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@ Outline F@ER:AP

» Feedback layout
- Network
- Frontend computers
- Beam position monitors
- Correctors

* Time schedule

= Algorithms

= Operative results
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d@%  ceedback network layout -t

*NRM
- distributed shared memory accross cpus (Gigabit) F;::ﬁ?n:zs NRM

- star topology, broadcast Server Master
- max. propagation time: 1ms ; |E3|||i||||||

=Trajectory feedback data payload: 3Kb x shot (150kb/s) T =

Control System (Tango)

Network Reflective Memory (NRM)
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FERMI
CPU: Frontend Computers ’ \?

= Operating system: Linux, kernel 2.6.25
= Control system: Tango

= In order to support a 50Hz feedback, sensor
acquisitions, processing and actuator settings
have to be performed in just a few ms.

=Worst jitter case for a “simple application”

running in userspace (plain Linux): 37 ms

*Real-time patch: Xenomai 2.4.8
» Best jitter case for a “small” piece of code
executed in an interrupt handler (Xenomai):

= Data acquisition and calculations are
executed in the interrupt handlers of ‘ Shared memory

Gigabit, VME, and programmable timers.
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FERMI
. = - @elettra
el Beam Position Monitors -

Stripline BPM
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Stripline BPM R S

= 55 sBPM installed 7[
= 6 VME PPC Crates |—

= Up to 15 sBPM x CPU

sBPM
= Libera Single Pass (I-Tech)

= 100 Mbit/s port for monitoring
= 1 Gbit/s port for data transmission
- Each sBPM generates 1100 bytes

(UDP) per shot (position + 4 raw i)
waveforms) {l b
CPU ) ‘"*%h \"\ |J,[”‘WU - = Measured resolution:
» Data collected in the CPU ethernet " L
ISR : = Resolution goal:
= sBPM positions acquired in about D[ L

140 ps

20 40 60 80 100 120 140
L
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Cavity BPM R S

= 25 cBPM installed
= 3 VME PPC Crates
= Up to 12 cBPM x CPU

cBPM
*Two (ADC/DAC) uTCA boards [
(manifactured by Elettra) : [ 13556465 tmmi

- ADO: get signals from cBPM frontend [ s

- ADA: drive calibration signal
= 100 Mbit/s ethernet port for
monitoring and data transmission
= Each cBPM system generates 6.3 KB N = May 2011 measured
each shot (4 signal waveforms + 4 , resolution:
calibration waveforms) = . ;::12:)"11? measured

CPU _ | resolution:
= Position calculation and supervision 2 pm rms
performed on the CPU (ethernet ISR) + Resolution goal: &\
- . - N : _

Current max rep. rate: 10 Hz@ 1 pm rms \Q/
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FERMI
@elettra
Correctors v}

= 390 fast Power Supplies
(cors,quads)
- 146 of them are correctors

=11 VME PPC crates

= Up to 40 PS x CPU

PS

= 2 Models: A2605 (5Amp), A2620
(20Amp) (manifactured by Elettra)

= 100 Mbit/s ethernet port | SnowPots |
= Up to 200 Hz maximum current setting | |

rate (UDP)

CPU | [ = A2605 stability
8h):

= 6 ms after the beam shot, a timer go gpm (full scale)

(10kHz) triggers a realtime process to ( :h2)§20 stability

send current settings (round robin 50 ppm (full scale)

scheme) to each of the PS " Max. ripple
(resistive load):

= correctors PS set in 2 ms . 30 ppm

400 600 Max. settling time:
> —— Y 9 ms
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et Feedback time schedule S

A

\IO ms: bunch number start propagation on NRM (1 ms)

Al 1.2 ms: Fermi shot; acquired beam position from bpms (0.14 ms)

1|34 ms: bpm position values propagating on the NRM (1 ms)

. H.O ms: feedback calculations (0.6 ms)

3.;| ms: corrector values propagating on the NRM (1 ms)

m 7 ms: dorrector ps set (2 ms)

9 ms: corrector current settling time (9 ms)

(o) 1.2 ms 20

= 50 Hz
mains Processing + data transm.= 5.7 ms

Power supply = 9 ms

. Idle time = 5.3 ms

B
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@

=Since all feedback operations are
performed in the intra-shot period,
the closed loop dynamics is only
dominated by one sample
delay.

» Selectable input filters:

- IIR

- Median

- Heuristic despiking rules
= PID controller + harmonic
suppressors (notch filters)

» Developed a tool in Matlab to simulate
the closed loop model

» Validated the real system (repetition
rate 10Hz) with the model (beam
excited with a set of sinusoids)

= MIMO: SVD to invert the Response
Matrix

Step Response
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dem Feedback layout -t

Linac Fast Trajectory Feedback (FTFO)

,— ---------------------------------------------------
200m [100 MeVv 300 MeV Linac 800 MeV 1.5 GeV
al
L0 Laser-heater L1 BC1 L2 L3 BC2 L4 Diagnostic
| Beam
N e ———————— peL
FTFO Undulator Fast Trajectory Feeback (FTF1)
—————————————— wy Y EEEEEEEEEESEEEEEEEEESEEEEEEEEEEEEEEEEENEEEEEEEEEEEEY
\ E
I: Dispersive
100m Spreader ¥ Section Undulator Hall ggL1

Dispersive Delay pispersive

Séction Line
J Section gy Modulator Undulator
[ Radiator Undulator

Linac Fast Trajectory Feedback: 34 BPM x 34 COR

Undulator Fast Trajectory Feedback: 8 BPM x 8 COR

B
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FERMI
@elettra

Feedback configuration

» Feedback configured
through Tango Devices
(BPM, correctors)

» Feedback configuration
(filters, matrices,
weights) saved and
loaded from it++
workspace files
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File Edit Tools Filter

Jive 4.19 [srv-tango-srf:20000]

class | alias | Property |

|-Device properties [fffeedback/ftfl]

o ] ecvac-kg02-01
o=Jeh
o-Jesa

T =7

Device | Property name | value
“||AutoRestoreMaxSec 600 =
- = EC'S_I'SIPBr'DI 1| || AutoRestoreMinSec 10
o [ ec-tim-ltdr-01

; BmeanFig cbpmn_sfel01.01
: cbpmn_sfel01.03
cbprn_iufel01.01
cbprn_iufel01.02
cbpm_iufel01.03

o [ access_control
o [ alarm
o 3 diagnostics
¢ = feedback
¢ & ftfo

cbpm_iufel01.04

; cbpm_iufel01.05

E cbpm iufel01,06

| Configuration ftfl_1 b2 ¢2 20110623 _141304.itpp
; fl_2 b2 ¢2_20110623_151111.itpp
fl_3 b2 c2_20110627_141149.itpp
fl_4_b2_c2_20110627_141227.itpp

&%E;ﬂmmes K¢ 175 b2 2 20110710_090256.itpp
wEErort ! f16_b2_c2_20110721_092209.itpp
Akt " f1_7_b8_c8_20110807_093608.itpp
tributs config 2l f1_8_b3_c8_20110907_110034.itpp
tribute properties F f1 9 b8 c8 20110916 112959.itpp
Lodwgg ‘ 1710 b8 cB 20110927 140531.iton =
¢ @ ftil “|| ConfigurationPath runtime/site/ec-fb-srf-01/etc/
o [2%] Properties Ll 13
4 Palling “lcorconfig psc_sfel01.05:2
EA Event : psc_sfel0l.06:2
) Attribute config : psc_fel01.01:2
o By Attribute properties ‘I psc_iufel01.01:2
Logging psc_iufel01.02:2
o & gf2_f psc_iufel01.03:2
o @ gf3_f psc_iufel01.04:2
o @ of f i i 1 5.2
o Jinterlock :|| DefaultConfiguration ftfl_& b8 ¢8_20110907_110034.itpp
e ‘|| FastDisplay false
o_g Ir:i‘::; ‘|| Feedbackindex 1
° “|MeanSamples 10
# &l misc || SlowtodeFID 0
o [ modulators : 0.01
o [ radiation_protection : o
o [ timing | SteerModeTikhonov 0 |
-Ifa : 1 et
o &
o_g:::gi v Refresh H Apply H New property H Copy || Delete
o
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A FERMI
w Response matrix calculation S

Trajectory Plots | Corr. Plots | RM Calculation |
Shot to shot matrix calculation [ stanmvcac |
integ rated in the feedback [ Store RM | [tfo_77_b34_c34_20110928_100515.itpp [+]
[ Load RM |
= The power supplies are driven Lt ]
Sequent|a||y W|th mU|t|p|e RM Correlation Range: | 0.130
programmable current ramps i =rie ] :
RM Num. Points: | 2
. RM Num. Waves: | 2
* In the meanwhile the BPMs are AM Recovery Samples: | 5
acquired synchronously to the PHlkes Hade EEEE
corrector excitation
= If a corrector strength is so high to
kick off the beam, ramp amplitude
automatically is decreased and measure
is repeated
= Algorithm calculates the response
matrix correlating ramped kicks and
trajectory distortions (linear regression)
= Calculation performed at the same [ } [ ; }
tlme on both Ianes o thI"] If on i | set Reference 0| [ ] Slow Mode [ | Steer Mode | Standby off ‘_1-;
p ( p ) [Forcercarr. toOHTransfeerCorr.] ZposMin:I 0.50 Zpos Max: | 174.60
I Trajectory feedback is ON

S
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Response matrix calculation

Shot to shot matrix calculation
integrated in the feedback

= The power supplies are driven
sequentially with multiple
programmable current ramps

= In the meanwhile the BPMs are
acquired synchronously to the
corrector excitation

= If a corrector strength is so high to
kick off the beam, ramp amplitude
automatically is decreased and measure
is repeated

= Algorithm calculates the response
matrix correlating ramped kicks and
trajectory distortions (linear regression)

= Calculation performed at the same
time on both planes (option)
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FER'\AP,
@elettra

Trajectory Plots | Corr. Plots | RM Calculation |

| Start RM Calc

[ Store RM

[ Load RM

[ Abort RM Calc

J
| [ftfo_77_b34_c34_20110928_100515.itpp
|
|

~ Calculate

RM Correlation Range: |

0.130

Maximum Retries: [

0

RM Num. Points: |

RM Num. Waves: |

RM Recovery Samples: |
RM Fast Mode (%]

[ Normal [ Expert |

:
3
:
-

AL ALAA
ABORT +02.8787 | APPLY
A A A a-A-ad
Current Set Point: 2.8749 [A]

Power supply is ON

[ Show Plots ]

.] Current | Current Set | Voltage | VDC Link |

2
2
0

RM Ramp Mode (%!

29

|

2.85 |

pe— I ™

[_] steer Mode [ Standby H off }

Zpos Min: I 0.50 Zpos Max: | 174.60

28

275

bdback is ON

LB B o e e e e e
750 760 770 780 790 800 810
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: FERMI
@elettra

Response matrix calculation

I_l Acquiring data
X 0.033 [mm]  rms X 11.040 [um] A 38166749
¥ 0,010 [mm]  rms ¥ 12.730 fum] | ] 38414659
Q 653241 ms Q No Data 2 3 37816200 ook number
. #avg 10.00 D 38675142 42423005
2] (n]
o .
> 15
>
054 -
a E
8 F 1 P 1
= g °F LJ_LJLM [ Bl +
3 0.5 f i S I
a4
] ]
-15 - -
o 500 1.000 1500 2.000
# of X samples 2000 Update
| O S
054
T 1
E °3 I
>.05
-1 ]
T T v r T r v T T v T T r T T r r T
o 500 1.000 1500 2.000
# of ¥ samples 2000 Update
! -~ AT A e i A W T o
500,000 4 [E—— - o ;"‘; " s oo — B sl R i
500,000
T 400,000
=
300,000
o
200,000
100,000
0 500 1.000 1,500 2,000
# of Q samples I 2000 Update
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FERMI
- - @elettra
der i Response matrix calculation \;

Ll Acquiting data |_| Acquiring data
zz:z‘"‘"" meX | resom T A cmesrs x [ 003aimm msx [ 14768 um E A Im
' } 6;3::] ::: 12.730 fum] é : z:i::: N % -0.012 [mm]  rmsY I 11.401 [um] B[ 3sseresz
: #avg woe | | o 38875142 42423005 Q 655202 rmsQ I No Data [« 38343275 B i
(2] e # avg 10.00 D 38485798 42425575
: e ™ ' '
[E bl | S | 2 Tl min |
u de T
, SE DL AT VYV ATV VTRV VY VY
# of X samples 2000 [ Update é ! “ \{U ” “ ! |
l. - |
u.si IL - -1.5 E : l - : . l’ V : . . : - : - :
E-o.: i ' l\ I T # of X sanr1ples [’_. 2000 ] l Update I
| e S——— N T TR -
C———— - N }\/\/\/\M Lo R TR R A A prd
L s - 11 1 AR A A AL LV RN LA
gmn,non “ 712 ” J J ” V \[ i
? oo | ee6e
‘ L e ake T # of Y samples [ 2000 I [ Update I
s H IRV N IVAVASS et WA N /e
Gn.ssu,ooo; \ 'H / \ /\ / \”/ \/
;500,000 % \ / \' \_J \p/
450,000 E \/ \/
I
# of Q samples ’ 2000 I l Update

D
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3 FERMI
et Response matrix calculation -

. Acquiring data . . Acquiring data
e [ oostiom fmex | sesesu B a | aseer
(Lol el e S e I
- 10.00 - D 38485798 Euncd::g:?rs
P 8] ] ™ | '
1 [RE— G AT Wi |
l, P L 1 N R AV TN TVTY IRTY PP YN
, 1E .. TR VI e ANGSRTA VR AR R AR
l ‘; of X samples 2000 ] Update . ,1 1 u \[ U \ \, |
;E_.-o-: I i o #of X sample: '[50 = 2000 = ] lszo 640Update = I
3 | - ——
:o ' ’ ’ " s " ’ " 1o | ’ ’ " s ' 0-55 II” n n n‘ 4 ﬁ hod
e I U T 1 N TLE Y VTV IOV RVILT LY LY Y Y INTV YNNG
ot [ s =0 RTINS RV AR N NN
~ 0% IO
? ot | ee6e
; . l.ruo l . *ofvs:::,les[ 560 o 580 6]00 l 620 — 640 6|60
i EI N Aeh W R IVAVASS ea- el A A
* a minimum of 4 shots per § \ /\ / \\ /\ /
corrector to get a reliable response N BV o
matrix I
= 20 s to get the response matrix mffﬁp.es[ = e ] lss'o uf,ile 570
of both feedbacks at 10Hz linac

repetition (4 s at 50Hz)

S
ICALEPCS2011, Grenoble , 10-14 October 2011 Giulio Gaio — Commisioning of the FERMI@Elettra Fast Trajectory Feedback 17



@ Closed loop data F@%pr

Transverse beam Horizatal position
stability specifications: ! |
Q < 20 pm rms (hor/ver)
in Linac area (avoid
wakefields effects)
Q<10 gmrmsin
Undulator area (to
preserve FEL)

Noise sources (mainly in
Linac):

» Thermal drifts

» Performance drifts of Vertical position
accelerators components i é

= Discharges in RF plants ON I OFF
(spikes) and erratic trips ' 177 I 1
of RF/Timing

Loop OFF

Hor. avg. rms: 19 pym
Ver. avg. rms: 10 pm
Loop ON i : :
Hor. avg_ rms: 18 |_|m 0 500 1000 1500 2000
Ver. avg. rms: 11 pm

BPM resolution: 10 pm
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w Feedback operations @V}

)| Figure 3: L03.01_VERT - K08

Feedback is used to: SsuslsXomes 30 "0
15
= Stabilize the trajectory during 1 B
experimental shitfs.
0.5 118
= Perform trajectory scans into -
accelerating structures to find the —> =
trajectory which minimizes beam e I
emittance: this is done with feedback ; =
ON by changing the setpoints i i
Um0 ige o 05 ” 15
= Restore a golden trajectory e =
= Decouple operations during machine = T I Y T I
commisioning shifts; keep the beam [ o
trajectory stable when: | -
- Change beam energy: [ asass sesarinsns weaarsasne snnr aand| AEA TR IE RN LES
- Change RF phases l_é:,‘fmba[-‘,i.t.cgnraﬂy - s;:;::ue [1,x], “svalue’, {{'rtbpn_102,04'
- Switch off accelerating
structures |- T
- Change of machine optics :

J
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@ Feedback interface F@%Ry

Trajectory Plots | Corr. Plots | RM Calculation |

GUI (provisional) configured on B PP

the fly by reading the list of bpms =

and correctors from the feedback 0s

Tango device :

Main commands

= On/ Off / Standby 29

= Goto Reference Trajectory PRt , , : , , ,

- SlowMode 1_5:°ff - ﬂ:ﬂ— - 10 15 20 25 30
true: slow controller (ki =0.01) 1 . ﬂ—-—ﬁ—rao """""""""""
false: fast controller (ki =0.2) ]

= SteerMode
true: no SVD regularization 0 i
false:Tikhonov regularization .

= ZposMin, ZposMax § —

Apply the feedback only on a part ||

of the machine (meters from the 155 R WU U SO S S S—

gun) (] S 10 15 20 25 30

on |[setReferenceo|[SlowMode [steermode | standby || of |[Tom
reeFbCorr. to 0| | Transferfbcorr. | zposmin: [ 050  ZposMax | 20169 W ani
Trajectory feedback is ON
[ForceFbcor. to 0| | Transferrbcorr. | zposmin: [ 4508 zposMax: [ 107.28
I Trajectory feedback is ON

I
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., : FE R\MI?
Q‘m (@elettra

Many thanks for your attention!!!

I
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