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1 New Versions

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

	Scanning Controller Gateway Server
	PC
	
	3.9c

	SGCU controller
	A500
	
	

	RCU controller
	A500
	
	

	FCU controller
	A500
	
	

	NECU
	A500
	
	4.23

	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 Gaussabola algorithm needs to be implemented on the NECU in order to improve the calculation accuracy. It has been noticed that the calculated beam position can jump by significant distances (up to 2mm), particularly for broad beams centered around the middle of a strip. Analysis of the “beam jump” issue is shown in the email below. For compatibility the CoG algorithm shall be retained, and each axis should be allowed to select between one of the two algorithms.
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1.2 Design
The FCU Gaussabola algorithm will be transplanted to the NECU. A new setup.xml parameter <necuWidthDiscriminatorPct> (analogous to fcuWidthDiscriminatorPct) is be added to the XML file and A500 structure:

struct RoomSetup
{
...
float necuStripGainX[12];
float necuStripGainY[12];
int32 necuPositionWidthAlgorithm;
float necuPeakThresholdQ;
float necuAccumulatedSumThresholdQ;
float necuWidthDiscriminatorPct;
...
} 
The <necuPeakWidth> parameter is obsolete. The <necuPositionWidthAlgorithm> parameter will now be used to select the algorithms to use for each axis as follows. This parameter has no other meaning.
Setting        X-Axis             Y-Axis

0                 CoG                CoG
1                 Gaussabola    CoG
2                 CoG                Gaussabola    

3                 Gaussabola    Gaussabola
1.3 Testing

See version 3.9c test results.
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Ben,



 



We further analyzed the “jump” problem in computing IC1 positions. In fact we can reproduce this behavior using the existing CoG algorithm when we use a “broad” shaped beam, which unfortunately was not well verified by our test plan. 



 



We ran data on the simulator from 5.0 to 6.0 in 0.1 increments, recorded LastSpotData, and compared the NECU computed values to spreadsheet calculated values. Two different peak <necuPeakWidth> settings were used, 3, and 6. We also computed the results for the new Gaussabola algorithm as applied to this data. A spreadsheet is attached that summarizes the results.  As well as the results from the A500, there are various off-line calculations from the same data, including the existing CoG calculation with various window settings, the Gaussabola algorithm with two different “step-out” thresholds, and a full Gaussian fit to all the datapoints.



 



Observations:



1.       There is a algorithmic flaw that  causes an artificial jump around zero, as the data moves in and out of the window when the window is set to less than the total channels (such as tested for values of 3 and 5).



2.       The existing CoG algorithm as implemented in the A500 has a flaw that does not properly use the lowest channel when the window is opened up.



3.       A window of 0 is the only way to force the calculation to use all of the strips. When this is done we do not see any artificial jump as the peak is moved, so you should try this.



4.       The Gaussabola appears to give better results with our test dataset at least, both in not showing spurious jumps and also in absolute accuracy.



 



Given this information, it appears to us that the Gaussabola would be superior.  If you have more cases that you would like us to run through the offline calculation options to guide the choice of algorithm that we should implement for the NECU, feel free to send them to us.  Our recommendation, which I believe Yves and Gabriel agree with, is to move ahead with implementing the Gaussabola for the NECU.



 



Bill



 



William Nett



Executive 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.



 





NECU centroid alternatives.xlsx

Results


			Data generated at nominal positions by simulator hardware (therefore some noise)


			Data analysed by A500 algorithm and various off-line algorithms


			Strips			4.6


						Nominal			-2.3			-1.84			-1.38			-0.92			-0.46			0			0.46			0.92			1.38			1.84


						A500			-2.319			-1.989			-1.665			-1.341			-1.013			-0.691			0.983			1.309			1.633			1.959


												0.330			0.324			0.324			0.328			0.322			1.674			0.326			0.324			0.326


									-0.019			-0.149			-0.285			-0.421			-0.553			-0.691			0.523			0.389			0.253			0.119


						GaBo_0.9			-2.406			-2.038			-1.573			-1.137			-0.699			-0.121			0.326			0.613			1.046			1.479


												0.368			0.465			0.436			0.438			0.578			0.447			0.287			0.433			0.433


									-0.106			-0.198			-0.193			-0.217			-0.239			-0.121			-0.134			-0.307			-0.334			-0.361


						GaBo_0.7			-2.580			-1.895			-1.432			-0.963			-0.500			-0.012			0.437			0.909			1.377			1.843


												0.685			0.463			0.470			0.463			0.488			0.449			0.472			0.469			0.466


									-0.280			-0.055			-0.052			-0.043			-0.040			-0.012			-0.023			-0.011			-0.003			0.003


						CoG_w3			-2.341			-2.169			-1.997			-1.824			-1.655			-1.482			1.574			1.746			1.919			2.091


												0.172			0.171			0.173			0.170			0.172			3.057			0.172			0.173			0.172


									-0.041			-0.329			-0.617			-0.904			-1.195			-1.482			1.114			0.826			0.539			0.251


						CoG_w5			-2.320			-1.990			-1.665			-1.342			-1.014			-0.691			0.983			1.310			1.634			1.959


												0.330			0.324			0.324			0.328			0.323			1.674			0.326			0.324			0.325


									-0.020			-0.150			-0.285			-0.422			-0.554			-0.691			0.523			0.390			0.254			0.119


						CoG_w12			-1.788			-1.430			-1.079			-0.723			-0.367			-0.010			0.346			0.702			1.058			1.412


												0.358			0.351			0.356			0.357			0.356			0.357			0.356			0.356			0.353


									0.512			0.410			0.301			0.197			0.093			-0.010			-0.114			-0.218			-0.322			-0.428


						GaFit			-2.276			-1.809			-1.358			-0.894			-0.436			0.026			0.486			0.941			1.404			1.860


												0.467			0.451			0.464			0.458			0.462			0.460			0.455			0.463			0.456


									0.024			0.031			0.022			0.026			0.024			0.026			0.026			0.021			0.024			0.020





Meas vs Nominal


A500	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-2.319	-1.9890000000000001	-1.665	-1.341	-1.0129999999999999	-0.69099999999999995	0.98299999999999998	1.3089999999999999	1.633	1.9590000000000001	GaBo_0.9	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-2.406341049607799	-2.0384804020661522	-1.5732172180800414	-1.1373017050111018	-0.69913642300650236	-0.12096006188762905	0.32605449306494289	0.61317925832299369	1.0459055862471733	1.4792233989535137	GaBo_0.7	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-2.5804936441529351	-1.8950319598132508	-1.432217245660486	-0.96252439967754511	-0.49973846320646542	-1.2002496696950733E-2	0.43705339193794068	0.90866027365730706	1.3773698466252469	1.8432540997576108	CoG_w3	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-2.3412013658538533	-2.1687143706162972	-1.9973735869045499	-1.8243059774033443	-1.6545162776156501	-1.4824495862465776	1.5743814007387555	1.74646707446659	1.9190611921088256	2.090868992005988	CoG_w5	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-2.3198003801965617	-1.9897065407994456	-1.6654189998750806	-1.3416180932130808	-1.0138701908084176	-0.69107896037214067	0.98301540268466148	1.309509334231054	1.6336998076093181	1.959074385750152	CoG_w12	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-1.7883704798190927	-1.4303866648493748	-1.0792852380984894	-0.72342011221971714	-0.3665379960668575	-1.0354681669097057E-2	0.34619181285050066	0.70186548374508262	1.0581679266908803	1.4115567977129309	GaFit	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-2.2757683724559441	-1.8085196473463299	-1.3580134367671379	-0.89392801595866578	-0.43577910621181132	2.6302863575604248E-2	0.48620061517239144	0.94142562012294462	1.4040680949494153	1.859640462623084	Abs error vs Nominal


A500	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-1.9000000000000128E-2	-0.14900000000000024	-0.28500000000000014	-0.42100000000000004	-0.55299999999999994	-0.69099999999999995	0.52300000000000002	0.38900000000000001	0.25300000000000011	0.11900000000000022	GaBo_0.9	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-0.10634104960779922	-0.19848040206615236	-0.19321721808004155	-0.21730170501110191	-0.2391364230065024	-0.12096006188762905	-0.13394550693505708	-0.30682074167700624	-0.33409441375282656	-0.36077660104648612	GaBo_0.7	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-0.28049364415293532	-5.503195981325093E-2	-5.2217245660486133E-2	-4.2524399677545177E-2	-3.9738463206465457E-2	-1.2002496696950733E-2	-2.2946608062059282E-2	-1.1339726342692868E-2	-2.6301533747530303E-3	3.2540997576109287E-3	CoG_w3	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-4.1201365853853478E-2	-0.32871437061629738	-0.61737358690455002	-0.9043059774033444	-1.1945162776156502	-1.4824495862465776	1.1143814007387556	0.82646707446659007	0.53906119210882575	0.25086899200598811	CoG_w5	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	-1.9800380196561829E-2	-0.14970654079944579	-0.28541899987508068	-0.42161809321308086	-0.5538701908084176	-0.69107896037214067	0.52301540268466151	0.38950933423105405	0.25369980760931821	0.11907438575015217	CoG_w12	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	0.51162952018090713	0.40961333515062504	0.30071476190151047	0.19657988778028279	9.3462003933142468E-2	-1.0354681669097057E-2	-0.11380818714949931	-0.21813451625491731	-0.32183207330911956	-0.428443202287069	GaFit	-2.2999999999999998	-1.8399999999999999	-1.38	-0.91999999999999993	-0.45999999999999996	0	0.45999999999999996	0.91999999999999993	1.38	1.8399999999999999	2.4231627544055723E-2	3.1480352653669996E-2	2.1986563232861966E-2	2.6071984041334151E-2	2.4220893788188647E-2	2.6302863575604248E-2	2.6200615172391473E-2	2.1425620122944689E-2	2.4068094949415419E-2	1.9640462623084165E-2	


Data


									7.86E-09			7.42E-09			7.03E-09			6.62E-09			6.24E-09			5.87E-09			5.51E-09			5.20E-09			4.86E-09			4.56E-09


									1.29E-08			1.24E-08			1.18E-08			1.13E-08			1.07E-08			1.02E-08			9.69E-09			9.20E-09			8.74E-09			8.28E-09


									1.94E-08			1.87E-08			1.81E-08			1.74E-08			1.68E-08			1.62E-08			1.56E-08			1.50E-08			1.44E-08			1.38E-08


									2.55E-08			2.50E-08			2.44E-08			2.38E-08			2.32E-08			2.26E-08			2.19E-08			2.13E-08			2.06E-08			2.00E-08


									3.00E-08			2.97E-08			2.93E-08			2.89E-08			2.85E-08			2.80E-08			2.76E-08			2.71E-08			2.65E-08			2.60E-08


									3.17E-08			3.17E-08			3.17E-08			3.16E-08			3.14E-08			3.13E-08			3.11E-08			3.09E-08			3.06E-08			3.03E-08


									2.99E-08			3.02E-08			3.05E-08			3.08E-08			3.10E-08			3.12E-08			3.14E-08			3.15E-08			3.16E-08			3.16E-08


									2.49E-08			2.55E-08			2.60E-08			2.65E-08			2.70E-08			2.75E-08			2.79E-08			2.84E-08			2.88E-08			2.92E-08


									1.93E-08			1.99E-08			2.06E-08			2.12E-08			2.18E-08			2.25E-08			2.31E-08			2.37E-08			2.43E-08			2.49E-08


									1.29E-08			1.34E-08			1.41E-08			1.46E-08			1.53E-08			1.59E-08			1.65E-08			1.71E-08			1.78E-08			1.84E-08


									8.07E-09			8.53E-09			8.99E-09			9.47E-09			9.95E-09			1.05E-08			1.10E-08			1.15E-08			1.21E-08			1.26E-08


									4.36E-09			4.66E-09			4.94E-09			5.28E-09			5.60E-09			5.96E-09			6.33E-09			6.71E-09			7.11E-09			7.53E-09











