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PRS29721 - Dynamic Beam Turnoff.
1 New Versions

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

	Scanning Controller Gateway Server
	PC
	
	3.8j

	SGCU controller
	A500
	
	1.32

	RCU controller
	A500
	
	2.23

	FCU controller
	A500
	
	3.49

	NECU
	A500
	
	4.15

	Beam command
	M10C
	
	

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

	Magnet field readback
	H10
	
	

	Dosimeter for integral IC2/IC3 integral planes 
	F100
	4.1H
	6.2.19

	Dosimeter for IC1/IC2/IC3 strips
	I3200
	
	

	Ethernet communications
	A30
	
	


1.1 Requirements
When the beam is turned off an additional aliquot of charge is deposited in a spot as the beam decays. This has previously been corrected at a system wide level by adjusting the requested spot charge downward by a fixed amount depending upon the expected beam current for the spot. The actual beam current achieved can vary by as much as 20% from the expected, so the adjustment is prone to potentially systematic errors from day to day. A new system is desired that takes into account the actual beam current before the spot is completed.
The requirements for this feature are described in the following document:


[image: image3.emf]Specification of  Adaptive_beamturnoffinPBS.doc


1.2 Design
The following document describes the design:

[image: image4.emf]IBASPC2-PRS29721- Design.doc


1.3 Testing

Preliminary tests performed by requesting spots at different beam currents with different <typicalTurnoffTime> values. In each case the expected delivered charge was achieved. Further tests will be performed during the full software validation procedure.
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PRS 29721: Specification of Adaptive Beam Turn-off


Current state of the system


The Pyramid F100 electrometer collects the charge from the monitor chamber and, when the target charge is reached, the F100 sends a command to open the ISEU chain. The accuracy with which the F100 shut-off the beam is computed by Scanalgo by adjusting the target spot weight.  This is done using: 
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where Qcorr is the new target spot weight [MU], Q is the spot weight from the PLD file [MU], 
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 is the theoretical MU rate [MU/s], and 
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 is the average time to turn off the beam [s] (called TypicalTurnOffTime in the Scanalgo database).  The extra dose is 
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Drawbacks of the current implementation:


The actual implementation uses the theoretical dose rate which has, in general, systematic difference with the measured dose rate (this difference can be as much as 20%). This systematic difference impact directly the accuracy of the dose delivery: it causes a systematic error on each of the thousands of spots per plan. All these errors accumulate and results substantial difference between the target cumulative dose and the delivered cumulative dose.  


Better implementation: PR 29721


One way of overcoming the drawback described above is to determine Qcorr of equation (1) using the measured dose rate. This implementation can only be done within the scanning controller devices as the host of the information to compute 

Specification for implementation of PR 29721  


We limit ourselves to the high level specification in order to leave room for creativity by Pyramid regarding the fine details of the implementation:


i. Start the measurement of the dose rate only after certain threshold of cumulative charge per spot (apply the same threshold as used to decide to compute the beam position). This spec is to avoid considering background dose rate.


ii. If  i) is Ok, then at each time slice or sub-interval: 

· Measure delivered charge Qmeas

· The measured 
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 is averaged over the elapsed time in the spot from the first timeslice in the spot to the current timeslice, excluding the period where the beam current is ramping up.

· Calculate the Qcorr

· Compare Qmeas to Qcorr, 

· if  Qmeas > Qcorr then open the ISEU chain, if not then continue

Note: the parameter ‘∆T’ in equation (1) will be a new parameter of the scanning controller data base (Sc_setup.XML). 
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REVISION HISTORY

		Date

		Version

		Description



		21-Jul-2010

		1

		Initial release.



		22-Jul-2010

		2

		Changed averaging time to time slices

Added backward compatibility section





1 Purpose


This document outlines the design for PRS2971 relating to compensating for the beam turn-off effect.

2 Reference Documents

		Name

		Author

		Version

		Description



		PRS 29721: Specification of Adaptive Beam Turn-off

		Ben Claise

		7/15/2010

		Proposed implementation for PRS29721





3 Background

Since the beam does not turn off instantly, there is a residual charge that is delivered at the end of each spot. A constant factor (T <TypicalTurnOffTime> is computed by measuring the time to turn off the beam, and accounting for the actual shape of the turn-off.  A fixed calibration of delivered beam current versus commanded beam current is also available. The IBA system software presently uses this information to adjust down the requested charge for each spot so that the desired charge can be delivered.


The above scheme will be accurate only under ideal circumstances. Day-to-day variations in the calibration of delivered vs. commanded beam current, as well as more instantaneous fluctuations in the delivered beam current can lead to errors in the delivery of the charge. 

An alternate scheme proposed by MGH/IBA is to dynamically adjust for the turn-off based on the <TypicalTurnOffTime> constant and a measurement of the current in each spot. This algorithm is described in the above referenced document.

4 Implementation


4.1 Computation of the Trajectory Map


The requested charge for each spot should no longer contain the adjustment for the beam-turn off effect as this will be dynamically computed by the SGCU controller.


4.2 Setup Parameters

The following parameters are added to a new node in the sc_setup.xml file directly under the <room> node:

<room …>

<beamTurnoff>

<typicalTurnoffTime value="75" />

<blockAverageTimeSlices value="5" /> 


</beamTurnoff>

These parameters will be added to the bottom of the RoomSetup structure as follows:


// Beam turnoff 


float32 typicalTurnoffTime;  
// Constant from calibrations

int32 blockAverageTimeSlices;
// Time in us over which to average

4.3 Computation of Charge Expected In Beam Turnoff


The SGCU is responsible with the general dosimetry of the system in conjunction with an F100 device. The amount of charge expected to be delivered after the beam is turned off is a function of the average beam current and <typicalTurnoffTime> parameter passed in the setup structure:

turnoffQ  = typicalTurnoffTime x averageBeamCurrent


The averageBeamCurrent is computed by performing a simple block average of the current from the F100 over the number of time slices specified in the <blockAverageTimeSlices> parameter. After computing the turnoff as indicated above, this value will be fed to the F100 which will use the value to predict when to turn off the beam (in advance).

4.4 F100 Dynamic Adjustment of Charge

4.4.1 Old Messages

Presently, at the beginning of each spot, the SGCU transmits the target charge to the F100 at the beginning of each spot, setting command bit 0x01 to indicate that a target charge is being sent and bit 0x04 to indicate that the enable signal to the M10C should be turned on:


		Byte 0

		Byte 1

		Byte 2

		Byte 3

		Byte 4



		0x05

		Target beam current





As the spot progresses, the F100 measures the actual charge each 4 microseconds and subtracts this value from the programmed target dose. If this decrementing value ever crosses zero, then the enable signal to the M10C is dropped interrupting the beam. 

Each 250us time slice the SGCU requests data from the F100 by transmitting a request as follows:

		Byte 0

		Byte 1

		Byte 2

		Byte 3

		Byte 4



		0x00

		0





4.4.2 New Messages

In order to correct for the beam turnoff effect, an additional message will be added from the SGCU that informs the F100 each 250us time slice the amount of charge expected in the beam turnoff:

		Byte 0

		Byte 1

		Byte 2

		Byte 3

		Byte 4



		0x08

		Charge expected in beam turnoff





The F100 will continue to start with a target charge and decrement it as the spot progresses. The decision to “end” and turn off the M10 enable signal is modified by subtracting the charge expected in the beam turnoff from the value of the decrementing charge; if this value crosses zero then the enable signal to the M10C is dropped interrupting the beam. Note that the beam turnoff charge is initially set to zero upon reception of the initial target charge message. This scheme allows the SGCU to continually update the beam current as needed.

4.5 Backward Compatibility


This new feature can be disabled simply by setting the value of <typicalTurnoffTime> to 0. In this case the IBA host would be responsible for calculating the adjustment for each spot as before.
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Current state of the system


The Pyramid F100 electrometer collects the charge from the monitor chamber and, when the target charge is reached, the F100 sends a command to open the ISEU chain. The accuracy with which the F100 shut-off the beam is computed by Scanalgo by adjusting the target spot weight.  This is done using: 
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where Qcorr is the new target spot weight [MU], Q is the spot weight from the PLD file [MU], 
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 is the theoretical MU rate [MU/s], and 
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 is the average time to turn off the beam [s] (called TypicalTurnOffTime in the Scanalgo database).  The extra dose is 
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Drawbacks of the current implementation:


The actual implementation uses the theoretical dose rate which has, in general, systematic difference with the measured dose rate (this difference can be as much as 20%). This systematic difference impact directly the accuracy of the dose delivery: it causes a systematic error on each of the thousands of spots per plan. All these errors accumulate and results substantial difference between the target cumulative dose and the delivered cumulative dose.  


Better implementation: PR 29721


One way of overcoming the drawback described above is to determine Qcorr of equation (1) using the measured dose rate. This implementation can only be done within the scanning controller devices as the host of the information to compute 

Specification for implementation of PR 29721  


We limit ourselves to the high level specification in order to leave room for creativity by Pyramid regarding the fine details of the implementation:


i. Start the measurement of the dose rate only after certain threshold of cumulative charge per spot (apply the same threshold as used to decide to compute the beam position). This spec is to avoid considering background dose rate.


ii. If  i) is Ok, then at each time slice or sub-interval: 

· Measure delivered charge Qmeas

· The measured 
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 is averaged over the elapsed time in the spot from the first timeslice in the spot to the current timeslice, excluding the period where the beam current is ramping up.

· Calculate the Qcorr

· Compare Qmeas to Qcorr, 

· if  Qmeas > Qcorr then open the ISEU chain, if not then continue

Note: the parameter ‘∆T’ in equation (1) will be a new parameter of the scanning controller data base (Sc_setup.XML). 
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