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Introduction 
This manual gives specific details on the radiation therapy treatment planning program 
RtDosePlan.  The program is invoked by running the execution file RtDosePlan.  A 
separate license is needed to run RtDosePlan. 
 
This program uses the System 2100 library, a General Purpose Radiological Display 
System.  Functions are added here to support treatment planning.   For image display, 
contouring, solid model views, and image fusion, the System 2100 manual must be 
referred to. 
 
At present, this program only supports planning with x-rays. 

Warnings 
 

Do not apply any results of the use of the program to a patient without 
independently verifying that the dose delivered to the patient is correct.  This 
is required by the state of the art in radiation therapy and by the license 
agreement for this program. 
 
Do not use this treatment planning program until the beam data and 
program has been reviewed for correctness. 
 

The American Association of Physicist in Medicine Radiation Therapy Committee Task 
Group 53 has made recommendations on the quality control of treatment planning 
systems.   See “Quality Assurance for Clinical Radiotherapy Treatment Planning” in 
Medical Physics, 25(10), October 1998, pages 1773-1829. 
 

The implementation of a plan requires quality control procedures that the 
parameters of the plan are correctly performed on the treatment machine, 
and that the treatment fields are properly placed on the patient.  Care must 
be given that the correct energy is selected. 
 
Field shaping devices must be reviewed for correctness, both in the shape 
and their correct application to the patient. 
 

Our product, Dosimetry Check, is recommended for the testing and review of plans 
before they are applied to a patient.  The program will compute the dose to the patient 
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using the measured fluence for each of the treatment fields.  The absolute dose and dose 
distribution can be verified. 

User Interface Summary 
The user interface in the program consists of a toolbar across the top of the screen.  
Selecting items from the pull down menus or hitting pushbuttons on the toolbar will 
generally result in either pushing a new toolbar (on top of the screen in place of the prior 
toolbar) or in a popup dialog box.  When a toolbar is pushed, there is a return button on 
the left side that is used to return to the prior toolbar.  Popups are closed with a Dismiss, 
OK, or Close button, or other action as the particular case may be. 
 
Down the right hand side of the screen is control for the display of images and creation of 
screens.  Each screen consist of one or more frames.  Within a frame an image may be 
displayed.  The user can create screens and determine the number of frames in a screen.  
Each screen can be assigned a name and the user can select which screen to view.  A 
contrast button is provided for the current frame.  The current frame border is outlined in 
red.  Clicking the mouse of a frame will select it to be the current frame.  There is a 
button in the upper right hand corner of each frame to zoom that frame to full screen and 
back again.  Middle mouse will generally zoom an image within a frame, right mouse 
will unzoom.  For 3d room views, the field of view is changed with the middle and right 
mouse buttons.  Below the Contrast button is a Rotate button for finer control of 3d room 
views. 
 
Most toolbars and popups will have a Help button that will display information specific 
to the particular toolbar or popup to assist in the use of the program.  This information is 
generally also available in the manuals.  Reading the help screens will provide 
information on how to use the program. 
 
Selecting a stacked image set will result in a screen being created to display all the 
images in the set.  Options are available to reformat images on a different screen or to 
redisplay the entire image set on another screen.  A stacked image set is a set of images 
that can define a three dimensional model of the patient.  They are usually CT or MRI 
scans taken sequentially. 

Planning Summary 
To accomplish a treatment plan, these broad steps must be performed: 

1. Read in a CT scan set that will be used to model the patient.  CT scans must be 
used as the primary image set.  The primary image set defines the body outline 
and the CT number to density conversion  (however, a body outline could be 
copied from a fused image set like any other outlined volume). 

2. You should use the auto-body outlining feature under the Contouring toolbar to 
create a skin contour that will define what is inside the patient and what is outside.  
Objects outside the skin contour are ignored for computational purposes.  The 
skin contour is otherwise treated the same as other outlined regions of interest.  
You can otherwise select which outlined region to use as the skin boundary under 
the Options toolbar under the Stacked Image Set pull down.  
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3. You must specify a CT number to density conversion.  Under the Stacked Image 
Set pull down go to the Options toolbar and select the Density toolbar. 

4. You may outline regions of interest under the Contouring toolbar. 
5. On the top main toolbar, under Applications, you select RtDosePlan to get the 

Plans toolbar.  Note that dose volume histograms are under the Plans toolbar as 
you may want to compare different plans for the same outlined structure. 

6. Under the Plans toolbar you may create a new plan, which will push the Plan 
toolbar.  For a new plan you will have to first select the stacked image set which 
is to be the primary image set.  Each plan will consist of the beams that you create 
for that plan.  Each plan is assigned a unique name. 

7. Under the Plan toolbar you can select which frames to display the plan in.  This 
will not happen automatically as you may want to display different plans in 
different frames on the same screen.  

8. Under the Plan toolbar you can create treatment beams.  Each beam is assigned a 
unique name for that plan. 

9. Under the Beam toolbar you can move and edit the beams. 
10. Return to the Plan toolbar to select to compute the dose, under the Evaluate pull 

down. 
11. Under the Plan toolbar you can specify the dose prescription and print a physics 

summary. 
12. Hardcopy of isodose lines is made by using the print screen function (click the 

mouse on an image, hit the Print Screen button on the keyboard).  The output 
print out is scaled.  Only Post Script printers are supported. 

 
The rest of this manual and the System 2100 manual should be referred to for more 
details. 
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510(k) Number:  K022961 
 
Device Name:  RtDosePlan 
 
Indications for Use: 
 
This product is to be used by radiation therapy oncologist, dosimetrist, and radiation 
therapy physicist, to plan the treatment with x-rays for patients undergoing radiation 
therapy for stationary and gantry arc beams.  Support is included for field shaping with 
multi-leaf collimators and the use of wedges.  Electron therapy and intensity modulated 
radiation therapy is not included in this product. 
 
Definition of intensity modulated radiation therapy used here is dividing fields into small 
pixels and solving for the intensity of those pixels individually. 
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Specifying the Primary Stacked Image Set 
Each plan must be associated with a stacked image set.  The stacked image set is chosen 
when the plan is created.  This stacked image set is the primary image set and provides the 
skin boundary and pixel to density conversion.  The dose may be shown on other fused 
image sets, but the calculation of the dose is based on the skin boundary and density 
defined by the primary stacked image set.  Normally this is a CT data set since CT pixel 
numbers can be translated to density values. 

Setting the Skin Boundary 
Under the Contouring toolbar there is a Body Surface Contouring tool.  If this tool is used 
to create contours, those contours will by default define the skin boundary.  The skin 
boundary defines what is inside the patient and what is outside.  If this tool is not used or 
is used more than once, or the resultant volume is copied, or any ambiguity exists as to 
what defines the skin boundary, than the user must formally select the volume that 
represents the skin boundary.  From the main menu under Stacked Image Sets, choose 
Options and then choose Skin to select the skin toolbar. 

The toolbar shows the name of the current stacked image set which was chosen with the 
prior Options toolbar and provides a pulldown menu to select the volume that is to be the 
skin boundary volume.  The current choice, if any, is shown to the right of the pulldown 
menu.  If you have not yet created a volume that represents the skin boundary you must 
first do so using any of the contouring tools provided under Contouring on the main tool 
bar. 

Density Conversion 
There must be a means to convert the pixel values in the primary stacked image set to 
density in either electron density relative to water or gm/cc.  This is accomplished by 
creating a conversion curve that is used to convert pixel value, the independent variable, 
to density, the dependent variable.  A polynomial fit of pixel value versus density data 
pairs is done to generate this curve.  The curves are stored and may used repeatedly by 
different stacked image sets. 

 
The skin toolbar. 
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To select or create a density conversion curve, go to the Stacked Image Sets pulldown 
menu on the main toolbar.  Select Options and be sure to select the stacked image set.  
Then hit the Density button and the Density toolbar will appear. 

The name of the current stacked image set is shown to the right of the Return button on 
the density toolbar.  Below we will describe the options on the Density toolbar. 

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

 
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 
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 to water density. 

 

Select Curve 
The select curve button will display a list of the existing density conversion curves for the 
selection of one to use with the stacked image set.  These curves are stored in the 
subdirectory DenCur.d under the directory for data specified by the file DataDir.loc in the 
program resources directory.  The user assigns the file name when the curve is created.  
Once selected, the curve is permanently associated with the stacked image set.  A copy of 
the curve is not made from the data directory and if the file is ever deleted, the association 
will be lost. 

 
The Density Toolbar. 

 
Show scanner popup 
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Create 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). 
 
The density range should start 
at 0 for air, and go to the 

highest bone value that is obtainable.  Because a polynomial fit is used, the density values 
will not be extrapolated beyond the range that is entered here.  The highest bone value that 
is entered here will be the largest density possible.  For pixels with higher values the 
largest bone value will be returned.  The same is true at the other end of the curve, smaller 
pixel values will return the end value at the low end of the curve, which is why the curve 
should start at zero. 
 
Pixel values refer to the values in the images that make up the stacked image set.  
Hounsfield numbers are not used here.  For CT scans, a value of 1024 generally 
corresponds to water density or Hounsfield number of zero.  A Hounsfield number of 
value –1000 would then correspond to a pixel value of 24. 
 
The pixel values may be measured with the show pixel value popup, or may be typed in 
the text field provided.  The corresponding density must be typed in.  The density is 
specified relative to water with a value of 1.0 for water.  Compton scatter is generally 
proportional to electron density and you may want to enter electron density relative to 
water instead of density in gm/cc.  Either hit the Enter key in the density text field or hit 
the “Add to Data List” button with the mouse to transfer the current data pair to the list 
that is shown in the scrolled text area.  Items in the list may be selected to be deleted.  A 

 
Create pixel to density conversion curve popup. 



Section 3, Primary Stacked Image Set: skin, density, page 4 

description for the curve must be entered.  The data may be sorted in increasing pixel 
value by hitting the sort button.  When all the data is entered hit the Fit Data button to fit 
the polynomial. 

Fit Pixel Density Data Pairs to a Polynomial 

The fit pixel versus density popup provides the tool to fit the data to a polynomial.  This 
popup is invoked from the above tool to enter the data.  A slider allows one to select the 
order of the polynomial from 0, a constant, to a limit of order 9.  You must have more 
data pairs than the order.  You should select the lowest order that puts a smooth curve 
through the data.  Try different orders and hit the Fit Curve To Data button.  The curve is 
drawn through the plotted data pairs in the lower part of the popup tool.  The standard 
deviation of the fit is also shown.  You may notice that as you increase the order of a 
polynomial, the curve may begin to oscillate to pass through data points.  You will have to 
lower the order of fit so that does not happen.  If specifying a constant curve, simply enter 

 
Fit Pixel Versus Density Popup 
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data pairs that all have the same density of 1.0 and select zero order, such as (0.0,1.0)  
followed by (4096.0,1.0).  To specify a straight curve for a CT scan simulated by program 
CreateSquareCTScan provided for testing purposes, enter (0.0, 0.0), (1024.0, 1.0), and 
(4096.0, 4.0). 
 
A title for the display may be entered in the provided text field.  Be sure to hit the enter 
key at the end of entering in the text.  The Copy Plot to Frame 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 prompted to enter a file name for the 
curve.  Enter a name that will be descriptive of the curve that you will recognize in the 
future.  Be sure to hit the enter key in the file name text field.  Characters illegal in a file 
name will be stripped out and you need to see the result.  Once you have saved the curve, 
you must select the curve for the stacked image set using the Select button on the Density 
toolbar. 
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Show Density Conversion Curve 

Use the Show Curve button to display the currently used curve for the currently selected 
stacked image set selected under Options on the prior toolbar. 

 
Show Pixel to Density Curve Popup 
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Assign Density to a Region of Interest Volume 
You can assign a density to a region of interest volume that has been outlined.   This is 
done on the Contouring Toolbar under the Volume pull down.  Shown below is the 
assignment popup tool: 

 
 
    
The density assignment is turned off or on.  It is 
off by default.  When turned on, the user must 
then assign a density >= 0.0.  This can either be 
gm/cc or electronic density relative to water, to 
the discretion of the user.  If two or more 
volumes overlap, than the average of the 
densities of the overlapping ROI volumes is 

computed and used.  A point outside of the skin boundary, however, will continue to have 
a density of zero if the ROI extends outside of the body outline.  The density assigned here 
will override the density computed from the CT scan pixel values for dose calculation.  If 
it is desired to turn inhomogeneity corrections off, then the ROI volumes must have their 
density assignments either turned off or assigned to one, in addition to mapping all CT 
numbers to a density of 1.0.  Or one could assign a density of one to the external contour, 
but all other ROI’s must either be one or density turned off. 
 

Show Density 
The show density tool will allow you to determine the density value for points visible on 
images of the primary stacked image set.  You may use the Show Pixel Value popup to 
measure the pixel values on images from the stacked image set.  The density will be 
computed from the currently selected pixel to density curve for the stacked image set.  If 
the center of the measuring point in inside an ROI that has been assigned a density, than 
that density is also reported.  If two or more ROI’s are intersecting, the average between 
the assigned densities will be used.  Below is the show density popup tool: 
 



Section 3, Primary Stacked Image Set: skin, density, page 8 

 
 
Note that a small square measuring area is shown on the CT scan.  Because the area is an 
ROI that was assigned a density of 1.0, that density is shown as well.   In calculations, the 
ROI density will be used instead of the density computed from the CT scans. 
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Plans Toolbar 
The plans tool is selected upon selecting 
RtDosePlan under the Applications toolbar on the 
main menu.  Options that do not belong to the 

treatment planning function but that might otherwise be part of Dosimetry Check are 
either grayed out or do not appear.  Treatment plans are saved under the directory pn.d 
under the patient’s directory whereas Dosimetry Check plans are saved a separate 
subdirectory ckpn.d. 
 
Under the Plan pull down menu are options to create a new plan, to retrieve an existing 
plan, or to edit an existing plan.  You must first create or retrieve a plan before you can 
edit it.   
 
A plan may also be deleted and copied.  If you copy a plan you must give the copy a new 
name.  If you have a plan and want to consider some changes, copy the plan and change 
the new copy, so that the old plan remains available. 

 
The Plans Toolbar 
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The plans and beam parameters are saved as you create and change them.  Some beam 
parameters are saved when you return from the beam’s toolbar.  Dose matrices are saved 
when you return from the plan toolbar.  You must always take a normal exit from the 
program to insure that things are saved.  Leaving the plan toolbar for a particular plan will 
insure that new plan parameters are saved. 
 
Note that you may select or create more than one plan, and may selectively display each 
plan in different frames.  Because of this feature, plans are not automatically displayed.  
You have to select which frames and screens to display a plan in. 

Dose Volume Histogram 
Under the plans toolbar is the option to display dose volume histograms.  The dose 
volume histogram for the same structure for different plans may be displayed together at 
the same time. 

 
Dose Volume Histogram Popup 
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Under the Select Volumes pull down on the popup will be a list of the plans.  For each 
plan cascading off to the side will be a list of all the volumes in the primary stacked image 
sit for that plan.  You may select any volume for any plan.  Hitting the compute button 
will start the process of computing the dose volume histograms for all the selected plans 
and volumes that are to be displayed.  Each volume will be displayed in its chosen display 
color.  The line style will change each time the same volume is reselected for a different 
plan.  In the example above there are two plans, one called test and the other tight.  The 
dose volume histogram is displayed for the target outlined region of interest, gtv, and for 
the rectum. 
 
The program will generate points at random within the volume and compute the dose at 
that point.  Using a random process results in faster dose volume histograms (see the 
paper:  “Random Sampling for Evaluating Treatment Plans” by A. Niemierko and M. 
Goitein in Medical Physics Vol. 17(5), 1990, pages 753-762).  The program will continue 
to generate points and will periodically update the dose volume histogram curve for each 
volume until the density for a particular volume exceeds one point per cubic millimeter.  
When the curves settle down and stop changing you can hit the stop button.  The words 
“running” will appear at the top of the graphics area on the popup while points are being 
generated.  The program will stop all calculations when a large density of points is 
achieved for each of the volumes, which is greater than one point per cubic millimeter, or 
when the stop button has been hit. 
 
The user may change the display from cubic centimeters to percent of volume.  The dose 
increment along the horizontal axis may be changed as well.  The background of the 
graphics area can be selected to be white or black. 

Plan Toolbar 

Once you have selected or created a plan, the plan toolbar will be displayed.  When the 
plan is first created you will be required to select the primary stacked image set.  This set 
will specify the skin boundary and the pixel to density conversion curve.  Once you have 
selected the primary image set, you cannot change it, you would have to create a new 
plan.  The toolbar shows the current plan name in an option menu.  You may select 
different plans with this option menu among the plans that were currently retrieved or 
created with this run of the program.  Next on the toolbar is the name of the primary 
stacked image set once it is selected, or an option menu to do so if not yet selected. 

Beams Pull down 
The Beams pull down menu has to do with creating and editing beams that belong to the 
plan.  You can create, edit, and delete beams.  When you create a new beam it will start 
out with the isocenter of any prior beam in the same plan if not the first beam.  You can 

 
The Plan Toolbar 
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also create a new beam that has the same isocenter and angles of a prior existing beam, or 
create a new beam that is to be parallel opposed to an existing beam.  Each beam is stored 
in a subdirectory under the plan’s subdirectory.  You can also change the isocenter 
location of all the beams to that of a particular beam. 
 
For the current program release, only x-ray beams may be selected.  We presently do not 
support electron beams. 

Make Conformed Beams 
Under the beams pull down is an option to generate a series of beams conformed to the 
projection of a particular target and with the projection of other selected volumes 
subtracted.  This function is for machine with a multi-leaf collimator. 
 

 

This function will generate static beams on a selected arc at selected intervals in degrees to 
conform to a selected target.  You can set a margin for any volume selected.  The margin 
refers to the margin of the volume, not the margin when the volume is projected to the 
beam's eye view plane. 
 
For example, you might first generate beams every 40 degrees that conform to the 
prostate.  Then you might generate beams every 40 degrees that conform to the prostate 
less the projection of the rectum.  Then you can use the auto-weight feature to solve for 
the monitor units to use for each beam. 
 

 
The make conform beams popup tool. 
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First select the treatment machine and then the energy desired. 
 
Next select the target volume and the margin for that volume.   
 
Hit the "Subtract Volumes" button to bring up a popup listing all outlined volumes for you 
to choose which volume whose projection you want to subtract.   Note that you can select 
a separate margin for each of these volumes (positive margin means the margin is added to 
the volume, then its projection is subtracted).  It would not make sense for you to select 
the target volume to be subtracted.  The subtract volumes popup is described in the Beam 
section under the multi-leaf tool.  However, here if the subtracted volume bisects the 
projected target into two or more pieces, a separate beam is made for each piece.  For 
example, if the rectum in the AP direction bisects the prostate (target) into a left and right 
side, one beam will conform to the left side and another to the right side.  Note that using 
the MLC control under the Beam toolbar this will not happen, a separate beam with a 
separate aperture is not made.  But here multiple beams are made, each conformed to a 
separate projected piece of the target.  Any further editing will require one to drag a leaf 
to a particular position. 
 
You can select whether the leaf center is to touch the volume (we mean the projection of 
the volume), all of the leaf edge is to be outside of the target, or all of the leaf edge is to 
be inside the projected target volume (less all projections). 
 
Leave the toggle button IN if you want to optimize on the collimator angle.  You can set 
the increment for which collimator angles are tried.   For example, if one, then every 
degree is tried.   If set to five, then starting at the minimum angle, the increment is tried 
angles is five, for example, 0, 5, 10, 15, and so on.  If optimizing on the collimator angle, 
the collimator angle set in the below control is ignored. 
 
You can specify the minimum area in the beam's eye view plane at isocenter that the 
remaining projection is to have in order for a beam to be made.  This projected area will 
include any added margin.  If the projected area is less than that selected, the beam will 
not be made.  If the projected area is zero, the beam is never made. 
 
You can select the collimator angle and couch angle that all the generated beams are to 
have.  As noted above, if optimizing on the collimator angle the collimator angle here is 
ignored. 
 
Next you must specify the arc over which the beams are to be generated and the spacing in 
degrees between each generated static beam.  Do this by selecting the angle at which the 
arc is to start, the direction and length of the arc, and the increment along the arc at which 
beams are to be generated.   The generation of beams will stop if the next beam would go 
beyond the arc length. 
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For example, an arc length of 360 degrees starting at zero with an increment of 40 degrees 
would generate beams at 0, 40, 80, 120, 160, 200, 240, 280, and 320 degrees (0 or 360 is 
not duplicated). 
 
Hit the "Create Beams" button when you have made all your selections.  You can then 
select each beam to be edited, and look at the beam’s eye view for that beam to view the 
result for that beam. 

Display Pull down 
Under the Display pull down are options pertaining to displaying the plan.  Because there 
may be more than one plan in the run of a program, the plans are not automatically 
displayed in frames.  Rather you must select which frames to display the plans in.  You can 
specify a specific frame or all the frames on the currently displayed screen.  However, the 
program will not allow a plan to be displayed on an image that does not belong to either 
the primary stacked image set or on an image set not fused to the primary image set.  A 
plan cannot be displayed in a frame in which a plan is all ready displayed.  What is 
displayed are the beams, point doses, and isodose curves if also selected for display.  Note 
that under the stacked image set pull down on the main you can redisplay an entire image 
set on a new screen, for the case you want to display a different plan on all the images of 
the same image set. 
 

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. 
 
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, y, 
and z axes are drawn and marked.  The z 
axis is the central ray, positive toward the 
source of x-rays, and lies coincident with 
the central ray.  With the treatment 
machine pointed at the floor and the 

collimator unrotated, the x axis goes from left to right while standing in front of the 
treatment couch looking toward the gantry.  The y axis is parallel to the long axis of the 
unrotated treatment couch and points toward the gantry.  The origin is at isocenter.  The 
intersection of the beam with the plane is shown.  When the beam’s toolbar is actively 
selected, this area is tinted yellow. 
 
There is an option to create a screen consisting of four frames, a transverse, coronal, and 
sagittal plane, and a 3d room view.  The planes are either the center of the image set or 
may be the center of an outlined region of interest.   

 
Display Plan Control Popup. 
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Evaluate Pull down 
Items under the evaluate pull down have to do with calculating the dose and displaying the 
result.  Because calculation times may be long, there is control to selectively select which 
frames the dose is to be displayed in.  Each frame is calculated when it is selected here to 
display the dose.  The hot spot in that frame will be displayed and marked with a star 
asterisk like figure. 

Dose Matrix 
Each beam maintains a dose matrix on diverging fan lines, the fan lines covering the area 
of the beam.  A rotating beam would be simulated with multiple dose matrices at 
increments specified by the plan.  The spacing between the fan lines and along the fan lines 
is specified by the plan, so that all the beams belonging to a plan use the same parameters.  
Each beam stores its matrix under its own subdirectory under the plan subdirectory.  The 
matrices are written to disk files when the return button on the plan toolbar is activated. 
 
For any two dimensional plane image displayed in a frame a two dimensional matrix will 
be generated that covers the entire image.  The same spacing parameter specifies the 
distance between points.  When the dose is calculated, the coordinates of each node of the 
two dimensional matrix is passed to each beam.  The beam module will find the diverging 
box bounded by the fan lines that the point is inside.  The eight corners of the box will be 
referred to when interpolating the dose at the position of the passed in point.  Each beam 
will calculate the dose to each vertex of the diverging box on a need basis.  When ever a 
reference is made to a vertex where the dose has yet to be computed, the dose is 
computed at that time.  After calculating the dose to a plane, all the beams will have a 
swath through their dose matrices of calculated points.  As more planes are computed, 
more of each beam’s dose matrix is computed.  If any change is made to a particular 
beam, that beam’s matrix is reinitialized. 
 
Likewise when a dose in a 3d perspective room view is computed, a rectangular array 
(lattice) of points is generated for the patient volume.  Each of those points is likewise 
passed to each beam, so that after a room view display each beam will most likely have 
calculated the dose to all of the available vertices. 
 
The Calculate All Beam 3D option will force all the beams to compute the dose to all the 
vertices on their respective dose matrices. 
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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.  The user will then have to 
reselect the frame to display the dose in. 
 
The arc spacing is the increment to use to 
simulate an arc with fixed beams.  This 

parameter is adjusted somewhat by each beam to fit the arc length of that beam so that the 
arc is simulated with equally spaced fixed beams. 

 
Calculation Matrix Spacing Control Popup 
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Two Dimensional Isodose Control 
This control provides a tool for the user to specify the 
isodose value to be displayed.  The dose may be displayed in 
cG or percent of dose to a normalization point (see 
Normalization Point under Options).  Changing between cG 
or percent simply changes the label for the curves, the same 
dose is shown.  The dose value desired is to be typed in the 
text field at the top of the popup.  For special emphasis, you 
have the option to increase the width of any selected isodose 
line.  The line width is in pixels and the default value is zero, 
which specifies the normal line width.   
 
The isodose value may be tinted in a single color showing the 
boundaries and interior (higher doses) of that isodose line.  
You may use the mouse to select different isodose values to 
tint on the scrolled list below the text field for the value entry.  
Note also that the tint may be turned off and the tint color 
may be changed among the primary colors and additions of 
any two of the primary colors.  Likewise any selected isodose 
line may be deleted or have its color changed.  Colors are 
initially assigned at random.  Note also that each isodose line 
has tick marks on the down hill side (lower dose) of the 
isodose line, analogous to topographical maps.  The selected 
isodose lines apply to all 2d frames in which 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, so that one 
point is outside the patient and the next point is inside the 
patient.  The plotting of the isodose line simply stops at that 
point.  However, the tinted area necessarily requires a closed 
contour. 
 

In those regions the tint follows a path between 
points inside the patient and outside the patient 

and does not accurately represent the dose. 

 
2d Isodose Control 
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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. 
 

Limitations apply here.  A transparent surface can only be seen inside a second transparent 
surface if the inside transparent surface is drawn first.  Two transparent surfaces that 
intersect will present a problem in that if surface A is drawn first and surface B is drawn 
second, then surface A can be seen inside surface B, but surface B cannot be seen inside 
surface A.  This software will draw the transparent isodose surface before other 
transparent surfaces.  No attempt is make to sort surfaces or part of surfaces.  If this 
becomes a problem you have two options.  One, make all the other surfaces opaque or 
make the isodose surface opaque.  You can also use a cutting plane on volumes that are 
drawn.  A second option is to display the isodose surface in wire frame.  The wire, solid, 
off, control is below the transparency scale. 
 
This control controls all frames simultaneously that show 3d room perspective views 
where the user has chosen to show the dose.  The user must first choose to display the 
plan in the frame. 

Specific Points 
The plan does not have its own list of specific points.  Rather, the only list of specific 
points is maintained by the primary stacked image set.  Therefore all plans using the same 
stacked image set will calculate the dose to the same list of specific points.  The controls 
for the specific points are under the Stacked Image Sets pull down on the main toolbar.  
Select Options and then Points. 
 
However, we need the ability to specify the coordinates of a point in terms of the beam’s 
eye view coordinates of a specific beam.  Therefore a control is provided here for adding a 
point where the position is initially specified in beam’s eye coordinates.  The coordinates 
are then transformed to the stacked image set coordinates and the point is created and 
saved.  The point is not moved if the beam is later moved.  To delete a point use the above 
controls for points as described under the Stacked Image Sets Options.  The beam’s eye 
view coordinate system is described elsewhere as well.  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, the y axis points toward the gantry along the gantry’s axis of 

 
3d Isodose Control Popup. 
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rotation, and the z axis points toward the source of x-rays.  The x and y axes rotate with 
the collimator. 
 

Under the Evaluate pull down we have a points toolbar.  Here the dose to the specific 
points may be computed, displayed, printed, or saved to a temporary file.  We can select 
the popup to enter new points in beam’s eye view coordinates.  There is also a mechanism 
for comparing measured to computed values for testing purposes. 

Print Points 

Simply hitting this button will cause the points to be computed and printed.  However, the 
physics summary provides more information about points, such as their coordinates in plan 
and beam’s eye view coordinates, and the contribution of each beam to the point.  The 
physics summary is printed from a print button on the dose prescription popup selected 
from the Options pull down on the plan toolbar. 

File Points 

Selecting this option, the point’s label and dose value will be written to a file in the 
temporary file directory where print jobs are also stored.  The dose to the points are first 
computed.  An example file follows: 
//  Test Square     12-Dec-2000-09:19:19(hr:min:sec)  
// Label          Dose in cGray 
<* Example Label *> 1.299286 
<* slice 10 row 4 column 7 *> 1.324436 
The file is written in our ASCII standard whereby comment lines start with two slashes 
and are not read.  The label for the point is enclosed between the <* and *> symbols.  The 
dose value is simply a number set off by white space.  This format will also be referred to 
below. 

Display Point Dose 

This choice will display the dose value computed for each point below the label for the 
point in all frames where the plan is displayed. 

Point Dose Off 

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

 
Plan Points Toolbar. 
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Add Point In BEV 
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.  
The control is very 
much like the one 
provided by the stacked 
image set under 
Options, Points toolbar.  
However, we have 
added an option menu 
to select the beam.  
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.  Do that on 
the control provided by 
the stacked image set.  
This control is provided 
for the case when a 
point must be specified 
in relationship to the 
coordinate system of a 
beam.  Likewise, to 
delete or otherwise edit 

points, use the other controls provided by the Stacked Image Sets Options. 

Compare to Measured 

This option was provided for a very narrow purpose.  Specifically, we irradiated a Rando 
Phantom and measured the dose at specific points and wanted to be able to display the 
measured value with the computed value.  The measured values must be written to a file in 
the same format as the computed points are written to as described above.  Selection of 
this option will prompt you to enter the file name of the measured points.  The measured 
points are associated with the computed points by means of the point’s label.  The labels 
are not directly compared.  First each label is converted to lower case and then all spaces 
are removed and then compared.  Care must be taken that the labels will remain unique 
when the user creates the labels.  For a match, the measured value will be displayed below 
the computed value.  An m is also appended to the measured dose value.  In our use of the 
Rando Phantom we labeled the holes according to a scheme.  There are 7 rows and 13 

 
Locate Points in BEV Coordinates Control 
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columns of holes with the 3 cm matrix drilling.  Each hole is known by its slice number, 
row number, and column number.  By labeling the holes consistently, the measured values 
can be matched up with the computed values and displayed.  The specific points are also 
computed upon selecting this option. 
 
We have also written a program that will compare measured and computed values, 
CompareRandoPoints.  Invoke this program and on the command line provide the name of 
the file that contains the measured points, the name of the file that contains the computed 
points, and the name of a file to write the report to.  This program assumes that only 
numbers appear in the label field, consisting of the slice number, row number, and column 
number separated by spaces and sorts values by those indices. 
 
This labeling scheme could cause some confusion in the above display function in frames 
as 11 1 1 would be indistinguishable from 1 1 11, for example, after removing spaces.  The 
row number is only in the range of 1 to 7 and the column goes only from 1 to 13.  Use 
leading zeros for the slice number and column number for single digits if there is a 
possibility of confusion, i.e. 11, 1 01 and 01 1 11. 

Plan Options Pull Down 

Dose Prescription and Normalization Point 
On the options pull down we can select the dose prescription method.  Because the dose 
prescription might be in terms of the dose to the normalization point, we put both controls 
on the same popup. 

 
Dose Prescription and Normalization Control Popup. 
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Show Dose or Percent 
In the upper left hand corner of the popup, you can select to show either dose in 
centiGray, or percent of dose.  The default is to show dose.  To show percent, hit the 
percent choice.   BUT, percent of what?  To the right of the show dose or percent area is 
where you can select the normalization point.  When you show percent, it will be the 
percent of this point.  Changing between dose and percent simply changes the labels for 
the same selected isodose lines. 

Normalization 
Here we specify where the normalization point is. 
 
The left choice is to normalize to the isocenter of a particular beam.  Below the choice you 
pick the beam.  If all beams have the same isocenter location, it won't make any difference 
which beam you choose. 
 
The middle choice is to normalize to the nominal dmax point of a particular beam.  Here 
the point will be on the central axis at the depth of the nominal dmax depth, for example 
1.5 cm if 6x.  The same option menu selects which beam is to supply the dmax point. 
 
The right choice is to select some specific point for the normalization point.  This is a 
point that you locate within the stacked image set under the Stacked Image Sets pull down 
on the main tool bar, to Options, to the Points toolbar.  The option menu below Specific 
Point on the right is to select which point among the list of points. 

Prescription 
The dose prescription method is selected here.  There are three choices:  specify the dose 
to a point for each beam, specify the monitor units for each beam, or specify the dose to 
the normalization point and then select the weight for each beam. 

Dose to a Point 
For each beam, you must specify the dose that the beam is to give to some point.  
Lengthen the popup or scroll to each beam control area.  You type in the dose to the 
beam's point.  This entry also determines the relative weight of each beam.  Below the 
type in area, you specify what is to be the beam's point.  The choices are identical to the 
normalization point controls above.  You may select the isocenter or dmax point of any 
beam.  The default is the beam's own isocenter point.  Or you may pick a dmax point of a 
beam or lastly, a specific point located from the stacked image set.   
 
After specifying the dose and dose point for each beam, hit the Apply button and the 
monitor units will be displayed for each beam.  You will notice a slight change in the dose 
values.  This is because the dose is shown for the monitor units rounded off to a whole 
number.  Under dose to a point, you cannot specify the monitor units.  Monitor units are 
computed when the Apply button is hit. 
 



Section 4, Plan, page 15 

Monitor Units 

Choose this option to specify the monitor units each beam is to get.  You must type in the 
monitor units for each beam.  Then hit the Apply button and the dose to each beam's point 
will be shown.  The monitor units used with the open field and wedged field is also shown.  
If a wedge is present and an open field and wedged field are being mixed to make a 
smaller wedge angle, you will see the respective monitor units for the open and wedged 
field.  You cannot change that here.  You must set the wedge angle under the wedge 
option for each beam to less than the nominal wedge angle to mix open and wedged fields 
and set the ratio. 
 
The dose to each beam's point is displayed when the Apply button is hit. 

Dose to Normalization Point 
Choose this option to specify the dose that the normalization point is to get.  Then select 
the percent.  For example, 180 cG and 95% means that 95% of the dose to the 
normalization point will be 180 cG.  Under this option you specify the weight of each 
beam by typing in the numbers for Dose or Weight for each beam.  Here the entry is now 
weight.  This is the relative dose each beam is to give to its weight point relative to the 
other beam's weight point.  Hitting the Apply button will display the monitor units and 
calculate the actual dose to each beam's weight point.   
 
The monitor units are computed and the dose to each beam's point is displayed when the 
Apply button is hit. You can then select to redisplay isodose curves to see how a change in 
weight affects the dose distribution. 

Print Physics Summary 
A physics summary is printed when the print button is hit.  Note that the physics summary 
contains a plan ID number.  If any change is made to the plan that effects the dose, the 
plan ID is incremented.  The plan ID is also displayed on all the 2d and 3d frames where 
the plan is displayed.  This ID number serves as a control to guarantee that a print out 
belongs with a particular screen print.  This print out contains information about each 
beam and the dose to specific points, and should be placed in the patient’s chart and used 
as the definitive document for the plan. 

Auto Weight 
The function will compute the monitor units for each beam given a minimum dose 
constraint on a target volume.  The dose to other outlined regions of interest can be 
minimized or constraints imposed. 
 

 
This toolbar provides tools for solving for the monitor units for each active beam in an 
optimal fashion.  Four different optimization schemes are supplied: 
 

 
The beam auto weight toolbar. 
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(1) linear programming solved with the Simplex method, 
(2) a down hill search method with penalties added to the objective function for violated 
constraints. 
(3) the Cimmino algorithm, 
(4) Simulated Annealing. 
 
The behavior of these four solution methods are different and effect the way you must set 
up the problem in choosing parameters for targets and organs at risk (OARs). 
 

Plans must be evaluated for the correct dose and dose distribution after 
running this algorithm.  You cannot assume this algorithm will find the 
correct monitor units for all the beams.  You must evaluated the plan as you 
would any plan when changing beam weights. 

Beams 

By specifying different apertures for different beams, including beams with different 
apertures for the same beam location, you can achieve plans meeting difficult treatment 
plan specifications.  We recommend that you read the reference: 
 

"An Optimized Forward-Planning Technique for Intensity Modulated Radiation 
Therapy" by Y.Xiao et. al, in Medical Physics, Vol. 27, No. 9, Sept. 2000, pages 
2093-2099, 

 
as to how to achieve similar results to intensity modulated radiation therapy (IMRT) with 
this method.  Two or more beams at the same coordinates but with different field shapes 
results in some intensity modulation, so in some respects one could call this IMRT.  Our 
definition of IMRT is the division of a beam field into pixels and solving for the intensities 
of each of those pixels separately, often referred to as inverse planning.  We are not doing 
that here, but we can achieve similar results here with what is usually referred to as 
forward planning.  The beams and beam shapes are predefined as normally done in 
planning.  This tool is used here to help find the monitor units to use for each of those 
beams to achieve a clinical end.  Below we only have constraints on dose, we do not deal 
with volume histogram constraints. 
 
The Simplex method has a linear objective function and linear constraints.  It has the 
advantage of strictly enforcing constraints and reporting if a feasible solution (a solution 
that satisfies all the constraints) is not possible.  The down hill search method and 
simulated annealing method have only an objective function and use the same objective 
function.  Constraints are folded into the objective function by added a penalty to the 
objective function if a constraint is violated and so will return a solution even if the 
constraints cannot be all satisfied, with the solution being a compromise.  The down hill 
search could get trapped in a local minimum if there are multiple minimums.   The 
simulated annealing algorithm might be more likely to find a global minimum.  The 
Cimmino algorithm only has constraints and has no objective function.  It is described in 
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the above reference.  If all the constraints cannot be satisfied, a compromise solution is 
returned. 

Select Target and OAR 

All three algorithms use the parameters you define or select with the Select OAR and 
Target popup, but they will use those parameters differently.  On this popup you can 
select which volume is to be the target volume.  You must specify a minimum dose for the 
target.  You can optionally specify a maximum dose as a constraint.  Notice that there is 
also an importance parameter and a penalty parameter. 
 
You may also select volumes as an OAR.  You would not specify a minimum dose for an 
OAR, but you might specify a maximum dose as an optional constraint.  The importance 
parameter and penalty parameter might also apply depending upon the algorithm used.  
How the constraints, importance value, and penalty value are used depends upon the 
algorithm selected to solve for the beam weights (monitor units). 

 
NOTE:  A blank text field for an 
upper constraint (maximum dose) 
means there is not an upper constraint.  
Whereas a value of zero creates an 
upper constraint of zero dose. 
 
The contibution of a volume to the 
objective functions are normalized by 
the number of points in the volume so 
that a large volume does not 
dominate. 

The Simplex Method for Linear 
Programming 

The simplex method solves for linear 
objective functions and linear 
constraints.  All our constraints are 
linear in that the dose is specified as 
being either above some selected value 
or below some selected value.  The 
program minimizes the sum of the 
dose to the target and OARs. 
 
The linear sum of dose in the objective 
function means that our clinical 
objectives may not be automatically 

met when this sum is minimized.  For example, if two points each get 90 cG the sum is 
180, but if instead one point were to get 0 and the second to get 180, the sum is still 180.  
This is different from taking the squares of the dose.   Taking the squares the 90, 90 

 
Select target and OAR popup tool. 
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situation, i.e. 2 times 90 squared, results in an objective function value of 16,200 and has a 
lower value than the 0, 180 situation, where 0 squared plus 180 squared results in a value 
of 32,400.  Therefore a linear sum does not distinguish between all the dose being 
concentrated in an area from the same dose being spread out.  For example, for a four 
field box on a pelvis, this algorithm is probably going to pick the A/P fields over the 
laterals because the A/P thickness is typically less than the lateral thickness.  But clinically, 
we want the dose spread out outside of the target and not concentrated.  However, 
minimizing the sum of the dose with a floor on the dose enforced for the target will push 
the solution toward a uniform dose in the target.   
 
To force the simplex method to spread the dose out among all the fields will probably 
require an upper constraint on the dose to the body outside the target.  To achieve this, 
make a new volume from the target with an added margin of 2 to 4 cm (use the function 
under Volumes on the Contouring toolbar called New Volume From Old).  Then create 
yet another volume that is the skin boundary with this target plus margin volume 
subtracted.  Put an upper constraint on this volume.  Start with the target dose and run a 
solution.  Then lower the dose.  You can do this quickly using a binary search where you 
half the difference, i.e., set as the upper constraint the target dose divided by two.  If there 
is no feasible solution take the dose midway between the infeasible solution dose and the 
last dose that you did get a feasible solution.  With a few trys you will arrive at a good 
solution. 
 
With the simplex method, the importance value that you can specify for a volume simply 
multiplies the dose by that value and adds the result to the object function that is being 
minimized.  The objective function is the sum of the dose to all points inside the target 
volume and the sum of the dose to all points inside OARs (but multiplied by the 
importance value for that OAR or target).  The penalty value is not used.  The dose to all 
points in the target volume is constrained to be greater than or equal to the target dose 
specified for that volume.  An upper dose constraint is optional for target volumes.  An 
upper constraint is also optional for OARs. 
 
Any time you specify an upper constraint, a feasible solution that satisfies all the 
constraints may not exist, and the simplex method will report if a feasible solution does 
not exist.  You will than have to raise an upper constraint.  That is why it is best that you 
start with a large upper constraint for which you can get a feasible solution and then lower 
the constraint until a feasible solution does not exist. 

Cimmino Algorithm 

For a reference see: 
 

"On the use of Cimmino's simultaneous projections method for computing a 
solution of the inverse problem in radiation therapy treatment planning" by Yair 
Censor, Martin D. Altschuler, and William D. Powlis in Inverse Problems Vol 4, 
1988, pages 607-623. 
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and 
 

"An optimized forward-planning technique for intensity modulated radiation 
therapy" by Xiao et. al., Medical Physics, Vol 27 No 9, Sept. 2000, pp. 2093-
2099, particularly pages 2094-2095. 

 
There is no objective function to minimize or maximize.  This algorithm simply finds a 
solution to satisfy all inequalities or a compromise if a feasible solution is not possible. 
 
A selected OAR will be ignored unless you specify an upper constraint value.  The value 
could be zero (the field must have a number in it and not be blank). 
 
The importance value weights each selected volume, the larger the importance the more 
the weight.  The weight is divided by the number of points in the volume.  The penalty 
value is ignored. 
 
We would suggest you first select the target and the minimum target dose.  Then select 
OAR's and set the upper dose to zero.  If there is no upper dose limit set for an OAR, the 
OAR is not considered.  The Cimmino algorithm only has constraints, there is no objective 
function to minimize.  But the constraints are weighted according to their importance.  To 
cover the target, you may have to increase its importance value. 
 
The Cimmino algorithm stops when either the solution distance is no longer changing, or 
the maximum number of iterations is exceeded.  You can change either of those two 
parameters.  The distance is in the units of monitor units.  But the algorithm considers the 
weight in moving a vector so the distance is divided by the total weight. 
 

 
Making the stop distance smaller will make the 
algorithm run longer, and increasing the iteration 
limit will permit the algorithm to run longer.  Trial 
and error is required to adjust these parameters and 
see how they might effect the solution.  But we have 
picked default values that should work in most cases. 

Down Hill Search with Penalty 

The down hill search method simply searches to minimizes an objective function.  [The 
simulated annealing algorithm uses the same objective function.]  Constraints are not 
enforced as there are no constraints in the algorithm.  Rather, constraints get folded into 
the objective function. 
 
For the target dose lower constraint, the contribution to the objective function is the 
difference between the dose and minimum target dose squared, and then multiplied by the 
importance value.  The penalty value is then added only if the dose is less than the target 
dose.  The contribution is then divided by the number of points in the volume. 

 
Cimmino Set Parameters Popup 
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For any volume with an upper constraint, the target or OAR, there is only a contribution 
to the objective function if the dose exceeds the upper constaint value.  The contribution is 
the penalty value multiplied by the importance value and divided by the number of points 
in the volume. 
 
For all OARs, the dose is squared and multiplied by the importance value and divided by 
the number of points in the volume.  The penalty value is not used. 
 
This is called non-linear optimization because the objective function is not a linear 
equation.  The algorithm should find a feasible solution if one exist because the cost will 
be lower (the cost being the value of the objective function) for a feasible solution.  
Remember that a feasible solution is one that satisfies all the constraints.  However, it 
might be possible for a local minimum to exist in an infeasible region.  And if there is no 
feasible solution, a compromise is found in that the objective function is minimized. 
 
After selecting your targets and OARs, you can always hit the Simplex solution button 
first to find out if a feasible solution exist.  If there are no upper constraints there will 
always be a feasible solution, since you can always make the monitor units large enough to 
cover the target dose.  The exception might be if the beams do not irradiate the target. 
 
For the down hill search we suggest you first try simply selecting a target, specify the 
target dose, and select the OARs, one of which might be the entire body. 

Simulated Annealing 

The simulated annealing method uses the same objective function used by the down hill 
search method described above.  The user can control the cooling schedule.  A longer 
cooling schedule takes longer but improves the chances for finding a good solution. 
 
A reference is: 
 

“Optimization by Simulated Annealing” by S. Kirkpatrick, C.D. Gelatt, M.P. 
Vecchi, Science, Vol. 220, No. 4598, pp. 671-680. 

 
 
The algorithm generates monitor units for each 
beam at random.  The standard deviation of the 
spread of these monitor units is decreased as the 
algorithm runs.  The square root of the variance 
is the standard deviation.  The standard 
deviation is incrementally decreased when the 
number of iterations per step has occurred.  This 
is set to ten in the above example (the default 

value).  After every ten iterations, a sum that starts with zero is increment by the 
increment value (0.01 in the above example, the default value).  The negative of this sum 

 
Simulated Annealing Stop Parameters 
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is the argument to the exponential function, e raised to the –sum, i.e., exp(-sum).  This 
term is the standard deviation fraction: 
 

Sd_fraction = exp ( - sum) 
 
Thus the value of the exponential function, sd_fraction, starts at one and decreases to 
zero.  The standard deviation is this exponential function value times the initial standard 
deviation.  The algorithm stops when the standard deviation is less then a minimum value, 
currently 0.5 monitor units.   
 
These details are not necessary for you to know.  Just that making the increment smaller 
or making the number of iterations per increment larger will cause the algorithm to run 
longer, and will increase the chance of finding a good solution. 
 
The same cooling schedule is used to compute the probability of accepting an increase in 
objection function.  The variance of the objective function is periodically computed.  The 
probability of accepting an increase in objective function value decreases according to the 
same exponential function.  The probability of keeping an increase in cost is computed by: 
 

Probability = exp( - 0.5 * variance) * sd_fraction 
 

Where variance is the current variance of the objective function, and sd_fraction is as 
above.  Note that the above exponential is the Gauss function or normal probability 
distribution.  The best solution seen is what is returned. 

Using the Toolbar 

Once you have selected the target and OARs and call for a solution, the program must 
compute the dose rate each beam contributes to each point.  A distribution of points are 
found in each volume to represent that volume.  This dose calculation can take a few 
minutes, but the results are saved and you can change optimization parameters and call for 
a second solution without the points having to be recomputed.  Only if you change a beam 
or add a new volume will the calculation of dose have to be repeated.  You can therefore 
try different parameters and look at the solution.  The monitor units found with each 
solution will be displayed to you and automatically installed for each beam. 

Output Plan 
The plan can be output to an accelerator in two formats:  Dicom RT and Elekta’s Transa 
format.   

Dicom RT 

For Dicom RT you just select this option and the plan will be written to a file in the 
temporary directory where print jobs get written (see file tmp.dir.loc in the program 
resources directory identified in your current directory by rlresources.dir.loc, see the 
System 2100 manual).   A popup will inform you of the file name created.  This file will 
contain all the beam coordinates, monitor units, energy, wedge, and multi-leaf information.  
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[You can use program DicomRTDump to display the information in a Dicom RT file.]  To 
send this file to a linear accelerator you will have to use a third party Dicom 
communications package, of which there are apparently many choices. 

Elekta Transa 

Elekta (formally Phillips) has a private protocol for transferring beam shapes to their 
multi-leaf collimator.  Only the energy, field shape, jaw setting, collimator angle, and 
multi-leaf positions can be written out.  The files get written to a directory and the linear 
accelerator does an NFS (Network File Sharing) mount of that directory.  In the 
machine’s data directory must be the file ElektaTransa.loc.  An example of the file 
follows: 
 
// Directory where plans are to be exported to.   T he program 
// first looks into the machine's beam data directo ry.  
// If there it is read there.  If not found it look s into the 
// program resources directory. 
/* file format version this file */ 1 
 
/home/export.d/patients 
 
/* limit of number of plans per patient directory * / 3 
/* limit of number of beams per plan */ 8 
/* name of machine to put in the file */  MLC_01 
/* number of characters of patient dept. id # to us e */ 7 
/* number of characters of last name of patient to use */ 3 
/* number of characters of first name of patient to  use */ 0 
/* number of characters of middle name of patient t o use */ 0 
 

This file specifies the directory where the beam data files are to be written to.  The 
directory specified here must be listed in the /etc/exports file.  In that file one list the 
directory, as above, and then possibly the host names of systems the directory may be 
exported to.   If no names are listed the directory can be exported to any system.  For 
example: 
 
/home/export.d/patients   MLC_01 
 
will allow the directory /home/export.d/patients to be mounted by the system with host 
name MLC_01. 
 
It is necessary that read and write permission be given to everyone for this directory, and 
all components of the path must exist.  To give read and write permission the command is: 
 
         chmod   ugo+rw    /home/export.d/patients 
 
NFS must be running on the treatment planning computer.  For more information see the 
Elekta Precise Treatment System External Interfaces Manual, TRANSA. 
 
The machine name must be that which the accelerator identifies itself for this purpose. 
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The program must build a patient ID.  The ID is actually limited to 14 characters.  
Specifying more characters in the above file will not cause the program to run over the 14 
characters.  In the above example, a patient ID is built from the first 7 characters of the 
department number and the first three characters of the patient’s last name.  Only 12 
characters are actually used in any case.  A number is appended if the number of sites 
should exceed 3.  In the above example, if there are in fact 26 beams in the plan, a second 
patient ID will be created to hold the last two beams.  The limit on the number of beams 
per site and sites per patient ID is a specification from Elekta. 
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Beam Toobar 

Upon creating or selecting a beam from the plan toolbar, the beam toolbar is displayed.  
The user must first pick the treatment machine with the provided option menu.  Thereafter 
the treatment machine may not be changed.  On the toolbar the plan name is shown to the 
right of the return button.  An option menu is next shown for the beam.  A different beam 
may be selected with this option menu among beams in the plan (the current beam toolbar 
is then popped and the new beam toolbar is pushed).  An option menu follows showing 
the treatment machine, but other choices are grayed out once a machine is selected.  Next 
is an active toggle button.  The beam may be selected to be inactive (out), in which case 
the beam is not normally displayed or computed.  The energy is next selected with an 
option menu.  Be careful to select the energy desired for dual energy treatment machines. 

Move 
Under the Move pulldown are controls to set the isocenter position, the couch, gantry, 
and collimator angles, and depth of isocenter or source to surface distance. 

 
Beam Toolbar 
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Move Isocenter 

The move isocenter popup provides control for setting the isocenter in terms of couch 
coordinates.  Couch lateral corresponds to the IEC accelerator X axis.  Couch longitudinal 
corresponds to the Y axis and couch height to the Z.  Each control has a coarse wheel that 
changes the coordinate in increments of 1 cm, a fine wheel that changes in increments of 
0.1 cm, and a text field where the coordinate can be typed but must be completed by 
hitting the Enter key.  The wheels have areas at each end where they may be moved in 
single increments with a mouse click, and a home button that resets to zero or the default 
value for that coordinate. 
 
While the coordinates are changed, the beam will be drawn in frames that are displaying 
the plan. 
 
A pull down menu is provided to set the isocenter at the location of another beam in the 
same plan.  The isocenter may also be set to the center of an outlined volume. 

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. 
 
A pull down menu is provided to 
set the current beam parallel 
opposed to an existing beam 
(including itself) in the same plan. 

 
Move Isocenter Popup Control 

 
Move Angles Popup Control 
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Set Depth and SSD 
A control is provided set the depth of isocenter or the source surface distance (SSD) of 

the beam.  When specifying the depth or SSD, 
isocenter will slide along the present central 
ray to meet the depth or SSD specification.  In 
order for this to happen the central ray must 
intersect the body skin boundary volume.  If 
the central axis ray does not intersect the body 
outline, the depth and SSD text fields will be 
blank.  When this control is up, the SSD and 
depth will be reported as the beam is 
otherwise moved. 

 

Field size 
The jaws of the collimator are set with the field size control.  If a set of jaws are 

independent, than separate controls will 
appear for those jaws.  A slider is available for 
coarse moves in steps of 1 cm, a wheel for fine 
control in mm, and a type in area is provided.  
Setting the field size sets a symmetric field 
size.  Use the individual jaw controls for 
asymmetric jaws. 

 

 

 

 

 

 

Options 

Multi-Leaf  
The multi-leaf control is for machine with a multi-leaf.   The presence of a multi-leaf 
geometry file in the beam data directory signals whether there is a multi-leaf collimator or 
not. 
 

 
Set Depth and SSD Popup Control 

 
Field Size Control Popup. 
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In the upper left hand corner of the control is a toggle button to enable or disable the 
multi-leaf control.  Below that an outline volume must be selected.  If a margin is desired, 
than either use the add margin feature of the Make New Volume From Old popup under 
the Volumes pull down on the Contouring toolbar to make a new volume with a margin 

 
Multi-Leaf Control Popup. 



Section 5, Beam, page 5 

and select that volume, or use the provided control here to specify a margin.  The margin 
is specified in centimeters.  If you specify a margin here the volume’s appearance will not 
change.  But the same process occurs.  An algorithm is employed that does a convolution 
of the surface of the volume with a sphere to add or subtract a margin.  That modified 
volume is then projected on to a beam’s eye view plane. 
 
 The “Conform to Volume” button will conform the leaves to the projection of the 
selected volume.  There are three options for the leaves.  Center means the center of the 
leaf is moved to touch the volume outline, Edge In means the leaf covers all the space 
outside of the volume, and Edge Out means the leaf is moved until some part of the edge 
just touches the volume outline. 
 
There is a pull down at the top of this tool to select other volumes to display in the beam’s 
eye view display.  Selecting a volume will cause it to appear, selecting it again will cause it 
to be removed from the display.  The Frame Control button at the bottom right can be 
used to select a volume and then change its appearance, such as making it transparent, or 
drawing a wire frame instead of a solid model view, or to display only the original 
contours. 
 
If there is a wedge the wedge direction is shown, as shown in the above example.   If there 
is a fixed wedge then there may not be the freedom to consider an optimal collimator 
angle.   Otherwise the collimator angle with the tightest margin can be found with the 
Optimize Collimator Angle button.  The collimator may be rotated from this control. 
 
The left mouse may be used to position an individual leaf by clicking and dragging on the 
leaf.  Be careful not to otherwise click the left mouse on a leaf as it will move to the 
position of the cursor.  The middle mouse will decrease the field of view in the beam’s eye 
view and the right mouse will increase it (creating the effect of zooming in or out, but the 
perspective in fact remains at a fixed distance, it is the field of view that changes). 
 
The jaw positions are shown and are positioned as tight as possible.  The jaws are 
modeled as separate entities even on machines that replace one jaw with the multi-leaf.  A 
constraint is enforced that the jaw is aligned with the most retracted leaf.  
 
In the example shown above, a constraint on this particular machine is that a leaf may not 
be closer than 0.5 cm to the opposed leaf or that on either side of the opposed leaf.   
These constraints are defined in the multi-leaf geometry file specific to a particular 
machine. 
 

Subtract Volumes 
The leafs of the multi-leaf collimator will conform to the projection of the target volume.   
One can also select volumes and have their projections with a margin removed from the 
target volume projection before the leafs are conformed.  The leafs are conformed to what 
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is left.  Below is the control used for this purpose which is popped up by hitting the 
“Subtract Volumes” button. 
 

 
A toggle button and margin control appears for each outlined region of interest.  Push the 
toggle button in to select a volume.  Then set any margin if different from zero.  The 
margin is added to the volume if positive, or subtracted if negative, before the volume is 
projected onto the same plane the target volume has been projected onto.  The leafs will 
conform to the target volume less the projection of all the volumes selected here (after you 
hit the “Conform to Volume” button).     

Wedges 
A list is made of all the wedges and their orientations, and are presented to the user as a 

list of distinct wedges.  To select a 
wedge just select one of the 
orientations.  The label in the option 
menu shows the wedge number, the 
wedge angle, and the wedge orientation 
label as defined in the wedge geometry 
file in the beam data directory.  A 
smaller wedge angle may be made with 
any wedge by mixing the wedge with an 
open field. This is done automatically 
when the slider is used to select a 
smaller wedge angle.  Monitor unit 
calculations will then show the monitor 
units to use with the wedge and 

 
The subtract projected volumes control popup. 

 
Select Wedge Popup Control. 
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without. 
 

Color 
The color used to draw the beam can be changed.  The color is used when the beam’s 
toolbar is not displayed.  For moving the beam the overlay color used for all drawing is 
used (if 24 plane graphics, XOR operation is used). 
 

Computed Radiograph and BEV 
A computed radiograph and BEV may be selected to be displayed.  A BEV is a solid 
model 3D perspective with the eye at the source of x-rays.  A computed radiograph may 
be in the background or may appear by itself.   If the beam is moved, the computed 
radiograph will be erased. 
 
The computed radiograph is selected under the Options pulldown. 

Select an empty frame (by clicking the mouse on the large button occupying an empty 
frame).  You can create a screen of empty frames with the Screen Control button (lower 
right and side of the main program window). 
 
The contrast enhancement slider will raise CT numbers to the power selected to simulate 
photoelectric effect.  Four is a good choice.  You can add the computed radiograph (or 
DRR for Digitally Reconstructed Radiograph) to an existing BEV for the beam, or create 
a new BEV with the computed radiograph as background, or you can show the DRR by 
itself. 
 

 
Computed Radiograph Toolbar 
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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 

Export 3d Dose Matrix 
This option will write out a file that contains an evenly spaced three dimensional dose 
matrix for the beam.  The entries will be in cG/mu.  The file is used by program 
AnalyzeBeam to compare computed dose to that measured with scanning equipment.  
Computed and measured beam profiles may then be plotted together for comparison 
purposes.  This option is generally used for quality control purposes. 

Machine Geometry File 
The geometry of the treatment machine is specified in the Geometry file in the 
subdirectory of the treatment machine.  All machines are stored in the directory specified 
by the BeamData.loc file in the program resources directory.  Each machine occupies a 
subdirectory under that directory and contains a Geometry file. 
 
The Geometry file contains information about the treatment machine.  An example file is 
shown in the section on Beam Data.  Of importance here is the definition of directions and 
coordinates for the treatment machine parameters.  For example, the gantry angle at which 
the machine points at the floor and the direction of rotation that represents an increase in 

 
Example DRR for an oblique field. 
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that angle is defined in this file.  This file should be edited to fit your machine.  There is 
also a multi-leaf geometry file that defines the multi-leaf collimator and a wedge geometry 
file for each wedge. 
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dose from the area element to P is
computed.
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Dose Algorithm 
The program uses a pencil beam algorithm.  Below we will give details on how the pencil 
beam is developed from measured beam data and Monte Carlo calculated kernels.  A 
single poly-energetic kernel is used to represent the pencil so that the algorithm can be 
fast.  Calculating each energy separately with a spectrum and mono-energetic kernels 
would reduce the speed significantly.  It is our philosophy that if greater accuracy is 
desired, one may as well use a Monte Carlo algorithm, so that there is a fast algorithm for 
quick results and a slow one for greater accuracy. 

 
The dose is computed to the point P according to the below formula.  r is the radius at 
depth from point P to the differential area element dr rdθ.  (x,y) is the coordinates of P at 
the treatment machine’s isocentric distance Sad.  (xr,yr) is coordinates of the differential 
area element at distance Sad. 
 

Source of X-rays

Point of
Calculation P

Central Ray

Patient Surface

Differential
Area Element
dr rdθ

de(x,y)

de(xr,yr)

r

 
Figure 2 
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dose_c 
In words, dose_c is the computed constant that converts everything that follows to give 
the calibrated dose for the calibration field size, SSD, and depth.  The units of the pencil 
kernel therefore to not really matter.  Dose_c is simply the ratio of the specified dose rate, 
usually 1.0 cG/mu, for some field size, SSD, and depth, to the result computed for the 
same field size, SSD, and depth. 

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

Inverse Square Law 
The Sad/Spd squared term is the inverse square law, where Sad is the source axis distance 
of the treatment machine, typically 100cm.  Spd is the distance from the source to the 
plane point P is in, along the central ray. 

Kernel Integration 
Next follows the integration of the pencil beam kernel over the area of the field.  This 
formula is of course only symbolic.  We can only integrate numerically on a computer, but 
the formula does show the mathematical idea.  The kernel K(r,de(r,θ))/2πr is the dose at 
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the radius r at depth to the point P from the incremental area dr rdθ.  de(r,θ) in cylindrical 
coordinates centered at P equals de(xr,yr) in Cartesian coordinates and is the equivalent 
depth along the diverging ray through the differential area element at the surface to the 
plane perpendicular to the central ray that contains the point P.  We actually don’t have 
this kernel K, what we do have is the integration of K from 0 to r which is the dose at P 
from the circular disk of radius r at depth.  So we actually take a difference here over dr in 
the numerical computation.  Note that the r term cancels out and we have taken the 2π 
term outside of the integral. 

Field 
The differential area element is weighted by the field intensity Field at (r,θ), here shown in 
the Cartesian coordinates (xr,yr) at the distance sad.  For the Dosimetry Check program, 
this is looked up directly from the pixel value at that location from the measured field.  In 
RtDosePlan this value is computed at each pixel location as the product of all devices that 
modify the primary fluence, with the end result the dose rate in cG/mu. 

Primary Component and Extended Extra Focal Plane Source 
The primary fluence is the sum of a primary source component plus the fluence from an 
extended extra focal plane source that may be down stream from the primary source.  The 
primary source is multiplied by the transmission factor of any jaw, multi-leaf opening, or 
block that might be blocking the ray.  The extended extra focal source is integrated over 
the area of the extended source that is visible from the point of calculation looking back 
through the collimator system, see reference 7.  The collimator jaw opening, multi-leaf 
opening, and any blocks are considered in this integration.  However, this integration is 
done for the point of calculation projected to the plane at 100 cm so that the integration is 
only done once for a single plane.  Therefore small changes in the extra focal component 
with depth are not modeled.  The addition of the extra focal source component to the 
primary component generates the scatter collimator factor.  The exchange factor, between 
a 5x30 and 30x5 field for example, is modeled since the upper jaws project to this plane 
differently than the lower jaws.  Also, the extended extra focal plane source is eclipsed 
differently than the primary source if down stream from the primary source.  By modeling 
the effect here there is some improvement in the dose computed in the penumbra region 
and region just outside of the beam edge.   
 
If the extra focal source model has not been fit (by routine FitExtraSourceModel), then 
the scatter collimator factor is simply looked up instead for the jaw opening, as will be 
shown below. 
 
The extended extra source model is represented by an exponential intensity A x exp(-r x 
B) where A is a normalization constant and B is a parameter that is fitted.  A primary 
source component Pr is also a fitted parameter.  A is solved so that the in air scatter 
collimator factor will be 1.0 for the field size that the scatter collimator factor is 
normalized to (typically 10x10 cm).  The distance of the extended source plane from the 
primary source is also a fitted parameter.  The jaw transmission is also a fitted parameter 
when using the extended source model.  Otherwise jaw transmission is assumed to be 1%.  
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The sum of the primary component and extra focal source component is then multiplied by 
the in air off center ratio.  The total fluence F stored in the Field table is given by the 
equation: 
 
F = (Pr x jt x mt +  Iextf) x OCR  
 
where Pr is the primary constant from above, jt is either 1 or the jaw transmission factor, 
mt is either 1 or the multi-leaf transmission factor.  Iextf is the integration over the 
extended source function that is visible to the point of calculation after projection to the 
plane at 100 cm.  OCR is the measured in air off axis ratio and is a function of the distance 
from the central ray. 
 
If the extended extra focal source has not been fit, then F is simply given by: 
 
F = In air collimator scatter factor x jt x mt x OCR 
 
The integration of the extended extra focal source model is accomplished by projecting the 
beam defining contour to the plane of the extra focal source as seen from the point of 
calculation (but projected to 100 cm).  The source to beam defining distance is needed for 
such contours and objects. 
 
Consider the x coordinate of the point of calculation projected to the plane at 100 cm, Px.  
Consider a vertex of a beam defining object at distance Sdd from the source of x-rays.  
Project the vertex to the same plane at 100 cm, with resulting coordinate x.  Let fov be the 
distance to the extended extra focal source plane.  Then the vertex projects to the 
extended source model plane at X’, where 
 
 
 
 
 
 
 
 
 
 
 
 

 
                        Sdd –fov               fov      
X’ = (X-Px)   --------------  +  X  ------- 
                       100 – Sdd              100 
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The multi-leaf contour and any block contours are truncated by the collimator jaw contour 
that is also projected to the extra focal plane (where the lower and upper jaws project 
differently because they are at different distances from the source).  A bit map is created 
with a one set at a pixel for points on the extra focal plane that are visible to the point of 
calculation and a zero set if not visible.  The exponential function is then simply added up 
over all the visible points.  As this process must be repeated for every point in the Field 
array, the calculation time can become significant which is why this function is 
approximated for a single plane at 100 cm. 

Wedge 
Wf is the in air wedge off axis attenuation factor for the ray from the source to the point 
of calculation.  However, this factor is reduced to affect a smaller wedge angle if an open 
field is being mixed with a wedged field to produce a smaller wedge angle.  If there is no 
wedge than this factor is set to 1.0. 
 
Given the wedge angle, the wedge fraction fw is solved for (see reference number 8 
below), where fw is the fraction of monitor units due to the wedge: 
 
         Wedge monitor units = total monitor units x fw 

 

X 

Px 

X’  

Sdd 

fov 

100cm 

Primary Source 
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Focal 
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Figure 3 
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         Open field monitor units = total monitor units x (1.0 - fw) 
 
 
        fw = (1.0 - F) / ( 1.0 - F x (1.0 - wf) ) 
 
        where here 
 
        F =  1.0  - wedge angle / nominal wedge angle 
 
        and    0 < = wedge angle <= nominal wedge angle 
 
    and wf is the transmission through the wedge on the central axis in air (from the in air 
profile fitted by FitWedges). 
 
The transmission through the wedge at the off axis location, Wf, is given by: 
 
        Wf = 1.0 - fw  +  fw x cw x wedge_transmission(xr,yr) 
 
        where cw is the wedge correction factor as a function of field size and depth (from a 
table developed by FitWedges).  The wedge_transmission table is developed by routine 
FitWedges to fit to in water data.   The largest scan set across the wedge is used to fit the 
transmission table in the point to heal direction.  The other direction is corrected for the 
increased slant depth through the wedge. 
 
Wf is therefore a function of position in the field (xr,yr) and depth (due to the cw term) 
Slant depth is converted to depth parallel to the central ray for looking up the cw term. 
 

Kernel Correction for OCR. 
The term in the denominator, the maximum of one or the in air off axis ratio (OCR) term, 
is to correct the kernel for having been derived from data that contains the effect of the 
OCR.  Here we divide it out as long as the OCR has a value greater than one.  The effect 
of most flattening filters on the OCR is that the in air fluence increases initially with radius.  
We want to correct for that effect.  Otherwise for points on the central axis we could be 
effectively applying the effect of the OCR twice during integration over the area of the 
field, once built into the kernel and then formally through the above Field term. 
 
But in the corner of the largest field the OCR value often decreases due to a cut off of the 
field due to the primary collimator.  We do not want to cancel out that effect in those 
areas.  The correction here is a compromise to achieve some deconvolution of the OCR 
term out of the kernel term.  As the OCR is stored in terms of the tangent angle a ray 
makes with the central ray, we divide the radius at depth by the SSD used to measure the 
fields from which the kernel was derived from plus the effective depth along the ray from 
the differential area element to the plane perpendicular to the central ray that contains the 
point of calculation P. 
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Beam Fan Grid 
Note that there are two effective depths used in the above equation.  One is along the ray 
to the point of calculation P, de(x,y).  The other is inside the integration (sum) and is 
traced along the ray from the surface to the differential area element dr rdθ = de(xr,yr).  
The ray tracing along each ray is only done once.  A fan line grid covering the area of the 
beam is created.  Each fan line is ray traced through the patient with the storing of the 
accumulated equivalent depth at intervals along each ray.  The spacing between the fan 
lines is set at a level half way through the patient to the dose matrix spacing value that the 
user can reset from the default value.  Below this plane the fan lines are diverging further 
apart and above the plane the fan lines are converging closer together.  Node points are 
distributed along the fan lines at equally spaced intersecting planes perpendicular to the 
central ray, and it is at these node points that the equivalent depths are stored.  During the 
above numerical integration over each plane, the nearest ray is used to look up the 
equivalent depth.  The same node points that hold the equivalent depths also define the 
points to be calculated.  All other points are interpolated within this diverging matrix. 
 

Approximations 
Let us note here the approximations that are made.  The integration is in the plane 
perpendicular to the central ray that contains point P.  Rigorously it can be argued that the 
integration should be in the plane perpendicular to the ray from the source to the point P.  
For a worst case, the largest field size of 40x40, the ray at the edge of the field on a major 
axis makes an angle of 78.7 degrees instead of 90 degrees, an 11.3 degree difference, 
which is not going to make a large difference.  The Off Axis Correction above will tend to 
cancel out such approximations.  To be consistent, the Off Axis Correction is computed 
using the same algorithm.  Using the inverse law correction for the slant depth along the 
ray from the source to point P made no difference from using the vertical distance parallel 
to the central ray.  Another approximation is made below in the generation of the pencil 
kernel.  It is assumed that at a depth d and radius r, the dose will be the same for a 
cylinder of radius r and for a diverging cone of radius r at the same depth.  This is the 
same approximation made in the concept of Tissue Air Ratio. 

Dose Matrix Arrays 
Rectangular arrays of equally spaced points are generated for planar images, and a three 
dimensional lattice of points is generated for 3d perspective room views.  The dose at 
these points are computed for each beam by interpolating within the above diverging fan 
line array of points generated for each beam.  This means that in general the dose is 
interpolated between the eight corners of the diverging box that a point is inside.  We will 
interpolate with less than eight points provided that the sum of the weights from the points 
is greater than 0.5, as some node points might fall outside of the patient.  Once computed, 
each beam saves its dose matrix to a disk file, unless the beam is changed in which case a 
new fan line dose matrix array is created. 
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Generation of the Kernel 
Program GenerateBeamParameters computes the pencil kernel from measured data.  It 
does this in a two step process.  We started with Monte Carlo computed mono-energetic 
point spread functions.  We used those to computed mono-energetic pencil beam kernels.  
Next we take the central axis data at different field sizes to fit a spectrum.  We constrain 
the spectrum to be a smooth curve by using a Gaussian (or normal) distribution, with the 
spread parameter different before and after the peak value, giving for parameters to be 
fitted:  the peak energy value E0, the magnitude of the peak value A, the spread before the 
peak σl and the spread after the peak σu. 
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Using these kernels and spectrum to compute the dose, the dose at the surface is 
necessarily zero, whereas contamination electrons will result in some dose at the surface.  
At lower energy such as 6 MeV, the fitted spectrum with Monte Carlo computed kernels 
can reproduce the measured percent depth dose from dmax and deeper.  However for 
higher energies such as 18 MeV, the contamination electrons have some effect still at 
dmax and deeper to 5 or 6 cm, causing differences of two to three percent at the small end 
or large end of the field size range.  Without modeling the contamination electrons we 
cannot use this spectrum and mono-energetic kernels.  We also have the consideration as 
stated above that computation time is saved by using a single weighted kernel.  In doing so 
we give up the possibility of correcting for changes in spectrum off axis.  Using off axis 
data one can fit a different spectrum at off axis intervals.  The final consideration besides 
computation time is that the information measured with the Dosimetry Check program is 
dose on a plane perpendicular to the central ray, not the spectrum. 
 
For these reason we instead generate a poly-energetic pencil kernel.  The above fitted 
spectrum and mono-energetic pencil kernels are used for three purposes: 
 

One, at 10 cm depth, which is beyond the range of contamination electrons, we 
can compute phantom scatter.  This provides a means of separating the scatter 
collimator factor from the measured output factor for each measured field. 
 
Two, we can compute the equivalency of circular fields to square fields, again at 
10 cm depth, and use the resultant table to assign equivalent radii at each depth to 
the table of measured percent depth dose and square field sizes.  We may now 
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calculate an accumulated pencil kernel as a function of radius and depth from the 
measured square field percent depth dose data. 
 
Three, we can complete the poly-energetic pencil kernel to zero field size, to a 
depth of 60 cm, and to a radius of 60 cm (the range for which the mono-energetic 
kernels cover), by scaling the results of the mono-energetic kernel and spectrum to 
agree where the tables join.  From the surface to dmax the curvature computed at 
dmax is simply scaled to fit the end points from the smallest field and largest field 
in extending to zero radius and 60 cm radius respectively. 

 
In this manner we produce a poly-energetic kernel which by design returns the same 
percent depth dose for all depths and field sizes measured. 

Program GenerateBeamParameters 
This program performs the above function of first fitting the spectrum and then using the 
result to assist in forming a poly-energetic kernel from measured beam data.  After the 
poly-energetic kernel is created, this program computes the Off Axis Correction table 
from data measured in water along the diagonal of the largest field size at different depths.  
Next the program computes the dose using the specifications for field size, depth, and 
SSD, for the calibration definition and uses the result to compute the normalization 
constant that will convert computed results to cGray/mu.  Lastly, the collimator scatter 
factor is computed by dividing computed phantom scatter into the output measured for 
each field size.  The collimator scatter factor is used by program GenerateFieldDoseImage 
to compute the equivalent of a measured field which is to be used for testing purposes 
with program Dosimetry Check. 
 
This program is an ASCII run program, meaning you run it in an xterm window with 
keyboard commands.  The program will prompt you to select the treatment machine and 
then the energy.  The program will take several minutes, most of the time spent in the 
initial step of fitting a spectrum.  The program will stop if an error occurs, such as a 
needed file is missing.  Be sure to check for error messages when the program has finished 
to ascertain that it was successful in computing all the output files that are required. 

Program ComputePolyCAFiles 
This is an ASCII program that will compare the dose in the central axis data files to that 
computed using the pencil beam.  A report is produced that can be printed on a printer.  
This is an ASCII program that must be run from the keyboard in an xterm window.  It 
provides a test that the kernel was properly generated. 

Program FitWedges 
This program fits the in air wedge profile curve given measured in water scans.  This 
program is run after GenerateBeamParameters.  The wedge must be scanned for the 
largest field size across the wedge (push the field size to the hardware limits) in water.  An 
iteration procedure is used to fit the in air profile to minimize the differences between 
computed and measured values in the water data.    The result is stored in the file 



Section 6, Dose Algorithm, page 11 

WedgeProfileAir_w0n_0e, where n is the wedge number, e the nominal energy.  A table is 
also generated for the other direction of the wedge to correct for the slant through the 
wedge. 
 
The change in percent depth dose is corrected for with a wedge correction factor.   For a 
range of field sizes, the measured dose at depth is compared to that computed, and the 
ratio of measured over computed is taken and stored as a function of field size and depth.  
This table is written to the file WedgeCorrectionTable_w0n_0e.   
 
Input data consists of in water scan for the largest field size on the wedge, and central axis 
measured dose for depths for different field sizes. 

Program FitExtraSourceModel 
This program is run after GenerateBeamParameters.  There must be available at least one 
scan of a square field.   We suggest that there be a scan of a small field, such as a 5x5, a 
10x10, and a large field such as a 30x30.   The scans should extend several centimeters 
beyond the beam edge, 5 cm would be good.  Given any distance to the extended extra 
focal source plane, this function fits the exponential source model so that the in air scatter 
collimator factor is reproduced.  Note that the file Collimator should contain the correct 
source to collimator jaw distances.  Then given the available profile scans for square fields, 
the extended source distance is found that gives the best fit to computed beam profiles.  
Both the distance and the jaw transmission is fitted in this step.  The fitting process is then 
actually a nested iteration, fitting the source model for each possible source distance.  The 
result is written to the file ExtraFocalSource0e, where e is the nominal energy. 
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Beam Data 
Beam data is required for program RtDosePlan.   
 
Whereas it may be suitable for the Dosimetry Check program to use generic beam data.  
The generic data provided can be copied to create a machine.  It might then be only 
necessary to edit the geometry file specifying the geometric parameters of the treatment 
machine and for each energy the calibration file.  The supplied generic data provides 
templates for modifying or creating beam data for a particular machine.  A useful utility 
program is ReplaceText that will replace found text with a different string, to change the 
machine name in files if building a beam data file system from a template.  After editing the 
calibration file, be sure to run program GenerateBeamParameters. 
 
All the files are ASCII text files and are self documenting.  Numerical information is off 
set with white space.  Text fields that programs are to read are set off between the 
symbols <* and *>.  If there are no spaces (white space) in the text string the text need 
not be delineated with the above symbols.  A comment line is set off with two slashes to 
the end of the line.  Or a comment may be enclosed between /* and */ which can be 
nested.  When reading a file programs ignore the comments. 
 
Utilities may exist to copy existing beam data in other formats to the file structure required 
here.  Program ConvertRenBeamFiles, for example, will copy the ASCII beam data files 
used for Render-Plan 3-D from Elekta Oncology to our file format.  This is an ASCII 
program run in an xterm.  Just invoke the name of the program, the directory where 
Render-Plan beam data files are, and the directory where the data files are to be copied 
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and transformed to.  We expect to write these utilities on a need bases as people supply us 
with examples of their beam data. 
 
All beam data resides in the directory specified by the file BeamData.loc in the program 
resources directory.  Each treatment machine is represented by a subdirectory.  In the 
subdirectory are files containing information common to the treatment machine.  Each 
energy will have a subdirectory, for example X06 for 6 MV x-rays, X18 for 18 MV x-
rays.  We will here give examples of these files. 

The Generate Beam Parameters Program 
Program GenerateBeamParameters will read the below input files and write output files.  
The output files are not documented here.  Those files that are ASCII are self 
documenting however.  There should normally be no reason to edit the output files, but 
they might supply useful information.  The kernel files are 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 treatment machine. 
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: */ 1 
 
/* Source Axis Distance (cm) = */   100.00 
// This is also the distance field sizes are defined at. 
/* largest field size (cm) is */    40.00 
 
/* Positive gantry rotation: +1 = clockwise,  -1 = counter-
clockwise */  -1 
/* Gantry angle value when pointed at floor: */     180.00 
 
/* Positive collimator rotation: -1 = clockwise viewed 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 
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/* Positive couch rotation: -1 = clockwise viewed from 
ceiling 
   +1 = counter-clockwise */ 1 
/* couch nominal angle: */     180.00 
 
/* X axis, positive couch lateral direction, positive 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, positive 
is +y IEC   (when moves toward gantry)  
   Enter opposite sign here */ -1 
/* center position value (cm) */     0.00 
 
/* Z axis, positive couch height direction, positive is +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 
    -x jaw    +x jaw    -y jaw    +y jaw  */ 
      0.00      0.00     10.0    -10.0 

List of X-ray Energies 
This file holds the list of x-ray (photon) energies available 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  

Central Axis Beam Data 
This file is to hold data on the central axis for square fields and resides in the energy 
subdirectory.  Generally the SSD should be the same as the isocentric machine, typically 
100 cm.  All the central axis files should have measurements at the same depths. 
Example file name:  CA12.0x12.0_w00_06 
Example file: 
 
/* file type: 2 = Central Axis */ 2 
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/* 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 = */  12.00  12.00 
/* Source to Surface Distance in cm = */ 100.00 
/* Number of depths: */ 47  
/*   depth cm    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 that defines this file as a central axis data file.  
The file format version that follows defines the format version of this type of file.  If the 
type of data that this file holds must change in the future, we can simply define a different 
format.  The machine name and energy follows.  One will not be able to move files around 
between machines without changing the machine name here.  This is the directory name 
under which the files are stored.  The values are generally normalized 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: 
 
/* file type: 7 = list of CA files: */ 7 
/* file format version: */ 1 
/* machine directory name: */ SL20  
/* nominal energy = */ 6  
/* wedge number = */ 0 
   CA03.0x03.0_w00_06 
   CA04.0x04.0_w00_06 
   CA05.0x05.0_w00_06 
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   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 
// Depths measured should be all the same. 
 
This file is consulted when the data from separate central axis files need to be pooled 
together to create a table of field size versus depth dose, such as when creating the pencil 
beam kernel.   

Dmax File 
This file simply defines the depth of dmax for the particular energy. 
Example file name:  Dmax06 
Example file: 
 
/* file type: 3 = dmax value */ 3 
/* file format version: */ 1 
/* dmax in cm = */   1.60 

Field Size Output File 
This file holds the measured output for field sizes.   
Example file name:  OutPut_w00_06 
Example file: 
 
/* file type: 5 = output factors */ 5 
/* file format version: */ 2   
// Note: version 1 does not have a wedge number 
/* machine directory name */ SL20 
/* energy */ 6 
/* wedge number */ 0 
/* date of file: */ <*25-AUG-1996 11:22:24*> 
//Normally only square fields.  
//        cm             cm        cm     cG/mu 
//     field size       SSD      Depth  output factor 
    3.00      3.00    100.00      1.60  0.891000 
    4.00      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 
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   35.00     35.00    100.00      1.60  1.049000 
   40.00     40.00    100.00      1.60  1.051000 
 
The dose rate for the calibration field size must be consistent with the calibration file to 
follow. 

Calibration File 
This file holds the definition of the machine calibration. 
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 isocentrically 100 cm to the detector, hence 98.4 cm 
to the surface.  The specification also could have been to a source surface distance of 
100.0 with a dose rate of 0.969 cG/mu. 

Diagonal Fan Line File 
This file holds data measured on the diagonal of the largest field size.  Rather than store 
the off axis distance, the tangent of the angle the ray makes to the central axis is stored.  
Typically this is just the off axis distance divided by 100.  Note however, that this does not 
have to be measured at 100 cm SSD, but could be measured at a shorter distance.  
Otherwise a data acquisition system could have the central axis off set to one corner of the 
tank so that scans can be made along one diagonal.  The field size refers to the jaw 
opening and is the field size at the isocentric distance of the machine, typically 100 cm.  If 
possible data for more than one diagonal should be averaged.  This data is used to 
compute the Off Axis Correction factor. 
 
The depths in the table may be specified and measured as the vertical depth or slant depth.  
If vertical than all the data at each depth lie on the same plane.  If slant than the data for 
the same depth lie on an arc.  Most data acquistion systems would measure the off axis 
scans on the same plane. 
 
The off axis data stored here starts with the central ray and goes on a 45 degree diagonal 
to the corner of the field.  An increment of 1 or 2 cm is good.  All the data for each off 
axis point must fall on diverging fan lines. 
 
Example file name: DiagFanLine40.0_w00_06 
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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 (always square) in cm = */  40.00   40.00 
/* 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       0.0600       
0.0800    
 1.65      1.00000      1.01010      1.01710      1.02360      
1.03420  
 2.00      0.99030      1.00390      1.01130      1.01610      
1.02680  
 2.50      0.97490      0.98820      0.99640      1.00060      
1.01110  
... 
34.00      0.23360      0.23810      0.23990      0.23950      
0.23860  
35.00      0.22290      0.22710      0.22870      0.22820      
0.22740  
 
// depth cm             tan = radius/distance 
           0.1000       0.1200       0.1400       0.1600       
0.1800    
 1.65      1.05310      1.05680      1.06180      1.06400      
1.06200  
 2.00      1.04580      1.04910      1.05280      1.05620      
1.05400  
 2.50      1.02760      1.03030      1.03330      1.03720      
1.03700  
... 
34.00      0.23360      0.23810      0.23990      0.23950      
0.23860  
35.00      0.22290      0.22710      0.22870      0.22820      
0.22740  
 
// depth cm             tan = radius/distance 
           0.1000       0.1200       0.1400       0.1600       
0.1800    
 1.65      1.05310      1.05680      1.06180      1.06400      
1.06200  
 2.00      1.04580      1.04910      1.05280      1.05620      
1.05400  
 2.50      1.02760      1.03030      1.03330      1.03720      
1.03700 
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... 
33.00      0.21530      0.19790      0.16270      0.05830      
0.03100  
34.00      0.20370      0.18790      0.15470      0.05550      
0.02970  
35.00      0.19400      0.17770      0.14680      0.05320      
0.02860 

In Air Off Center Ratio File 
This file holds the off center ratio measured in air.  Typically one will put a build up cap on 
an ion chamber, and measure the dose on the diagonal of the largest field size.  The 
diagonals should be averaged with the data starting on the central axis and going to the 
corner of the field.  The off axis distance is in terms of 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 central axis 
// 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 

Central Axis Report File 
This file is written by program ComputePolyCAFiles and contains the report of comparing 
the same central axis points calculated with the pencil kernel to the data used to generate 
the pencil kernel, namely the central axis data files and the machine output file.  This file is 
an ASCII file which may be printed.  Both the percent depth dose is compared and the 
dose rate in cG/mu.  A standard deviation is computed at the end of the printout.  The 
standard deviation is only computed for points dmax or deeper. 
 
Example file name: Careport06.txt 
Example from one field size comparison: 
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Comparison to measured data for field size  15.00 by  15.00 
cm 
                       % depth dose                      
dose rate 
         Depth  Measured Calculated Difference   Measured 
Calculated Difference 
          0.00    49.55      49.66     0.11       0.4945     
0.4956   0.0011 
          0.50    70.33      71.64     1.31       0.7019     
0.7149   0.0130 
          1.00    96.18      96.23     0.05       0.9599     
0.9604   0.0005 
          1.50   100.18     100.11    -0.07       0.9998     
0.9991  -0.0007 
          1.60   100.00     100.00     0.00       0.9980     
0.9980   0.0000 
          2.00    99.30      99.25    -0.05       0.9910     
0.9905  -0.0005 
          3.00    95.29      95.46     0.17       0.9510     
0.9527   0.0017 
          4.00    91.77      91.94     0.17       0.9159     
0.9175   0.0017 
          5.00    88.17      88.04    -0.13       0.8799     
0.8786  -0.0013  
 
Example summary at the end of the file: 
 
SL20  6 MeV 
          Standard Deviation Summary (beyond depth of 1.60 
cm):  
            field size         % depth dose     dose rate 
          3.00 by   3.00           0.140         0.00125 
          4.00 by   4.00           0.081         0.00074 
          5.00 by   5.00           0.217         0.00200 
          6.00 by   6.00           0.161         0.00150 
          8.00 by   8.00           0.163         0.00155 
         10.00 by  10.00           0.140         0.00136 
         12.00 by  12.00           0.103         0.00101 
         15.00 by  15.00           0.074         0.00074 
         20.00 by  20.00           0.088         0.00090 
         25.00 by  25.00           0.066         0.00069 
         30.00 by  30.00           0.086         0.00090 
         35.00 by  35.00           0.137         0.00144 
         40.00 by  40.00           0.092         0.00097 
 

Wedges 
In the machine directory there must be a wedge geometry file for each wedge.  File name 
is WedgeGeometry_w0n, where n is the wedge number.  An example file follows: 
 
/* file type: 13 wedge geometry file */ 13 
/* file format version: */ 1 
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/* machine directory name: */ testw 
/* wedge number (unique) = */ 3 
/* wedge angle = */ 45 
/* 1 = physical wedge, 2 = dynamic */ 1 
/* source to wedge distance */ 55.0 
/* Largest field size with wedge is: 
    point to butt in cm:   */ 20.00 
/*  length of wedge in cm: */ 40.00 
 
// Allowed orientations of this wedge:  
/* only allowed label symbols are:  -X  +X  -Y  +Y  
   where the symbol is the IEC coordinate direction  the wedge point is 
to. */ 
/*  point is toward       label */ 
       +X             <*05 +x wedge in *> 
       -X             <*06 -x wedge in *> 
       +Y             <*test+y wedge in *> 
       -Y             <*test-y wedge in *> 
 

 
For wedges, for each energy, there must be an output file, a list of central axis files for 
each wedge, and the central axis files, and a profile file.  The central axis data is used to 
compute the wedge correction table file.  The profile file is used to compute the in air 
profile.    
 
Profile file, example file name:  PR30.0x40.0_w02_06, which here contains a 30x40 field 
size scan of wedge number 2 for 6 MV x-rays.  The profile must be for the largest field 
size across the wedge, point to heal, possible.  An example wedge profile file follows: 
 
/* file type: 12 = profile data */ 12 
/* file format version: */ 1 
/* machine directory name: */ testw 
/* nominal energy = */ 6 
/* date of data: */ <*01/21/95   09:49:17*> 
/* wedge number, 0 = no wedge */ 2 
 
// field size is point to butt followed by length: 
/* field size in cm = */  30.00  40.00 
// field size is at the machine's isocentric distan ce, not the SSD. 
 
/* Source to Surface Distance in cm = */ 100.00 
/* Number of Profiles: */ 6  
 
 
/* depth of profile = */ 1.400000 
/* central axis value (dose rate or %) */ 0.647900 
/* number of tangents this profile: */ 49 
/*   Tangent         Value      */ 
     -0.168000      0.162500 
     -0.161000      0.181800 
     -0.154000      0.276300 
     -0.147000      1.474200 
     -0.140000      1.532800 
. 
. 
.      
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      0.133000      0.725600 
      0.140000      0.711400 
      0.147000      0.657500 
      0.154000      0.178700 
      0.161000      0.130400 
      0.168000      0.119200 
 
/* depth of profile = */ 5.000000 
/* central axis value (dose rate or %) */ 0.577200 
/* number of tangents this profile: */ 49 
/*   Tangent         Value      */ 
     -0.168000      0.179100 
     -0.161000      0.210400 
     etc… 
 

Multi-Leaf Geometry File 
This file contains the definition of a multi-leaf.  The file resides in the beam data directory 
under the machine name.  The file name is MultiLeafGeometry.  An example file follows 
(note this is file format version 2): 
 
/* file format version: */ 2 
/* file type: 12 = Multi-Leaf geometry */ 12 
/* transmission of leaf is under each energy direct ory */ 
// NOTE:  program is limited to ONLY X or Y leaves,  but not both. 
 
/* X leaves flag:  0 none, 1 leaves */ 0 
/* see Y leaves below if flag is 0 */ 
 
/* Y leaves flag:  0 none, 1 leaves */ 1 
// information follows only if flag is 1 
 
/* source distance to bottom of leaf (cm) */ 37.3 
/* Maximum opening width  */ 40.0 
/* Minimum opening width */  0.50 
 
/* number of leaf pairs: */ 40  
 
/* leaf center coordinate (cm)  followed by leaf wi dth, 
  followed by limits of the minus left, then limits  of 
  the postive leaf: */ 
 -19.5  1.0  -16.40 12.50 -12.50 16.40 
 -18.5  1.0  -18.40 12.50 -12.50 18.40 
 -17.5  1.0  -17.50 12.50 -12.50 17.50 
 -16.5  1.0  -19.50 12.50 -12.50 19.50 
 -15.5  1.0  -20.00 12.50 -12.50 20.00 
 -14.5  1.0  -20.00 12.50 -12.50 20.00 
 -13.5  1.0  -20.00 12.50 -12.50 20.00 
 -12.5  1.0  -20.00 12.50 -12.50 20.00 
 -11.5  1.0  -20.00 12.50 -12.50 20.00 
 -10.5  1.0  -20.00 12.50 -12.50 20.00 
  -9.5  1.0  -20.00 12.50 -12.50 20.00 
  -8.5  1.0  -20.00 12.50 -12.50 20.00 
  -7.5  1.0  -20.00 12.50 -12.50 20.00 
  -6.5  1.0  -20.00 12.50 -12.50 20.00 
  -5.5  1.0  -20.00 12.50 -12.50 20.00 
  -4.5  1.0  -20.00 12.50 -12.50 20.00 
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  -3.5  1.0  -20.00 12.50 -12.50 20.00 
  -2.5  1.0  -20.00 12.50 -12.50 20.00 
  -1.5  1.0  -20.00 12.50 -12.50 20.00 
  -0.5  1.0  -20.00 12.50 -12.50 20.00 
   0.5  1.0  -20.00 12.50 -12.50 20.00 
   1.5  1.0  -20.00 12.50 -12.50 20.00 
   2.5  1.0  -20.00 12.50 -12.50 20.00 
   3.5  1.0  -20.00 12.50 -12.50 20.00 
   4.5  1.0  -20.00 12.50 -12.50 20.00 
   5.5  1.0  -20.00 12.50 -12.50 20.00 
   6.5  1.0  -20.00 12.50 -12.50 20.00 
   7.5  1.0  -20.00 12.50 -12.50 20.00 
   8.5  1.0  -20.00 12.50 -12.50 20.00 
   9.5  1.0  -20.00 12.50 -12.50 20.00 
  10.5  1.0  -20.00 12.50 -12.50 20.00 
  11.5  1.0  -20.00 12.50 -12.50 20.00 
  12.5  1.0  -20.00 12.50 -12.50 20.00 
  13.5  1.0  -20.00 12.50 -12.50 20.00 
  14.5  1.0  -20.00 12.50 -12.50 20.00 
  15.5  1.0  -20.00 12.50 -12.50 20.00 
  16.5  1.0  -19.50 12.50 -12.50 19.50 
  17.5  1.0  -17.50 12.50 -12.50 17.50 
  18.5  1.0  -18.40 12.50 -12.50 18.40 
  19.5  1.0  -16.40 12.50 -12.50 16.40 
 
 

The existence of this file signals that a multi-leaf collimator exist for the machine.   
 
Comments: 
The maximum leaf separation is the maximum distance in cm that leaves can be separated 
from each other.  This would be the maximum opening.   The minimum opening is the 
minimum distance the leaves can close.  For some machines this is not zero.   In the above 
example it is 0.5 cm.   The assumption is made here that this minimum distance applies 
both to the opposite leaf and to the leaf on either side of the opposite leaf. 
 
Information then follows about each leaf.  The last leaf in the file above has the 
information: 
 
19.5 1.0  -16.40 12.50 -12.50 16.40 
 
The center of the leaf is at 19.5 cm in beam’s eye view coordinates.   This is the X or Y 
coordinate depending upon whether the leaf is a Y leaf or an X leaf.  The above leaves 
move parallel to the beam’s eye view Y axis and are Y leaves.  The coordinate value of 
19.5 cm is the X coordinate of this last Y leaf.  The width of this leaf is 1.0 cm.  Note that 
this allows for specifying leaves of different widths.   The minus leaf can move from a Y 
coordinate value of –16.4 cm to 12.5 cm, and the positive leaf can move from a Y 
coordinate value of –12.5 cm to 16.4 cm.  The maximum and minimum openings may 
further restrict a leaf position. 
 



Section 7, Beam Data, page 13 

Leaf Transmission 
Under each energy there should be a multi-leaf transmission file, file name MultiLeafTrans.  
An example file follows: 
 
/* file format version: */ 1 
/* file type: 13 = Multi-leaf transmission */ 13 
// This is the transmission through the leafs to be  used in computation. 
// for 6 MV 
  0.0047 
 

Scan files 
Scan files for open fields are used to fit the extended extra focal plane source model.  
These files for this purpose must have the scan data in terms of cG/mu.  The file name 
simply ends in the lower case letters pro.  An example file follows: 
  
/* file type: 1 = scan  */ 1 
/* file format version: */ 2 
/* machine name: */ <*wsl22*> 
/* energy = */ 6 
/* date of data: */ <* 2000-11-27 18:25:21*> 
/* wedge number, 0 = no wedge */ 0 
/* field size in cm = */  30.00   30.00 
/* field size defined at isocentric distance of mac hine= */   100.000000  
/* Source to Surface Distance (SSD) in cm = */ 100. 00 
// Here z = 0 is at SSD, negative is depth. 
/* Number of scans: */ 8  
 
/* number of points this scan: */ 47 
/*   x,       y,       z        value */ 
  18.400   -0.000    0.000     0.135150 
  17.600   -0.000    0.000     0.147446 
  16.800   -0.000    0.000     0.161756 
   
etc…  
 
 -17.600    0.000    0.000     0.147446 
 -18.400    0.000    0.000     0.135150 
 
/* number of points this scan: */ 49 
/*   x,       y,       z        value */ 
  19.200   -0.000   -3.000     0.068264 
  18.400   -0.000   -3.000     0.077592 
etc… 

 
The file format is read by program AnalyzeBeam, used to compared computed to 
measured dose data. 
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Files 

Shared Library Files 
This program uses the shared library file librlmrl.so.  This file must be moved or copied to 
/usr/lib.  The PNG image file library librlpng.so must be moved to /usr/lib. 

X Resource Files 
The X resource file is RtDosePlanRes, and resides either in the home directory or in 
/usr/lib/X11/app-defaults.  The resource files DosimetryCheckRes, FieldDoseRes, and 
System2100Res resource files are also needed.  If the resource files are only in the home 
directory, then the user must log into the home directory for the program to successfully 
find the resource files.  This is an X function, and X generates no error messages if a 
resource file cannot be found. 

Run Time File 
The run time file is RtDosePlan for treatment planning, and DosimetryCheck for 
Dosimetry Check, and can be invoked from the keyboard.  The program uses the 
System2100 program resources file system and looks for the file rlresources.dir.loc to 
locate where the program resouce directory is.   
 
Program ReadRtogCheck is provided to read in treatment plans written in RTOG format 
for use by Dosimetry Check.  This is a ASCII program and is invoked with the flag -d 
followed by the directory where the RTOG files are.  For example:   ReadRtogCheck  -d  
rtog.dir.  This program is described in a separate section in this manual. 

Other Data Files 
Data files are stored in the directory located by the file DataDir.loc in the program 
resources directory (see Sysem2100 documentation).  Subdirectories used are: 
1. CalDCur.d for storing calibration curves. 
2. CalFieldDose.d for storing ion chamber and diode calibration files. 
3. DenCur.d for storing pixel to density conversion curves. 
4. StSp.d for storing step strip files. 

Resources Directory Files 
Specific files of interest in the program resources directory are: 
1. BeamData.loc that locates where beam data is stored. 
2. DataDir.loc, specifying the location of the above data directory. 
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3. DefaultBeamColor defines the default color used to display beams. 
4. DoseDisplay defines default parameters for the display of 2d isodose curves and 3d 
dose clouds. 
5. Kernels.loc specifies where Monte Carlo calculated kernels are stored. 
6. TenPercentIsodose specifies default values for some isodose displays. 
7. ElektaTransa.loc specifies the directory where the program can write beam shapes to 
for Elekta accelerators using the TRANSA method.  This file is first searched for in the 
treatment machine’s beam data directory. 
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Testing Utilities 
Several utilities are provided for testing purposes. 
 
Program ComputePolyCAFiles will compute the dose for the same central axis points used 
to generate the pencil kernel.  A report file is written and stored in the beam data directory 
under the energy selected (see Beam Data Files). 
 
Program CreateSquareCTScan will generate a simulated CT scan that is square in shape.  
Square or circular regions of inhomogeneity may be created inside the water density 
square.  The result may be used to create a stacked image set for testing purposes. 
 
Program GenerateFieldDoseImage will simulate a measured x-ray field by computing the 
same from a beam model.  Rectangular and asymmetric fields may be generated.  Shielding 
blocks can be simulated as well.  The format for a block to be read by program 
GenerateFieldDoseImage is specified here with the example file: 
 
80.0  .039  5 
 0.80  3.20 
-0.80  3.20 
-0.80 -3.20 
 0.80 -3.20 
 0.80  3.20 
 
The first number is the distance that the block contour is defined at.  Next follows the 
transmission through the block.  Next is the number of block contour points.  This is to be 
followed with the required number of data pairs, x,y coordinates in cm, where the origin is 
at the central axis.  This file is not read under the ASCII file standard in that comments are 
not supported. 
 
Program AnalyzeBeam will compare measured and computed beam data.  The program 
will read in a scan file whose scan data has been normalized to cG/mu.  The program will 
also read in a 3d dose matrix dumped from RtDosePlan.  Statistics will be computed for 
points in the inner beam, outer beam, buildup, and penumbra regions.  Measured and 
computed profiles may be plotted out. 


