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Impossible to have consistent size checks in PBS mode.
1 New Versions

The following new versions have been generated:
	SYSTEM
	Hardware
	FPGA
	Software

	Scanning Controller Gateway Server
	PC
	
	

	SGCU controller
	A500
	
	

	RCU controller
	A500
	
	

	FCU controller
	A500
	
	3.48

	NECU
	A500
	
	

	Beam command
	M10C
	
	

	ISEU, X-SMPS, Y-SMPS, beam current readback
	M10
	
	

	Magnet field readback
	H10
	
	

	Dosimeter for integral IC2/IC3 integral planes 
	F100
	
	

	Dosimeter for IC1/IC2/IC3 strips
	I3200
	
	

	Ethernet communications
	A30
	
	


1.1 Requirements
The width computed by the FCU algorithm continues to be erratic depending upon the position of the beam relative to the ionization chamber widths. This has been reported by IBA in the following email:

[image: image2.emf]Rorschach  Butterfly.msg


A better algorithm has been requested that yields more consistent values for the width.
1.2 Design
A limited three point Gaussian fit has been designed that can be executed in the limited processing time available. See “Beam Width Calculations in the FCU, John Gordon, July 1, 2010 for details:


[image: image3.emf]FCU width calculation  issue rev0.pdf

 

This algorithm is generally described as follows:

· Only the 64 channel algorithm is affected by this change

· The peak channel is located

· As before, if the peak value is below <fcuPeakThresholdQ> or the integral of all strips is below <fcuAccumulatedSumThresholdQ> than the algorithm will return -10000 for both width and position.
· The channels around the peak are checked to see if they are less than the value (peak * 0.01 * fcuWidthDiscriminatorPct), where <fcuWidthDiscriminatorPct> is a setting in the setup.xml file. 
· If both channels are greater than or equal to the discriminator, then a new third channel is determined by searching on the side that is closest in intensity to the peak, until a channel that is under the discriminator is located.  If a channel is not located then the error action is taken (see below).
· A fit is then made according to the description above.

· If a proper fit cannot be made then the position will be returned as that of the peak channel, and the width will be set to 0. This will allow maps to be created that will fail in the event that there is enough beam and a proper computation cannot be made.
1.3 Description is currently collapsed. CTesting

Preliminary tests performed using beam simulator; full tests pending.
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Hello Paul, Bill, John,



 



You might know about the quite controversial Rorschach test (you need to say what you see in the displayed butterfly).



Here is one such butterfly … directly linked to our Scanning Controller.



 



X is the modulo 5 mm of the beam position (strip size) mm



Y is the measured spot size (mm)



 



This graph shows that:



a)      The measured size of the beam is directly linked to the position of the beam on the strip.



b)      At one considered beam position, there are jumps of about 0.25 mm in the measured size. The size values in the middle of the jump are never obtained for the considered position but obtained for other positions of the beam.



 



No need to say that the real spot size is in fact completely stable with position. Only the measurement is wrong.



 



Similar effect (but smaller ?) can be seen in Y.



 



Do you have any suggestion / explanation on the reason of this behavior ? Any workaround or solution ?



Could it be due to some “rounding” in the Scanning Controller ?



 



I attach 2 other graphs, one shows the size in X vs the position in X (effect can be seen), the other is the size in X vs the position in Y (no effect can be seen which was expected).



 



If you are interested I can transmit the whole file if you give me an FTP site I can use (the file is 40 MB).



 



Thanks,



 



Yves



 



 





  _____  


At IBA, our mission is to "Protect, Enhance and Save Lives.”
The contents of this e-mail message and any attachments are intended solely for the recipient (s) named above. This communication is intended to be and to remain confidential and may be protected by intellectual property rights. Any use of the information contained herein (including but not limited to, total or partial reproduction, communication or distribution of any form) by persons other than the designated recipient(s) is prohibited. Please notify the sender immediately by e-mail if you have received this e-mail by mistake and delete this e-mail from your system. E-mail transmission cannot be guaranteed to be secure or error-free. Ion Beam Applications does not accept liability for any such errors. Thank you for your cooperation.
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Beam Width Calculations in the FCU 
Authors 


J.Gordon 
 
Rev:  0 
Date:   01 July 2010 


1 Background 
A width calculation is performed on data from IC2 and IC3 every 250 usec in the IBA 
PBS controller.  The calculation assumes that the strip readings can be treated like a 
frequency distribution, and obtains the one-sigma standard deviation of the distribution.  
Compared to a fit to a model function (usually a Gaussian) this has the advantage that it 
does not assume any particular peak shape, but the disadvantage that it is therefore 
more difficult to ignore noisy data that influences the result, specifically data at the tails 
of the distribution. 
IBA have noticed that the width returned by the controller varies significantly for beams 
that are known to be of constant width, specifically as the beam moves across the IC 
strips.  Also the absolute value of the width is greater than the value from a Gaussian fit.  
This requires fixing before the width data can be used to interlock the treatments. 


2 Investigation 
IBA provided some sample strip data from a system that exhibits the problem.  It also 
showed a variation in the width of a fitted Gaussian, which was unexpected.  It is 
notable that typically only three strips have a significant signal for any beam position. 
The strip width is 5mm and the IC was a 64 strip device with I3200 channel 1 connected 
to strips 1 and 33 and so on.  The spreadsheet model “FCU64 calc demo.xls” was 
updated to match the latest FCU firmware, including a discriminator level.  The 
spreadsheet simulated beam profile (a single Gaussian) was tuned to match the shape 
of the first sample x data set very closely over the three highest channels.  The resulting 
simulated profile could then be moved across the strips in the model to look at the 
variation in the width function, with a known constant beam profile. 
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Measured data provided by IBA 


Ctr 31 -2.16261E-10
31 2.163E-09
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Simulated data tuned to match 


Ctr 31 -2.15206E-10
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Reproducing IBA results 
The spreadsheet simulator was used to analyse the ten x profiles provided using the 
standard FCU algorithm (window 8, discriminator 1%).  The Excel solver function was 
used to fit a Gaussian to the data.  The values reproduced those reported by IBA. 
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In order to understand the modulation in the width of the fitted Gaussian, the fitting 
curves were plotted.  It appears that the physical beam, or the sampling of the beam by 
the IC, was changing as the beam was moved, thus the width changes are real.  
Nevertheless the standard width calculation produces a different absolute value, and a 
greater modulation if a typical discriminator level is used. 
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To rule out some processing error causing the apparent modulation, the matched 
simulated beam profile with zero noise was similarly moved in 0.1 strip steps and the 
width functions computed.  The response was regular, with only a small amount of 
modulation.  The reconstructed Gaussians are regular. 
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Effect of beam width on the reported width 
The result from the standard width calculation depends on how a narrow Gaussian 
beam lies on the strips, and the ratio of beamwidth to strip width. 
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Effect of noise on the reported width 
Standard width algorithm, typical 1 mV rectangular noise at integrator output, 100 nA 
max strip current.  The discriminator is effective at reducing the noise sensitivity of the 
standard width algorithm, but the systematic error remains. 
Set position 
(strips) 


Reported width (mm) 


 Discrim = 0% Discrim = 1% Discrim = 5% 


10.0 1.97, 1.96, 2.30, 2.04, 
2.19, 2.29, 2.14, 2.42,  


2.16, 1.94 


1.79, 1.80, 1.79, 1.79, 
1.79, 1.80, 1.80, 1.79, 


1.79, 1.79 


1.79, 1.79, 1.79, 1.79, 
1.80, 1.79, 1.79, 1.80, 


1.80, 1.79 
10.5 2.95, 2.80, 2.82, 2.83, 


2.86, 2.87, 2.78, 2.83, 
3.19, 2.80 


2.50, 2.50, 2.50, 2.50, 
2.50, 2.50, 2.50, 2.50, 


2.50, 2.50 


2.50, 2.50, 2.50, 2.50, 
2.50, 2.50, 2.50, 2.50, 


2.50, 2.50 
 


Gaussian fits 
Gaussian fit using Excel solver.  The Excel solver could not do these fits reliably in all 
cases - we often needed to reseed the trial values. 
Set position 
(strips) 


Reported width (mm) 


 Discrim = 0% Discrim = 1%  


10.0 2.19 2.19  
10.1 2.21 2.21  
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10.2 2.21 2.21  
10.3 2.21 0.93  
10.4 2.21 1.77  
10.5 2.20 1.70  
10.6 2.20 1.34  
10.7 2.21 2.21  
10.8 2.21 1.15  
10.9 2.19 1.08  
11.0 2.19 2.19  
 
In the absence of noise, a fit to a Gaussian is not affected by the beam position relative 
to the strips.  Removing the tails of a very narrow Gaussian beam with the discriminator 
disrupts the ability to fit a Gaussian.  Despite taking measures to get the fit data into a 
sensible numeric range, the Excel solver often failed to converge correctly. 


 
Recommendations 
Fitting to a Gaussian function offers various advantages.  The results correspond more 
to the expected widths, the response modulation when a narrow beam moves across 
the strips is negligible, and the extreme sensitivity to noise from channels at the tails of 
the distribution seen with the standard width calculation is absent.  The problem with a 
Gaussian fit to a full set of channels is that it is an iterative minimization calculation that 
cannot be achieved in the FCU A500 DSP in the time available.  However the fact that 
most of the signal is confined to a few strips means that a unique Gaussian can be fitted 
to three data points with some confidence. 
The Gaussabola algorithm is as follows in summary: 
a)  Find the strip with the highest signal, plus its two neighbours.  If these are (both) very 
close in height to the peak (ie the peak is very broad), move outwards until the 
neighbours are < x% of the peak. 
b)  Take logs of the signal values to yield three points that can be fitted by a parabola. 
c)  Find the maximum of the parabola which corresponds to the centre of the Gaussian. 
d)  Find the points on the parabola that correspond to the half heights of the Gaussian 
as the roots of the quadratic (with suitable offset), and thus the FWHM.  The one sigma 
beam width is FWHM / 2.35. 
This algorithm has been implemented in Excel and used to analyse the data provided by 
IBA.  There is good agreement with the full Gaussian iterative fit with the Excel solver.  
As stated earlier, the width modulation is believed to be real in the data. 
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There is also good agreement between the centre of gravity of the IBA data calculated 
the way the FCU calculation works at the moment, and the centres of the 3 strip 
Gaussian. 
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Given the good performance of this algorithm on the sample data provided, Pyramid 
recommends that it is implemented in a new FCU firmware version and tested with real 
signals by IBA, in particular to look for any anomalous behaviour when the signals have 
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high noise content.  Given that the algorithm used in the current version 3.8H is a 
blocking issue for IBA, there seems to be nothing to loose in trying this alternative as 
soon as possible. 


<end> 






