated from a asdiirstep strip, but initially this tool
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Is used to generate the calibration curve to caliliretetep strip. Curves generated here
or from the step strip are the same and may be usedyegjikal The signal values may
be measured from the image of radiation fields madehisipurpose that are read in and
displayed using the Show Pixel Value popup. Or signal valagsmtyped in. The
corresponding dose has to be typed in. Then eithdreherter key or the Add To Data
List button. The paired data will appear in the belomled list area. Individual lines
may be selected and deleted. You must select here witle¢heurve is in terms of dose
or relative monitor units. The units of the dose maentered in the text field. A
description of the curve must also be entered by hithieddescription button. When all
the data is entered, the Sort button may be used tohgolist in increasing signal value.
Then hit the Fit Data button to fit a polynomial cuteethe data.

Fit Data
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Fit Calibration Curve Popup

The Fit Signal Versus Dose popup is the tool provided & diblynomial curve to the
paired signal versus dose or relative monitor unit date polynomial may start with
negative powers of the signal.

A toggle button controls whether the fitted curve isppproach infinity as the signal value
approaches a fitted constant ¢ when fitting a polynostéating with negative powers.
This is to accommodate the case when the dose gdéxasgnal), ¢ > all signal values,
when dose increases with increase signal. Or if doss as 1/(signal-c), ¢ < all signal
values, when dose decreases with increase signale dfdse increases with signal than x
= (c-signal) is used and c is constrained to be larger &h signal values. If the dose
decreases with signal, than x = (signal-c) is used @adanstrained to be smaller than all
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signal values. The software determines the form tdrase examining the data that has
been entered. Using the constant c in this manriernegative powers of x in the
polynomial fit may result in better curve fits to dd&pending upon the nature of the
signal. Otherwise a straight polynomial may be fitbgdinselecting the toggle button
controlling this aspect and setting the sliders tadibfa power of zero to some positive
power.

The range of the polynomial to be fitted is selectethbyprovided sliders. Let n_min be
the minimum power selected with the upper slider and n_hsrmaximum power
selected with the lower slider. Then the polynomia@gsom powers of n_min to n_max
where n_min < n_max. C is first fitted using a dowrgalhrch method if the toggle button
Is set to fit c. Otherwise c is set to zero ansl sett equal to signal. For each value of ¢
during the search, the termsthrough g below are computed using a least squares fit.
The user may change the range of n_min and n_max, ekeg¢phé number of terms may
not be larger than 9 or smaller than 2. The polynocaiale is then fitted:

dOSG — @-* Xn_m+ al,\.X(n_min+l)_i_ o+ ac],\.X(n_max)

where the superscript denotes taking x to a power. m =ax-m_min and n_min <
n_max is enforced. Note that n_min may be negative default is n_min = -3 and
n_max = 3, so with the default we fit a polynomial stgréit x to the -3 power to x to the
+3 power. @ &, ... , &1, & are the parameters fitted with least squares.

The user may try different ranges of powers for thermotyial fit and try the fit with or
without the asymptotic behavior with the constard e¢hieve a good curve fit to the
data. The curve should run smoothly through the data withoy oscillations. Too high
a power of a polynomial may cause the curve to havesvawv Generally, if in doubt,
pick the lower power. Fit powers 0 to m without c if theve is not remarkably steep at
one end or the other of the domain.

The log of the signal may be taken prior to fittinghaitgh we have not observed any
advantage in that. A linear plot point to point magralately be used, but we believe
using a curve fit is better.

A title may be entered for the plot. And the plot rtiagn by copied to an empty frame
for continuous viewing. Simply first select the empgnie by pushing the button
occupying an empty frame and then hit the Copy To Frartterh

When the data has been satisfactorily fitted to as;uihe popup may be dismissed.
Be aware that the behavior of a polynomial fit outsitierange of the fitted data is |ll

defined. That is, the curve may do funny things beyoaditmain of the data used to fit
the curve. For this reason a polynomial fit canarat will not be extrapolated.
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Warning, calibration curve must cover signal domain:

Your calibration curve must cover the range of expected signals

Upon achieving a satisfactory fit, you must save theecto file in order to be able to use
it. Hitting the Save As button will result in a pronfipt you to enter a file name to save
the curve under. The curve will be saved in a subdirg@alDCur.d under the data
directory specified by file DataDir.loc in the progra@sources directory. You may create
subdirectories under CalDCur.d to organize your data. Ttedet reorganize these
directories, use the system command language or desk tiep too

Post Signal Versus Dose

Post Signal Versus Dose popup
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When ever a calibration curve is selected it mayid&ed. The popup shows the file
name, the description entered for the curve, and a ptbealata and fitted curve. There
are no editing tools after a curve is saved. Simplgreanew curve if a change is needed.

Rescale Calibration Curve

When working with film you may correct for processoriagons by rescaling the
calibration curve. This is accomplished by making glsinalibration exposure, typically
a 10x10 cm field at the calibration distance to a knowe @osnonitor unit. Then use an
existing calibration curve to measure the dose orivelatonitor units to this film. The
curve may then be rescaled by multiplying the fit coeffits by the ratio of the true dose
(or relative monitor units) divided by what the caltiiwa curve had determined. The
origional data used to create the curve is also multipljetthis factor. You simply type in
the true dose or relative monitor units in the tettifprovided

Note that for relative monitor units that
the program will not compute relative
monitor units until the field has been
located, as relative monitor units
depends upon the distance measured.
But if you know the distance is the
same, you can simply type in the result
from the dose field.

You must then resave this curve under

a new name. Then select this new

calibration file for subsequent use. For

small changes this method should be
Rescale Calibration Curve Popup sufficient. However, be aware that the

gamma (slope) of the response curve
can change with film processing. That would require a caibration curve or use of the
step wedge to run a new curve.

Step Strips

When working with film, it may be inconvenient to eggomultiple films every time a
measurement is to be made. Since film response isrktehange with the temperature
and chemistry of the film processor, and possibly foora batch of film to another, a
calibration is needed when film is used to make measutsmé&or convenience, we have
provided tools to define a calibration step strip, andlusetep strip to generate
calibration curves for use with measurement filmse $tep strip might be produced by a
step wedge for example. We can use film dosimetry torate the step wedge, and then
use the calibrated step wedge in the future to produceataliticurves.
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Calibrate a Step Strip

A step strip is a sequence
of constant dose areas as
might be produced with a
step wedge and a
corresponding data
structure is created with
the calibrate step strip
popup. First a calibration
curve has to be selected
to use to convert the
signal values on the image
of a step strip to dose.
The calibration curve
determines if the
dependent variable is dose
or relative monitor units.

If using film, the

calibration films and step
strip film should be run at
the same time.

Normally, one will read in
and display an image of
) _ the step strip. The show

Calibrate Step Strip popup pixel value popup is used
to measure the pixel values from each step. Norntally with the beginning step that is
to be the first, or number one and then proceed in dodire last step. For each step a
signal value must be entered, which can come fromhibv pixel value popup as
mentioned above. The signal value is then converteldse using the calibration curve.
What is saved to define the step strip is the step nuamukthe dose assigned to that
step. You can turn off the auto increment in step atef éime steps in any order. From
the scrolled list, you can select data pairs to del€te data pairs can be sorted in
increasing order of steps if you did not enter the dabader. Lastly, you must save the
step strip under a file name by hitting the Save As butfthe step strip will be saved
under the subdirectory StSp.d in the data directory spekaifithe file DataDir.loc in the
program resources directory. You may create subdirestonger StSp.d to organize
your data.



Section 2, Field Dose, page 18

Use Step Strip

Use Step Strip popup

Once you have created a step strip, you may use it toagersalibration curves. You
simply make an image of the step wedge at the samehenmadasurement image is made.
We are not using the word film here because there iigstaction here to film as a means
of obtaining images. In any event, since we havesa dssigned to the step strip from
above, the dose for each step may now be associdtetheisignal value from the
present step image to produce a calibration curve. Tdwe gixel value popup may again
be used to measure each step. By setting the measm@uge release on, along with
auto increment step on, one can measure each step quitktype mouse by dragging
the measurement area to each step and releasing the ameaach step in successive
order. After each step has been measured, the FittD#tan must be hit to fit a curve as
described above for any calibration curve. Data faira the scrolled list may be
selected to be deleted. The Sort button will sordttea in order of increasing step
number. A description must be entered for the curve.

To be used, the calibration curve must be saved usirfgave As button and then enter a
file name. Subdirectories may be created to orgawiae gata. A calibration curve



Section 2, Field Dose, page 19

created here is no different from that created abomg tise make calibration curve
popup. The calibration curve generated here may be usedavert the field image to
dose or relative monitor units (depending upon the catioraurve used to calibrate the
step strip).



Section 2, Field Dose, page 20

Convert To Dose

Convert to Dose popup

To convert a field image to dose, make the field imagectinrent frame by clicking the
mouse on the image. Then click the button in an ematye where the converted dose
image will be shown. You must select a calibratiorvedrom the convert to dose popup.
The description of the calibration curve will be shaalong with the file name and units
for the dose, and distance of measurement.

The dose image will be given a different pixel sizetstgrat 0.1 cm. The slider may be
used to select a larger pixel size if there is somsoreto do so. At the bottom of the
popup are two text fields which provide the opportunity edesthe dose up by the ratio
of mu for the field divided by the mu used to make the images may be used for the
case when the imaging device did not have the dynange tanrecord the entire
exposure. Hitting the Convert To Dose button will réaelselected input image, convert
each pixel to dose, and display the resulting image iernigy selected frame. The dose
Is stored in a floating point array which is converte@n image for display. You must
save the converted dose image to a file to use itthétlibosimetry Check function, which
save can be accomplished under the Dose pulldown menueuvdovieaving the
AutoSaveField button in will cause the converted dodg tiiebe saved using the field
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label as the file name. After the field is conedrta popup will request the field label.
You will not have to save the field in a separate dmera If a file all ready exist with that
name, you will be prompted to either overwrite thelf@ cancel writing a file out, in
which case you can enter a different label. Whenrgtwrn from the FieldDose toolbar,
you will be warned if there are any field dose arréwgd you have not saved to a file.

Simply continue to select new frames to convert angtgframes to put the converted
image into with this tool up, working through all the Itezhfield images. You might

want to arrange all the field images on one row, aactmverted dose field images in the
row below. Later, for DosimetryCheck, on the baaoibar when you select the dose
field file to associate with a particular beam, you mighuse a third row to redisplay
those images as they are selected. The beam tdmibas you to redisplay the image file
that you are selecting.

Normalize Field

The normalize field
popup enables you to
normalize a dose image
to that measured at
some point within the
image. You may use a
diode or an ion chamber
to measure the value.
You may use a
calibration file to
convert a reading to the
dose or relative monitor
units, or you may type
in the value directly.
For an ion chamber,
you may have the
program apply the
temperature and
pressure correction.
Normalize Field popup To use a calibration file,
hit the Select button to select the file. For anagbamber, you must type in the
temperature and pressure if that option had been selebtrdthe calibration file was
created. Type in the reading and hit the Compute DoRelative MU button to convert
the reading to the dose or relative monitor units.

Once you have the value to normalize to, hit the Apptyon, the cursor will change
shape. Then click the mouse on the correct spot dietielose image. Use the Show
Dose popup tool to verify that the dose was renormaézeekpected.
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Make a Dosimeter Calibration File

The tool to make a dosimetry calibration file is gotte@m the Normalize Field popup
that comes up when selecting the Normalize to Valuebwh the Dose pulldown menu.
The make dosimetry calibration file tool is for the pase of creating a file that can
convert dosimetry reading to dose or relative monitasun

Select with the toggle button to
select whether or not temperature
and pressure is to be corrected
for. A diode would not require
correction where as an ion
chamber does. If correcting for
temperature and pressure, enter
the temperature and pressure for
which the reading was made.
Readings at different temperature
and pressures will be converted to
this temperature and pressure.
Type the reading into the reading
text field. Then type in the dose
or relative monitor unit for that
reading. The ratio of these two
numbers will be used to convert
future readings. You must select with the radio box whetieedose is an absorbed dose
or represents a relative monitor unit. The resultardy be applied to field dose images
that were converted with a calibration curve of thena type. For relative monitor units,
the distance at which the reading was made must beednt&he inverse square law will
be applied to relative monitor units.

Dosimeter Calibration popup

Lastly, hit the Save As button to save to a fileou¥vill be prompted for a file name. The
file will be saved under the directory CalFieldDose.d uniderdata directory specified by
the file DataDir.loc in the program reference diregtdfou may also specify a
subdirectory to organize your data.



Section 2, Field Dose, page 23

Piecing Together a Dose Image from Partial Images

If the image of a field did not fit on one film (or igiag area), you can combine images of
different parts of the image to form the complete imageu can also use these tools to
simply add the doses from two or more images, or tcagecthe dose from two or more
images. These operations are only applied to the infagease field after conversion to
dose or relative monitor units.

To piece together a single image from partial imagesthesbelow Restrict Area tool to
define the valid areas of each partial image. Thenhes€ombine Dose Fields to create
the final image.

Restrict Area

Use the restrict area popup to
define a rectangle on a dose image
that contains image data. You
may do this to reduce an
unnecessary large margin to
reduce the computation time of a
beam. Given the area of the
measured field fluence, pencil
beams are generated. If the area is
smaller, less pencil beams are
generated. For example, if you
used an EPID image that is 30 x
Restrict Area popup 40 cm in size, pencil beams would
be generated over the 30x40 cm area (unless the pencil mizsldhe patient altogether).
If the radiation area is actually some small arezxetiis no point in computing pencils that
have essentially a zero or near zero intensitgasdi Reducing the number of pencils
that are generated will reduce the computation time.

Or you may also do this for the purpose of piecing togetharger field from images of
parts of a field (on the field dose tool bar). MaKkeaane with a field dose image current
before selecting this option by clicking the mouse @t ftame (a red border around a
frame is the current frame).

If simply restricting the area, the result is autonadificsaved to a file if the fluence was
read from a saved file. Otherwise you must selecave & a file from the field dose tool
bar.
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Piecing Together a Fluence Map

If you need to piece together a fluence map, you candanthis from the field dose tool
bar. Do this from one of the Convert***Images prograhy®u used them to process
images. In the latter case of piecing together a hemde field, do not allow the
rectangle to enclose an area inside the field forwtiiere is no image data but where
data is going to come from another image. Only thasaeaclosed in the rectangles from
all the selected images will be averaged or added togeHaect the dose image by
making its frame current by clicking the mouse inside fifaamhe. Use the width and
height controls on the Restrict Field popup to contreldilze of the rectangle. Use the
translate controls to move the rectangle about thgém You may alternately use the
mouse to drag an area. Just do a left mouse press ebrmee and drag to an opposing
corner, than release the mouse.

When done, hit the Accept button. The rectangle willdddrawn in a different color from
the active color. If you want to change the area,gan always bring the Restrict Field
popup back up to change the area, or hit the Delete buatt@miove the restriction. You
can also change the color that the restricted arebendrawn with when the popup goes
down. Use the Combine Dose Fields popup to collectettamgles from different
images.

Adding or Averaging Field Dose Images

You can use the Combine Field Dose tool to add or avenage than one field dose
image to make a new one.

Combine Field Dose

Choose this option under the Dose pulldown menu. Hereawoselect different frames
to add or average together. However, all frames mudtamimage of the same pixel
size and field size, and be of the same type, dosdativeemonitor units.
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Combine Dose Fields popup

Using the combine dose fields popup you will build the pictur¢he popup one frame at
a time. First select whether you are adding or avegabm pictures. If you are piecing a
picture from sub-pictures, you would normally select averdfjgou need to add a series
of fields to make a sum, select add. For each framthenselect frame button and then
click the mouse inside a frame. The cursor will char@ae mouse click may be needed
to make the frame current and the next to select tizeit#he frame. The entire image
will be moved to the popup unless the area has beerctedtwith the above Restrict
Area popup. In that case only the data within theictstr area will be copied to the
popup image area. Hit the Cancel Select if you changemgmar about moving data from
another frame.

The Reset button at the bottom of the popup will allow §o erase the current image and
start over again. Once done, you may copy the image &npty frame with the Move

To Frame button. You must move to a frame if you ameggm save the dose image to a
file.
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Show Field Dose

To display the dose in a field dose image, use the
Show Dose Value under the Dose pulldown menu.
The popup again uses the Show Pixel Value popup
to measure areas in the selected image. The
difference between this tool and that under the
Field Image pulldown menu is that here the pixel
values of the image are in terms of dose, whereas
Show Field Dose with the former a calibration curve must be selected
to convert pixel values to dose. To display the fielcedmsay as an image, the pixel
values must be scaled. However, this does not effecdtual dose stored for each pixel.
This popup tool will show either dose or relative manitoits depending upon the
source.

Field Label

Select a frame that holds a field dose array. Thlestdeabel under the Dose pulldown
menu. The present label for that frame will be diggdaythere is one. You may type in a
new label. The label will appear at the top of tlaerke. Use this as a way to clearly label
each field image that you have.

Save Field Dose to File

You will not be able to make use of the field dose apragluced here unless it is saved to
a file. The field dose array will be saved to aung the entered label when the image
data was converted to dose if the AutoSaveField togglerbutas in. To otherwise save
the dose array to a file, select the frame that hiieldield dose array (an image that has
been converted to dose) by making that frame curreimén $elect Save under the Dose
pull down menu. You will be prompt to enter a file naride field dose will be saved
under the patient’s directory in a subdirectory calledrida€iles.d. You may also create
subdirectories to organize your data. When this fi#eiscted with the Dosimetry Check
program, a copy of this file will be made and stored utiieebeam that the field fluence
belongs to. Each beam will be stored in a subdireatodgr the respective plan and the
plan is stored under the patient’s directory.

Retrieve Field Dose

Once a field dose has been saved to file, it maydadled and redisplayed. Select an
empty frame to show the image in and then selectédRetibose Field under the Dose pull
down menu. You will be prompted to select the file nafrthe field dose. The field
dose array may then be renormalized and resaved, dowpds

Show Isodose Curves

By selecting Isodose Curves On under the Dose pulldown nsergse curves will be
plotted through the data. The maximum dose in the afayind and then values are
drawn in increments of ten percent. The incrememiscalors used are in the file

TenPercentlsodose in the program resources file. Tip@geihere is to just show the
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level of doses that exist and so we have not provideld to select individual values to
show. The label for each curve is the dose valuéghtdrcurve. To turn off the isodose
display select Isodose Curves Off. Only the curremdravill be effected by either
choice.

Hard Copy

The System 2100 print screen function is used to make abpybf any image. Click
the mouse in a frame and then hit the Print Screekelie keyboard. You may print to
fit to paper, or select a magnification factor. Yoo oae the mouse on the popup to
select an area within the image to print.

Files

If supplied as a separate program, the file name to ingdkieldDose. A separate license
will be needed. The program resource file is FieldDoseR#is file must be in the user’s
home directory or copied to the directory /usr/lib/X11/apfawles on Linux systems.

Data is stored under subdirectories in the directory fgeean the file DataDir.loc in the
program resources file. The subdirectories are:

1. CalDCur.d where calibration curves are stored.

2. StSp.d where step strip files are stored.

3. CalFieldDose.d where calibration files are storedreasuring point doses.

The actual field dose is stored under the patient’s dingctader the subdirectory
FieldDose.d. The Dosimetry Check program will copy déelselected for a beam to
that beam’s directory. This will result in at leasb copies of the same data, one in the
FieldDose.d directory and the second under the particudan’belirectory.

File TenPercentlsodose is read to define the isodusks i® plot when showing isodose
curves.

Other required program files are covered in the System 21€@0wwmtation. Deleting old
files or directories is performed by the user using fherating system tools on the
computer.
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Specifying the Primary Stacked Image Set

Each plan must be associated with a stacked image Betstdcked image set is chosen
when the plan is created. This stacked image set @rithary image set and provides the
skin boundary and pixel to density conversion. The daseba shown on other fused
image sets, but the calculation of the dose is baségesskin boundary and density
defined by the primary stacked image set. NormallyiskasCT data set since CT pixel
numbers can be translated to density values.

Setting the Skin Boundary

Under the Contouring toolbar there is a Body Surfaced@wimg tool. If this tool is used
to create contours, those contours will by default defie skin boundary. The skin
boundary defines what is inside the patient and whaittsde. If this tool is not used or
Is used more than once, or the resultant volume is @opieany ambiguity exists as to
what defines the skin boundary, than the user must flyregéct the volume that
represents the skin boundary. From the main menu unalekesk Image Sets, choose
Options and then choose Skin to select the skin taolbar

The skin toolbar.

The toolbar shows the name of the current stacked isetgehich was chosen with the
prior Options toolbar and provides a pulldown menu to séhectvolume that is to be the
skin boundary volume. The current choice, if any, @ashto the right of the pulldown
menu. If you have not yet created a volume that reptesiee skin boundary you must
first do so using any of the contouring tools provided u@ertouring on the main tool
bar.
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Image Pixel to Density Conversion

There must be a means to convert the pixel valudgiprimary stacked image set to
density in either electron density relative to wategm/cc. This is accomplished by
creating a conversion curve that is used to convert yakae, the independent variable,
to density, the dependent variable. A polynomial fipig€l value versus density data
pairs is done to generate this curve. The curves aredstnd may used repeatedly by
different stacked image sets.

To select or create a density conversion curve, gbae&tacked Image Sets pulldown
menu on the main toolbar. Select Options and be eweléct the stacked image set.
Then hit the Density button and the Density toolbdlrappear.

The Density Toolbar.

The name of the current stacked image set is showretaght of the Return button on
the density toolbar. Below we will describe the opgi@n the Density toolbar.

Show Scanner

The show scanner button will display a popup with the naatufer’'s name of the
imaging device, normally a CT scanner, the image mgdalitwo character code from
the Dicom image file (0008,0060)), and the KVP if known for. CT

Warning: other image modalities:

The software does not restrict from using imaging
modalities other than CT for the primary stacked
Image set, but conversion of pixel values to
density is generally not possible with other
modalities. In those cases it is not possible to
Show scanner popup correct the dose for inhomogeneities in tissue
density. For those cases the user must create and
assign a constant curve whereby all pixel values are mapped t@ter density.

Select CT Number to Density Curve

The select curve button will display a list of the emg density conversion curves for the
selection of one to use with the stacked image se¢selburves are stored in the
subdirectory DenCur.d under the directory for data speditie file DataDir.loc in the
program resources directory. The user assigns theafie nvhen the curve is created.
Once selected, the curve is permanently associatedheitstacked image set. A copy of
the curve is not made from the data directory and ifilthes ever deleted, the association
will be lost.
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Default CT Number to Density Curve

After selecting a curve, the user may designate the asrtiee default curve. Future new
stacked image sets will default to this curve until the aseoses some other. The
default curve name is stored in the file “DefaultPixBkosity” in the same directory
DenCur.d.

Create/Edit Curve

The creation of a curve consists of
two functions. First a list of data
pairs, pixel value and density, must
be created. Second, a curve must
be fitted to the data pairs. This
process is managed by the create
density curve popup tool. The
show pixel value popup will also
appear and may be used to measure
pixel values on a calibration scan.
Phantoms can be purchased that
contain tissue equivalent inserts for
generating this calibration curve
(Gammex RMI, Middleton, Wi
53562, www.gammex.com; CIRS,
Norfolk VA 23513,
www.cirsinc.com; and Nuclear
Associates, Carle Place, NY 11514,
www.nucl.com also offers the

CIRS phantom).

Create pixel to density conversion curve popup.
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Warning: curve will not be extrapolated beyond entered valas.

The density range should start at O for air, and go tbigtest bone value that is
obtainable. Because either a polynomial fit is useal jpoint to point linear interpolation,
the density values will not be extrapolated beyond dahge that is entered here. The
highest bone value that is entered here will be tiges density possible. For pixels with
higher values the largest bone value will be returndte SBme is true at the other end of
the curve, smaller pixel values will return the end valuthe low end of the curve, which
Is why the curve should start at zero.

Pixel values refer to the values in the images th&ema the stacked image set.
Hounsfield numbers are not used here. For CT scamrd@ of 1024 generally
corresponds to water density or Hounsfield number of. zArblounsfield number of
value —1000 would then correspond to a pixel value of 24. Orerallgrsees a pixel
value of zero outside of the reconstruction circle Gffascanner.

The pixel values may be measured with the show pixeevabpup, or may be typed in
the text field provided. The corresponding density musyjed in.

The density is specified relative to water with a valti¢.0 for water. Compton scatter is
generally proportional to electron density and you maytwa enter electron density
relative to water instead of density in gm/cc. Eithiethe Enter key in the density text
field or hit the “Add to Data List” button with the mauso transfer the current data pair
to the list that is shown in the scrolled text ardams in the list may be selected to be



Section 3, Primary Stacked Image Set: skin, density, page 5

deleted. A description for the curve must be entered dBiba may be sorted in
increasing pixel value by hitting the sort button. Whéthe data is entered hit the Fit
Data button to fit the polynomial.

If you feel you just enter some large value beyond thge®f your phantom, we
recommend that you use the Point to Point Linear polation method below, as adding
a large value might skew the polynomial fit within thersnimportant tissue density range.

Note that the data of an existing curve can be selé¢otbe read back in.
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Fit Pixel Density Data Pairs to a Curve

Fit Pixel Versus Density Popup

The fit pixel versus density popup provides the tool tthétdata to a polynomial or to do
a linear point to point interpolation. This popup is k&d from the above tool to enter

the data.
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Polynomial Fit

A slider allows one to select the order of the polyiabfrom O, a constant, to a limit of
order 9. You must have more data pairs than the ordeu. siould select the highest
order that puts a smooth curve through the data. Tryeffferders and hit the Fit
Curve To Data button. The curve is drawn through theéqulalata pairs in the lower
part of the popup tool. The standard deviation of the &tso shown. You may notice
that as you increase the order of a polynomial, theeconay begin to oscillate to pass
through data points.

Examples of too high a polynomial fit order:

You will have to lower the order of fit so that doed happen. If specifying a constant
curve, simply enter data pairs that all have the samgtglef 1.0 and select zero order,
such as (0.0,1.0) followed by (4096.0,1.0). To specify a straighie for a CT scan
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simulated by program CreateSquareCTScan provided for t@stipgses, enter (0.0,
0.0), (1024.0, 1.0), and (4096.0, 4.0).

Point to Point Linear Interpolation

Besides a polynomial fit, you may choose to do a poiqtdint linear interpolation, as
shown below:

In this case, the data must be sorted in increasing byd€T pixel number, and the
density value cannot be decreasing for increased CTrmixgber. Use the Sort button on
the above data entry tool to sort the data enterexi wobuld not use this method if
entering multiple densities for the same pixel valueu ¥l have to average the densities
elsewhere and make a single entry.
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Curve Title

A title for the display may be entered in the provided field. Be sure to hit the enter
key at the end of entering in the text. The Copy ®ldirame button may be used to
display the curve and data in a frame on a regular screen.

When satisfied with the fit, hit the Dismiss button.

Saving the Density Conversion Curve

Hit Save As button to save the curve. You will be prted to enter a file name for the
curve. Enter a name that will be descriptive of tinve that you will recognize in the
future. Once you have saved the curve, you must secuthie for the stacked image
set using the Select button on the Density toolbiayou do not save the curve, it will not
be used.

An example file is shown below:

/* File format version */ 2

/I Title of the curve:

<*CIRS Phantom*>

I/ Description of the curve:

<*CIRS Phantom, GE High Speed CT*>

/* Point to point interpolation, O is off, 1 ison: */ 0
/I If ON, below polynominal fit is NOT used.

/* Polynominal power range */ 4

Il Fit parameters:
-0.02414482662
0.0005517499482
1.541587399e-006
-1.436522148e-009
3.682452427e-013

/[* Fit variance = */ 0.001481

/* minimum signal = */ 49.400002

/* maximum signal = */ 1896.000000
/* minimum density = */ 0.000000

/* maximum density = */ 1.530000

/* signal label: */ <*Pixel*>

[* density label: */ <*Density*>

/* Number of data pairs: */ 17

/l signal density

49.400002 0.000000

246.000000 0.200000
256.899994 0.200000
521.400024 0.500000
525.599976 0.500000
961.799988 0.960000
965.400024 0.960000

980.500000 0.990000



987.200012
1067.800049
1069.699951
1070.199951
1072.900024
1252.900024
1256.800049
1892.099976
1896.000000
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0.990000
1.060000
1.060000
1.070000
1.070000
1.160000
1.160000
1.530000
1.530000
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Show Density Conversion Curve

Show Pixel to Density Curve Popup

Use the Show Curve button to display the currently usecedar the currently selected
stacked image set selected under Options on the prioatoolb
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Show Density

The show density tool will allow you to determine tensity value for points visible on
images of the primary stacked image set. You may usehbw Pixel Value popup to
measure the pixel values on images from the stacked weagd he density will be
computed from the currently selected pixel to density ctovéhe stacked image set.

The tools shows the pixel where you clicked
the mouse. -1000 Hounsfield will have a pixel
value of 24, 0 Hounsfield will be 1024. The
density shown is that computed from the
pixel value. If the point is in a region of
interest outline that has been assigned a
density and that feature is turned on (see
below), then the assigned density is also
shown (or average of assigned densities).
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Set Density of ROI Structures

You can set the density of an ROI structure. That tlewdi be used instead of
computing from the CT numbers. However, only that pathe ROI structure that is
inside the body outline will be used in calculation. Aritie density of two or more
different ROI structures have been set that overlagptace inside the body, the average
density will be used for the overlapping structures. Thsitdemay be set from the Main
toolbar -> Contours -> Volume pull down -> Set Density.

The Density toggle button must be in and a value
entered. Untoggle the density button to turn the
feature off.
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External Structures: Bolus, Couch top

At this time DosimetryCheck has no provision for agating for external structures that
may be in the beam. However, you can still accéamthem in the following manner.
Under the Volume pull down on the Contouring toolbar,csédew Volume From Old”.
See this feature in the System2100 manual in the Outktaéggons of Interest section.

All you have to do is select the external structureat belus or a couch top, and select
the current body outline structure, to form a union efttho or more structures. Then
you must select this new structure as the body outlinetsre. You will have tricked the
program into including these structures as part of the b&dy.density set in any of the
included structures will be used as described above. Be dlat a volume histogram of
the new combined body structure will include the new vekiadded. However in that
case, just select the original body outline structurteausfor the histogram.

For a couch top, be sure to consider the hollow compsménhe couch top. If the
hollow components are a separate ROI, then seles¢ tROI’s to be subtracted from the
union of the external contour and the other componelftthe holes are contours in the
same ROI, then first turn on to allow a hole in @I RSelect each such ROI and then
select “Voxel/Surface Generation” and select “Allowléts” (allow is in, yellow). Use the
“Show Density” tool to verify that you have it cocte

If done correctly, a couch top with hollow interiotsosld look like the below:
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Plans Pull Down

The “Plans” pull down is on the main menu. Options that
do not belong to the Dosimetry Check function but that
might otherwise be part of general treatment planniag ar
either grayed out or do not appear. The Dosimetry Check
plans are saved under the selected patient directory in a
separate subdirectory ckpn.d.

Under the Plans pull down menu are options to create a

new plan, to retrieve an existing plan, to edit antiexjs

plan, to copy a plan, or to delete a plan. You must first
The Plans Pull Down create or retrieve a plan before you can edit it cetde.
If you have downloaded the plan, the beam’s should b® $ké proper location and
angles. Otherwise you will have to locate isoceatel type in the gantry, couch, and
collimator angle for each beam. The plans and beaameters are saved as you create
and change them. Some beam parameters are savedouheturn from the beam’s
toolbar. Dose matrices are saved when you returntinerplan toolbar.

Note that you may select or create more than one gfehmay selectively display each
plan in different frames.

As you retrieve or create plans, the plan name wildaed to the bottom of the pull
down for quick access from the Plans pull down.

Dose Volume Histograms

You can compute the dose volume histogram for outlinedmegibinterest. The dose is
that computed by DosimetryCheck, not by the otherrreat planning system. Shown
below is the volume histogram popup. We will refer yothe RtDosePlan manual for
details on the use of this option, under the Plan secfimse volume histograms are
provided here as there may be some use in comparing pdaifming system. In
summary, you can select the same volume for differamspbas well as different volumes.
Hitting the compute button will start the computationahhyou can stop when the
plotted curves have settle down.

While the computation is running more points are beingpeded. When any volume
reaches a point to volume density of 1000 (1000 points pehatcyslume will not be
computed anymore. The computation will stop if all volamesach that density.

See: Andrzej Niermierko and Michael Goitein, "Randaam§ling for Evaluating
Treatment Plans," Medical Physics, 17(5), Sep/Oct 1990, 7&3862.

We simply continue to generate points at random untiéeithe stop button is hit or all
selected volumes reach a density of 1000 points per cc.
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Note that you can select to view the accumulated vohistegram in terms of cc or % of
volume. Also you can toggle the background between whibtaok.

The dose volume histogram can also be recomputed and d&flayn the downloaded
3D dose matrix from the planning system (called the @PSoreign dose) and shown as a

dotted line.

You also have access to this control from the Evalpatl down on the Plan toolbar.

Dose Volume Histogram

The “Display Data” button will print the data to a fadad then display the contents of the
file, which may be suitable to imputing to some othwalysis tool, or you can print from
there. The statistics button will compute the minimramd maximum dose, the average
dose, and the standard deviation of the dose to eachejdionboth the reconstructed
dose and the plan dose.
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Plan Toolbar

The Plan Toolbar.

Once you have selected or created a plan, the plaratosibbe displayed. When the
plan is first created you will be required to selectghmary stacked image set. This set
will specify the skin boundary and the pixel to densityv@ysion curve. Once you have
selected the primary image set, you cannot changentletthose circumstances, you
would have to delete the plan and create a new onetodlmr shows the current plan
name in an option menu. You may select different platisthis option menu among the
plans that were currently retrieved or created with lnn of the program. Next on the
toolbar is the name of the primary stacked image s s selected, or an option menu
to do so if not yet selected.

If you downloaded the plan using the RTOG or Dicom RT mwoifdhe stacked image set
will have been determined. However, neither protspecifies CT number to density
conversion, and so you must select that. Go to #ie toolbar to Options under the
Stacked Image Set pull down. Then select Density aadtsecurve. The Dicom RT
protocol can specify which ROI volume is the skin boupdant the RTOG protocol does
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not. So if the RTOG protocol was used, you will alaeehto select which ROI volume is
the skin boundary. Select Skin on the same Stacked I8&tg@ptions toolbar and select
the skin boundary ROI with the option menu provided. dkia boundary was not
downloaded, you can use the automatic skin boundary gemet@abbon the contouring
toolbar. See the System2100 manual, contouring section.

Dosimetry Check will then attempt to find field dosedilfor each beam that does not
have one. The program will look for files that inclule beam name in the file name. All
such files found for a particular beam will be added togethée directory searched is
the FieldDose.d directory in the patient’s directory sehgrogram such as
ConvertEPIDImages places files after calibration armbdeolution. The plan name and
beam name will be shown on each field dose image.filEbaised to create the field dose
will also be shown if there is room. Maximize fr@me to see all the text.

Beams Pull down

The Beams pull down menu has to do with creating and gdieams that belong to the
plan. You can create, edit, and delete beams. Wheargate a new beam it will start
out with the isocenter of any prior beam in the salae if not the first beam. You can
also create a new beam that has the same isoegwt@ngles of a prior existing beam, or
create a new beam that is to be parallel opposedéistimg beam. From this pull down
you can select a beam to have all the other bealmviothe same isocenter location.
Each beam is stored in a subdirectory under the plantireatory.

For the Dosimetry Check program, only x-ray beams Ineaselected. We presently do
not support electron beams with this function. Mosttebn fields are applied at a fixed
distance and the monitor units applied is close to the delvered, and so the quality
control problem is not so involved as it may be foays.

Display Pull down

Under the Display pull down are options pertaining to digpdathe plan. Because there
may be more than one plan in the run of a progranpléms are not automatically
displayed in frames. Rather you must select which fsamelisplay the plans in. You can
specify a specific frame on all the frames on theenily displayed screen. However, the
program will not allow a plan to be displayed on an inthgé does not belong to either
the primary stacked image set or on an image set nat fagbe primary image set. A
plan cannot be displayed in a frame in which a plath isady displayed. What is
displayed are the beams, point doses, and isodose cualgs selected for display.
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A popup tool is provided to remove a plan
from being displayed in a frame. The same
controls appear to display a plan but
additional controls are provided to remove a
plan from a frame or screen.

Controls for turning off and on beam

displays is provided. The central ray is

drawn as a solid line to isocenter, and then

drawn as a dashed line beyond. The beam’s

eye view X, Yy, and z axes are drawn and
Display Plan Control Popup. marked. The z axis is the central ray,

positive toward the source of x-rays, and lies
coincident with the central ray. With the treatmengichine pointed at the floor and the
collimator unrotated, the x axis goes from left to trighile standing in front of the
treatment couch looking toward the gantry. The y axgarallel to the long axis of the
unrotated treatment couch and points toward the gantrg.ofigin is at isocenter. The
Dosimetry Check program has not have the conceptldfsiee since the field is defined
by a measured picture of the x-ray field (even thouglfi¢ltecollimator positions are
defined in the field image data structure).

You can select a default display of transverse, corsaglital, and 3D room perspective
view centered on the CT data set, a particular outlieghn of interest, a particular
point, or the isocenter of a beam. Normally, howegae would pick image planes to
correspond to that shown on the planning system. dfennat image option under the
Stacked Image Set pull down on the main toolbar would Heldsethis purpose.

Evaluate Pull down

Items under the evaluate pull down have to do with calogléhe dose and displaying the
result. Because calculation times may be long, tisecentrol to selectively select which
frames the dose is to be displayed in. Each franadslated when it is selected here to
display the dose. The hot spot in that frame will Ispldyed and marked with a star
asterisk like figure.

Dose Matrix

Each beam maintains a dose matrix on diverging fas, line fan lines covering the area
of the beam. A rotating beam would be simulated wittiipdeldose matrices at
increments specified by the plan. The spacing betweefah lines and along the fan lines
Is also specified by the plan, so that all the beastenging to a plan use the same
parameters. Each beam stores its matrix under itssatdiirectory under the plan
subdirectory. The matrices are written to disk fildemwthe return button on the plan
toolbar is activated.
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For any two dimensional plane image displayed in a fratweéo dimensional matrix will
be generated that covers the entire image. The gsomg parameter specifies the
distance between points. When the dose is calculdte@obrdinates of each node of the
two dimensional matrix is passed to each beam. Té lbeodule will find the diverging
box bounded by the fan lines that the point is insitiee eight corners of the box will be
referred to when interpolating the dose at the positfdhe passed in point. Each beam
will calculate the dose to each vertex of the diver@iog on a need basis. When ever a
reference is made to a vertex where the dose has petcomputed, the dose is
computed at that time. After calculating the dose t@aeplall the beams will have a
swath through their dose matrices of calculated polssmore planes are computed,
more of each beam’s dose matrix is computed. If aaggdis made to a particular
beam, that beam’s matrix is reinitialized.

Likewise when a dose in a 3d perspective room view igpabad, a rectangular array
(lattice) of points is generated for the patient volurBach of those points is likewise
passed to each beam, so that after a room view dispéybeam will most likely have
calculated the dose to all of the available vertices.

The Calculate All Beam 3D option will force all thealpes to compute the dose to all the
vertices on their respective dose matrices.

Calculation Matrix Spacing and Rotation Increment

A control is available to
specify the spacing to
use for all the dose
matrices and the
increment in rotation to
simulate beam arcs.
Making a change here
will force all beams to
dump their current dose
matrices. The matrices
covering planes and the
matrix for room views
also must be
regenerated if a change
In spacing is made here.
Calculation Matrix Spacing Control Popup The user will then have
to reselect the frame to

display the dose in.

The calculation matrix spacing is the distance betvpedants on two dimensional images
and between the three dimensional dose matrix. B&am is queried for a value at these
points. Each beam maintains its own divergent matitixin which points are
interpolated. The calculation matrix spacing is useétarplane perpendicular to the
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central ray in the center of the patient. The sggaiong the BEV Z axis is the spacing
parallel to the central ray. You might want to usenaller calculation matrix but leave
the spacing larger as there is less of a gradient dtenditerging rays.

The arc spacing is the increment to use to simulatgawith fixed beams. This
parameter is adjusted somewhat by each beam to &tr¢Hength of that beam so that the
arc is simulated with equally spaced fixed beams.
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Two Dimensional Isodose Control

This control provides a tool for the user to specifyidodose
value to be displayed. For the Dosimetry Check funcoaoly,
the dose may be displayed in cG. The dose value deshetds
typed in the text field at the top of the popup. Theudth may
be changed to make a particular isodose line stand o&t. Th
iIsodose value may be tinted in a single color showiag th
boundaries and interior (higher doses) of that isodnse ¥ou
may use the mouse to select different isodose valugd tn the
scrolled list below the text field for the value entfyote also that
the tint may be turned off and the tint color may banged
among the primary colors and additions of any two oftim@ary
colors. Likewise any selected isodose line may beeateler have
its color changed. Colors are initially assigned atioan. Note
also that each isodose line has tick marks on the ddvaide
(lower dose) of the isodose line, analogous to topogralphic
maps. The selected isodose lines apply to all 2d framekich
the dose has been selected to be displayed for the plan.

An issue that must be dealt with is what to do when two
successive dose vertices span the skin boundary, songioint
Is outside the patient and the next point is inside therga The
plotting of the isodose line simply stops at that poldawever,
the tinted area necessarily requires a closed contour.

Warning, tinted dose near skin surface:

2d Isodose Control In those regions the tint follows a path between points
inside the patient and outside the patient and does not
accurately represent the dose.
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Three Dimensional Isodose Control

A three dimensional isodose surface
may be shown in 3d perspective
room views of the primary stacked
image set or any image set fused to
it. Only one surface can be shown at
a time. The desired value is typed
into the text field provided. Under
the text field is a control for the
transparency of the isodose surface.

3d Isodose Control Popup. Limitations apply here. A
transparent surface can only be seen

inside a second transparent surface if the inside treergpsurface is drawn first. Two
transparent surfaces that intersect will present aemroin that if surface A is drawn first
and surface B is drawn second, then surface A can hensgge surface B, but surface B
cannot be seen inside surface A. This softwaredvallv the transparent isodose surface
before other transparent surfaces. No attempt is toagert surfaces or part of surfaces.
If this becomes a problem you have two options. @wake all the other surfaces opaque
or make the isodose surface opaque. You can also uséng plahe on volumes that are
drawn. A second option is to display the isodose suife#e frame. The wire, solid,
off, control is below the transparency scale.

This control controls all frames simultaneously tfaw 3d room perspective views
where the user has chosen to show the dose. Thewusefirst choose to display the
plan in the frame.

Specific Points

At this writing, the plan does not have its own lisspecific points. Rather, the only list
of specific points is maintained by the primary stackeale set. Therefore all plans using
the same stacked image set will calculate the dosetsathe list of specific points. The
controls for the specific points are under the Stackedygnets pull down on the main
toolbar. Select Options and then Points.

However, we need the ability to specify the coordmatia point in terms of the beam’s
eye view coordinates of a specific beam or the |IE&jenset coordinates relative to
iIsocenter. Therefore a control is provided here dlirey a point where the position is
known relative to isocenter. The coordinates are trensformed to the stacked image
set coordinates and the point is created and savedpoaliitas not moved if the beam is
later moved. To delete a point use the above corftmofoints as described under the
Stacked Image Sets Options.
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Plan Points Toolbar.Under the Evaluate pull down we have a points toolbaare kthe
dose to the specific points may be computed, displayedegriat saved to a temporary
file. We can select the popup to enter new pointsamigeye view coordinates or IEC
couch coordinates relative to isocenter. Theres almechanism for comparing
measured to computed values for testing purposes.

Print Points

Simply hitting this button will cause the points to leenputed and printed. The plan dose
will also be printed if the point falls within the 3D skomatrix gotten from the planning
system.

File Points

Selecting this option, the point’s label and dose valildgwritten to a file in the
temporary file directory where print jobs are alsaatioc The dose to the points are first
computed. An example file follows:

/I Test Square 12-Dec-2000-09:19:19(hr:min:sec)

/Il Label Dose in cGray

<* Example Label *> 1.299286

<* glice 10 row 4 column 7 *> 1.324436

The file is written in our ASCII standard whereby coeminlines start with two slashes
and are not read. The label for the point is enclbstgeen the <* and *> symbols. The
dose value is simply a number set off by white spades férmat will also be referred to

below.

Display Point Dose

This choice will display the dose value computed for gexht below the label for the
point in all frames where the plan is displayed. Thanmhg system dose, if available, will
be interpolated from the TPS 3D dose matrix with thtedd® preceding the value
displayed.

Point Dose Off

This will turn off the display of the dose value of ffants. Note also that any change to
the plan or a beam will also turn of the display ofdbse values.



Add Point In IEC

Locate Points in BEV or IEC Image Set
Coordinates Control

Section 4, Dosimetry Check Plan, page 12

This tool is provided here as a
convenience so that a point can be
added to the stacked image set in
reference to the beam’s eye view
coordinates of a beam or the image
set relative to isocenter. The control
Is very much like the one provided by
the stacked image set under Options
to Points toolbar. However, we have
added an option menu to select the
beam to define isocenter and two
radio buttons to select the coordinate
system to use.

Below the option menu are controls
for the x, y, and z coordinates of the
point. The point may not be located
with the mouse here. Do that on the
control provided by the stacked
image set under the Stacked Image
Set pull down on the main toolbar, to
Options. The control provided here
is for the case when a point must be
specified in relationship to isocenter
in the coordinate system of a beam or
an IEC system relative to isocenter
and the image set.

The beam’s eye view coordinate
system is described elsewhere as well,
where in the unrotated collimator and
gantry positions (beam pointed at
floor), the x axis goes across the

couch left to right when looking into the gantry, thexys points toward the gantry along
the gantry’s axis of rotation, and the z axis poiotgard the source of x-rays. The x and
y axes rotate with the collimator in BEV and thewslgystem rotates with the gantry.

The origin is at isocenter.

The IEC image set system is fixed to the patient. Y-h@xis in the image set is always
towards the patient’'s head. The Z+ axis is alwaysTupe X+ axis is to the patient’s left
for a supine patient, right for a prone patient. Heeeattigin is at the isocenter of the

selected beam.
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To delete or otherwise edit points, use the other otsnprovided by the Stacked Image
Set Options.

Compare to Measured

This option was provided for a very narrow purpose. Spallyf we irradiated a Rando
Phantom and measured the dose at specific points anddwarite able to display the
measured value with the computed value. The measured waksédbe written to a file in
the same format as the computed points are writtea tlescribed above. Selection of
this option will prompt you to enter the file name lo¢ tmeasured points. The measured
points are associated with the computed points by mddhe point’s label. The labels
are not directly compared. First each label is cdedeto lower case and then all spaces
are removed and then compared. Care must be takeheHabéls will remain unique
when the user creates the labels. For a matcimehsured value will be displayed below
the computed value. An m is also appended to the measuredalos. In our use of the
Rando Phantom we labeled the holes according to a sch€here are 7 rows and 13
columns of holes with the 3 cm matrix driling. Eaalehis known by its slice number,
row number, and column number. By labeling the holesistently, the measured values
can be matched up with the computed values and displayedsp&bific points are also
computed upon selecting this option.

We have also written a program that will compare measand computed values,
CompareRandoPoints. Invoke this program and on the codhiine provide the name of
the file that contains the measured points, the ndrtfeedile that contains the computed
points, and the name of a file to write the reportTbis program assumes that only
numbers appear in the label field, consisting of tloe slumber, row number, and column
number separated by spaces and sorts values by thoss.indic

This labeling scheme could cause some confusion inbitneealisplay function in frames
as 11 1 1 would be indistinguishable from 1 1 11, for exampé, l@moving spaces. The
row number is only in the range of 1 to 7 and the colgoes only from 1 to 13. Use
leading zeros for the slice number and column numbesirigte digits if there is a
possibility of confusion, i.e. 11, 1 01 and 01 1 11.

Dose Comparison Tools
Several tools are provided for comparing and showing tee dstribution that may have
been downloaded from the treatment planning systemseTtio®ls can be used for

enhancing your understanding of any dose difference. didie are found under the
Evaluate pull down.

Show Point Dose Values

You can click the mouse on images and get the computed &ogi@heck (DC) and
Treatment Planning System (TPS) plan (also calledgioyelose.
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To display the percent difference, you must first entesranalization dose for the gamma
method on the gamma method control (or Auto-Report, belthw). The percent is
computed relative to that value. The percent differéet@een two values is not shown
here. If the prescription/normalization dose is 200 &@g, in some low dose area there

Is a computed dose of 11 cGy versus a plan dose of 10 c@yththeercent difference is
Y% percent, not 10 percent.
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Compare 1D Dose Profile

You can compare the dose profile between the plannihgnsyand reconstructed dose for
any line through the patient space. Do you this bysegeany reformatted image
through the patient, and then positioning a line onglzate. Shown below is an
example. You first must select a current frame. Thesat frame must be showing a
plane through the stacked image set of the plan or ong. fldse the reformat image
control to select different planes through the patientér the Stacked Image Set pull
down on the main tool bar). Then use the transladeratate controls to position the line
visually. Hit the “Get Profile” button to see the eer If you do anything that changes
the dose, you must hit the “Get Profile” button againpdate the displayed data.
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The Show/Write Data to File button will display theal#tat is plotted and write to an
ASCII file.

Compare 1D Dose Profile Relative to a Beam

There is another similar control that will allowwto specify a profile relative to a
selected beam in beam’s eye view coordinates (BEére you will select the beam from
a cascade on the Evaluate pull down. You will then sdiecZ BEV coordinate for the



Section 4, Dosimetry Check Plan, page 17

profile and an angle of the profile, rotated around tlaeiZ from the X axis. Isocenter is
at Z = 0, and points further away from the source agatine.

Nothing is drawn on images on the main window. Inaibeve example, the profile is
shown along the BEV axis for beam “A3 rao” through esder (since BEV Z is zero and
the rotation angle is 0). The dose is still showralbbeams however. If you want to
compare the dose for only one beam, you will have tentizad a plan for only beam.
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Compare 2D Isodose Curves

You can select to view isodose curves together frondomenloaded TPS dose along
with the dose computed here. Or show one or the athehow the difference between
the two dose sets. The dose difference is the abs@lute between the DC computed
and TPS dose. The TPS dose distribution (and so alsbffdrence) will be limited by
the area covered by the read in dose array. Isodogesowill not be plotted outside that
area nor outside the patient surface. By necessityntheust be a closed area and so
may have to follow along the skin surface. Wherectireesponding isodose curve is not
plotted, the tint boundary cannot be taken as accuratenbuépproximate.

2D compare dose control
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Hit the "Display in Current Frame" button to display tese in a current frame that
contains an image from the primary image set or oredlfts it. Hit “Display in Current
Screen” to display in all the frames on the curresghected screen. This will not engage
any particular frame however. If a 3D calculation masbeen done, all frames in which
the dose can be shown on the screen will be caldudaté could take some time. You
might want to consider reformatting a stacked image rséh@ main tool bar for a smaller
set of images other than the entire stacked image set.

On the top row you can select which dose you wanteo se
DC Dose: that computed here.

TPS Plan: that read from the other planning system.
Difference: the difference between the two.

You can select any combination of the above to display

Below that, you can select the color the isodose sumve displayed in and the tint color.
ONLY ONE of the three sets may have a value tintednd only a single selected value
will be tinted. The tinted area is for the dose oatge See also the note above about
the tint area along the skin boundary. Select a ddge wath the mouse to select the
value to be tinted. For dose difference, doses snibéerthe plan dose (minus) are
shown in a different color from doses larger thanpiae dose (plus).

Each set of isodose curves is shown in the same, saldhat it will be easy to distinguish
which curve belongs to which set. The SAME valuedaglayed for the DC computed
and TPS doses. You can specify a separate value fdoseedifference. You can select
a dashed line for any of the three sets of isodoss (iDosimetry Check result, the
planning system, or the dose difference) with the spoeding toggle button. The line
width sets the width for all three sets of isodoseslinThe dash length sets the dash
length for any dash that is selected.

Use the delete button to delete any currently selestetbse value. Use the delete all
button to delete all the values from the respective lis

Note that the hot spot for each data set will be displan the same color as the isodose
lines are drawn in. Hot spot is displayed with an “*taan be turned off or on.

This control will disengage from the display if a diffiet&ame is selected as the current
frame. Hit the "Display in Current Frame" button éselect the frame or a different one.

Any color changes you make will be saved and also ustet atefault for new cases.
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Compare Dose in 3d Room View

To engage this control with a current frame, you must fnrake a 3d room perspective
view of the primary image set of the current plan oinzage set fused to the primary
image set. Use the "Screen Control" button to createw screen if need be, and select
an empty frame by clicking the mouse on the button aoy@n empty frame. Then go
under "Stacked Image Sets" on the main menu to "DisplayrRaew".

Select "TPS" or
"Dose Difference”,
then hit the "Display
in Current 3D
Frame" button. This
control will
disengage from the
current frame if you
reselect the "TPS" or
"Dose Difference"
buttons, or if the
frame is no longer
current or visible.
Compare 3d Dose Control To reengage, simply
hit the "Display TPS
Dose in Current Frame" button again. You may als@saldifferent frame any time,
with multiple frames showing the same or different digplad dose values.

Selection of "TPS Dose" will simply show the dosenrfrthe other system. "Dose
Difference" will show the absolute value of the diffiece in dose between the other
system and that computed here. Positive differenceshaken in a different color than
negative differences. The default for positive diffeesnis red and for negative is cyan.

Type in the dose or dose different value to display irptbeided text field, hitting the
Entry key at the end of the number string. You can@ismge the transparency of the
iIsodose cloud, and select wire frame instead of solidiedisas turn off the cloud display.

Lastly, you can change the color of the cloud for eithe TPS dose, or the positive or
negative difference.
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Gamma Method

The gamma method is a method to compare two dose digtnbutThe following
publications are definitive:

“A technique for the quantitative evaluation of dose ithstrons” by Daniel Low, William
Harms, Sasa Multic, and James Purdy, Medical Physics R&$p1998, pp. 656-661.
We refer you specifically to equations (4)-(8) on page 658otier reference is Harms
et.al, “A software tool for the quantificative evalioat of 3D dose calculation
algorithms”, Medical Physics 25(10) Oct 1998, pp. 1830-1836 and Laal; &Evaluation
of the gamma dose distribution comparison method”, Me@&hgsics 30(9) Sept. 2003,
pp. 2455-2464.

Two isodose lines might be separated by a large differdnut the dose difference might
be small if in a low gradient area. Likewise, theight be a large dose difference at a
particular point, but in a high gradient area the disttm¢be same dose might be small.
The gamma method is a way of comparing two dose distiiitaking both dose
difference and distance into account.

Here we compute the gamma distribution comparing the dsgédiion from the
planning system, the reference distribution, to the dosguted here, the evaluation
distribution. Given a point,rthe volume around that point is searched to find the
minimum gamma value, where gamma is computed according to the equation:

dr.r.)=

and whereris at the location of the reference poini(r[pis the dose at the reference
point, dy is the distance criteria (0.3 cm for example),i®the dose criteria (for example
3% x 200 cGy/100 = 6 cGY). \pwould typically be the target dose at isocenter. The
user has to specify the value to use.

The search is done for allin the rest of the volume. This means for evefgremce
point . for which is known a dose,Pa search is done for all locations necessitating
computing the dose dat each location.r Then finally we take the minimum of all the
above gamma values for the value of gamma at r

G(r,) = min{C(r..r, )" {r.}
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There are some practical considerations in implengptiis calculation. The gamma
value is computed for a regularly spaced lattice. Therspacihe lattice is for the same
distance set for the dose matrices. Values are iféepowithin this lattice for plotting
the gamma distributions on planar images. The deferD the planning system is
interpolated from the down loaded dose matrix for eat¢heopoints in the gamma lattice.
The dose lr.) is interpolated from a thee dimensional lattice cfettocomputed here.

For a dose lattice element voxel with eight vertitks,search within
the voxel is done using the geometric method from theaqgatioln:

"Geometry interpolation of the gamma dose distributmmgarison technique:
Interpolation-free calculation”, Med Phys 35(3), March 2(i8,879-887,
by Tao Ju, Tim Simpson, Joseph Deasy, and Daniel Low.

This method doubled the speed versus searching by intemgadfasteps of 1 mm. For
voxels near the edge of the patient, where there mahibe a value for all eight vertices
but there are at least four with a value, the seardbme in steps of 1 mm with the voxel.

We note that at a distance r from the pointhe smallest the gamma value can take
would be for the case when B D, resulting in a gamma value of y/dTherefore at 1

cm and beyond the gamma value could not be less than 13033 ~=Therefore 3.33 is a
lower bound on the gamma value at a radius of 1 cm andchdbeybherefore if at a given
search radius of r, if the minimum gamma found withirt tledume (within that radius) is
< r/d,, then there is no reason to search the volumdaatjer radius because the gamma
value cannot get any smaller. Likewise, by stoppingéagch at a radius r, minimum
gamma values larger then s/dave a lower bound of r/d

In addition, we will assign a sign to the gamma value @oint if the dose computed here
at the point is greater (+) or less than (-) the diase. The resulting gamma is then
shown in different colors where the gamma value istiegar positive.

The gamma method is selected from the Evaluation pull do@mu on the plan toolbar.
The popup control tool is shown below:
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Gamma method control tool.

Using this tool you can display iso-gamma curves on 2[Q@s@r an iso-surface in 3D
perspective views. The image must contain an imagethmerstacked image set or one
fused to it. You must type in the reference dose in cl3ys reference dose is also used
elsewhere in the program to compute dose difference pgageefor specifically selected
points. Hit the “Display in Current Frame” button temlay the gamma distribution in the
currently selected frame. The currently selected valtieted (2D) or is the display value
(3D). The hot spot is shown on both 2D and 3D displ&yshit the “Display in Current
Screen” button to display the currently selected valneslidrames on a screen.

The “Reset Gamma” button is to force a complete reetation of gamma.
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An example 2D display is shown below:

Note that you can select the colors to show the pldsy@anus gamma values. The colors
selected will be the default in future runs of the program.

Gamma Volume Histogram
A volume histogram of the gamma function can be computed.
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Gamma volume histogram.

An accumulative distribution or differential distributioray be shown depending upon the
choice of a toggle button. The distribution may be shéow any selected outline region
of interest. Shown here is an example for the @pi@tient model volume. Bins are
created over the range of gamma value at regularly spateedals, here 0.1 in the
example, and the points in the gamma distribution laiserted into the appropriate bin.
Black above shows the total gamma distribution, reciteas where computed dose was
>= plan dose, cyan <= plan dose.

For the differential histogram, the volume at the tbthe vertical axis will be the volume
with the largest increment. For the accumulative vtileme value shown is computed
from that covered by the dose matrix and is not nacisthe volume of the region of
interest.

The percent of points less than or equal to a selectachgaalue (absolute value) is
computed and shown. And the same is shown for the sobygeints that is greater than
(or equal) to a specified threshold dose, in the exanyoleeal 000 cGy is the threshold
value. These values are shown both in the bottotrfiedds and on the graph.
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The Domain Range control can be used to shorten tige g@otted on screen. The
“Display Data” will write the data to an ASCI! filnd display the contents of the file.

As with any frame, clicking the left mouse on the wiwdaf the graph (to put focus on
the window so that it can receive a keyboard event) then hitting the P key on the
keyboard will allow you to print the graph.
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Difference Dose Volume Histogram

This tool computes a differential volume histogram efdose difference for a selected
region of interest volume. The absolute differenah@®vn with a black curve. The
positive difference, the computed dose greater than thaldaged dose, is shown with a
red curve, and the minus difference is shown in cyaou &an toggle off and on each of
the three curves separately.

Dose Difference Volume Histogram

The dose increment control controls the width in teahdose of each volume element
that is counted. The dose is shown along the horizaxisaand the volume along the
vertical. Note that the volume is in cubic centimgt@nd that the dose is in centiGray.

The maximum difference is reported, and then broken doterthe largest positive
difference and the largest negative difference. Themem plan dose downloaded is
shown next below, and below that the largest dose cauhére, for the selected
volume.
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The recompute button is to be used if the plan is changkdut bringing down this
popup, and will reinitialize and recompute the curves.

To print, click the mouse in the plot display area and thiethe "P" key on the keyboard.
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Show 2D and 3D TPS Dose

There is a option to simply display the dose from thattnent planning system. Select
either the Show 2D TPS Dose or the 3D control (seeeabompare 3D control) under
the Evaluate pull down. You then type in the dose valuthoisodose curve to be
displayed. Then hit the “Display in Current Frame” batt@\ll the isodose curves will be
shown in the same color. You can select the calwd,also tint the dose for the current
iIsodose value which you can select with the mouse fhenlist. This also will allow you
to show the dose on a fused image set.

Show 2D TPS Dose Control

Monitor Unit Check

A monitor unit check can be reported. The monitor ciméck is accomplished with the
following formula:

DC mu = plan mu X plandose / DC computed dose
Where plan dose is the planning system reported dospdimtafrom a single beam,

DC computed dose is the dose that DosimetryCheck computes same point,
Plan mu is the monitor units from the planning systentte beam, and
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DC mu is the monitor units found from considering theraf the dose to the point.

Warning, Dosimetry Check monitor unit not to be used to treat a patient:

The DC mu is not to be used in treating a patient. Thigeport is only for
verification purposes. Any large difference should be invéigated and
corrected.

Beam Dose Specification Point

A beam dose specification point is defined by Dicom s (300A, 82) and (300A, 84),
the location of the point and the dose. If both aesenmt for each beam, then you can
base the mu check report on that information. As#an contribution and monitor unit
should be in the file, you should have not to enterirgfoymation.

Specific point
You can alternately select a point from the lisspécific points. The beam contribution

of dose to that point will not be known from the Dic&h download and you will have
to enter those values in the popup shown below.

Below is the MUCheckData popoup. The monitor unit shoalérown from Dicom RT
(300A, 86). If not, then you will have to enter the vdieee.

If you do not enter the mu, then an mu check will notdported for that beam.
Likewise if you do not enter the dose from the plannysgesn. This mechanism can be
used for the case of a different point for differentrbg&a Enter the dose and mu for the
beam you want the report for. Then repeat this progitkghe different point and enter
the values for the beams to be used with that point.
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On the print out you will get the reported percent diffeestor the dose difference which
of course is mathematically equivalent to the diffeesinamonitor units. The monitor unit
calculation does not add any new information.

The coordinates are in DosimetryCheck plan coordinadsioses are multiplied by the
number of fractions factor, the monitor units folrgke fraction are not.
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Show RMU Value and RMU Profile

Two tools are provided on the Evaluate pull down for evaigdhe fluence images of the
treatment beams. One will simply return the rmu valuany point selected with the
mouse. For square open fields, the rmu is equivalenetm thir scatter collimator factor.
Hence square fields can be easily used to access tha@cof converting images to
fluence images.

The second tool will show the profile through any flumage of a beam.

This tool works just like the 1D compare dose tool deedrdibove, except here only the
profile through a fluence image is shown. Select a deemage to make it the current
frame, and then hit the “Select Current Frame” buttdsse the translate and rotate
controls to select a line though the fluence imageenTit the “Get Profile” button. The
zero along the horizontal axis is at the perpendicusactor of the central axis projected
onto the line.
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Options pull down
On the options pull down are other miscellaneous choices

Patient Orientation

The patient may be specified as head first or feg¢tdimnghe treatment couch. This is a
beam attribute but the choice is here so that oneasily set all beams to the same
patient orientation. This has nothing to do with hbe patient is scanned. This
specifies how the patient is placed on the treatméid tar a particular beam. The
Dicom RT protocol is capable of specifying a feet foatient, but we don'’t believe that
the RTOG protocol can be or has successfully beennnepiged to portray a feet first
orientation. Supine versus prone is not a choicee pEient must be scanned in either
orientation and will be displayed accordingly.

Dump 2D Dose Matrix

The two dimensional dose matrix for any viewed plang Ibeawritten out in an output
file. At present the format for that file uses thenat Pinnacle (trademark product from
Philips, Andover, MA) uses so that other third partywafe written to read that format
can also read the files written here. Select tpi®a from the Options menu.
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Click the mouse on the image where the reconstructedisiseewn. Then hit the “Save
As” button and navigate to where you want to saveilharid also enter in a file name.
The output file is a text file. There is currentlyyahe output format choice.

Export To Dosimetry Check

This is an option that will allow you to export the ddbat Dosimetry Check computes to
a new plan in Dosimetry Check whereby the DosimetrgdkR dose computed in the
present plan becomes the imported plan dose in the neim&woy Check plan. This
feature is provided for the situation where one mighttwaicompare the dose Dosimetry
Check computes to some change, such as different inputlesyudifferent size dose
matrix, or what ever other reason there might blee User has to assign a new unigue
name to the new Dosimetry Check plan that is created.
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Warning: do not confuse the “Plan” dose in the new plan with dose from the treatment
planning system.

In the new created plan, the labels for the importeeé #asremain the same on software
controls, but there is a new label on the points tedentifying that the plan dose is a
prior Dosimetry Check dose.

Change Stacked Image Set

Each plan is associated with a primary stacked imagel$et primary stacked image set
defines the CT number to density conversion and the botiye region of interest (ROI)
that defines what is inside and outside of the pati€he primary stacked image set can
be fused to other image sets so that the dose computbd primary stacked image set
can be shown on the fused image sets.

However, here is provided an option to change the pristagked image set. The
purpose might be to compute the plan on a cone beam C¥atatar example. In
switching the primary stacked image set, the plan andgeaaying data structures such
as the beam isocenters and dose matrix from the péasgpstem will not likely be in the
correct location. You may have to move the plamédtacked image set as sequentially
described below.

We recommend that you first copy the plan so that you keep thariginal
plan coupled with the original stacked image set.

Warning: do not confuse the plan move to a different stacked image set with the

original

stacked image set the plan was developed for and for wWiggblanning system dose was
computed. When you choose this option, the program \etlgnt you with the list of
stacked images sets under the patient’s entry. Younsillfave to create and import the
stacked image set you wish to use. The selection pop lugheoal the name of the
present primary stacked image set and the list of chaicakble:
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Move Plan in Stacked Image Set

Once you have selected a new primary stacked imager $et,any other reason, a
mechanism is provided to move all the beams simultafieand to move the 3D dose
lattice that was downloaded from the planning system.

Warning: do not confuse the moved beams and dose lattice with the original plan.

You might want to consider copying the plan first.

A pop up is provided to accomplish the move:
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You may select to move only the beams or only the & dose matrix, or both with the
provided toggle buttons.

The shift, if known is to be typed into the Shift Cdioate text boxes, in cm, in the IEC
coordinate system: for the supine head first patiems, Ydur left to right looking into the
gantry, Y axis is toward the patient’s head, the Z isxig. The values shown in the text
boxes are the values that are used for the shift. nYauselect a beam with the Select
Beam option menu. The beams coordinates will theshbe/n in IEC coordinates:
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You may then hit the button:

Your cursor will change shape to a plus. If you theik ¢he left mouse on a point in any
image of the primary stacked image set, the locatidrbevishown in the “New isocenter
coordinates” text boxes and the shift will be computethbve the isocenter of the
selected beam to this new point and will be showhert'Ehift Coordinates” text boxes.
Only hitting the “Shift the Plan” button will actualiyjove anything.

Hardcopy

You can print a report using the screen capture methoddaimjacomments. See
Printing on the System2100 manual. You can keep a running éatlmnselecting to
“Add to Print Que”. This will keep a running page countylour document.

Auto Report

There is also an Auto Report facility. The Auto Repuailitadd to an existing report that
you may have started. Select Auto Report from the Hgrglcascade under the Evaluate
pull down. This facility provides a method to specify tBport up front and leave any
calculation time to the computer to perform when thietPutton is hit at the bottom of
the control. The top half of the scrolled area efd¢bntrol is shown here:
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Simply select the features you want written to the repblowever, you must select a
point. The image planes drawn and profile lines wilttaomthis point. It will typically be
isocenter or a dose prescription point. You must alser enteria for the gamma
method. Values entered here a passed on to the gamh@dngentrol and vice versus.
Be sure that you have entered the number of fractiefasdusing this tool.

The X, Y, Z axes for the 1D Profiles refers to tB€lcoordinate system where the Y axis
Is toward the patient’s head, Z axis is posterior tersor.

The “SetDose Margin for Zoom” scale control providesie means to default the
amount the subsequent images are zoomed up. The progrdiguwellthe zoom for
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images based on the 1D profiles through the X, y, anéx (@hether or not you select
them to be in the report, they are computed here). 508 point of the maximum dose
along each line is found and set as a limit of the Breslhow. To this a margin is added
that is selected here with the control. If the nratgkes you beyond the patient skin
boundary, then the patient skin boundary is kept as tlite lirhe default is a large margin
which will zoom the images up to the edge of the patiéntou set a zero dose margin,
you will see the image zoomed up to 1/2 the dose areaerRisen that these limits are
computed from the x,z axis for transverse, x,y foooat, and y,z for the sagittal view
through the point that you selected. If this does nadyxcbthe area you want to see,
then simply use the middle mouse and right mouse on tlgesita generate what you
want to see, and use the image print facility to make gavn report (click left mouse on
an image, then hit the P key on the keyboard). Ussdparate controls under the
Evaluate pulldown.

In the Compare 2D Dose control, the program will alsd ahy isodose levels that were
entered on that control in addition to any values sadelere as a percent of the dose
normalization value. The largest value that is actymdditted will be tinted.

Below is the bottom half of the Auto Report control:
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Likewise the 2D gamma isocurves will include any valugsred on that control but will
always plot and tint the value of 1.0.

Lastly note the time scale for Dose Volume Histograifiis is the running time for
which points are generated to plot the curves. In ssiveesins for the same selected
volumes, more points will be added.

# Fractions/Normalization

Use the text field to type in any positive non-zero benthat you want to multiple all the
doses computed by Dosimetry Check. You can use thig xample, the 3D dose
matrix from the planning system was for more thanfangon. In that case you would
enter the number of fractions here. Or there magolbee reason why you want to change
the computed dose. You could use this factor to force mgraeat some point and then
consider the agreement of the now relative dose disiilis. The default value is 1.0.
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Warning: Be careful not to use this field to produce an agreemehere none exist.
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Beam Toolbar

Beam Toolbar

Upon creating or selecting a beam from the plan toptharbeam toolbar is displayed.
The user must first pick the treatment machine withptlowided option menu. Thereafter
the treatment machine may not be changed. On tligatabe plan name is shown to the
right of the return button. An option menu is next shdar the beam. A different beam
may be selected with this option menu among beamg iplam. An option menu follows
showing the treatment machine, but other choicegrangd out once a machine is
selected. Next is an active toggle button. The beaynb®a selected to be inactive (out),
in which case the beam is not displayed or computed.efi@ay is next selected with an
option menu. Be careful to select the energy desiredualenergy treatment machines.

Move

Under the Move pull down are controls to set the ismegposition, the couch, gantry,
and collimator angles, and depth of isocenter or soorsarface distance.
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Move Isocenter

Move Isocenter Popup Control

The move isocenter popup provides control for settingstheenter in terms of couch
coordinates. Couch lateral corresponds to the IEQaaater X axis. Couch longitudinal
corresponds to the Y axis and couch height to the £h Eantrol has a coarse wheel that
changes the coordinate in increments of 1 cm, a fimeelthat changes in increments of
0.1 cm, and a text field where the coordinate can bealtgpemust be completed by
hitting the Enter key. The wheels have areas at eadhvhere they may be moved in
single increments with a mouse click, and a home bukt@ainresets to zero or the default
value for that coordinate.

While the coordinates are changed, the beam will berdiraframes that are displaying
the plan.

A pulldown menu is provided to set the isocenter at tbation of another beam in the
same plan.

Move Angles

The gantry, collimator, and couch
angles may be set here. Also, an
arc may be set by setting the
Gantry Arc control to a non-zero
value. However, for IMAT, the

arc setting is ignored here as the
arc will be simulated with fixed
beams with images captured during
the rotation.

A pull down menu is provided to
set the current beam parallel
opposed to an existing beam

Move Angles Popup Control (including itself) in the same plan.
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Collimator rotation and measured fluence

A toggle button is provided to set whether or not thesesl fluence is to rotate with
the collimator. If the imaging device does not rotaith the collimator, then the rotation
has all ready been accounted for in the captured intelgratgye of the fluence, and this
toggle should be set off. The image will be projected dim¢ patient without any further
rotation. This is equivalent to setting the collimaimthe zero position and setting that
the image device did rotate with the collimator. Alic@ator zero degrees, no rotation is
applied to the image. (IEC coordinate has to be zercdmdthe angle defined in the
Geometry file in the beam data directory for the nrechs the nominal collimator angle.
It might be 180 instead of 0.)

For example, if the collimator angle is 45 degrees fattnent, then because the EPID
does not rotate with the collimator, the 45 degreeioytad already accounted for in the
EPID image because the EPID does not rotate withdalimator, rather you can see the
field rotated in the EPID image. When the EPID imagarojected back onto the patient,
the field will be in the correct rotated position. iis different from the situation where
the imaging device rotates with the collimator. lattbase, the image will have to be
rotated with the collimator in the program for thddfieo be projected correctly onto the
patient as it will appear in the image as unrotated.

Collimator Rotated So Field Fits on EPID

In this situation, rotate the collimator in the difen for which the field will now fit on the
EPID. This can only be done for pre-treatment assest when there is not a patient in
the beam, not for exit-transit dose. Note the amotimbtation and in which direction.
Did the collimator angle get larger or smaller? Lesaygfor an example that you had to
rotate the collimator from the planned collimator angfl +30 degrees to +90 degrees.
The rotation was then an extra +60 degrees. Theosmmetry Check, from the Plan
toolbar, select under the Beams pull down to Edit thenbddander Move select Angles.
Select “Fluence Rotates with Collimator” on (in)f the collimator had been left at 30
degrees in this example during the dry run, you would wachaage the angle to 0, as
noted above setting the angle to zero is equivalerdgttmg that the EPID rotated with
the collimator (since the field will be projected witie 30 degree rotation in the image).
Then to account for the extra collimator rotation agiithe dry run, rotate the collimator
in the opposite direction 60 degrees from zero to the afigkd degrees. You have
now compensated for the extra rotation. The fieldughbe projecting in the correct
orientation. Note that the beam’s eye view axesdaawn on top of the EPID image.

Set Depth and SSD

A control is provided set the depth of isocenter orsthérce surface distance (SSD) of
the beam. When specifying the depth or SSD, isoceriteslide along the present central
ray to meet the depth or SSD specification. In ordetHis to happen the central ray
must intersect the body skin boundary volume. If thérakaxis ray does not intersect
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the body outline, the depth and SSD text fields will @k When this control is up, the
SSD and depth will be reported as the beam is othenmased.

Set Depth and SSD Popup Control
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Visual Aid

The visual aid will show the accelerator in its cutnertated state and serves as an aid in
understanding the geometry of a particular beam. Thedskindary is displayed on the
couch top. The name of the beam is in the lowehkfid corner.

Options

Options for the Dosimetry Check program include to sefexzimeasured field to be

associated with the beam. Also, the color used to thiavbeam can be changed. The
color is used when the beam’s toolbar is not displayex.
moving the beam the overlay color used for all drawsngsed
(if 24 plane graphics, XOR operation is used). BEV and
computed radiographs are also available.
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Read Fluence rmu files

Upon retrieving a plan, a plan function will run to séafiar rmu files for beams not
associated with a measured fluence. The program loaks diirectory with the path:

FluenceFiles.d -> plan_name -> beam_name -> IMRT

for files for the beam. In manual selection you dlable to navigate to any sub folder of
FluenceFiles.d.

If files could not be found or you need to change the aneddluence used, you can
reselect the files here. Note below that you cao s¢ad in more than one rmu file to add.

The current choices are to read an rmu (fluence drdiete array) file written by the

Field Dose function or other functions that result freld dose file, such as utilities that
read EPID integrated image files or other electroniéacégs\such as the PTW 729 ion
chamber array or the MapCheck diode array. Here infagesbeen located in beam’s
eye view coordinates and converted to relative monihds using a calibration curve or
constant. An exception is made for images from aiDER&t does not rotate with the
collimator angle. For those devices, the programsetlithe collimator angle back to zero
upon reading of the Field Dose file here, since the idatethe un-rotated position.

You may select more than one rmu (field dose) fileafbeam. Doing so will result in the
files being added together. This option is provided forcHs® as when a carriage shift
might be required with the Varian MLC and each shiittiegrated separately. The
fluence files to add must all have the same pixel gdizsgance, and image size.

The program will create a screen of empty frames faadighe fluence images in for all
the beams. On the file selection popup, select tieades files for the current beam. If
you hit the apply button, the field dose will be displayedn the beam toolbar will be set
to the next beam. Continue to hit the apply buttoer afelecting the fluence rmu files for
each beam, but be sure to check that you are seldotirgptrect files for the currently
selected beam as shown on the beam’s toolbar opgon.nmHitting the OK button
instead of the apply will end the selection process #feecurrent selection.

Read IMAT rmu files

For an IMAT beam, you will select all the rmu fildgt simulate the rotation of the beam.
The files for each beam will be in a sub-directorfhienceFiles.d with the path:
FluenceFiles.d -> plan_name -> beam_name -> IMAT

When you get the file selection box, select the @bml@ectory (folder) on the left side of
the file selection dialog popup. When you see the fitethe right side, select all the files.
Each rmu file has the gantry angle at which it wassoesl. The dose will be computed
for a beam at each angle using the rmu file at thatatigd rotation simulated by the sum
of all the beams at the different gantry angles. Jdmry angle will be displayed in the
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image of each rmu file. A separate screen is creategbch beam to hold the images for
that beam.

Select Imat Images Spacing

This option will let you combine images that are aldsgether in gantry angle than a
minimum spanning angle selected here (see control beldw)rotation is simulated by
stationary beams, each one at the gantry angle ofrthhdile. However, more beams will
take more computational time.

For example, if your images are every 5 degrees and yeat 4€l degrees, then images at
0 and 5 will add, 10 and 15 will add, 20 and 25 will add, etc..Thesmgll averaged so
that the first angle will be reported as 2.5 from tha® @& images, 12.5 for 10 and 15,
etc.. In doing so, you reduce the number of beams usahitdate a rotation which will
save you computer time. However, you can expect sasedricaccuracy, the lost greater
the further you are from the center of rotation.

If you exit the program and reselect this patient and gtlanlater time, your choices will
be remembered. Likewise any change in the areacatestitio will be remembered for the
added and unadded images.

This operation is reverseable. If you select zetdhaloriginal images will be displayed
and used.

You can also set a default for all future plans. But gimgnthe default will not effect
other present beams in this plan. You will have to esith beam as you have done this
one.

If two or more images are added together, the imageedirgh image will be replaced
with the added image, and the other images will not ba/ish The gantry angle shown
will be the gantry angle used for the position of thagmin all cases.

If you want to compare results, the suggestion is thatcppy the plan, and then compare
the two plans, making changes to one of the copies. flapys found under the Plans
toolbar. You can only copy a plan that has beentseleand is currently read in.



Section 5, Beam, page 8

This utility does not save the dose matrix computed ammu fluence array when you
combine fields or restore when using the orginal images.

Show Field

There is also an option to redisplay this field doseyeragain by first selecting an empty
frame and then selecting the Show Field function unaeOfiitions menu pulldown.

Show Field Information

Selecting this option will display information about fiedd fluence as to what files were
read and the calibration and deconvolution parameters.

New Fluence Images

If new fluence images are generated, then upon retriavolan, the new files will be
detected but not used unless the user chooses to remaud fluence with the new.

Computed Radiograph and BEV

A computed radiograph and BEV may be selected to be displ@y&EYV is a solid
model 3D perspective with the eye at the source of x-ra§ computed radiograph may
be in the background or may appear by itself. If tl@rbis moved, the computed
radiograph will be erased.

The computed radiograph is selected under the Options pulldown.

Computed Radiograph Toolbar

Select an empty frame (by clicking the mouse on tlgelautton occupying an empty
frame). You can create a screen of empty framestihatscreen Control button (lower
right and side of the main program window).

The contrast enhancement slider will raise CT numizetke power selected to simulate
photoelectric effect. Four is a good choice. Youadshthe computed radiograph (or
DRR for Digitally Reconstructed Radiograph) to an exgs&fV for the beam, or create
a new BEV with the computed radiograph as background, oramstow the DRR by
itself.
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An example DRR is
shown below, with
corresponding
outlined regions of
interest.

The Frame Control at
the bottom of the 3D
frame may be used to
control objects being
drawn.

Utilities

A utility exist to dump
a 3D dose matrix for
the beam to a file.
This binary file will
have the dose matrix
in beam’s eye view
coordinates, in the
units of centiGray.
The file is used by program AnalyzeBeam to compare comldse to that measured
with scanning equipment. Computed and measured beam pnadiethen be plotted
together for comparison purposes. This option is gepersdld for quality control
purposes.

Example DRR for an oblique field.
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Machine Geometry File

The geometry of the treatment machine is specifitdarGeometry file in the
subdirectory of the treatment machine. All machaesstored in the directory specified
by the BeamData.loc file in the program resources tirgc Each machine occupies a
subdirectory under that directory and contains a Georfietry

The Geometry file contains information about thatmeent machine. An example file is
shown in the section on BeamData. Of importance Isethe definition of directions and
coordinates for the treatment machine parametersexample, the gantry angle at which
the machine points at the floor and the directiorotdiion that represents an increase in
that angle. This file should be edited to fit your maehiThe beam coordinates are
stored in IEC coordinates and the Geometry file is tsédhnslate those coordinates to
the user interface. Changing the definitions of gteekerator’'s coordinates system will
not change the location of existing beams.
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Dose Algorithm

The program uses a pencil beam algorithm. Below wegivél details on how the pencil
beam is developed from measured beam data and Montec@xated kernels. A
single poly-energetic kernel is used to represent thelpédreere were two
considerations for making this choice. First we woildel the algorithm to be as fast as
possible. Calculating each energy separately with drsppe@and mono-energetic kernels
would reduce the speed significantly. It is our philosoplay if greater accuracy is



Section 6, Dose Algorithm, page 2

desired, one may as well use a Monte Carlo algoritbrthat there is a fast algorithm for
quick results and a slow one for greater accuracy. Setmmithe Dosimetry Check
application, we have to consider the input informati@ve can only measure dose in a
plane perpendicular to a beam, not the spectrum, at indiyickeds covering the radiation
field. Therefore we need an algorithm that can stdlt the intensity distribution in
reference to dose.

Source of X-rays
Central Ray

Patient Surface

de(xy)

Differential
Area Element

dr rdg

Point of
Calculation P

i

Figure 2
The dose is computed to the point P according to the Helmmula. r is the radius at
depth from point P to the differential area elementddr r(x,y) is the coordinates of P at

the treatment machine’s isocentric distance Sagly;)(is coordinates of the differential
area element at distance Sad.

2
dose = dose ¢ OffAxisCorrectipn t)de Sad

Spd
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1 #R 1
- K(r,de(r,q))" Field(x,y) drdg
Po o Max 1.0, OCR '
SSD + dé rq)
where
2
(= VXCHY
Sad

In words, dose_c is the computed constant thatextseverything that follows to give
the calibrated dose for the calibration field S28D, and depth. The units of the pencil
kernel therefore to not really matter. Dose_adngply the ratio of the specified dose rate,
usually 1.0 cG/mu, for some field size, SSD, angklleto the result computed for the
same field size, SSD, and depth.

The Off Axis Correction is table developed from sw&d diagonal fan line data taken at
depth for the largest field size. This two dimensi table is simply the ratio of measured
over computed values stored as a function of thgetat of the angle with the central ray,
t above, and depth. The depth de is the effediyzh of the point of calculation P. de is
computed by tracing along a ray from the pointrafyinto the patient body, and
summing the incremental path length times the deasithe location. This table provides
a means of accounting for the change in beam piwetroff axis since the kernel was
developed from data on the central ray.

The Sad/Spd squared term is the inverse squareviagre Sad is the source axis distance
of the treatment machine, typically 100cm. Spihésdistance from the source to the
plane point P is in, along the central ray.

Next follows the integration of the pencil beamriedrover the area of the field. This
formula is of course only symbolic. We can onkegrate numerically on a computer, but
the formula does show the mathematical idea. Enedt K(r,de(rg))/2pr is the dose at
the radius r at depth to the point P from the imaetal area dr if de(rq) in cylindrical
coordinates centered at P equals gg[n Cartesian coordinates and is the equivalent
depth along the diverging ray through the diffei@ratrea element at the surface to the
plane perpendicular to the central ray that coatdie point P. We actually don’t have
this kernel K, what we do have is the integratibi &rom O to r which is the dose at P
from the circular disk of radius r at depth. Soaetually take a difference here over dr in
the numerical computation. Note that the r ternces out and we have taken thge 2
term outside of the integral.
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The differential area element is weighted by th&lfintensity Field at (g), here shown in
the Cartesian coordinates,{® at the distance sad. For the Dosimetry Checgraira,

this is looked up directly from the pixel valuethat location from the measured field. In
comparison program GenerateFieldDoselmage comphigegalue at each pixel location
as the product of the monitor units, the scattéinator factor, the in air off center ratio
table, and the attenuation of any shielding blodksr general treatment planning we
would here also model the attenuation of any wedgmpensators, and any other devices
that effect the field fluence such as a multi-lesalfimator.

The one over the maximum of one or the in air giff aatio (OCR) term is to correct the
kernel for having been derived from data that costthe effect of the OCR. Here we
divide it out as long as the OCR has a value grehéas one. The effect of most
flattening filters on the OCR is that the in airghce increases initially with radius. We
want to correct for that effect. Otherwise formision the central axis we could be
effectively applying the effect of the OCR twicerithg integration over the area of the
field, once built into the kernel and then formallyough the above Field term.

But in the corner of the largest field the OCR eatiiten decreases due to a cut off of the
field due to the primary collimator. We do not wa&m cancel out that effect in those
areas. The correction here is a compromise t@eelsiome deconvolution of the OCR
term out of the kernel term. As the OCR is staretirms of the tangent angle a ray
makes with the central ray, we divide the radiudeqith by the SSD used to measure the
fields from which the kernel was derived from plbe effective depth along the ray from
the differential area element to the plane permerali to the central ray that contains the
point of calculation P.

Note that there are two effective depths usedaratbove equation. One is along the ray
to the point of calculation P, de(x,y). The otlsainside the integration (sum) and is
traced along the ray from the surface to the difféal area element drad- de(x,y:).

The ray tracing along each ray is only done or&dan line grid covering the area of the
beam is created. Each fan line is ray traced tiivdbe patient with the storing of the
accumulated equivalent depth at intervals alontp ea¢. The spacing between the fan
lines is set at a level half way through the patierthe dose matrix spacing value that the
user can reset from the default value. Belowlage the fan lines are diverging further
apart and above the plane the fan lines are comgectpser together. Node points are
distributed along the fan lines at equally spaceersecting planes perpendicular to the
central ray, and it is at these node points thaetjuivalent depths are stored. During the
above numerical integration over each plane, tlaease ray is used to look up the
equivalent depth. The same node points that Inglajuivalent depths also define the
points to be calculated. All other points areriptdated within this diverging matrix.

Let us note here the approximations that are madhe. integration is in the plane
perpendicular to the central ray that containst®@inRigorously it can be argued that the
integration should be in the plane perpendiculah&oray from the source to the point P.
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For a worst case, the largest field size of 40x4€ ray at the edge of the field on a major
axis makes an angle of 78.7 degrees instead oé@feds, an 11.3 degree difference,
which is not going to make a large difference. TfeAxis Correction above will tend to
cancel out such approximations. To be consisteatQff Axis Correction is computed
using the same algorithm. Using the inverse lawembion for the slant depth along the
ray from the source to point P made no differenomfusing the vertical distance parallel
to the central ray. Another approximation is mbhdlw in the generation of the pencil
kernel. It is assumed that at a depth d and radilre dose will be the same for a
cylinder of radius r and for a diverging cone dfius r at the same depth. This is the
same approximation made in the concept of Tissu&Aiio.

Rectangular arrays of equally spaced points arergésd for planar images, and a three
dimensional lattice of points is generated for 8dspective room views. The dose at
these points are computed for each beam by intipglwithin the above diverging fan
line array of points generated for each beam. means that in general the dose is
interpolated between the eight corners of the dimgrbox that a point is inside. We will
interpolate with less than eight points provideat tihe sum of the weights from the points
is greater than 0.5, as some node points mighbdigdide of the patient. Once computed,
each beam saves its dose matrix to a disk filessrthe beam is changed in which case a
new fan line dose matrix array is created.

Generation of the Kernel

Program GenerateBeamParameters computes the lpamal from measured data. It
does this in a two step process. We started waht® Carlo computed mono-energetic
point spread functions. We used those to compuimb-energetic pencil beam kernels.
Next we take the central axis data at differertl fgzes to fit a spectrum. We constrain
the spectrum to be a smooth curve by using a Garagsi normal) distribution, with the
spread parameter different before and after thk pa&lae, giving for parameters to be
fitted: the peak energy valug,Ehe magnitude of the peak value A, the spreaodrbeahe
peaks, and the spread after the pegk

(B E)°
| =A" exp
where

g = S whenEE g
s, ,whenB E

Using these kernels and spectrum to compute the, dos dose at the surface is
necessarily zero, whereas contamination electrahsegult in some dose at the surface.
At lower energy such as 6 MeV, the fitted spectmath Monte Carlo computed kernels
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can reproduce the measured percent depth dosedfr@xand deeper. However for
higher energies such as 18 MeV, the contaminatentrens have some effect still at
dmax and deeper to 5 or 6 cm, causing differentesmto three percent at the small end
or large end of the field size range. Without miodethe contamination electrons we
cannot use this spectrum and mono-energetic keriéésalso have the consideration as
stated above that computation time is saved byussingle weighted kernel. In doing so
we give up the possibility of correcting for chasge spectrum off axis. Using off axis
data one can fit a different spectrum at off axienvals. The final consideration besides
computation time is that the information measurdét the Dosimetry Check program is
dose on a plane perpendicular to the central @ythe spectrum.

For these reason we instead generate a poly-eiepgecil kernel. The above fitted
spectrum and mono-energetic pencil kernels are fasegtiree purposes:

One, at 10 cm depth, which is beyond the rang®wffacnination electrons, we
can compute phantom scatter. This provides a n@aseparating the scatter
collimator factor from the measured output factordach measured field.

Two, we can compute the equivalency of circuldd$édo square fields, again at
10 cm depth, and use the resultant table to assigvalent radii at each depth to
the table of measured percent depth dose and sfipldreizes. We may now
calculated an accumulated pencil kernel as a fnaif radius and depth from the
measured square field percent depth dose data.

Three, we can complete the poly-energetic penoieido zero field size, to a
depth of 60 cm, and to a radius of 60 cm (the rdoagw/hich the mono-energetic
kernels cover), by scaling the results of the menergetic kernel and spectrum to
agree where the tables join. From the surfacertaxdhe curvature computed at
dmax is simply scaled to fit the end points from simallest field and largest field
in extending to zero radius and 60 cm radius resf@he

In this manner we produce a poly-energetic kertethvby design returns the same
percent depth dose for all depths and field sizegsored.

Program GenerateBeamParameters

This program performs the above function of fitginlg the spectrum and then using the
result to assist in forming a poly-energetic kefrein measured beam data. After the
poly-energetic kernel is created, this program astiep the Off Axis Correction table

from data measured in water along the diagondiefdrgest field size at different depths.
Next the program computes the dose using the sgmhs for field size, depth, and

SSD, for the calibration definition and uses thaulieto compute the normalization
constant that will convert computed results to g@na. Lastly, the collimator scatter
factor is computed by dividing computed phantonitscanto the output measured for
each field size. The collimator scatter factanged by program GenerateFieldDoselmage
to compute the equivalent of a measured field wisith be used for testing purposes.
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This program is an ASCII run program, meaning yami it in an xterm window with
keyboard commands. The program will prompt yosdiect the treatment machine and
then the energy. The program will take severauteis, most of the time spent in the

initial step of fitting a spectrum. The prograndlwiop if an error occurs, such as a
needed file is missing. Be sure to check for emessages when the program has finished
to ascertain that it was successful in computihthaloutput files that are required.

Program ComputePolyCAFiles

This is an ASCII program that will compare the dosthe central axis data files to that
computed using the pencil beam. A report is predubat can be printed on a printer.
This is an ASCII program that must be run fromkbgboard in an xterm window. It
provides a test that the kernel was properly geedra
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WMVHEN DONE ...ttt e e et e et e et e et e e et e et e e e e e e et e e e e e e e e e e e eaeeeraneeenaaes 14
CENTRAL AXIS REPORT FILE. ... oottt e e e 14
Beam Data

It may be suitable for the Dosimetry Check program wgeneric beam data. The
generic data provided can be copied to create a madhimeght then be only necessary
to edit the geometry file specifying the geometric patarseof the treatment machine and
for each energy the calibration file. The supplied gemata provides templates for
modifying or creating beam data for a particular machieiseful utility program is
ReplaceText that will replace found text with a différstning, to change the machine
name in files if building a beam data file system fratemplate. After editing the
calibration file, be sure to run program ComputeCalConsta

All the files are ASCII text files and are self docuntieg. Numerical information is off
set with white space. Text fields that programs aread are set off between the
symbols <* and *>. If there are no spaces (white spadie text string the text need
not be delineated with the above symbols. A comimanis set off with two slashes to
the end of the line. Or a comment may be enclosedeea /* and */ which can be
nested. When reading a file programs ignore the comments

Utilities may exist to copy existing beam data in otieemats to the file structure required
here. Program ConvertRenBeampFiles, for examplecuogil the ASCIlI beam data files
used for Render-Plan 3-D from Elekta Oncology to ourditenat. This is an ASCII
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program run in an xterm. Just invoke the name of thgramo, the directory where
Render-Plan beam data files are, and the directoryentherdata files are to be copied

and transformed to. We expect to write these utildies need bases as people supply us
with examples of their beam data.

All beam data resides in the directory specified byfithdeamData.loc in the program
resources directory. Each treatment machine is repiess by a subdirectory. In the
subdirectory are files containing information commonite treatment machine. Each
energy will have a subdirectory, for example X06 for 6 kxays, X18 for 18 MV x-
rays. We will here give examples of these files.

The Generate Beam Parameters Program

Program GenerateBeamParameters will read the befw files and write output files.
The output files are not documented here. Those figsatle ASCII are self
documenting however. There should normally be no remsedit the output files, but
they might supply useful information. The kernel files stored as binary files. This
program is described above in the Algorithms section.

Machine Description File

This file simply holds a text description of the treaftnmachine.
Example file name: Description

Example file:

[* file format version: */ 1
<* SL20, 6 and 18 MeV x-rays*>

Machine Geometry File

This file defines the geometry of a treatment machine
Example file name: Geometry

Example file:

[* file format version: */ 2
[* Source Axis Distance (cm) =* 100.00

/I This is also the distance field sizes are define d at.
[* largest field size (cm) is*/ 16 21

In formation version 2 above, two numbers are expédotetthe maximum field size,
which would be 40 40 in normal cases, but there ischimawhere it is 16 by 21. The
first number is the size long beam’s eye view X aaig] the second along the Y axis.
Below is the prior format, the rest being the same:

[* file format version: */ 1

[* Source Axis Distance (cm) =* 100.00
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/Il This is also the distance field sizes are define d at.
* largest field size (cm) is */  40.00
[* Positive gantry rotation: +1 = clockwise, -1 = counter-clockwise */
[* Gantry angle value when pointed at floor: */ 180.00
[* Positive collimator rotation: -1 = clockwise vie wed from ceiling
+1 = counter-clockwise, with accelerator pointed at floor */ -1

/* collimator nominal angle value =*180.00
[* collimator rotation lower limit =*/ 83.00
/* collimator rotation upper limit =*/ 275.00

* Positive couch rotation: -1 = clockwise viewed f rom ceiling
+1 = counter-clockwise */ 1
[* couch nominal angle: */  180.00

[* X axis, positive couch lateral direction, positi ve is +x IEC (when
moves to your right looking toward the gantry)

Enter opposite sign here */ -1

[* center position value (cm) */  0.00

[*Y axis, positive couch longitudinal direction, p ositive is +y IEC
(when moves toward gantry)Enter opposite sign here * -1
[* center position value (cm) */  0.00

[* Z axis, positive couch height direction, positiv eis+z IEC (when
moves up) Enter opposite sign here */ -1
[* center position value (cm) */  0.00

/* 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 to right)
2 =Y jaws (front to back), 3 = both */ 2
[* label for -X jaw: */ <*X1  *>
[* label for +X jaw: */ <*X2  *>
[* label for -Y jaw: */ <*Y2  *>
[* label for +Y jaw: */ <*Y1 *>
/* limit of travel for each independent jaw, given as a coordinate in cm
-Xjaw +Xjaw -yjaw +yjaw */
0.00 0.00 10.0 -10.0

List of X-ray Energies

This file holds the list of x-ray (photon) energiesitable on the treatment machine. Each
energy will have a subdirectory, for example X06.

Example file name: Photons

Example File

[* file format version: */ 1
/* number of photon energies: */ 2
6 18
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Central Axis Beam Data

This file is to hold data on the central axis for squalds and resides in the energy
subdirectory. Generally the SSD should be the sartieasocentric machine, typically
100 cm. All the central axis files should have measunesrest the same depths.
Example file name: CA12.0x12.0_wO00_06

Example file:

[* file type: 2 = Central Axis */ 2

[* file format version: */ 1

/* machine directory name: */ SL20

[* energy =*/ 6

[* date of data: */ <*25-AUG-1996 11:22:24*>
[* wedge number, 0 = no wedge */ 0

[* field size incm =*/ 12.00 12.00

[* Source to Surface Distance in cm =*/ 100.00
/* Number of depths: */ 47

/* depthcm value*/

0.00 46.680000
0.50 73.089996
1.00 95.760002

1.50 100.120003
1.60 100.000000

2.00 99.199997
3.00 95.699997
4.00 92.080002
5.00 87.470001
6.00 83.660004
7.00 79.959999
8.00 76.150002
9.00 72.550003
10.00 68.930000
39.00 15.430000
40.00 13.880000
42.50 12.170000
45.00 10.740000
47.50 9.440000

Note that the file starts with a file type field tltfines this file as a central axis data file.
The file format version that follows defines therf@t version of this type of file. If the
type of data that this file holds must change in the &jtwe can simply define a different
format. The machine name and energy follows. Ofiaati be able to move files around
between machines without changing the machine nange Mdnis is the directory name
under which the files are stored. The values are ggneoamalized to 100.0 at dmax.

Central Axis File List

This file contains the list of central axis files.
Example file name: CAFileListw00_06
Example file:

I* file type: 7 = list of CA files: */ 7
[* file format version: */ 1

/* machine directory name: */ SL20
[* nominal energy =*/ 6
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[* wedge number =*/ 0
CA03.0x03.0_w00_06
CA04.0x04.0_w00_06
CA05.0x05.0_w00_06
CA06.0x06.0_w00_06
CA08.0x08.0_w00_06
CA10.0x10.0_w00_06
CA12.0x12.0_w00_06
CA15.0x15.0_w00_06
CA20.0x20.0_w00_06
CA25.0x25.0_w00_06
CA30.0x30.0_w00_06
CA35.0x35.0_w00_06
CA40.0x40.0_w00_06

/I Depths measured should be all the same.

This file is consulted when the data from separate@kastis files need to be pooled
together to create a table of field size versus depth, dosh as when creating the pencil
beam kernel.

Dmax File

This file simply defines the depth of dmax for the paféic energy.
Example file name: Dmax06
Example file:

/* file type: 3 = dmax value */ 3
[* file format version: */ 1
/[*dmaxincm=%* 1.60

Field Size Output File

This file holds the measured output for field sizes.

Example file name: OutPut06 or Output_w00_06 (were w00 is forvzedge, meaning
no wedge)

Example file:

[* file type: 5 = output factors */ 5

[* file format version: */ 1

/* machine directory name */ SL20

[* energy */ 6

* date of file: */ <*25-AUG-1996 11:22:24*>
//Normally only square fields.

1 cm cm cm  cGy/mu
/I field size SSD  Depth output fact or
3.00 3.00 100.00 1.60 0.891000
400 4.00 100.00 1.60 0.910000
5.00 5.00 100.00 1.60 0.921000
6.00 6.00 100.00 1.60 0.933000
8.00 8.00 100.00 1.60 0.953000

10.00 10.00 100.00 1.60 0.969000
12.00 12.00 100.00 1.60 0.985000
15.00 15.00 100.00 1.60 0.998000
20.00 20.00 100.00 1.60 1.021000
25.00 25.00 100.00 1.60 1.034000
30.00 30.00 100.00 1.60 1.044000
1.60

35.00 35.00 100.00 1.049000
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40.00 40.00 100.00 1.60 1.051000

The dose rate for the calibration field size mustdesistent with the calibration file to
follow and note the values are in cGy/mu and are N@iplginormalized to the
calibration field size.

Calibration File

This file holds the definition of the machine calilwa.
Example file name: Calibration06
Example file:

[* file type: 4 = calibration */ 4

[* file format version: */ 1

/* machine directory name */ SL20

[* energy */ 6

[* date of calibration: */ <* 31-JUL-1996 13:39:24 *>
[* calibration Source Surface Distance cm: */ 98. 40

[* calibration field size cm: */  10.00

[* calibration depth cm: */  1.60

[* calibration dose rate (cG/mu) : */ 1.000

Note that this machine is calibrated isocentrichll) cm to the detector, hence 98.4 cm
to the surface. The specification also could have teearsource surface distance of
100.0 with a dose rate of 0.969 cG/mu.

Calibration constant

If your machine’s calibration is different from thengeic beam data provided, you need
only edit the above file and then run program ComputeCuitaot for the new calibration
specification to be used. Alternately you can run pragbafineMonitorUnit to both

edit the calibration file and compute the conversiamstant. The constant is written to
the file DoseConvertConstant.

Diagonal Fan Line File

This file holds data measured on the diagonal of thedafgdd size. Rather than store
the off axis distance, the tangent of the angle thenakes to the central axis is stored.
Typically this is just the off axis distance divided by 100ote however, that this does not
have to be measured at 100 cm SSD, but could be measursdoatea distance.
Otherwise a data acquisition system could have theatenis off set to one corner of the
tank so that scans can be made along one diagonafielhsze refers to the jaw
opening and is the field size at the isocentric distafitlee machine, typically 100 cm. If
possible data for more than one diagonal should be avkerades data is used to
compute the Off Axis Correction Factor which accodatshe change in beam
penetration off axis due to the change in energy speafiuaxis.
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The depths in the table may be specified and measurid asrtical depth or slant depth.
If vertical than all the data at each depth lie onsido@e plane. If slant than the data for
the same depth lie on an arc. Most data acquistioarsgstvould measure the off axis
scans on the same plane.

The off axis data stored here starts with the cerdgahnd goes on a 45 degree diagonal
to the corner of the field. Anincrement of 1 or 2isrgood. All the data for each off
axis point must fall on diverging fan lines.

Example file name: DiagFanLine40.0_w00_06
Example file:

[* file type: 6 = Diagonal Fan Line */ 6

[* file format version: */ 1

/* machine directory name: */ SL20

[* energy =*/ 6

[* date of data: */ <*25-AUG-1996 11:22:24*>

[* wedge number, 0 = no wedge */ 0

[* field size in cm, x direction, y direction = */
40.00 40.00

I* Source to Surface Distance in cm = */ 100.00

[* 1 = slant depth, 2 = vertical depth */ 1

/* Number of depths: */ 41

* Number of radii: */ 15

// depth cm tan = radius/distance

0.0000 0.0200 0.0400 O .0600  0.0800
165 1.00000 1.01010 1.01710 1 .02360  1.03420
2.00 0.99030 1.00390 1.01130 1 .01610  1.02680
250 0.97490 0.98820 0.99640 1 .00060 1.01110
34.00 0.23360 0.23810 0.23990 O .23950  0.23860
35.00 0.22290 0.22710 0.22870 O 22820  0.22740
// depth cm tan = radius/distance

0.1000 0.1200 0.1400 O .1600  0.1800
165 1.05310 1.05680 1.06180 1 .06400 1.06200
2.00 1.04580 1.04910 1.05280 1 .05620  1.05400
250 1.02760 1.03030 1.03330 1 .03720  1.03700
34.00 0.23360 0.23810 0.23990 O .23950  0.23860
35.00 0.22290 0.22710 0.22870 O .22820  0.22740
// depth cm tan = radius/distance

0.1000 0.1200 0.1400 O .1600  0.1800
165 1.05310 1.05680 1.06180 1 .06400 1.06200
2.00 1.04580 1.04910 1.05280 1 .05620  1.05400
250 1.02760 1.03030 1.03330 1 .03720  1.03700
33.00 0.21530 0.19790 0.16270 O .05830  0.03100
34.00 0.20370 0.18790 0.15470 O .05550  0.02970
35.00 0.19400 0.17770 0.14680 O .05320  0.02860

In Air Off Center Ratio File

This file holds the off center ratio measured in diypically one will put a build up cap on
an ion chamber, and measure the dose on the diagdhal lafgest field size. The
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diagonals should be averaged with the data starting aretiteal axis and going to the
corner of the field. The off axis distance is imtsrof the tangent the ray makes with the
central ray.

Example file name: InAirOCR06

Example file:

/* file type: 8 = In Air OCR */ 8

[* file format version: */ 1

/* machine directory name: */ SL20

[* energy =*/ 6

[* date of data: */ <*25-AUG-1996 11:22:24*>
/* Number of data pairs: */ 33

// Must be in increasing order, starting with centr al axis
/l Tangent  OCR

0.00000  1.00000

0.00980  1.00750

0.01960  1.01730

0.02930  1.02390

0.03910  1.02580

0.26400 0.07470
0.27370  0.04780
0.28350  0.03930
0.29330 0.03270
0.30310 0.02770
0.31280 0.02270

Conversion Utilities

Programs have been written to convert data writtelpelayn data acquisition systems to
the format needed by Dosimetry Check (and RtDosePiaihdéosame files involved), but
are not documented here. However, it seems thabth@t changes with the version of
the software of the particular system and there isre@mmon standard. However,
recently those systems are able to write to MiditdSrcel, and this will provide us a
common format to input. We will describe three progrémas can be used to read data
into our beam data format:

ConvertMSExcelPDD: for reading in in water percent dejuise data.
ConvertMSExcelDiag: for reading in in water diagonalnsdata.
ConvertInAir: for reading in in air diagonal scan data.

However, none of these program directly reads a Midr&sael file. Rather you have to
save a sheet in text format and read the text #d.three programs are ASCII programs
that must be run in a command prompt window. Run the pregfi@m the main
directory where DosimetryCheck is installed, typicadiyVindows this is
c:\mathresolutions. C:\mathresolutions containsledl needed by Microsoft programs.
An alternative is to add the path c:\mathresolutiorthéosystem paths so that
c:\mathresolutions will be searched for dll files duning time. On linux, this is not an
iIssue. The program are stored in the directory toalsItrinvoke the programs type:
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tools.dir\ ConvertMSExcelPDD.exe  path_to_file_to_read

where the second argument is the path to the inpubflie read. If you do not enter a
second argument, then the program will prompt you to enpaith to a file later on in the
program. In linux, it is tools.dir/ConvertMSExcelPD&¢..

Upon running the programs, the programs will prompt you tmsé the accelerator from
the list in the beam data directory, and the listnefrgies. Therefore you must have first
created a directory entry and in that directory and theated a Geometry file and a
Photons file. For each energy listed in Photonsmuast create a directory: X06 for 6x,
X18 for 18x, for example.

Windows Mouse in Command Prompt Windows

In Windows you can avoid typing by right clicking on théetbar of the command prompt
window and select Properties:

Then on the Properties popup select Quick Edit Mode
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This will allow you to high light text with the left ouse. Clicking with the right mouse
once will copy it, and clicking with the right mouse aftards will deposit this text in any
command prompt window. Control V will deposit in a Windowindow, such as Word

or Excel. Also don't forget the up arrow key will retre prior commands you have typed
in.

Linux Mouse in X terminal Command Prompt Windows

In linux and unix, you only need to high light text wittetleft mouse. Middle mouse will
then deposit the text elsewhere. Also don't forgetugharrow key will retrieve prior
commands you have typed in.

Converting percent depth dose files
The scans are assumed to have been made at 100 cm SSD.

The file must be edited to have the below formathetido this in Excel and the save as a
text file or edit the text file. The first line ré# as below with the word “Depth” in it:

Depth (cm) 2X2cm 3x3cm4X4cm 5X5cm 6X6cm 7X7cm
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There may not be lines of data above the line vighword “Depth”. The program reads
lines until it finds a line with the word “Depth” andsasnes that line is the beginning of
the percent depth dose table. After the word “Depthy beacm or mm which will
designate whether the column under depth is the depthar amm.

The field sizes are listed in the rest of the lifidiere must be a ‘x’ or ‘X’ between each
dimension of the field size. The field size must beentimeters. All other text in the line
Is ignored, so the following cm in the above exampigrisred. The program looks for
numbers only and is expecting two numbers for each codfrdata. This line can wrap
on your text editor but is assumed to end with a new lifee entire table can be in one
unit, with lines too long for your text editor too shaw one line as long as the lines are
wrapping around and there is not a new line within adingata.

The percent depth dose data follows on the next lindlénk lines in between). The data
does not have to be arranged in neat columns. Alht#ters is that each line of data
contain the depth in the first field, and a percent ddp#e for each field size in the above
line. It does not matter how the data is normalized will be renormalized to 100 at
dmax when printed out. In the below we see depths of,@4d cm, and 0.2 cm. Since
there are six field sizes above, there must be datxdield sizes.

0.0 47.87 50.98 49.71 52.58 54.41 55.71
0.1 53.77 56.99 55.78 59.25 61.28 61.97
0.2 60.53 63.6 64.21 67.75 69.65 70.08

The last depth should either be followed by the endefildhor a blank line.

After the blank line you can continue the table witbrenfield sizes if the data is not in a
single table unit, for example:

8x8 10x10 15x15 20 x 20 30X30 40x40

The data must follow as above, starting with the deglinev The list of depths must
agree with the depths in the first part of the table.

The program will prompt you to enter the nominal dmaxeah cm.

The program will write out a CA file for each field sjzhen the file list
CAFileListw00_06 file, which list the CA files to be useahd the Dmax06 file (here
names shown for 6x).

Converting in water diagonal scan data

Program ConvertMSExcelDiag will convert in water diagistan data to our format.
The program is again run in a command prompt window anfirsh@rgument is the path
to the text file to be read. The data may be orgdni#e a single block of data or
organized in separate scan columns, one for each ddpta.data can be from the central
axis out to a corner or a complete scan from oneecdmanother. There may be a scan
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for each diagonal. It is assumed that the scans wekeatadl00 cm SSD and are for the
diagonal of the largest field size. This program wiltevout the file
DiagFanLine40.0_w00_06 (assuming 40 is the maximum field sizésiatample). The
maximum field size is specified in the Geometry file.

After prompting you to select the machine directory ametgy, the program will prompt
you to enter the organization of the data:

Enter:

1 if file format is one scan at a time
OR

2 if in a table in columns:

Then the program will prompt for how the distance frown ¢entral axis is specified:

Enter:
1 if offset data is in terms of the tangent
2 if data is distance in cm from the c.a. (at 10 0cm)
3 if data is distance in mm from the c.a. (at 10 0cm)

One scan at a time
In this organization the data is in columns, one colpemdepth. An example is:

Depth = 1.5cm
0.255 31.45

0.015 100.90
0.010 100.50
0.005 100.20
0.000 100

Depth = 5cm
0.255 32.39
0.250 55.5905
0.245 89.05797

Each scan must start with the line “Depth = “ follalA®y the depth in cm or mm, with the
cm and mm present.

Next follows the offset, either the tangent valuether offset in mm or cm. Then the
value for that offext. A blank line will separate ssa
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Table in columns
In this organization the data may be in a table ahsc An example of the data:

Depth mm
6

15 50 100 200 250 300
188 1.63 2.07 354 6.83 875 11. 6
1187 162 228 354 7.24 927 11. 53
1186 1.63 228 3.68 7.24 928 11. 89
185 172 228 3.68 7.46 956 12. 24
184 172 239 381 7.69 9.85 12. 6
183 1.82 239 381 7.68 1012 12. 26
182 182 25 394 7.9 10.13 13. 33
187 1.64 219 342 663 878 10. 88
188 1.64 219 344 666 824 10. 19
99999

15 50 100 200 250 300
200 114 119 175 4.16 561 6.8 5
2199 114 119 202 416 561 6.8 5
198 114 129 202 416 561 6.8 5
198 1.64 229 368 7.31 9.35 11. 66
199 164 229 368 7.3 935 11. 66
200 1.64 207 34 686 935 10. o1

There must be a line with Depth with mm or cm. Tégtrine will be the number of
scans that will be in the table. The next lind lagl the list of depths in mm or cm as
designated in the prior line.

Then the data is to follow. In the above exampleotfeet is in mm, followed by a value
for each scan. The list ends with a blank line.e mmber 99999 may then be present to
signal that the other diagonal is to follow, or otheeathe file simply ends.

Converting In Air Diagonal Scans

Run program ConvertInAir to read in the diagonal in @ms This scan may be measured
at any distance. After selecting the machine andygriaat the data is for, you will be
prompted for the off set denominator that will contbe data to the tangent:

Enter value to divide first column by to get tangen t.
(distance of measurement, typically 100 cm. If in mm then 1000):

This is the number than when divided into the first neindd each data pair, will give the
tangent. For example, if the data was scanned at 100ctm & cm, you would enter
100. If in mm you would enter 1000. If in mm but measuré&am, you wound enter
900.

Input data example follows. The data can be any orddraaecond scan can follow
after a blank line. There must be a 0.0 point (on &éméral axis) for each scan however.
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-15.00 0.009
-14.00 0.014
-13.75 0.016
-13.50 0.050
-13.25 0.021

-2.00 0.464
-1.00 0.462
0.00 0.462
1.00 0.463
2.00 0.466

13.75 0.014
14.00 0.012
15.00 0.009

-15.00 0.009
-14.00 0.014
-13.75 0.016
-13.50 0.050
-13.25 0.021

14.00 0.012
15.00 0.009

This program will write out the file InAirOCRO06.

Other Files

The other files you will have to write are the cadifon file Calibration06, and the output
factors file OutPut_w00_06 (names shown here for 6x). Yaiwcopy from another
machine and edit the files.

When Done
Run program tools.dir\GenerateBeamParameters

Central Axis Report File

This file is written by program ComputePolyCAFiles aoatains the report of comparing
the same central axis points calculated with the pdosi kernel to the data used to
generate the pencil kernel, namely the central axas fide$ and the machine output file.
This file is an ASCII file which may be printed. Bothe percent depth dose is compared
and the dose rate in cG/mu. A standard deviation is caa@itthe end of the printout.
The standard deviation is only computed for points dmadeeper.

Example file name: Careport06.txt
Example from one field size comparison:

Comparison to measured data for field size 15.00 b y 15.00 cm
% depth dose dose rate
Depth Measured Calculated Difference Measu red Calculated Diff
0.00 4955 49.66 0.11 0.494 5 0.4956 0.0011
0.50 70.33 71.64 131 0.701 9 0.7149 0.0130

1.00 96.18 96.23 0.05 0.959 9 0.9604 0.0005



1.60 100.00

2.00
3.00
4.00
5.00

100.11 -0.07
100.00 0.00
99.25 -0.05
95.46 0.17
91.94 0.17
88.04 -0.13

0.999

Example summary at the end of the file:

SL20 6 MeV

Standard Deviation Summary (beyond depth
field size

% depth dose
0.140

dos

coooo

cooooooo
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0.9991 -0.0007
0.9980 0.0000
0.9905 -0.0005
0.9527 0.0017
0.9175 0.0017
0.8786 -0.0013

OO OO0m

of 1.60 cm):
e rate
00125
00074
00200
00150
00155
00136
00101
00074
00090
00069
00090
00144
00097
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Files

Shared Library Files

This program uses the radiation therapy library filedibn.so. This file must be moved or
copied to /usr/lib. The other library files used amrefibld dose shared library librfd.so,
and the System2100 shared library librlgen.so, which nest@ in /usr/lib. Lastly, the
PNG image file library librlpng.so must be moved to fisr/

X Resource Files

The X resource file is DosimetryCheckRes and must reditler in the home directory or
in /usr/lib/X11/app-defaults. The Field Dose resourceigddDoseRes and the
System2100Res resource files are also needed. If thaceddes are only in the home
directory, then the user must log into the home dirgdtmrthe program to successfully
find the resouce files. This is an X function, and Xegates no error messages if a
resource file cannot be found.

Run Time File

The run time file is DosimetryCheck and can be invokethfthe keyboard. The program
uses the System2100 program resources file system and ¢odke file
riresources.dir.loc to locate where the program resdineetory is.

Program ReadRtogCheck is provided to read in treatment\pltsn in RTOG format.
This is a ASCII program and is invoked with the flag -tbfeed by the directory where
the RTOG files are. For example: ReadRtogChecktaed.dir. This program is
described in a separate section in this manual.

Other Data Files

Data files are stored in the directory located byfitadataDir.loc in the program
resources directory (see Sysem2100 documentation). Subd&saised are:

1. CalDCur.d for storing calibration curves.

2. CalFieldDose.d for storing ion chamber and diode eaidor files.

3. DenCur.d for storing pixel to density conversion curves

4. StSp.d for storing step strip files.
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Resources Directory Files

Specific files of interest in the program resourcesatiary are:

BeamData.loc that locates where beam data isdstore

DatabDir.loc, specifying the location of the aboveaddirectory.

DefaultBeamColor defines the default color used to disams.

. DoseDisplay defines default parameters for the displag sodose curves and 3d
dose clouds.

5. Kernels.loc specifies where Monte Carlo calculateddds are stored.

6. TenPercentlsodose specifies default values for samuess displays.

PownPE

Testing Utilities
Several utilities are provided for testing.

Program ComputePolyCAFiles will compute the dose foistilee central axis points used
to generate the pencil kernel. A report file is wnttend stored in the beam data directory
under the energy selected (see Beam Data Files).

Program CreateSquareCTScan will generate a simulateda@Ttlsat is square in shape.
Square or circular regions of inhomogeneity may be edsiaside the water density
square. The result may be used to create a stacked iatdge testing purposes.

Program GenerateFieldDoselmage will simulate a measuraygfield by computing the
same from a beam model. Rectangular and asymmeldis fray be generated. Shielding
blocks can be simulated as well. The format for alkbto be read by program
GenerateFieldDoselmage is specified here with the exdfitepl

80.0 .039 5

WwWo
N
o

The first number is the distance that the block condefined at. Next follows the
transmission through the block. Next is the numbdraxk contour points. This is to be
followed with the required number of data pairs, X,y cawids in cm, where the origin is
at the central axis. This file is not read underABElI file standard in that comments are
not supported.
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RTOG Download

Planning system download

Down load the plan to include the beam positions, the¢zhs, the outlined regions of
interest including the body outline, and the 3D dose mdtdr the planning system. If
you don’t get the beam positions, you will have to mdylmdate isocenter and beam
angles of each beam. If no skin boundary, you wilthavcreate one. Note however,
that RTOG does not include the conversion of CT nuntioedensity. Dosimetry Check
could be used with this program as a means for displaying filam other systems.

Program ReadRtogCheck

Program ReadRtogCheck is provided to read in treatment\pltsn in RTOG format.
This is an ASCII program (runs in a winterm or xtermdew with a keyboard interface
and commands, in Windows a command prompt window) ansiagea with the flag -d
followed by the directory where the RTOG files aretfte particular patient. For
example:

ReadRtogCheck -d rtog.dir

Where rtog.dir is the directory where the files anéou must specify the path to this
directory if not a subdirectory of the directory you exe For Windows, change directory
to c:\mathresolutions (use the cd command to changeatiescfor Windows and unix).

This program was created from read_x_tape provided by the&sR°E@Qter for the
purpose of building a routine to read files in the RTOG@nkdy in case you are familiar
with those templates. That template program makestoalsite information out which
we provided to create a patient and plan entry for Dasn@heck. The nature of the
program as an ASCII program was kept in tact, but we dicguymport writing all
generated messages shown on the screen to a lotj &ley error occurs, note carefully
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the error message written out and left on the scr&@me errors are reported which do
not effect the read in of the plan.

The program will first list the contents of the dirst (our addition) indicated on the
command line with the -d flag. You must specify the abtars that form the root of the
names of the files. The files names are typicaiygm0000”, “aapm0001”, etc.. The
0000 file contains a list and specification for the reingifiles. Simply hit the enter key
to default (again our addition) to “aapm”. You may nexcgpany postfix should there
be one following the numbers used in the file namespl$ hit the enter key to default to
none. Again hit the enter key to select the defaultbguraf digits that follow the above
root name, or enter a number if different from four.

Patient and Plans

All plans for Dosimetry Check are written under the cioey of a particular patient. The
current patient directory is next listed on the scfeegonvenience. You will then be
prompted to either select an existing patient or toteraanew patient directory. Select
an existing patient directory if you all ready have aaory for the particular patient.
Otherwise create a new directory. When creatingrapaient, you can either specify the
patient’'s name or let the program build the name fractntents of the RTOG file.

Note that the program is limited to downloading only pagent case per run of the
program.

CT images

Normally you should be downloading the CT images withplae and the program is
limited to downloading only one set of such images per pragun. These images must
by definition be stackable and are specified that waph&yRTOG format. The program
will create a new directory under the patient’s directorhold the image set. These
images are converted to DICOM format when saved.higttime only CT images are
supported. The RTOG format does not include sufficientrmétion for MRI images to
locate the images relative to a coordinate systettieopatient, a requirement of DICOM.
Patient supine or prone, head first or feet first isspecified with MRI images. For CT
images the patient will be assumed to be head first sipireg information is otherwise
missing. Upon reading in and displaying the images itpemant that you check that the
orientation labels, among right, left, anterior, paste superior, and inferior, are correct.

Additional plans

You may down load another plan later without includingitieges. If not downloading
an image set, you will be prompted to select an existacked image set. Generally you
should download the CT images with the beam position datlned regions of interest,
and a 3d dose matrix. Plans are stored also under tketfsatliirectory and are
associated with a particular stacked image set.
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Beams

For each beam that is encountered, you will be promptsdléct the machine that the
beam is on. The RTOG format is not going to inclugertéime of the directory you have
assigned to each treatment machine. Once you haateskh machine for the first beam,
you have the option of defaulting all further beams & #ame machine.

Limitations

There are limitations. RTOG is limited to transeeosly images. And the outlined
regions of interest are limited to contours being caplavith the transverse image planes.

There is no provision in RTOG for specifying the casien of CT numbers to density.
You will have to generate a curve to do that. Thistionds also found under the
Options toolbar under the Stacked Image Sets pulldown aeddsibed in a separate
section of this manual under the Primary Stacked ImagelBgou are able to down load
CT images with the pixel values converted to somerliseale relative to density, you will
have to specify a conversion of pixel value to dersityhat the correct density values will
result.

Skin outline

If you have downloaded a skin outline, you may later sp#u$ volume as representing
the skin boundary. The selection is made after runnogjrietry Check and is under the
Options toolbar under the Stacked Image Sets pulldown. n@#eeyou will have to use
the contouring tools to produce a skin outline. Notetiiate is an automatic function
for that purpose.

Example run

An example run of ReadRtogCheck follows. The RTOG iilatis example are up a
directory and in subdirectory adac.d from where ReadRtogObkeun. Below “...”
indicates where we have left out the reporting of flegten. We want to show the
conversation the user has with the program and wediswenserted comments below in
a different font from the log.

$ ./ReadRtogCheck -d ../adac.d

ReadRtogCheck, Version 1 Release 2
Depth for motif interface = 24 planes.
Made new color map for Motif.

Can't create overlay visual of depth 8 for Motif po pup interface.
For drawing areas, use Open GL and X
For images depth = 24 planes, for 3d displays depth = 24 planes.

Directory of ..\adac.d:
Volume in drive C has no label.
Volume Serial Number is 403E-53C4
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[] [.] foredose foredo se.gif RTOGO0000
RTOG000 RTOG0002 RTOG0003 RTOGO00 04 RTOG0005
RTOG0006 RTOG0007 RTOG0008 RTOGO00 09 RTOG0010
RTOG0011 RTOG0012 RTOG0013 RTOGO00 14 RTOG0015
RTOG0016 RTOG0017 RTOG0018 RTOGO00 19 RTOG0020
RTOG0021 RTOG0022 RTOG0023 RTOGO00 24 RTOG0025
RTOG0026 RTOG0027 RTOG0028 RTOGO00 29 RTOG0030
RTOG0031 RTOG0032 RTOG0033 RTOGO00 34 RTOG0035
RTOG0036 RTOG0037 RTOG0038 RTOGO00 39 RTOG0040
RTOG0041 RTOG0042 RTOG0043 RTOGO00 44 RTOG0045
RTOG0046 RTOG0047 RTOG0048 RTOGO00 49 RTOG0050
RTOG0051 RTOG0052 RTOG0053 RTOGO00 54 RTOG0055
RTOG0056 RTOG0057 RTOG0058 RTOGO00 59 RTOG0060
RTOG0061 RTOG0062 RTOG0063 RTOGO00 64 RTOG0065
RTOG0066 RTOG0067 RTOG0068 RTOGO00 69 RTOG0070
RTOGO0071 RTOG0072 RTOG0073 RTOGO00 74 RTOG0075
RTOG0076 RTOGO0077
80 File(s) 24,088,152 bytes

2 Dir(s) 32,553,619,456 bytes free

Note above that the contents of the directory atediout. If you don’t see any files
than you specified the path incorrectly after the —d fBglow the user or prompted to
enter the prefix for the files, which typically igsfeér RTOG as in this case, or aapm. Only
the files of the form “RTOGNNnnNn" are RTOG filestims example. The form is generally
four letters followed by four numbers. 0000 is the filgt tist the rest of the files.

Enter prefix for file names to be read (usually 'aa pm"):RTOG
prefix = RTOG
Enter postfix for file names to be read (usually " ):
# of digits for file name #'s to be read (usually ' 4.
# of digits = 4
prefix = RTOG
Program: read_x_tape.c,v $ - Version: 1. 3 $ - Date:

2000/01/19 17:2
52 %
Started on: 01/26/2004 at: 15:53 PM by N
Source directory for processing
.\adac.d
Date of directory file creation: Thu Mar

O_USER_NAME

20 16:41:12 2003
Patient Directory pat.d:

Is patient ADAC CASE a new patient? (1=Yes, 0=No) 1

Patient directory name = ADACCASE

Is this right? (1=Yes, 0=No)

1

patient directory = ADACCASE
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The reading program was downloaded from the RTOG centiemay indicate some
errors which evidently do not effect the read in @f phan. Just select to continue
processing.

ERROR!: [CT IMAGE] Scan type entry missing

ERRORY!: Parsing CT directory entries FILE: 1
Tape standard for this data set = 3.00

ERRORY!: Initializing the tape directory structure

Continue (1=Yes, 0=No): 1
Processing CTSCAN file (1)

wrote file pat. d\ADACCASE\SIS.d\CT_26-Ja n-2004\CT_001
Processing CTSCAN file (2)

wrote file pat.d\ADACCASE\SIS.d\CT_26-Ja n-2004\CT_002
Processing CTSCAN file (3)

wrote file pat. d\ADACCASE\SIS.d\CT_26-Ja n-2004\CT_003
Processing CTSCAN file (4)

wrote file pat. dA\ADACCASE\SIS.d\CT_26-Ja n-2004\CT_004

Here all the CT scans are read in.

wrote file pat. A\ADACCASE\ckpn.d\O\PrimarySIS
wrote file pat. A\ADACCASE\ckpn.d\O\PlanType

Next, the program prompts the user to select the aatetdhat the first beam uses, since
the Dosimetry Check accelerator name will not bin@RTOG file.

For plan 0, select treatment machine

for beam number 0, LAO, energy= 6 MeV
1 GeneralAccel

2 SL20B

Select machine directory: 1

wrote file pat. d\ADACCASE\ckpn.d\0\b.d\RPO_03\Isoce nterLoc
wrote file pat. dA\ADACCASE\ckpn.d\0\b.d\RPO_03\Angle s
beam RPO_03 is done.
Processing BEAMGEOM file (59)
Plan name: 0

Next the user selects to continue to associate gh@féhe beams with the first choice
made for an accelerator for the first beam encouditabeve.

For plan 0,

for beam number 1, L Lat, energy= 6 MeV
1 Use machine GeneralAccel for this and all rem aining beams.
2 Continue to choose the machine for each beam. For plan 0, 1

Processing BEAMGEOM file (61)
Plan name: 0
wrote file pat. A\ADACCASE\ckpn.d\O\b.d\L_Lat_ref 06 \MachineName
wrote file pat. A\ADACCASE\ckpn.d\O\b.d\L_Lat_ref_06 \BeamEnergy
wrote file pat. A\ADACCASE\ckpn.d\O\b.d\L_Lat_ref 06 \BeamType
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wrote file pat. A\ADACCASE\ckpn.d\O\b.d\L_Lat_ref 06 \IsocenterLoc
wrote file pat. A\ADACCASE\ckpn.d\O\b.d\L_Lat_ref_06 \Angles
beam L Lat ref 06 is done.
Processing DOSEDIST file (62)

3D dose matrix size is 47 horizontal by 59 vertical by 53 depth
Plan name: 0
wrote file: pat. NMADACCASE\ckpn.d\O\Fore ign3dDoseL attice

Processing DOSEVOLUMEHISTOGRAM file (63)
'save_dvh' not supported

Processing DOSEVOLUMEHISTOGRAM file (64)
'save_dvh' not supported

We do not use the dose volume histogram files. Dolsenechistograms are recomputed
from the 3D dose matrix read in and compared to that cadgayt Dosimetry Check.
Processing DOSEVOLUMEHISTOGRAM file (77)
'save_dvh' not supported
Finished on: 01/26/2004 at: 16:00 PM

Finished on: 01/26/2004 at: 16:00 PM
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ReadDicomCheck

Run the program ReadDicomCheck to import plans in DicomdRfidt to Dosimetry
Check and MarkRT. You can select this program from Ddsy@GeeckTasks or
MarkRtTasks, or you can run the program from the curreetiiry by typing:
ReadDicomCheck

in a command prompt window.

Below is a picture of the main window for this program:

This program will read in Dicom RT files and write ol tpatient directory with the plan
for Dosimetry Check to pick up. The planning system shouild wut the plan into
Dicom RT files, which are then read. Either navigatthe directory where these files
are, or copy them into some convenient directory. d&gult, the file selection box
starts in the directory where it expects to find imélgs as defined in the file
NewDicomRTDirectory.loc in the program resourcesaoey, or if that file is not
present, then the file NewlmagesDirectory.loc. THescans will be each in a separate
file. The outlined region of interest structures, pkml 3D dose matrix are assumed to
be in different files. These files may or may start with convenient prefixes, such as
the structure file starting with the letters RS, tk@m geometry in a file starting with the
letters RP, and the 3D dose matrix in a file stanwit the letters RD. After reading in
the Dicom RT files, run Dosimetry Check and selectpdgent directory created here,
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and then the plan created here. Below are commeanmtsnming the program
ReadDicomCheck.

Patient

You have to first create a patient or select an exgjgtatient in your present system. If
you don't know the patient's name you can get it from angdan file using program
DicomDump in the tools.dir directory respectively. iSThrogram is an ASCII program.
Invoke with the program name followed by the name ofdfescan file to read. You
might want to pipe to the more function, for example:

DicomDump file_name | more

You can also access the program from DosimetryCheck tasWarkRT tasks, in which
case you will get a file selection box where you cangateito the file and select it.
Look for Dicom (10,10).

Other Dicom display functions can be found on thernge

Create the patient if a new patient or select aniegigtatient. It is your responsibility to
guarantee that the images and plan belong to the cpagent, and that the plan is for
the stacked image set selected.

Auto Read Case

You may use this feature to read in a case. You mugjata to the top of a directory
tree that will contain all the files for the cas€T scans, structure file, plan file, and dose
file. There can be more than one patient and cageidirectory tree. The program will
present you the list of patient-plans that it finds, andareuo pick one. Selecting this
option the program will do the rest but you should rewieevmessages when it finishes.
You might have to select the accelerator for instahiteeimachine name in the plan is
not in the list of machines for Dosimetry Check or KRiF.

This auto feature will also accept MRI scans.
If these conditions are not met, you can selecviddal components as described below.

But this function has the limitation that you can ombe it once, there after you will have
to back out of the program (hit Exit) and then selecutothe program again. The
limitation is that only one stacked image set can be stggbper run. However, you can
manually select a second plan (and then dose) to rdadtime same stacked image set
and patient (see below)

If you have a second plan for the same stacked imagheetselect the stacked image
set and manually select the plan and dose file beldfwou use the Auto feature, you
will end up with a duplicate stacked image set. Howevgnuf contours for the second
plan are different, you might want a duplicate stackexarset for the plan. Each plan is
associated with a stacked image set, but a stacked saagan be used by more than
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one plan. ROI contours belong to the stacked image &isimetry Check and
MarkRT, not the plan.

Stacked Image Set

You next have to select an existing stacked image seadinmea new one. The plan to
be read has to be for the stacked image set. If ogeathew stacked image set, use the
filter on the file selection box to read in only sddes, for example, by setting the filter
to CT*. Then select all files to read in. This prognaith here allow you to only select
or read in one stacked image set. Back out of the profingou have to read in a second
one. This stacked image set is the primary image s#tdglan which supplies the
external body outline and the CT number to density camuerfunction.

CT number to Density Conversion

There is no mechanism in Dicom RT for specifying howr@mbers are converted to
density. Therefore you will still have to provide a casien for Dosimetry Check. Go
under StackedlmageSet to Options to Density. You can readdan of a phantom with
biological materials (by creating a stacked image sebfile scan) and run a curve.
You can also type in numbers if you have values. Wisesity for most CT scanners
have a pixel value of 1024 in Dosimetry Check. Dosimétigck does not use
Hounsfield numbers. A Houndsfield number of -1000 would bee palue of 24, 0
1024, and 1000 2024.

Regions of Interest (ROI)

Once you have read in the stacked image set you shoulthreatlined regions of
interest (ROI). There is a mechanism for identifyingal ROI is the external body
outline. However, if that fails or is absent, youl Wwave to select the body outline or
create it in Dosimetry Check. To create a body outlise,the tool for that purpose
under Contouring. To select an existing body outlineyrgter StackedlmageSets to
Options to Skin. You might want to check the choice am#er of routine. There is a
check to see if the ROl came from the selected stackagle set.

Generally the Dicom RT ROI file starts with thetées RS.

Plan

Once you have the stacked image set, you can readam.a idere we only pick up the
beam positions (gantry, collimator, and couch angles,isocenter location) and 3D

dose matrix. First select to read in the beams byngaa the plan file. You must read

in the beams first and then select to read in the thasex second. You cannot read in
the dose matrix without reading the beam file firdthatsame time. This is because there
Is information about the plan in the beam file tisateeded by the dose matrix function
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that is not provided in the dose file. There is a kltbat the dose file is for the selected
beam file.

Generally the Dicom RT beam file starts with thiteless RP and the dose file with the
letters RD.

Beams

If the accelerator machine name is not one that extsie treatment machine directory,
you will be prompt to select the accelerator thatidems are to use. This choice will
apply to all the beams. Naturally the selected machumsg have the required energy.
Dicom RT specifies the accelerator coordinates in IECdinates, which is also the
system for Dosimetry Check, so no conversion is nebdegl The Geometry file in each
machine directory simply specifies how the coordinategpagsented to the user. For
example, for a non-IEC accelerator, the gantry anglebe converted from IEC to the
system specified in the Geometry file when presentedetaser. Changing the
Geometry file will therefore not change the actuagla of a beam, only the angle
reported to the user. This will not apply of course ifubker types in an angle.

If the machine name in the plan read above is not foutite list of machines in
Dosimetry Check, then you will be prompted to selec@elerator. You will always
have the option of picking a different machine aftedsarThe machine list in Dosimetry
Check is the list of directory names in bd.d. The opti@mu will show the accelerator
that was picked.

Dosimetry Check

After reading in the plan, exit the program and run Besiy Check (or MarkRT).

Select the patient, stacked image set, and then the ptareach beam you must read in
a fluence file (in rmu units). Dosimetry Check showsdbse in the resolution selected
under Evaluate. For example, if Dosimetry Check hagléfault value of 0.5 cm, then a
matrix of that spacing is provided for any selected pldheses are interpolated out of
the 3D dose matrix read above. If the imported 3D daeeix has a spacing of 0.1 cm
and the above is set to 0.5 cm, you will see the isodases plotted on a 0.5 cm matrix.
There is an option under Evaluate on the Plan todadbahow just the dose from the
treatment planning system. Dosimetry Check could thus lekasse tool to display
plans from other systems.



