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PRS36359 - Dose integral check added to beam off detection algorithm
1 New Versions

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

	Scanning Controller Gateway Server
	PC
	
	3.9c

	SGCU controller
	A500
	
	1.39

	RCU controller
	A500
	
	2.27

	FCU controller
	A500
	
	3.54

	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
A new addition to the BeamOffDoseRate check is required that augments checking that the beam is off during idle state and scan-slew elements. In this implementation improper beam offsets would be detected by checking the integral of the observed charge. The AbnormalBeamDetected State reacts the same way as for the existing beam on in error with regard to this new integral check. 
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1.2 Design
A new addition to the BeamOffDoseRate check is required that augments checking that the beam is off during idle state and scan-slew elements. This check insures that a cumultaive dose (e.g. from an offset) is not present. 

The following new parameters are added to the <beamDetection> node:

<beamBeamOffDoseThresholdTimeOut>    // Integration reset time in ms 

<sgcuBeamOffDoseThresholdDose>       // SGCU allowed dose 

<rcuBeamOffDoseThresholdDose>        // RCU allowed dose 

<fcuBeamOffDoseThresholdDose>        // FCU allowed dose checked on each individual axis

<necuBeamOffDoseThresholdDose>       // NECU allowed dose (not implemented)

The SGCU and FCU shall implement this check for both the scanning and non-scanning states. The FCU shall implement this only for the scanning state, since the time-base while not scanning is variable. The NECU will not implement this check at present, and the <necuBeamOffDoseThresholdDose> parameter is ignored and reserved for future use.

RoomSetup

{

   // Beam detection

   ...

   unsigned int dceuOnlyWhenScanning;

   unsigned int beamBeamOffDoseThresholdTimeOut;

   float sgcuBeamOffDoseThresholdDose;

   float rcuBeamOffDoseThresholdDose;

   float fcuBeamOffDoseThresholdDose;

   float necuBeamOffDoseThresholdDose;

   ...

};

Each of the A500 controllers will start integration of the dose, and if at any time the absolute value of the integrated charge exceeds the respective setup parameter, an error will be flagged.

The integration value is reset:

1) At the beginning of the first slew element immediately after a segment or spot element

2) When exiting the Initialize or Scan states

3) When clearing errors

4) After <beamBeamOffDoseThresholdTimeOut> millseconds

A new error needs to be added that is returned when the error trips:

enum ControllerErrorType

{

   ...

   _HvShortDetected, 

   _BeamOnInErrorIntegrated, 
   _Unknown,

}
1.3 Testing

See version 3.9c test results.
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Hello Bill,



 



As scheduled below, we will foreseen the version 3.8o of the Scanning Controller.



 



This version should include the following corrections already discussed below:



 



PR# 36360: ITEM #1 : the Gaussabola algorithm should be used for IC1.



 



PR# 36359: ITEM #2 : In order to reinforce checks on abnormal dose, such as the accumulation of very weak dark current, one could have another check (in addition to BeamOffDoseRate) called "DOSE_THRESHOLD" that integrates the dose whenever the beam is off over a length of time given by a new database parameter. Thresholds for the integrated dose are given by database parameters for the SGCU, RCU, and NECU.  The threshold will be triggered if the integrated dose when the beam is off exceeds the threshold in the positive or negative directions. The integrated dose is reset during the spots.



 



PR# 36361: ITEM #3: We will go for your proposal. A new call, GetLastSpotEx() should be added that returns the position and width all the time, even when not enough data is available. For each value, position and width independentlu, a flag will indicate if the value is considered as valid (‘1’) or not (‘0’) according to the various tests.



 



We don’t address ITEM #4 at this stage.



 



Could you precise your development schedule ? From discussions with MGH, they would prefer have directly a released version than starting with a beta version. But if it helps your development, I would suggest you discuss this opportunity together ?



 



Thank you and best regards,



Gabriel Krier



 



From: William Nett [mailto:wnett@ptcusa.com] 
Sent: mercredi 15 juin 2011 15:48
To: Yves Claereboudt
Cc: 'Jay Flanz'; 'Clasie, Benjamin M.'; 'Christopher J Pendleton'; Gabriel Krier; Vincent Collignon; 'John Gordon'
Subject: RE: Meeting notes



 



Yves,



 



Thank you for comments. I gather from your email that IBA will go with version 3.8n for the Essen release and that these new changes would be implemented separately in version 3.8o. The logical schedule for us seems to be



 



1.       Fix beam absence behavior SHR-30373 (see my email of 6/13) – do you want this?



2.       Finish test of version 3.8n to move to a Release status.



3.       Make changes below after final agreement on design with IBA PR numbers -> version 3.8o



4.       Beta release of 3.8o for MGH testing



5.       Test of 3.8o to move to a Release status.



 



We are also upgrading the documentation as promised. As you can see there is a good effort here so all parties should be aware of this. We would like to have a conference to have a full discussion about all issues.



 



I have some questions/comments on your comments:



 



ITEM#1 – I thought that the beam nominally went through 0 during a scan, and that this does not change as spots at different locations are applied. So I am not sure how your comment about residual charges from previous spots applies if this is true. As far as the Gausabola, this could be applied to IC1, although we would need to modify the algorithm to account for the variable strip position and widths.



 



ITEM#2 – For slew elements, I agree that this is a good approach. This beam off check is also applied during the Idle state, so we would need to have a slightly different algorithm here since integration would go on for many minutes potentially. Perhaps we could add a parameter for MaximumTimeForBeamOff to integrate – so the integral would be reset the sooner of 1) after a spot terminates or 2) when MaximumTimeForBeamOff is exceeded. Do you view this change (whatever is finally decided) as a replacement for the existing algorithm, or as an option in the sc_setup.xml file?



 



ITEM#3 – I agree with this, everything is now available as is to perform the function that MGH needs, and since a Gaussian fit would be superior than the existing algorithm it might be better to use this. One correction does need to be made: for IC1 an invalid position/width calculation is reported as -32.768 instead of -10000.



 



ITEM#4 – The A500’s have battery backed-up RAM, so we would save the layer number, element number and charge information each time slice. In the event of an A500 crash (or not) an RPC call could retrieve this information from each of the controllers. One would then know the exact spot and deposited charge at the time of the crash. One could then cross reference this data with the DCU information for a sanity check.  This mechanism is very similar to what we did for the semiconductor tool and worked very well.



 



Bill



 



William Nett



Vice President



Pyramid Technical Consultants, Inc.



(781) 402-1700



 



Note: This e-mail is intended for the addressee(s) only and may contain information that is privileged or confidential. If you are not an intended recipient, please contact the sender and delete all copies.



 



 



From: Yves Claereboudt [mailto:Yves.Claereboudt@iba-group.com] 
Sent: Wednesday, June 15, 2011 6:40 AM
To: William Nett
Cc: 'Jay Flanz'; 'Clasie, Benjamin M.'; 'Christopher J Pendleton'; Gabriel Krier; Vincent Collignon
Subject: RE: Meeting notes



 



Hello Bill,



 



Thanks for your feedback on this meeting.



 



Here are my thoughts:



 



ITEM #1 – Gaussabola probably would need to be implemented on IC1 as well as it quite improves the accuracy of the positionning. Now that 3.8N is installed in Essen, we are seeing jumps as well. Early analysis seems to show that it could be due to residual charges on some channels coming from the previous spots and not collected yet at the start of the new spot).



 



ITEM #2 – I agree with description of the problem. Instead of a second dose rate check, I believe an integrated value on the measured intensity (DOSE_THRESHOLD) would be a realistic way as it would correspond to an integrated dose at the center of the field. This would also covers the need for a background noise recalibration. The integrated value would be reset at the end of each spot.



 



ITEM #3 – As discussed, I do not see why the system cannot be used as is. Furthermore, I would recommend using the raw data from the strips and a gaussian fit instead of using the internal mean (IC1) or gaussabola (IC2/3) algorithm that are optimized for speed, not so much for accuracy.



This would allow more precise positioning with lower dose (ideal clinically) when we have plenty of time to compute a precise position.



 



ITEM #4 – I understand that this would cover the case of a crash of the SC during irradiation while the data stored by the SC would still be valid but the power on the SC would be lost... 



I do not think we had a crash of the SC in the past (on a validated version). I am not sure this case is worth the effort. 



Chances are that in case of a crash of the SC, the data stored by the SC would be wrong as well, in which case the DCEU is a better representation of what was really delivered.



Please remember that the SC and PBSDR are under battery backed power, which means that logged data can always be retrieved properly in case of power failure (orphan files).



 



Regards,



 



Yves



 



From: William Nett [mailto:wnett@ptcusa.com] 
Sent: mardi 14 juin 2011 1:18
To: Yves Claereboudt
Cc: 'Jay Flanz'; 'Clasie, Benjamin M.'; 'Christopher J Pendleton'; Gabriel Krier; Vincent Collignon
Subject: FW: Meeting notes



 



Yves,



 



We had a meeting today at Pyramid at the request of Jay Flanz to go over a number of issues pertinent to MGH  running the SC.  Given that both IBA and MGH have important time constraints, we at Pyramid thought that quickly producing a version based on 3.8n with as many mutually agreeable items as possible would greatly expedite the process for both parties. Although it would be possible to branch a version just for MGH, they would then not see an “official” version from us for a while since the testing cycle is extensive. 



 



I suggest that we have a conference call between IBA and Pyramid when you can to discuss all of this. We are available starting tomorrow morning. One issue is that Chris will be on leave for 2 weeks starting June 20th, so we would have to act fast where SC changes were involved. I would do a final test once the version was in your hands.



 



Here are our comments on the items enumerated by Ben Claise (see below). Items 2 and 3 could be turned over fairly quickly, item # 4 would be longer term. There is also Item #1, as well as the potential issue you raised recently regarding the Abnormal Beam Presence.



 



ITEM #1: This has been reported by MGH and will be looked into at Pyramid. Gabriel has already responded to this issue (copied to you, Ben, and Jay also on June 7), and this explanation seems plausible to me. Does Gabriel have any data or documentation that demonstrates this effect definitively so the issue can be at least fully understood by all parties?



 



ITEM #2: This item may expose a weakness in the existing beam off dose rate reported by the software, which at present requires the dose rate to be exceeded for a number of preset consecutive time slices. MGH’s note would like to modify this to use the average of the time period exceeding a preset value as well as to do this same over a different interval. This change would require a modification to sc_setup.xml and the A500 controller code.



 



ITEM #3: In this item MGH would like to pursue the possibility of using the calculation of position from the FCU/NECU even if the threshold has not been violated. I know that you have sent a few emails on this and have also talked to Jay at PTCOG, but it seems like there is still the desire to do this at MGH. So, without offering a particular opinion on whether this is a good idea or not, we offer the method which would satisfy both MGH and existing IBA software. We would first modify the FCU and NECU GetLastSpot() interface with the SC gateway so that the position and width is always sent back with the strip data. In addition, we would transmit a flag or flags that indicated whether or not the position and width values were actually considered valid according to the various tests. As for the RPC interface, we could either modify the existing interface (would require and IBA client software change), or leave the existing call as-is (returning -10000 as before when needed) add a GetLastSpotEx() call that always returns the position and width and the flags.



 



ITEM #4: This item was originally suggested by us about a year ago in order to provide more reliable information as to where a scan interrupted. The A500’s have non-volatile memory, and we could record each timeslice a limited amount of data, such as layerID, element number, charge deposited in last spot, etc. A new RPC call could then be added to retrieve this information from all controllers and could be used in conjunction with the DCU data to compute a continuation map. 



 



Bill



 



William Nett



Vice President



Pyramid Technical Consultants, Inc.



(781) 402-1700



 



Note: This e-mail is intended for the addressee(s) only and may contain information that is privileged or confidential. If you are not an intended recipient, please contact the sender and delete all copies.



 



 



From: Ben Clasie [mailto:bclasie@partners.org] 
Sent: Monday, June 13, 2011 5:59 PM
To: William Nett
Cc: Christopher J Pendleton; Jay Flanz
Subject: Meeting notes



 



Hi Bill,

Here is the information from the meeting today.

ITEM #1



We have a high priority task to investigate the binary jumps in X position.  I will send you more info from running the SC in FACTORY mode.



ITEM #2



Description: The BeamOffDoseRate threshold is set as low as possible so it doesn't trip on noise yet it doesn't detect potentially significant levels of dark current.
Motivation: The threshold is set as low as possible (sgcuBeamOffDoseRate value="1e-9"  beamOffDoseRateCount value="25" ).  However, there was one irradiation recently where the dark beam current was just low enough to not trigger the threshold.  In this case, there were 3 tuning pulses and 4.9 MU from dark current.  When I do the math, the beam stops were open for a total of  about 14 seconds and the total dose at the maximum of the Bragg peak was 19.5 cGy.  This is unscanned dark beam current that could potentially be sent to a patient.  
Priority: HIGH (impacts safety)
Changes to BeamOffDoseRate:  
1) The interlock will be triggered when the mean dose rate sampled over "beamOffDoseRateCount" timeslices exceeds " sgcuBeamOffDoseRate" (previously we need all dose rates values in the window to be above the threshold to trigger the interlock).
2) Duplicate the BeamOffDoseRate thresholds and call them BeamOffDoseRate2 thresholds.  This will allow us to set two types of thresholds, one that is less sensitive but responds quickly, and another that is more sensitive but responds slowly.

ITEM #3



Description: We don't always have the position on both IC1 and IC2/3 when there is a threshold violation 
Motivation:  We use positions on IC1 and IC2/3 for the scanning magnet correction of the beam position at isocenter.  Although all the necessary strip information is available from LastSpotData() to do the full correction, the beam position calculation should not be duplicated in the TCU. All position information should come directly from the Scanning Controller.  Having position calculations in two places can lead to inconsistencies between the TCU and SC, expecially with the various choices of database parameters (Gaussabola, CoG, number of strips to consider, threshold levels,...)
Priority:  MEDIUM (impacts number of pauses and treatment time)
Changes to LastSpotData():
1) Always report valid beam positions on IC1 and IC23, even if the accumulated charge is below thresholdQ
2) Flags indicate when the accumulated charge less than the thresholdQ
3) Include ElementType in LastSpotData()

ITEM #4



Description:  Improvement to dose monitoring accuracy (MUd)
Motivation:  The SGCU, RCU and FCU have non-volatile memory and each can be polled for the last layer ID, the last Element ID and the dose delivered on the last spot.  This will give the necessary information to continue an interrupted treatment.  In addition, the field can be continued with better accuracy than the DCEU.  For example, what happens if all spots are delivered with 1% systematic error?  In this case, all spots satisfy the safety checks, but the field will not be continued from the correct spot.
Priority: ??? (This is a big change.  Does this affect the FDA filing?  A systematic error could only come from a change in the typical turn off time)
Changes to dose monitoring MU: 
1) The last layer ID needs to be stored in non-volatile memory
3) Check each of the devices has consistent information on the last layer ID, the last Element ID, and the dose delivered on the last spot. 
2) Create a new RPC call that retrieves data from the non-volatile memory of the SGCU, RCU and FCU 

On the horizon, there is a question about the SC executing slew elements following a position safety check violation.   I'm not sure if this is related to disabling charge safety checks.  More investigation is needed to see if this is even a problem in clinical fields.

Regards,
Ben
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