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- HOW TO TEST CONTROL SOFTWARE?

Page 2

Test in progress.... Tested v Tested v

User [> Control software [> Power Supply [> electromagnet
: gl 7\ UIH

s N iy W0 R

If the equipment we want to test can be separated from the rest it may be close to trivial.
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- THERE MAY BE MORE LAYERS OF SOFTWARE

Test in progress.... Testin progress.... Tested v Tested v

User [> Strength-2-Current [> PS Control [> Power Supply [> electromagnet
Go

b b e

1t80 TANGLA, TANGL. |\\L/-ﬂ M (NE |

T/m! @] =& :
Cmes

There may be several layers of software

Page 3 | ESRF-EBS Simualtor | 14-22 Oct 2021 | S.M.Liuzzo et al. The European Synchrotron | E!



- THERE MAY BE MORE LAYERS OF HARDWARE AND SOFTWARE

Test in progress.... Test in progress.... Tested v Tested v
User [> Strength-2-Current [> PS Control [> Power Supply [> electromagnet
Go b b
to TA N G,v 3, TA N G,«/ >,
100
T/m!

Test in progress....

[>TANGE

Test in progress....

[>TANGL

There may be several layers of hardware and software
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- THERE MAY BE MORE LAYERS OF LAYERS OF HARDWARE AND SOFTWARE

Test n progress R Tested ¢ Tested v
I Strength-2-Current |>| PS Control |> I Power Supply | D electromagnet

TANGA.  TANGA. I SN
BNy (: STt s

User

>

Goto: J:=0]

>TaNGS.

LN

100T/m ==
[>TANGA, w0
30T/m =@

21T/m

I Strength-2-Current

TANGA.

TANGA, 5
b |

g

-10T/m Y=t

DTaNGs oy

61T/m =@

[>TANGA Bt

-120T/m =@

\\\\\\\

TANGL:,

TANGA,

[>TA i;’G,f‘\

[>TANG,A,

\'.\\'Li?: —— 0
|-=S
me=s

I Strength-2-Current

Test n progres: Tested /
|>I PS Control |> I Power Supply |

TANGA,

TANGL:,

[>TANGA

[>TANGA

D electromagnet

v

Tested
0

There may be several layers of layers of hardware and software
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- IN SOME CASES IT IS NOT POSSIBLE TO SEPARATE FROM THE WHOLE

Page 6

User

Go to
133 pm!

>

Test in progress....

Control software

TANGLS.

>

Tested vV

hardware

>

Tested vV

Electron beam

srdiag/ccd/c09-1 G |

In some cases it is not possible to separate from the whole
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- IN SOME CASES IT IS NOT POSSIBLE TO SEPARATE FROM THE WHOLE

Page 7

User

Go to
133 pm!

>

Test in progress....

Control software

>

0
TANGS,

Tested vV

hardware

>

Tested v

Electron beam

srdiag/ccd/c09-1 G |

In some cases it is not possible to separate from the whole
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- THE EBS SIMULATOR

Test in progress.... Tested v
User [> Control software [> hardware
]
= TANGEA
133 pm!
R

Replace the electron beam by software!

>

Tested vV

Electron beam

srdiag/ccd/c09-1 G ]

/

THE EBS SIMULATOR

Applications | | High level Device Servers ||| Simulated Hardware DS

To be tested in the EBS-Simulator TANG,
CTRM PRODUCTION SOFTWARE Simulated beam

¥

Simulated electron l python
Beam response

diagnostics DS
\ g

Same DeviceNames/Attributes/Commands as CTRM
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JIVE + DOCKER

¥ ebssimul ( ring simulator ) Control

Start New Start All Stop All | ® Display All

86 Controlled Servers on ebssimul

@lLevel 1 @ Level 2 ®lLevel 3 ®lLevel 4

Page 9

@ GenericSimulator/simuCT

® MagnetStrengthCurrent/ebs

® MagnetStrengthCurrent/ebs_dq

@ MagnetStrengthCurrent/ebs_hst
® MagnetStrengthCurrent/ebs_sqp
® MagnetStrengthCurrent/ebs_vst

@ RingSimulator/ebs

@ SrOrbit/ebs

@lLevel 5
® HSMMagnetQ0/qd3i
@® HSMMagnetQO/qfli
@® HSMMagnetQO/qf2i

servers (86) .
devices (~4000)

514+96+288+64+384+288+288 + 4*288 +96 + 50(vectorized) + diagnostics 320 + 2 + strength-2-current 192 + bumps (more than 1000) + Autocor

To have multiple simulators on the same host
computer, simulators run within docker
images: 4 simulators running.
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® DQModel/dql

® DQModel/dg2

@ MagnetFamily/ebs

® MagnetFamily/ebs_qd
® MagnetFamily/ebs_gf
@ SextuCorrModel/sdlae
@ SextuCorrModel/sdlbd
@ SextuCorrModel/sf2

@ SrctSimu/ebs-simu

®Level 6

® EbsCorr/dql-h

@ EbsCorr/dg2-h

® EbsCorr/sdla-h

® EbsCorr/sdlav

® EbsCorr/sdlb-h

® EbsCorr/sdlbv

@ EbsCorr/sf2-h

® EbsCorr/sf2v

® EbsCorrector/shla-h
® EbsCorrector/shla-v
® EbsCorrector/shlax
® EbsCorrector/sh2b-h
® EbsCorrector/sh2b-v
@ EbsCorrector/sh3e-h
® EbsCorrector/sh3e-v
@ EbsCorrector/sh3ex
® EbsSqCorr/sdla-s

® EbsSqCorr/sdlb-s

® EbsSqCorr/sf2-s

® EbsSqCorrector/shla-s
® EbsSqCorrector/sh2b-s
® EbsSqCorrector/sh3e-s

® EbsCorrectorPS/inj-sh
® EbsCorrectorPS/sdla
® EbsCorrectorPS/sdlb
® EbsCorrectorPS/sf2
® EbsCorrectorPS/shl
® EbsCorrectorPS/sh2
® EbsCorrectorPS/sh3
@ SimulatedBiltCh/dgl
® SimulatedBiltCh/dq2

@lLevel 7
@ CorrectorType/ebs
@ DevicesMux/ebs
@ Dummy/ebs
® MagnetType/ebs
@ SettingsManager/ebs

@ SimulatedEbsBpm/ebs
® SimulatedEbsEmit/ebs

® SimulatedEbsMS/ebs
® SimulatedEbsTm/ebs

® HSMMagnetDQS/dql
® HSMMagnetDQS/dq2
® HSMMagnetDQS/sdlae
® HSMMagnetDQS/sd1lbd
® HSMMagnetDQS/sf2

@® HSMMagnetQO/ofl

® HSMMagnetQ0/qd2

® HSMMagnetQ0/qd3

® HSMMagnetQ0/qdS

@® HSMMagnetQ0/qfl

® HSMMagnetQO/gfdae
® HSMMagnetQO/qf4bd
® HSMMagnetQO0/qf6

@® HSMMagnetQ0/qf8

®lLevel 8

@® AllQuadsWrapper/ebs

@ Autocor/ebs

@ Bump/ebs

® ChromaAdijust/ebs

® ChromaMeasurement/ChromaScan
® ChromaSource/measured
@ |DoorWrapper/ebs_ps

® MacroServer/ebs_ps

@ ResCor/quad

@ ResCor/sext

@ ResCor/skew

® TuneAdjust/ebs
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- WITH THE EBS SIMULATOR WE CAN TEST APPLICATIONS ON BEAM NOW.

e THE EBS SIMULATOR

A
Applications | | High level Device Servers ||| Simulated Hardware DS 1 5
AN Simulated electron python
To be tested in the EBS-Simulator TANG‘“ - Beam response I
CTRM PRODUCTION SOFTWARE Simulated beam ) l

diagnostics DS
\ g

Instead of explaining, | will show, what happens in the simulator.
All that you will see is real, a real EBS Control system simulator.

The simulator served already for: T
EBS commissioning applications and control system specification, design, test

EBS commissioning debugging and trouble shooting, etc... useful that
EBS operation applications and control system specification, design, test we actua"y
EBS operation debugging and trouble shooting

|
Development of new EBS applications have 4!
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- SWITCH TO THE CONTROL-SYSTEM SIMULATOR

Q Terminal - liuzzo@raki2: ~

File Edit View Terminal Tabs Help

liuzzo@raki2:$ export TANGO HOST=ebs-simu:10000
liuzzo@raki2:$

liuzzoeraki2:$ SIMPLY CHANGE TANGO_HOST!

\* i E D ! g X - [MATLAB R2020a - non-... |k [Terminal - liuzzo@raki2... E Terminal - liuzzo@raki2: ~
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SAME APPLICATIONS AS IN CONTROL ROOM

Terminal - liuzzo@raki2

LLUZZUQIdRLZL . D
liuzzo@raki2:$ jebsco &
[1] 28812

CALL SAME APPLICATION as in CONTROL ROOM

| JEbsCo 7.1
File View Correction Reset Expert
H Orbit V Orbit H Steerers V Steerers
| Autocor Peak 12.03 Peak 0.24 Min -7.317e-05 rad Min -2.643e-07 rad
ea .03 um ea .24 um
B H steerers [ BPMs Max 4.325e-05 rad Max 4.286e-07 rad
H Feedback . RMS 2.82 um RMS 0.04 um SR Current 142.233 mA
B v steerers [l Orbit Std 4.846e-06 rad Std 4.336e-08 rad
V Feedback Avg -0.01 um Avg 0.00 um
Mean 1.028e-11 rad Mean 5.664e-10 rad
Plot Horizontal
00005 —— T T T T T T T T T T T T T T e e e T T T T T T T T T T T T T T
Freeze i
: E
Reference Orbit k}h 'ﬂ 'ﬂ h f
=
Show reference g 0 P l‘l l} ¥ lJ [CO T FE I L PHM bt 1 T" n h u n h ﬂ n
b
Orbit File
NO Orblt Flle OOOOS 1 1 " 1 A 1 1 " 1 L 1 A 1 " 1 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 A 1
: 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 1 2 3
Ignore v
! Vertical
. 00005 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
Load Orbit
Save Orbit E ]
E |I' TI A |* |ﬁ| "'
c 0 LA “.‘ ) L.I P T P F P P S TR T ——— —_—— -~ COUL W, .. .‘j'\.llld' . FREL L
z 2 T AYEAVERAVERS i S R R i Bl R B
= J
o s |1 1y
® Horizontal o
Vertical
(000 1 T S T S S T T TN S SN SN S SN SN TN T ST S S S S S TN SN SN SN T T S TN Y T S S T TN SN Y SN S S T SN TN NN Y S S T T SN T S SN SN T S TN T ST S SO SO T '
First cell [a 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 1 2 3

7Znnm Harizantal

. . D f 1 A ) A ) ‘ ) E IE”E‘ I 2021-04-20
\* E \‘/ ™~ ” g X |£| JEbsCo 7.1 ¢\ [MATLAB R2020a - non... & [Terminal - liuzzo@rak... | @ Terminal - liuzzo@raki... ——l Ll ‘é

14:47
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CHANGE A MAGNET STRENGTH

= Horizontal Steerers X ]

»

| ca| cs5| €6 €7 €8 €9 |C10|C11C12|C13|C14|C15|C16|C17| C18|C19| C20| C21 | C22|C23|C24C25|C26|C27|C3|+| AtkPanel 5.9 : srmag/hst-sd1/c08-a | & o (&l o3

suia | I I EEEEEEEEEEE ...
soia [ I

File View Preferences Help

B srmag/hst-sdl/c08-a | Ivl

srmag/hst-sd1/c08-a mA
- The device is in ON state. =
.
) I NN, B
L HEEENENENNENNNDDDN--
- - - (=] SR Magnets 3.5-SNAP| L
= iS5
== = File View Expert Commands Reset
I B : Al
n M Main Magn¢|  strength | 0.000000 rad 0.000000 L]
\ V7 TIV7777
1.00e-4 \ ‘ l ‘ ~ I ‘ 1 ‘
E QF1 QD2 QF2ae QD3 SDlae QF4ae SF2 QF4bd
£ 0.00e0Lr
@ Scalar
in
% Correctors Condition for Injection
e T T s e 10 11 12 13 s - - - _
Reference Mean
I Save I I Reset | ||gnore |'| 1.471e-11rad| Ay Magnets Settings File
on.. | | off.. | | Reset.. | | cyde... | | Settings2021Feb10_133439 |
Config File E
€ 0 TRV T A mfnﬂ ) 1rnTrrr1|1(\1 o i rommOr—curm r‘lﬁTIWrn}‘[Tm 1l |rﬂﬂﬂ1??
- Y ———————— =
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CHANGE A MAGNET STRENGTH

[[&]

Horizontal Steerers

I srmag/ps-corr-sdl/c08-a

srmag/ps-corr-sd1/c08-a
{he device is in ON state.

-

05

04
0

1 15 2 25

05

3

srmag/ps-corr-sd1/c08-a/Currents (Y1)

| Visible on plot

o HYHE 010

Changes 4 C5(C6| C7| C8| C9(C10(C11)|C12|C13|C14(C15(C16/C17|C18|C19|C20(C21|C22|C23|C24| C25|C26|C27|C EJ AtkPanel 5.9 : srmag/hst-sd1/c08-a | «» -~ 8] ¢
. HEE " AT TR EEEEE. File View Preferences Help
Simulated POWEr [ mm mm | 50 5 10 I e e e =
Supply Devices [F 75 W [ 0 50 50 0 0 S -
Ty I N N N N N N N A N A W cmoohstsducosa .
CHECK --i-.----- The device is in state.
CALIBRATIONS! [= 55 5 5 i i i o o8 o
LTy x
baID NN EEEEE = d
v so10 | I I I I I I I - B — 1 )
s HEEEEEEEEEN R U Change as in Control Room
EEEEEEEEE pert Commands Reset ~~~~~~~
I AtkPanel 5.9 : srmag/ps-corr- sdllcoaﬂ Ssa
Lﬁe View Preferences Help LI L LI _M_aJn Mﬁnm " Strength ‘ 0.000100 rad ij

Scalar

Scalar | Currents SetCurrentsAverage‘

\ 4

................................................................................... QF1 QD2 QF2ae QD3 SDlae QF4ae SF2 QF4bd
Correctors
ST (s [vsieres] [stew ous
Mean
Reset ||ignore |v| 2.509e-07rad| Magnets
\ on... ‘ | Off ... ‘ | Reset ... ‘ | Cycle ... |

Condition for Injection

Settings File

l Settings2021Feb10_133439

|

Values sent to Current Power Supply in real life. Stop here in Simulator
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CHANGE A MAGNET STRENGTH

. JEbsCo 7.1 S 5]
SImUIatOr LOOp Fw Correction Reset Expert . _
(matlab <2021 or python > 2021) |#2| AtkPanel 5.9 : srmag/hst-sd1/c08-a o sl
. H Orbit V Orbit H Steerers File View Preferences Help
COﬂtlﬂUOUSly | Min -7.317e-0. —
. I H steerers [ BPMs Peak 510.52 un Peak 17.82 un B srmag/hst-sd1/c08-a -
Max 1.000e-04 ’ '
monitors a | H Feedback RMS 273.14u RMS 5.72 um nA
I v steerers [ Orbit ’ ’ Std 7.033e-06 Srmag/hst-sd1/c08-a
V Feedback A -2.69 A 0.05 ice is i [a
mag nets Strengths | eedbac vg um ‘\\ vg um Mean 2.599e-07 The device is in ON state. N
~
~
(0.2-2.0Hz). 2
N 5
\\ Horizontal o

|_|Freeze 05t

aference Orbit

If chvange S show referance || l l ‘F lyn'l ‘”l‘u l I ‘hri”l I l ‘[‘IT“ I i ! i‘ml Change as in Control Roorﬁ
COMPUTE [ ‘” 1 ”” ‘” ”H

N AA
osl - N Strength | 0.000100 rad F 0:0:0:1 0:0:
No Orbit File ‘ . .‘.‘.---_

NeW beam Ignore [w ’ ’ e B e 12 4

Position (mm)
o

’
) ) 0.02 Vertical 1/’ ’/, A
paramenters — ] e e (P e — R sr e
T | [ File View Preferences Help ,’ V4
2 | -, ’ i
Save Orbit E % | |* v?ﬁ r‘ h B srdiag/emittance/ido7 - " ,’ 2/ C“Ck
v | | B BUAREUANTRY Fre - b2t \ gﬂrﬁ Scalar |
Zoom = | ‘f ]|/ Enj H|I‘ .‘J J Y w 007 %4 L ¥ s
o | i, d
‘o Horizontal & “ Y \" =] "
Modified
. First cell |a ' 4 5 6 7 8 1 7 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 1 2 3
Simulated
00005 8 Zoom Horizontal
diagnostics T ' '
readlng, control  pusigrie -
t_ I < PO O N ST TATINT 1101 Aurrrr i NO—Curm OO il el
room operational |- = =
observable W B B ¥ men . | o (e
< 1 »
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AUTOMATIC ORBIT CORRECTION TEST IN THE SIMULATOR

-ll JEbsCo 7.1 o [
A I' t' File View Correction Reset Expert
iIcations are
thpp th H Orbit V Orbit H Steerers V Steerers
Min -7.317e-05 rad Min -2.642e-07 rad
€ Same as (né —| Autocor B H Steerers [ Bems || Peak 510.52un Peak 17.82 un " eoer " o
Max 1.000e-04 rad Max 4.285e-07 rad SR Current 142.206 mA
real ones R . RMS 273.14u RMS 5.72 um ure -
. I v steerers [ Orbit Std 7.033e-06 rad Std 4.335e-08 rad
V Feedback Avg -2.69 um Avg 0.05 um
. Mean 2.599e-07 rad Mean 5.662e-10 rad
Plot Horizontal
|_|Freeze VLA
For example we . ‘
i [ lh il l bl Hnl g falal I l
can run automatic £ AT 1 4 ) 1 ) ] il 1t [\
: . - Showreference §°‘ AT i py‘] T [‘Vw A iy 1
orbit correction - 2
Orbit File
- 05}
No Orbit File P S S T S S S T S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S S SR S S S S S S S S S SR S S S S S S
(AUtocor) : 7 8 9 10 13 14 18 26 30 31 3
Ignore v
i Vertical
. L e e e o B e e o L B B e o o e B e o LN B e e e e e e e S LA e m e e S e s S S B S S S B NN B e s s m e e o S LI R
A Load Orbit | f' .
_ b | '? /vq
Save Orbit E v ﬁ i r ! ”
‘ E 1)'1114#1 .’h".j\rgu".‘.'/g .JIJ%\’I\ qf\ﬂ,ﬁnhﬁuh F&hhﬁﬁf\.r\‘:r
Zoom 2 TAVRIRY VAV R YRIEAYAY aj -1; i\ A ¥ "SRV ALY E
, g T ¥ Vo L W
® Horizontal \J -
Vertical '}
First cell [a 0'02Afalélé‘;léA5'110l1l1‘1A211‘3‘1‘4‘1‘5'1l6‘1A7‘1'alll91zlol211l2l2‘2A312‘4‘2‘5‘2‘6'2l7‘2Aa‘2'913lol311'3|2li‘§lél
Zoom Horizontal
0.0005 . r T
Config File E
g o0 1 v e A MmO W OO 0 I i) Aurrrrr e NO—CIrm CrOTTr i 0

|4 JEbsCo 7.1

EL_]J‘_—j 2021.04-20
- A |

iIEuulx

X -

Te
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EFFECT OF AUTOMATIC CORRECTION

['i‘ JEbsCo 7.1

. . le View Correction Reset Expert
Applications are

th th H Orbit V Orbit H Steerers V Steerers
e Same as tnhe Min -7.317e-05 rad Min -2.642e-07 rad
- Autocor - H Steerers - BPMs Peak 510.52 un Peak 17.82 un
=TT TR Max 1.000e-04 rad Max 4.285e-07 rad SR Current 142.102 mA
real ones. — . RMS 273.14u RMS 5.72 um
 Feedback I v steerers [ Orbit Ave 268 Ava 0,05 Std 7.033e-06 rad Std 4.335e-08 rad
eedbac vg -2.69 um v .05 um
v - - Mean 2.599e-07 rad Mean 5.662e-10 rad
m— \ Horizontal
= utoCor UD@,................'...........'....................

For example We sr/beam-orbitcor/svd-auto |
can run automatic | e = I ‘hi iy H i L Ll ll | Lk " “ if iul I lh it
orbit correction | EEAE ST | | e l '”‘ | “" i 1 ’ ' '” k ' ” ' ”'] | '”' ' ‘ l ‘ /i

289)

(Autocor) Warmng Vplane Correctlon with Iess vecto Permanent
12 13 14 15 16 17 18 27 28 29 30 3
Global SVD_| HGain [1.0 | VGain [1.0 | Average |2 S —
Frequency H Gain |1.0 Average |2 / f\
— ! f\ Jl "\ I y n A
S ANLEWy ANA A AN s e, B A

Zoom \ / L{ 1‘5“! \Ili'j L‘ ’j .ﬁgj Il'q” J \'J'I . " )\'J "g‘ ‘1‘1_ j !\Ji \j ‘Lv’ i'.j'r] “\‘ ‘"' J WS u i\" *h'j

® Horizontal

Position

—

|
*__‘__;—I

Vertical
002 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 —
First cell [ 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 1 2 3
Zoom Horizontal
0.0005 v - T T
- E
Config File £
g o0 e LA MmO O Cr— 0T 00 NI 0 Auerrrrr Wl rrmOC—CIrR OO 00 i)
=

Page 17 | ESRF-EBS Simualtor | 14-22 Oct 2021 | S.M.Liuzzo et al. The European Synchrotron | ESRE



EFFECT OF AUTOMATIC CORRECTION

[i’ JEbsCo 7.1
. . ile View Correction Reset Expert
Applications are
H Orbit V Orbit H Steerers V Steerers

Min -7.350e-05 rad Min -2.642e-07 rad

the Same aS the B Autocor - H Steerers - BPMs Peak 144.30 un Peak 4.19 um
Max 4.330e-05 rad Max 4.285e-07 rad

real Ones H Feedback ) RMS 77.05 un RMS 1.50 um SR Current 142.100 mA

. I v steerers [ Orbit Std 4.974e-06 rad Std 4.335e-08 rad

V Feedback Avg -0.31 um Avg 0.02 um
Mean 5.200e-08 rad Mean 5.659e-10 rad

\ Horizontal
= | AutoCor Y o (4@ LI B R B S B B S B B B B B B B B B R p B S S B B S S S S S S D S B S S S S S s S S B e S

For example we Il sr/beam-orbitcor/svd-auto on
can run automatic | ;rbeamerbitcorisvd-auto - —or hﬂ.}'\ e A M Pt 2 Tl A A nd it A T1af g o ol B hwen xR T e g 7

Warning: H plane: Correction with less vect [

Orbit Correction ors than the max available (162 instead of

289)
Warning: V plane: Correction with less vectol

(Autocor) ot ©°~] | Permanent | e N

Reset

v Global SVD | H Gain 1.0 V Gain [1.0 Average |2 Vertical

Frequency H Gain 1.0 Average |2
= X S —  — .-\_.l”‘- P'\!A'l.!-\.f"\lnkﬁ PP —— e e, mmy s PO e S .
Strengths are S VIR~ Eav e i r i S AL et et N g,
Zoom =
o
changed and orbit | © "= )
g Vertical
(0 )X ) S Y T S T TN S TN S N TN S N S S TN SN N TN S TN S N TN SN Y T SN TN SN N TN SN NN TN S SN T N TN S SN TN SN TN SN Y TN SN SN TN S TN S Y TN SN TN TN S TR SN S T S
4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 1 2 3

fO”OWS as First Cell [4
expected . 0.0005 . Zoom Horlzc'mtal ' '

Config File

1o O O T AT IO e T 0 INTTrT 10 TS IO N O e T TR ATV (B T mmm ST

ition (mm)
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- EFFECT OF AUTOMATIC CORRECTION

)

Horizontal Steerers

AtkPanel 5.9 : srmag/hst-sd1/c08-a | v - [5] ¢
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by many correctors
to cancel the
“‘measured” orbit.
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- FROM SIMULATOR TO DIGITAL-TWIN

Simulator configuration

acs.esrf.fr:10000

Magnets:

PS (currents)

Magnet control (strengths)
Calibration DS
Vectorized DS

Hot Swap management
Cycling devices

RF:

Master source device
Diagnostics:

Beam Position Monitor
(Slow and Turn-by-turn)
Tune Monitor

Emittance monitors
Beam current and lifetime
Physics:

Electron beam
High-level applications:
Magnets

Orbit, Tune, Optics
Chromaticity

etc..
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ebs-simu:10000

Magnets:

_ PS (currents)

Magnet control (strengths) |
Calibration DS

Vectorized DS

Hot Swap management

RF:

Master source device -
Diagnostics:

Beam Position Monitor
(Slow and Turn-by-turn)

Tune Monitor

Emittance monitors

Beam current and lifetime
Physics:

Future development:

PyRingSimulator g

High-level applications:
Magnets

Orbit, Tune, Optics
Chromaticity

etc..
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acs.esrf.fr:10000

Magnets:
PS (currents)

Magnet control (strengths) |
Calibration DS
Vectorized DS
Hot Swap management
Cycling devices

Y

Digital twin configuration

RF:
Master source device — Master source device
Diagnostics: ~ Diagnostics:

Beam Position Monitor
(Slow and Turn-by-turn)
Tune Monitor

Emittance monitors
eam current and lifetime

Twinned quantities

Beam Position Monitor
(Slow and Turn-by-turn)
Tune Monitor
Emittance monitors

L Beam current and lifetim

Physics:
Electron beam
High-level applications: -
Magnets
Orbit, Tune, Optics
Chromaticity
etc.. .

Physics:
PyRingSimulator

The European Synchrotron | ESRF



- FEATURES OF THE SIMULATOR

o Able to show all single particle electron beam dynamic effects: orbit, tunes, emittances, beam
size, chromaticity, Turn by Turn beam trajectory etc. in presence of realistic errors

o Follows the variation of any magnet and of the RF parameters.
o Pilots simulated PS devices = used in real life to detect calibration issues!

o Control room applications work also in the simulator: test applications without real beam, spare
precious machine dedicated time, help debugging, finding issues before production.

Examples of applications/scripts prepared in the simulator: magnets control, cycling, correction of optics and
orbit, beam based alignment, chromaticity, bumps, first turns trajectory steering, etc. (many more)

o Python (pyAT https://github.com/atcollab/at ) replaced Matlab for the simulator loop
o Simulator model updated on demand. Reinitialization of the simulator takes <1min.
o 1 core/simulator dedicated to simulation loop, at the speed of CPU available

o All other cores are used by the 86 Device Servers : 1 simulator 25-30% of a 16-core CPU-host

We are few steps from digital-twinning:
Linking the CTRM PS/RF setting to a simulator running the measured optics model.
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