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Dosimetry Check with Collapsed Cone 

Please review the section on the dose algorithm below. 

You will need a new license key to run the collapsed cone algorithm of Dosimetry Check. 

 

There are a number of issues as listed below. 

 

New File Format Versions 

The run fit exit kernel file format version is now file format version 3 where the algorithm used 

to compute the Sp factors, hence the Sc factors is now specified as PB or CC.  The default for 

earlier versions is PB. 

 

The EPID deconvoluton kernel file is now file format version 3 where the algorithm used to 

compute the Sp factors, hence the Sc factors, is now specified as PB or CC.  The default for 

earlier versions is PB. 
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 The rmu files produced by programs ConvertEPIDImages, ConvertIMATImages, and 

AutoRunDC, is incremented to file format version 12 to specify the algorithm type PB or CC.  

DosimetryCheck will use the algorithm specified unless the user overrides the selection. 

 

The prior versions of the above programs will not be able to read the newer file format versions. 

Create Dose Kernel for CC 

You have to run the program tools.dir\GenerateBeamParameters.exe program from the command 

prompt window for each machine and energy you want to compute with CC, so that the poly 

energetic kernel is created for CC. 

 

Program tools.dir\ComputePolyCAFiles.exe can be run to report on comparing the dose 

computed with the dose kernel to the input data for an internal consistency check. 

 

Collimator Scatter Factor Issue 

There is a remaining issue with the EPID deconvolution kernel files as you have to use a separate 

EPID kernel when processing images to be computed with CC due to a difference in the 

collimator phantom scatter factor computed between pencil beam and CC.  Both the three 

dimensional integration (CC) and the two dimensional integration (PB) are derived from the 

same Monte Carlo generated mono-energetic kernels.  Theoretically for a flat water phantom 

both algorithms should compute the same thing.  But both algorithms take into account electron 

contamination which enters from the same measured values.  How is it that the two algorithms 

will compute different Sp values, which is the case (see plot below)? 

 

For the pencil beam algorithm, the dose kernel is directly computed from the measured percent 

depth dose data and the Monte Carlo generated kernels are only used to fill out the pencil beam 

kernel table to zero radius, 60 cm radius, and 60 cm depth.  Electron contamination in implicitly 

included with the pencil beam kernel as the measured beam data includes the electron 

contamination.  Hence the balk of the kernel is directly derived from measured data, not from the 

Monte Carlo computed point spread kernels.   

 

For collapsed cone, the photon component is computed directly from the MonteCarlo kernels, 

with the electron contamination computed with a pencil beam algorithm. 

 

As a result of different computational methods, phantom scatter Sp computed for the same field 

size differs slightly between the collapsed cone and pencil beam algorithms.  The collimator in-

air scatter factor Sc is computed from the measured output divided by the computed phantom 

scatter, and so consequently the Sc factors will differ.  This is demonstrated in the below plot 

which plots in back the Sp factor computed with pencil beam as a function of field size, and the 
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Sp factor computed with the collapsed cone algorithm plotted in red.  Bare in mind that at dmax, 

Sp will also include electron contamination, which is derived from a measured value (albeit the 

same measured values): 

 

 

 

 
 

Consequently an EPID kernel derived using Sc values computed from pencil beam would result 

in small systematic errors if used for a CC calculation and vice versa.  If using the pencil beam 

derived kernel to process images for the CC algorithm, for 5x5 cm field size the dose will be 

1.1% too high, and for 20x20 cm field size the dose will be 1.8% too low (from the above 

example plot).  Note this refers to open fields.  The equivalent field size of modulated fields is 

generally much less than the size of the border that includes the beam. 

 

Therefore, the EPID kernel must be specific to the dose algorithm to be used to 

avoid the above small errors. 
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However, the error is small of the order of 1% to 1.5 % and it may be that you can 

accept this along with the other uncertainties caused by measurement error. 

 

If that is the case, just use the EPID kernels you have, perhaps use the program to convert your 

kernel to the file format specifying CC if that is the algorithm you will use by default and not be 

too concerned if you fall back on the PB algorithm occassionally.  Just change the algorithm to 

be used in Dosimetry Check.  

Selecting the Dose Algorithm to Use 

The EPID kernel must be specific to the dose algorithm to be used to avoid the above small 

errors, as noted above.  The algorithm will in general default to the designated source of the Sp 

factors used to compute the Sc factors used to fit the EPID deconvolution kernel.  See the section 

in the algorithm section titled “Collimator in-air scatter factors”.  The source of the Sc factors is 

tracked from the EPID deconvolution kernel to the rmu file that is produced.  The program will 

default to the algorithm used for the source of the Sc factors unless over ridden here.   

 

For the convolution/superposition “collapsed cone” algorithm, there is an option to specify the 

number of azimuth angles from 8 to 18.   The published journal paper: “A nonvoxel-based dose 

convolution/superposition algorithm optimized for scalable GPU architectures”, Medical Physics 

Vol 41 No 10, October 2014, pages 101711-1 to 101711-15, on page 11 stated that “The 

accuracy study presented above showed that an angular sampling combination of 8x8 produced 

acceptable results”.  Their “ground truth” was a computation with 48 x 48 rays (cones).  The 

number of zenithal angles is here fixed at 8 (22.5 degrees spacing, 0 to 180 degrees).  The default 

is 8 azimuth angles (45 degrees spacing from 0 to 360) if this file does not exist.  We have not 

noticed a significant difference in accuracy from 18.  You may specify your choice in the file 

DefaultDoseAlgorithm.txt in the program resources folder, an example of which is below: 

 
/* file format version defines what is below */ 2 

//  Below specify the default dose algorithm to use: 

//  0 for Pencil Beam,   1 for collapsed cone 

               1 

// for collapsed cone:  number of azimuth angles: 8 to 18 

// default is  8 

        16 

 

However, a value of 16 would be symmetrical, 22.5 degrees, in both azimuth and zenithal 

directions and assure accuracy.  The use of a GPU card removes the biggest computational time 

concern.  

 

This choice will govern the number of azimuth angles when ever the collapsed cone algorithm is 

used.  This file will default the algorithm choice for TomoTherapy. 
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Program ConvertEPIDKernel.exe is provided to convert an EPID kernel derived using Sc factors 

that were derived from computation with the pencil beam factors to the Sc factors that would 

have been used had they been derived from Sp computed by the CC algorithm.  This program is 

to be run in a command prompt window, with the second argument the path to the kernel to be 

converted.  [If you use the mouse one drag to capture text in a command prompt window and 

right mouse to deposit, you can save yourself a lot of typing in a command prompt window.  See 

the link:  http://www.mathresolutions.com/CommandPromptWindows.htm]   

 

The program will refit the kernel and will take some time to do that.  Use the kernel produced for 

processing EPID images that you want to compute with the CC algorithm.  The program will 

convert an EPID kernel in either direction opposite from the input file.  The EPID kernel file 

produced can only be read by the newer version of ConvertEPIDImages or 

ConvertIMATImages.   

 

The EPID kernel used to process the image will report in the rmu file produced where the Sc 

factors came from.   Dosimetry Check, upon reading the rmu file, well set the algorithm to use 

accordingly.  Please review above the note about new parameters being added to existing file 

formats.  The algorithm used will be reported in the points report as CC or PB: 

 

 
 

The algorithm may be chosen also from the Calculate pull down on the Plan toolbar: 

 

http://www.mathresolutions.com/CommandPromptWindows.htm
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Algorithm Computational Speed:  GPU card 

In general, the CC algorithm will take a factor of ten longer to compute the dose than the pencil 

beam algorithm.  Consequently both the CC dose algorithm and the pencil beam algorithm have 

been implemented in a graphics processing unit (GPU) where there is typically 1024 independent 

threads to compute the dose.  This has been tested with the Nvidia Tesla K20, TeslaK40 GPU, 

the K2200, and most recently the P4000 graphics cards.  We now recommend the P4000.  The 

nvidia drive 7.5 works, 8.0 did not, 9.0 does work. 

 

If a suitable GPU card is available, it will be used.  The GPU is compiled for compute capability 

3.5 (Kepler) devices, which include the following, but have not been tested: 

 

Tesla K80 

Quadro K6000 

Quadro K5200 

Quadro K610M 

Quadro K510M 

GeForce GTX TITAN Z 

GeForce GTX TITAN Black 

GeForce GTX TITAN 

GeForce GTX 780 (Ti) 

GeForce GT 720 

GeForce 920M 

GeForce GTX 1080 

GeForce GTX 980

 

“Collapsed Cone” Algorithm 

 

The Collapsed Cone Convolution was originally published by Anders Ahnesjo in Medical 

Physics in 1989 (see list of references below).    However, the term collapsed cone has become 

something of a generic term.  What distinguishes his work, in this author’s opinion, is the use of 

fitting of a derived polyenergetic kernel to equations, and the integration is performed using 

analytic equations.  Electron contamination was not considered.  The approximation of energy 

released into coaxial cones of equal solid angle is essentially the same approximation made in 
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any three dimensional integration that will use evenly spaced angle increments, such as 

superposition (Mackie et. al. 1985).  Our algorithm might be more technically described as 

convolution superposition with a variant kernel. The same applies to computing pencil beam in a 

two dimensional integration and computing the scatter component with scatter air ratios, also in 

at two dimensional integration. 

 

Convolution kernels computed using Monte Carlo EGS4 code are used to compute 

monoenergetic depth dose on the central axis (Papanikolaou et. al 1993).  Using a functional 

form (Ali and Rogers 2012) for a photon spectrum, measured depth dose data is used to fit a 

spectrum beyond the depth of electron contamination.  The depth used is found from an iteration 

for best results, but is less than 10 cm. 

 

A polyenergetic kernel is then computed as a weighted sum of the mono-energetic Monte Carlo 

kernels.  The original data consisted of division into 48 angles.  The number of angles is reduced 

by a factor of 6 to 8 angles by combining the kernel data in the respective cones.  Integration is 

therefore performed in 22.5 degree increments from the direction of the x-ray along the kernel’s 

Z axis that points to the source of x-rays along diverging rays.  In the kernel’s x,y plane, 

integration is performed every 20 degrees for a total of 18 angles.  Hence the total number of 

cones is 8 x 18 = 144.  The kernel is tilted so that the kernel’s Z axis is always pointing toward 

the source of x-rays.  Hence the kernel is variant with position. 

 

Electron contamination component 
The polyenergetic kernel is used to compute depth dose for the percent depth dose tables 

provided for the beam data.  Agreement is forced at 10 cm depth by normalization.  Shown 

below is the measured % depth dose in black and the computed photon dose in red for 18 MeV: 
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The computed dose is subtracted from the measured dose from zero to 10 cm depth.  From the 

difference as a function of field size and depth, a pencil beam kernel is derived.  This kernel can 

be thought of as a correction term rather than an electron contamination term, used to compute a 

correction from 0 to 10 cm depth which accounts for electron contamination.  By modeling this 

as a pencil beam, it can be computed for irregularly shaped and modulated fields.  The 

integration of this term is performed in the plane perpendicular to the central axis at the depth of 

the point of calculation.  For interaction points at and deeper than 10 cm, the contribution is 

always zero. 

 

Recommendation for defining the monitor unit 
Because for the collapased cone algorithm the dose at dmax is the sum of the computed photon 

component and the electron contamination component, we recommend that you specify the dose 
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rate in cGy/mu at a depth of 10 cm in the file Calibrationnn (where nn is the nominal energy 

such as 06 for 6 MV). 

 

If the percent depth dose is 66.8 at 10 cm depth for the calibration field size (typically 10x10 cm) 

and the dose rate is to be 1.0 cGy/mu at the dmax depth, the dose rate at 10 cm depth would be 

specified as 0.668 cGy/mu.  If defined for some other SSD than 100 cm, then the specification 

should be so adjusted. 

 

We believe it is good practice to also calibration the machine with the ion chamber at 10 cm 

depth to the specified dose rate.  If you think about it, most treatment prescriptions are going to 

be in the range of 5 to 10 cm depth.  Forcing agreement at 10 cm depth will minimize the affect 

of errors in measured percent depth dose as the depth is changed in either direction. 
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Geometry of CC 
The below figure illustrates the geometry of the algorithm “collapsed cone” or convolution 

superposition algoirthm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photon component 
The photon component is computed for each point of calculation by summing the contribution 

over the 20 angles (theta) in the plane perpendicular to the kernel Z axis (which points toward 

the source of the x-ray), and then over the 8 angles (phi) from z minus to z plus.  Integration 

proceeds by stepping along the  ray from the point of calculation out ward in what is generally 

referred to as an inverted calculation.  The distance along that ray is scaled by the density.  The 

terma is computed to each interaction point from the source.  This latter calculation is computed 

from a pre-computed table of  node points along a diverging matrix.  At each node the density 

scaled depth is stored, from which terma is directly computed.  For a specific point, the terma is 

Source 

of x-rays 

Point of 

calculation 

Point of 

interaction 

Path between 

interaction point and 

point of calculation  

Angle phi 

X (BEV) 

Z 

Kernel Z axis 
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interpolated from the eight corners of the diverging cell that each point is found to be in.  This is 

the same diverging matrix used for the pencil beam algorithm below. 

 

The contribution from all interactions points are added up to give the total dose to the point of 

calculation.  An off axis correction is applied as done for Pencil Beam below.  The calculation 

points are the same nodes at which terma is pre-computed.  The dose for an arbitrary point is 

interpolated from the eight corners of the cell that the point is inside. 

 

Lastly, the dose is corrected by the off axis depth correction as is done with the pencil beam 

algorithm. 
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