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The ESRF fast orbit correction system has been in operation since May 2012. The orbit correction scheme relies classically on the calculation of a correction orbit based on the SVD
analysis of the response matrix of our 224 BPMs to each of our 96 correctors. The rate of the calculation of the corrections is 10 KHz; we use a Pl loop achieving a bandwidth of 150Hz
completed with a narrow band pass filter with extra gain at 50Hz. In order to make the best use of the correctors dynamic range and of the resolution of the calculation, it can be useful

to limit the bandwidth of loop for the highest order vectors of the SVD, or even to totally remove some of these vectors from the correction down to DC. Removing some of the eigen
vectors while avoiding that the loop becomes unstable usually increases a lot the complexity of the matrix calculations: we have developed an algorithm which overcomes this problem,;

The test of this algorithm is presented. We present also the beneficial effect at high frequency of the limitation of the gain of the correction of the highest SVD eigen vectors on the
demand of the peak strength of the correctors and on the resolution of the correction calculation.

Fast Orbit Feedback layout SVD based orbit correction calculation

Architecture Response Response Exeitation Response 20N TN I R T B T e

eigen e||gen e|gten matrix I - ........ ........ ......... Purple respor]EDe elgen Values . . : :
100|JS VECtOFS Va ues VeC Ors A A A B e e ........ ........ ........ ....... -
cycle - - — — - nEE = B B Vel e A B'I'ue"“cor'rect on__e.|.g_en__.\_/_al_u_es__._5.___.__.5__.___.__5.___.__.5 _______ |

- | = E Ui U106 S, Vis Voe.1 Ri-1 R224-1 Dashed blue Ilnes . | _ AR

_ - v = : : == f : \\ K We|ght|ng Ilm.l.t ........... o o A . 4 L
, : *' = \ i ; i :
s == ) I ) (N I D I O 0 N SN TS et . T
/ = /7 Liberas - \\
{ In each of Ethernet \

(\ ==\ the 32 cells % _U224-1 U22a96| | Ses _V1—96 V96-9g | R224-1 Ra24-96 AT = L e TR T T ]
\ = S JED:D_D/ : I ......... ........ ........ ......... ...... h OrIZOntaI ....... - ________ ________ _________ ________ _____ Vertlcal _______ |

= = i e TR BT, I N IS il v o R R B B
> ~ - . ) = Ne’:_av:;rk e = - Y 4 0 -|I|:| ZID 3I|:| 4I|:| 5I|:| 5I|:| ]'ID glg an 100 0 10 2l an 40 50 B0 70 a0 90 100

DR — o —— a1 — N — _-7 Singular Values Decomposition of the response matrix
~ o - - — — e o —| [T ) _ - - —
T~ — - - - Excitation 1/R Response . . Correction matrix 2] [REIel:
—————————— - ) esponse : Correction Set points P.S. tial For 12 st sample
eigen eigen values eigen T Correctors (partial for 12 steerers)

One of the 224 Beam Position Monitors 8 Feedback Processors _ el R - . vectors 1 C C N _ _ _ _ _ —
= Vi1 Vi-96 1/81\ U1 U221 o et Nix. CXi-1 CX224-1 Axa
= Group of 7 Libera BPMs per cell 2 sniffers boards \

000 1[ 4cabinets of 18 Power Supplies each One of the 96 sextupoles housing the steerers * tQ\ * T - PI s *
\\ +
Vos-1 VsEes L 1/896_ _U e U224-96_ _C224-1 C224-9e_3_ Al 50 I_::iZItIZIC‘)tCh
- N X12 CXi-12 CX224-12 AV
Corrections matrix calculation Orbit correction steps calculation
Effect of the weighting of the gy e i el
eigen values of the SVD Upper plots: —
Initial effect of the fast orbit correction
BPM position stability: on tthe OI’bI'F s;?blllty, without eigen e I BN I T O HEENEEEE
Not very significant for the ESRF storage ring (low Sl NS Y (O O O W O O Qe ek
noise of the Libera electronics compared to initial Dark blue: horizontal/ no feedback
beam position motion Light blue: horizontal/ feedback active -1m
Red: vertical/ no feedback g ; | | | :
Position calculation resolution: Magenta: vertical/ feedback active - I ik N
Better use of the data range available with our fixed e N
point FPGA 565 INTEGRATED Power Spectral Density S T N T e B e S T T T T e N T B B B S S T T B T S
Correctors dynamic range; Lower plots: 1000
Less peak demand on the correctors during the Differential effect of the weighting : . . . :
correction of the orbit distortion caused by the fast Dark blue: horizontal/ no weighting 7 i Corlrgé?;tig];]trr;]eafr?)l(uvrcir':hloou?fIter}te hlcc));lzacl)r?dtavlvith e O'f t'he horlz?mal co.rrectlon ap_plled_durllng
parasitic kick produced during the injection in the SR il [lver el vt vt £ 500 _ b W (left plot) an injection kick (left: no weighting, right:
. . o Sl = (right plot) weighting applied to the S-1 iahti lied
Red: vertical/ no weighting 400} TS weignting applie
Magenta: vertical/ with weighting oLt coefficients
Excitation 1/Response Response _
eigen eigen values €igen _ _ _ INST_ABLE SYSTEM: _ _ _
vectors vectors Vertical orbit correction system effect with a total cancellation of the 30 highest order eigen L reronomey
Correctors B 7 el [ 1 T vectors and the Pl iteration performed after the position to correction matrix calculation 1 '
V1-1 V1-96 1/Sl Ul'l U224' AX c 1500
1 ] (0 to 600ms after the start of the correction) B
@ * 9.4’?'0‘ . . . . . 1000 . : : : . . E‘ 50: ,
o * * [1/S,| % | \ PP A AP T
1. O 92 i - -Sﬂﬂl . '. ; '. : . . l
+ g A d L L - soo b 4 5 0 5 wfrzmle?w 20 25 3 35
S0H2 4 . A _ %5cy\ rectors / | -
Notch filter —V12-1 V12-96- [ O ] — Ul- U224-9€ ‘AXZ‘ 1 qg Jﬁg \ ’| | T SITEGRATED Power: Spectral Dassity
) 96 R 24 86 H = 0—(|LE |IH J $| fﬁ‘ ‘ ',' ||||1|/ux H /\“k ) . T .
Correction matrix (partial for 12 steerers) ) Bl | "! | | & | | y | »n |
oL} 1000 ms -
Instable orbit correction steps calculation = Correct initial damping I wwll  DC part of the 96 correctors ]
781 - current after 600ms n
Excitation 1/ Response Response " 2500 2000 2000 3000 Y000 12000 "5000" e s s T ﬁl?m‘?& I
eigen eigen values eigen
B vectors _ c ; L — vectors - _  _
orrectors 5
Vi1 V1i-96 1/81 Ui-1 U2124- AXl 1200 - - sl , , , : : : : . 05
A “ i ot _ . - Blue: effect of the
* w Driftof the settings | s SVD analysis of _ = correctors drift on the
" T 168‘ * wl Of 30fthe correctors A - | thecorrectors / .| orbit, compared to t
L ; at the start of the settings after ’ ‘l| { .t | t readi 9 ’ ‘ \ |
50H . J,J" 1 | 600ms v [ ] ] l, W aﬂ 'FT’ i il \
L V1i2-1 V12-96. Notch fizlter 0 L Us- U224 -AXZ—Z— - IOOp wj,._,rf | . . —_— || y.'{‘| Ir'ﬁ | l"-*. || o“h ||ifl lhl lf Pli '] ﬁ M [’Jir]xq | || njt,i“““ Hr!l’lﬁiﬁ!i'lm'll‘l
e % s . R T W W L
96X12 matrix (partial for 12 steerers) 96X224 matrix 0 w%w - |U| rw gl -0'2_ |
200 - WM g B2 T s
Stable orbit correction steps calculation: " , 600 Mis™/-s EEESEEEe— 2 i F o
big increase of the calculation complexity ; 2 = -
TEST OF THE ALGORITHM BASED ON THE SLOW TRIM OF THE BPM OFFSETS
was : : : : 5x10'3 ! ! T ! ! ! ! ! 1.5x106
Corrected orbit = | ................ ................. ............... 1 . - ,,,,,,,,, ....... ........ ......... ........ ......... ........ ....... d
([YImxa~ [ Y ref Tux))-Ryxn X [A01ny: - —— ﬂ il oo I’ ............... ) e ’ ........ e ;\ ....... ! | R P ‘B ma i
2‘,“”[( 0 1 """ (| l"'@""]\"'i 1 """"" | - }\[ """" """""" -------- -------- --------- ------ | ------- g 0'5___\ ___________ \ _____________ T— “f""nz“'l ,w ________
1;“‘ 1.1. ’) ) ‘\ "!rj l|| . hl |] l\ ----- f ........ _ 1_'r.l]i|‘](l|)',|}i| ....... I‘Hﬂﬁl’f ...... { ....... _ ']* liu d | | |h u bl 'ﬂ I]IJ[ ‘|"|| ‘ l ”
[ Y ref Jyye + Q [6Y] w1 [R] N XM g_||{... ‘ ‘ u. “M _..EJ{___ W | ‘lﬁ flﬁ. u.\l\ ‘ ......... 4 0 4"':-.;-.14..\,%"‘.11 “JH’ML ‘fﬂ 'l'*’k;ﬂlﬁ‘i'l'\if"'“"l“': J|'§';‘|"l[\"|('.'3":?""”"!\,”'ii'g',l'ﬁ"'" ol \J (1 ,,l.\..l q-f l,| l' LN’ '..l....H. |f!]‘ ............ ]
— A (l .W_'i_ L) b' ) 1A e 1 P . || 5,\..;...,,5 ,,,,, L II}?'J»-"I.‘||~~~; ..... '\‘.-%1'14"'-".-..— |1 “‘| | §‘|‘|.f"”"“| |;h ;454 le fp{ "I‘ | ‘ |
e ; z T A NI el | B A LA ' ........ |0 | | -
PlD/nOtCh [AG]NXI o llll) o | | ) e ..... JJ')} L ........ | ............. ) A ... ......... ........ 5 IH ..... ......... .................................. L' ....... 1 U5<L] 1lf U # w i W "
parameters ) 3 U1 1 | ; A 4 [ | N _ . . “ ..... - A . . _— U ] : ' 1 :
¥ g 3 & 3 3 3 S 5 R | B R PR TP ......... S (O ¥ SRR
N correctors . EERNETERIPANTRETINAY, SGe NRae SOPEETRNNES IR 1 (RS N [ R SR N T kl ..... ...................................................... [
[Y]Mxl'DCMx1 Q_I_ <:| M BPM Storage 5 50 100 150 200 250 015 20 30 40 50 &0 70 80 80 100 i s e = T e
= ring BPM offsets evolution after one hour  Corrector currents evolution after 1 hour Orbit reading evolution after one hour
x10" 3 v
DCpx1=AV( [AB]\u X [Ryoev] MR)\ _ : : ? ? : e e Ehes
: DS Slgnal 3 Z B 5 . ¢ 2 Z Z 7 i 3
. . processing 15_ ............ SVDanaIys|s .......... ................ . 3l j : : R R U R R RN R J i
DC correction suppression on the e g g
, : ; signal : : : : B e BB e AL R .
hlgher Order elgen Vectors processing . . ................. ................. ................. ................ | : : : . : : :
: : ; 3 : : : : : 1.5
1k B B L R R AR eirmames _
05— ...... ot {’ ................. ................ i ‘] ! . .
Sl A z : o{ VO R R SO 1) S0 AW L' 2 R A0 ) VP A A
_ o | S
Eigen vectors DC suppression without modification of 5 | f ISR TR L R P R S “
the fast orbit calculation loop using a slow trim of the | e S G e e G 5 B -
S IO e B B e e B e ) B
BPM offsets ; . 1 , R EEEEN _ _ . .
o a0 100 150 20o 250 P9 10 20 30 40 50 60 70 60 80 100 b =0 700 150 200 250




