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. OUTLINE

« Brief Tango overview
 BPM software

« Magnet software

* Orbit correction software
« Applications
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. DISTRIBUTED CONTROL SYSTEM (TANGO)

« Tango is a free open source device-oriented controls toolkit for controlling any kind of hardware or
software and building SCADA (Supervisory Control And Data Acquisition) systems

« Based on CORBA (Common Object Request Broker Architecture) and ZeroMQ standard

« Tango consortium includes several institutes
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DISTRIBUTED CONTROL SYSTEM (TANGO)

» 862 Tango classes shared by the community (www.tango-controls.org)

There are device classes for the following families:

AllL (862 device classes) AbstractClasses(g). AcceleratorComponents(4), Acquisition(114),
Application(1). Archiving(z). BeamDiagnostics(17). BeamlineComponents(21),
Calculation(30). Communication(42). Controllers(6). CounterTimer(22). InputOutput(39).
Instrumentation(g6). Interlock(x). Laser(i). MagneticDevices(s). Measurelnstruments(sg).
Measurement(i). Miscellaneous(30). Monitor(1). Motion(159). Motors(2).

Otherinstruments(40). PLC(1). PowerSupply(3g). REST(). RadioProtection(3).

SampleEnvironment(s). Security(2). Simulators(i5). SoftwareSystem(23).
Standardinterfaces(20). System(3). Temperature(23). Training(2). Vacuum(28).

SEARCH CATALOGUE
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http://www.tango-controls.org/

DISTRIBUTED CONTROL SYSTEM (TANGO@ESRF)

Code:

~ 500 classes (C++/Java/Python Tango classes)
~ 100 graphical applications (Java Tango Application ToolKit)

Instances:

~ 3.000 (on ~400 hosts) =[=
26000 devices = = GGG |
Configuration database: TANG/r\

~ 620.000 lines H™ H™

............
eSS
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. SR ORBIT CORRECTION OVERVIEW

Compute beam position correction
for the whole ring

Apply corresponding coil currents

on magnets to correct the orbit Get the beam position from

the BPMs

Software refurbishment in 2022

* Improve maintainability

» Fix conflicts when applying/loading strengths

* Improve reactivity

« Allow non standard configuration (mini-beta)

* Integrate HotSwap system

» Digital twin

« Simulate magnet cycling and electrical power overhead
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. SR ORBIT CORRECTION GLOBAL SOFTWARE ARCHITECTURE

Page 7

Java ATK Java ATK Java ATK Java ATK Java ATK Java ATK

Closed Orbit Magnet SR-PS SR-Corrector HotSwap SR-BPM
| | | | I |
Tango Protocol over TCP/IP |
Tango
Orbit Correction
Tango Graphical Applicati
A reqators raphical Application
gg. g

Tango

Aggregators

Tango bindings Tango bindings

CSPI MCI
BPM Brilliance BPM Sparks
(iTech) (iTech)
x192 x128
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Tango class

Native protocol

Tango EbsMagnet
|
Tango
VirtualMagnetPS

Hardware

I
Tango bindings

libdeep

HotSwap
(ESRF)

X32

|
[ [
Tango bindings Tango bindings

Modbus SCPI
Magnet PS Magnet Corr PS
(Statum COMECA) (Bilt iTest)
X864 + x192 (Spare) x1152
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. BPM SOFTWARE

Hybrid system
« 192 Brilliances
« 128 Sparks

Different conventions
Different protocols
Different configuration and parameters

Standardization needed using
Object Oriented Interface / Tango

= g
\. = =

Brilliance: CSPI protocol (iTech) Sparks: MCI protocol (iTech)

Native DCC for Fast Orbit Feedback No Native DCC for Fast Orbit Feedback
/I Positions and Incoherency [m] (DoS) — // Positions and Incoherency [m] (Dos)
p.sum=a+b+c+d, RF-electronics p.sum=a+b+c+d,

(-//\\ab-b > [ A0c|[—> A

p.h=(KH * (((a+d) - (b +c))/p.sum) + OH)*1e-9; ™ N aa E E S| p.h=(KH *(((a+d)- (b +c))/p.sum) - OH)*1e-9;
p.v=(KV * (((a+ b) - (c + d)) / p.sum) + OV)*1e-9; LY < A ] :E p.v=(KV*(((a+b)-(c+d))/p.sum)-OV)*le-9;
p.q=(KQ* (((a+c) - (b +d)) / p.sum) )*1e-0; — s ya> [ p.q=(KQ* (((a+c)- (b+d))/p.sum) - 0Q)*1e-9:

For further details: Diagnostics with Beam Position Monitor System lecture from Kees Scheidt
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. HSM POWER SUPPLIES SOFTWARE (MAIN MAGNET CURRENT)

Power supplies (COMECA STATUM)

« 32 cubicles
« 33 power supplies (27 + 6 spares) per cubicle
* Power supplies can be swapped while beam is stored

Procotol

* Modbus protocol over TCP/IP for direct STATUM access
« Libdeep protocol over TCP/IP for HSM access

Tango Power Supply virtualization

« Handle low level connection between magnet and PS

« Allow to work with a unique name to access a magnet

« Allow standalone power supply (QF1E QF1A for injection)
« Allow spare usage for mini-beta tests

Orbit correction

« DQ and sextupole main current changes are required for H & V steering

For further details: Power Supplies Part 2 lecture from Laurent Jolly
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. CORRECTOR POWER SUPPLIES SOFTWARE

Corrector coil power supplies (Bilt FOFB and Bilt EBS from iTest)
s Bl « 768 corrector coil currents for sextupoles,
T ] » 96 corrector coil currents for DQ,
' S we— ¢ 292 (9x31 + 2x5 + 3) corrector coil currents for SH,
« SCPI protocol over TCP/IP

LLLLLLELLLALY

Sexutpole Dipole Quadrupole SH
1 MainPS, 4 CorrPS 1 MainPS, 1 CorrPS 3 or 5 CorrPS
Horz, Vert, SkewQuad, Sext Horz, Quad Horz, Vert, SkewQuad (,Sext)

For further details: FOFB Orbit correction lecture from Benoit Roche, IDM Confluence pages

........
i Bt
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EBSMAGNET SERVER (MAGNET MODEL #1)

Object Oriented Programming

* Avoid code duplication

* Prevent calculation conflicts

« Database is used for configuration

« Based on Eigen C++ linear algebra library

MagnetModel SuperClass

bool has_main_current();

void get_strength_names(std::vector<std::string> &names);

void get_strength_units(std::vector<std::string> &units);

void compute_strengths(double magnet_rigidity_inv, std::vector<double> &in_currents, std::vector<double> &out_strengths);

void compute_currents(double magnet_rigidity, std::vector<double> &in_strengths, std::vector<double> &out_currents);

void compute_pseudo_currents_from_currents(std::vector<double>& in_currents, std::vector<double>& out_currents) {}; // For FOFB AC offset
void compute_strength_from_pseudo(double magnet_rigidity inv, intidx, double& in_current, double& out_strength) {}; // For FOFB AC offset
... Il SuperClass methods are not listed here

- J

[Quadrupole] [DQuadrupoIe][ Sextupole ][ Octupole ][ SH3 ][ SH5 ]
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EBSMAGNET SERVER (MAGNET MODEL #2)

Page 12

« Compute coil currents from strength setpoints

» Calibration data comes from magnetic measurements (IDM)

%

Excitation curves H,V and skew quad

L Iy Iy I
L | =M"| I Iy | =M| L
I Tap Isg I

For further details: IDM confluence pages
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To get strengths, integrated fields are normalized by the magnet rigidity Bp
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EBSMAGNET SERVER (CONFIGURATION)

¥l Jive 7.42-5NAPSHOT [acs: 10000] (on rakil) ~

-]

Jive 7.42-SNAPSHOT [acs:10000] (on rakil) ~

-

File Edit Tools Filter

El El El Server:/EbsMagnet/sf2/EbsMagnet/srmag/m-sf2/c0l-a/Properties

Collection | Server | Device | Class | Alias | Property | Device properties [srmag/m-sf2/c01-a]

File Edit Tools Filter

‘ . @Freeprnperty:fEbsMagnet
Collection | Server [ Device rC|aSS rAIiaS rProper‘ty |_55

Free properties [EbsMagnet]

Froperty name Walue
EbsMagnet ; Froperty name Walue
! %@Srm%fm-sfﬂcm-a ngST::l)kF?cmr IE'IO nesFaeol itslz'lqzning dql e scale:1.0 B
o [2f]Froperties] || -yrrentbevices srmag/vps-st2/cil-a : arams:D01_params,csv B
F'ollng i =srmag/ps-corr-sf2/c01-a-ch0l #8] BpmalHistory gtrength-[?QIpstrength .
E& Event Esrmag/ps-corr-sf2/c01-a-ch02 ] CtriSystem strength h:DQ1_h_strength.csv
@f] Attribute config gi:m:gﬁgizggigﬁgi:Engi % EESManet matrixDQl corr matrixesy 1
o_é z'tFt"“fbcot”f'g " DesignStrength  [16.89688425 a2 Eoi\;acuum ‘|| dg2 Sca|e=1-%Q2
ribute properties | Focuzin e i _ params:DG2_params.csy
Logging | Model g oF [%¥] GapsHistory strength:Di2_strength.csv

o {8 srmag/m-sf2/c0l-e
o {8 srmag/m-sf2/c02-a

SerialMurnber

Type

SF2-16286
S

%] HDB++
[#%] HdbConfigurator

strength_h:D02_h_strength.csv
matrix:D02 corr matrixcsy

o @ srmag/m-sf2/c02-e SubDevices =lsrmagivps-sf2/c0l-a E‘ HODBViewer 2 afl scale:l
o @ srmag/m-sf2/c03-5 B =lsrmag/ps-corr-sf2/c01-a-ch0l [7] InjectionExtractionPs params:0_params.csy
o= {8 srmag/m-sf2/c03-e =Isrmag/ps-corr-sf2/c01-a-ch02 28] JEeamkiller strength:0_strength.csv
o {8 srmag/m-sf2/c0d-a =Isrmag/ps-corr-sf2/c01-a-ch03 28] IBIvac ‘| gd2-gf4-qd5 scalerl
o ¢ srmag/m-sf2/c04-e =Jsrmag/ps-corr-sf2/c01-a-ch04 [#8] |CryoContral params: QD 2-0F4-QD5_params.csy
o &8 srmag/m-sf2/es-a %] IEbsco strength:QD2-QF4-QD5_strength.csv
o= {8 srmag/m-sf2/c05-e 8] |Ebs tlk | qd3 scale:l
o &8 srmag/m-sf2/c06-a afiesh || Sty || WAL A H eou | (8] |Ebs Magrets : params:QD3_params.cav
&) |EbsSrPs strength:QD3_strength.csv
: - [#8] |Ernittance afl geale:l
3; Jive 7.42-SNAPSHOT [acs:10000] (on rakil) A - O X 8] )Gaps params:QF1_params.csy

Ld

File Edit Tools Filter strengthiQF1 strength.csw

EI Dl Server:/EbsMagnet/dql/EbsMagnet/srmag/m-dql/c0l-b/Properties

Server | Device | Class | alias | Property | Device properties [srmag/m-dql/c01-b]

[#4] JIdconfig
B4] 15rTune
B9 1Surn

Refresh || Apply || New property || Copy |

[

¢ &3] EbsMagnet " Property name Walue
o srm%fm-dlfc()l-b CrossTalkFactor  |1.00082000
o CurrentDevices Fsrmagivps-dql/c0l-b . .
- =lsrmag/ps-corr-dgl/c01-b
g Eggl:tg DesignStrength -1.81101475 M a‘g n et C O n fl g u ra‘tl o n
{2y attribute confi Focusing false
/\J Pipe confi ° Model dql
-~ AtFt]nbute groper‘tles SerialNurnber Do1-038 . pn . . .
; Type DQ
PR A e » All specific settings are in the database and on file
Flsrmag/ps-corr-dgl/c0l-b

o= {& srmag/m-dglic2-b
o= {8 srmag/m-dglici2-d
o= {8 srmag/m-dglicda-b
o= {& srmag/m-dgl/cd3-d
o= {& srmag/m-dglicd-b

system
* Only one Tango class (EbsMagnet) handle all magnet

types.

Refresh || Apply || New property || Copy |
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EBSMAGNET SERVER (OBJET ORIENTED SOURCE)

DipoleQuadrupole: :Dipo

Magnet(ds, type,serial magModel) {

auto =dg = new MagnetModel::DipoleQuadrupole();
try {
dg->init(focusing,
crossTalksgetConfigItemDouble("scale”),
getConfigltem("_path")+getConfigItem("strer
ath")+getConfigltem("para

ath")+getConf
'_path")+getConf

th e) {
exception("DipoleQuadrupoleConfi
e.what(),

"Magnet: :parseConfig");

I

model = dg;

createAttributes();

void Magnet::writeStrengths(vector<double»& strengths) {

setpointCheck(strengths) ;
vector<double> newlurrents,
model->compute_currents (MAGNET_RIGIDITY, strengths, newCurrents);
for(size_t i=0;i<nbCurrents;i++)
ds-=setCurrents[i] = newCurrents[il;
send_currents();

Gitlab repo: https://gitlab.esrf.fr/accelerators/Magnets
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drupole(EbsMagnet #*ds, bool focusing,double crossTalk,string &serial,string &magModel,string& type):

SH3Magnet: :5H3Magnet(EbsMagnet *ds, bool focusing,double crossTalk,string &serial,string &magModel,string& type):
Magnet(ds, type,serial,magModel) {

auto #sh3d = new MagnetModel::SH3Magnet();

try {
sh3->init(crossTalk*getConfigItemDouble (“scale®),

1"J+getConfiglten("s

h")+getConfigItem("stre

1"J+getConfigltemn("s
getConfigltem("_path")+getConfigItem("matrix"));

} catch(std: :invalid_argument& e) {
Tango::E

w_exception("SH3MagnetConfigError®
e.what(),
"Magnet: :parseConfig");
¥

model = sh3;

createfttributes();

void Magnet::send_currents() {
ds->attr_RequireCycling_read[8] = true;
vector<Tango: :DeviceAttribute> attributes;
for(double setCurrent : ds-=setCurrents) {
Tango: :DeviceAttribute attributel("Current”, setCurrent);
attributes.push_back(attribute);
Tango: :GroupReplylist arl = ds-=psGroup->write_attribute(attributes);

if (arl.has_failed()) {
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EBSMAGNET SERVER (USAGE)

o E =] AtkPanel 6.0 : srmag/m-sdL/icl7-b (on ebs-simu-4) A O X
. . o | Joule] i i
Lorentz force and centripetal acceleration (v=c): F, = geB = ym— = ——— il View Preferences Help
P P srmagim-sdlicl7-b |v|
[ SRTI 1‘]9 - srmag/m-sd1/cl7-b
Magnet I’Igldlty. Bp = E[Gel"] b= 3,33561‘?[0{,” [ij srmag/ivps-sdl/cl7-b: ON B
C The device is ON L
srmag/ps-corr-sdlicl7-b-chil: OM :
f;' __ tb‘ li‘ srmagi/ps-corr-sdl/el 7-bch02: ON -
. . i € . . .
Fleld eXpanSIOn: = — {by 4+ tb;,_-} — Eﬁ_"(tan + b-n)(ii,“ € ,Ly]n e s
P “omne SerialNumber [ SD1-16134 []
. , . . . . . RequireCycling []
+ pis the radius of curvature of the particle trajectory for a given perpendicular field B AL AAAAAA
. . . . . Strength [-13.185544m-2 - _13.185544 [ | (4 L bz
at the nominal energy (Bp normalize the tracking code according to the nominal momentum) TYY YYYYVYY
» L is the magnet length Frozen [ Fase — [v|[+]
* (by,b,) is the transverse field at a specified position (x,y) in [T] DesignStrength |-13.185544 m-2 =
* (a,,b,) the multipole field strengths (skew and normal) expressed in [m-("+1)] CorrectionStrength | -0.000000 m-2 ﬁ@ @@@iiim
* k is the multipole order, k=0 for a dipole, k=1 for a quadrupole, k=2 for a sextupole, A4 AaAAAA
etC ResonanceStrength | 0.000000 m-2 0.000000 EI
s FFT TFITTVIY
. . CorrectorState
Example of transverse motion for a thin octupole (k=3): LA AAAAAL -] .
(On-energy 4D tracking with small angle approximation) Strength H | -0.000012rad - _~0.000012 || [«— arcsin(L.by)
X" Focusing (b3>0) Ix AAM AAR AR .
< =0 St th_ v | 0.000000 rad 0.000000
T =xp + ThAL 2l =zl — by(z® — 3xy?)Al ! rengm- T yyy 777777E| <« arcsin(L.ay)
2 3 — Strength_SQ | -0.000000 m-1 AAGA, DADAUADADADAEI <+— L.al
i =wo + YAl Yy =y + ba(3x7y —y7 )AL ERRERAREaN
g s Frozen_H [ EEN—
Note: X’ and y’ has no unit, an octupole focus —_— M
(or defocus b3<0) in both planes | T
MainCurrent 52.728 A 52.728 EI
FITV TFVV

For further details: Magnetic measurements of accelerator magnets and insertion devices lecture from Gael Le Bec
Accelerator Magnets lecture from Chamsedine Benabderrahmane
Beam Dynamics confluence pages
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Page 16

ORBIT CORRECTION (ORM)

Orbit Response Matrix

» For orbit correction, we compute the ORM from the model using tracking
* Horizontal: 320 BPM x 385 H Steerer (96 SH + 192 Sextupole + 96 DQ + 1RF)

- . 1000 — : . . . . .
0Xppu1 0Xppu - ; ; ; ; g g
3
akSTl ak.S'T'n g
M — E e, E E [ N DU Tt Ml St |t s R FRRu | SheR | Bael SR S RECL AT RO St S SERLIRORL DO S R0 RO BN T Rt B TR Rl B _
J J 2 : : : :
XBPMn XBPMn EL : : g g g :
—_— o 5 : : : : : :
] . ; . e . .
L aRSTl akSTﬂ e -10001 1 i i i i i i
0 50 100 150 200 250 300
BPM #
dr=M oK
0.005 — 1.00e-4 _._._,\ ...................... ...................... ...................... ...................... ................ —
0.004 = : . . X k b b k
o B /\rf=200Hz
- g
0.000 @ D— i
-0.001 E
ZZEi : -1.00e-4 ' i ' L L L L L
o 0 50 100 150 200 250 300 350
i 5 " H Steerer #

EBS Dynamic Aperture at injection (no error, no radiation)

For further details: Beam measurements and Injection lecture from Simon White
EBS design and commissioning lecture from Simone M.Luizzo
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ORBIT CORRECTION (SVD)

Pseudo Inverse of M using SVD

» Singular values are always positive reals and are sorted in descending order

« We can select a subset of singular values (to smooth the correction, to avoid too large steerer strengths)
» We often call them “eigen” values

» Selecting a subset of “eigen” values also select a subset of “eigen” vectors

M*=V .St U

« More advanced singular value selection (or regularization) can be performed such as Tikonov filtering
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Page 18

ORBIT CORRECTION (CORRECTION ALGORITHM)

Find a linear combination of steerer responses to get the desired closed orbit using M*

H pos {um)

Axppai
(ﬂks:rlj ...Jﬂksrﬂ) = M+

Axppan

+
H pos (um)

SR AutoCorr loop

E
« 1 correction / minute in USM tg
« 5 correction / minute in MDT -

€
Next objective Ty
» Correct both planes at once =
* 1 correction/ 3 sec in MDT =3 o
) 1000 é 5iu 1&0 150 250 2;0 350

BPM #

For further details: Beam measurements and Injection lecture from Simon White
Single particle dynamics and synchrotron radiations lecture from Nicola Carmignani
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ORBIT CORRECTION (STEERER SUM)

Avoid energy change

In horizontal, we have to maintain a steerer sum equal to zero (don’t add dipole) to avoid energy drift
« We trick the ORM by adding a virtual BPM

bomn g ftgrreg o Alaring
P ( dk1 dk2 ir f k1

E}pmz Slirriaa Sl L Slrpering k_z

bpma — k1 k2 arf 1 bpmie = Lk
bty K 1 1 X 0 i

As for a position we want to reach, using the pseudo inverse of the above ORM, we can add a steerer sum to
target

Problem: When performing a parallel bump, an unwanted steerer pattern appears, need to be improved

1':”:”:'; T T T T T T T T T T T T T T T "
_ P = 0000215 Lo - L Lo P 4
E @ . : : : : : : : i
= E : : :
= i =

o
& 5
= = : :
! n P : : :
21000 ] | | | | ] : .1.00e-4 1 | | | | | | |
50 100 150 200 250 300 0 50 100 150 200 250 300 350
BPFM & H Steerer #
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ORBIT CORRECTION (BPM WEIGHTYS)

» In order to improve the correction in specific area (typically to improve bump accuracy) we can add BPM weights.

[ cafcs[ ce | c7] ca] cocrofciafci2]ci3[ciafcisciecrz] crscio] c2o0]c21] c22]c23]c2a] c25] c26] c27] c28] c29] c3o] car[c32] c1 [ c2 | c3 |
H | NN N N NN U N NN NN DN N NN NN BN BN BN
V| N N N N N N N N N

. ' Weights are applied on the ORM

leletale MERS S (e o b s | | W is a diagonal matrix containing BPM weights
‘ U,S,V = SVD(W - M)

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
B id_Vangle (Y1) W Bump amplitudes (Y1) O Saved id_Vangle (Y1) O Saved Bump amplitudes (Y1)

Saved values-

l Save H Reset Hsuperimpose‘v‘ ‘L\IAngIes:

. The correction has to done on weighted errors
All weights to 1

| C4| C5) €6 | C7 | €8 C9 €10/C11|C12|C13|C14|C15|C16|C1l7|C18)C19| C20| C21)C22|C23|C24C25|C26|C27 C28|C29|C30|C31|C32| C1 | C2 | C3 | 5 E —_— {H-'? & M) & IrIu‘ - J:I:‘

H |[NS I NN NN NN NN NN NN N NN NN NN NN NN NN BN
V. | NN N N N N NN NN

éonﬂﬂ H I-IHD DH r1|:| 0 il DH
e : [ ] 1 H L 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
B id_Vangle (Y1) W Bump amplitudes (Y1) O Saved id_Vangle (Y1) O Saved Bump amplitudes (Y1)

Saved values-

l Save H Reset Hsuperimpose‘v‘ ‘L\IAngIes:

Weights of all BPM around straight sections to 10 (MDT 25/04/2022)
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ORBIT CORRECTION (TRUNCATION)

Truncation of correction (bump contribution is not truncated)

« As Stis truncated (we usually use only 162 vectors for orbit correction), the vector K. must have last
components equal to 0

Kpump IS COMputed using more vectors

vec

1.00e-6 . ! ; . . 107 § —— singular values
102 4
5.00e-7
. 1 g7
Kopr =M7e, =V.(§ .U .¢;) = V.K,p 10!
K = Keorr + Khump 10° 4
B 0ET L e oo e e
lo—] B
1.00e-6 i ; i i i
0 50 100 150 200 250

T T T T T T T
0 50 100 150 200 250 300

ActuatorDecomposition (Y1)

« The Fast Orbit feedback works with an other matrix (96 steerers), when AC correction offsets are reinjected into
DC correction (Bilt FOFB), the above rule is broken. We perform a cleaning of the steerer vector:

Kopee = "I—T(K - Kb::rrr,n}
K,..[162:] =0

K=V.K..+ P;{mmp
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EBS DIGITAL TWIN (ARCHITECTURE)

+ EbsMagnet server code is the same on both

machine and simulator instances
(no #ifdef SIMULATOR directive in the code)

CorrectorType H

MagnetType O

MagnetType Q&DQ
. . CorrectorType SQ MagnetType S
» Allow to run same servers/applications on all

Systems EBSMagnet Process
(no specific code for EBS simulators)

& Jive 7.41-SNAPSHOT [; cf fr11000 £ £r: 100001 —

File Edit Tools Filter @ AtkPanel 5.10 : simulator/sr/online e REE S - -
) ) ) File View Preferences Help Callbratlon
1 ‘ . ||| . ‘ e “Devlce:jmmulatnn’sn’nnllne

q f Collection | Server rDevwce rCIass rAhas Prg I simulatorsr/online :E Data

=ghbl simulator/srjonline
o[ dserver [The device is in ON state.
~Jelin
~[Jfe

= [Jid -
o [Jid-carr = S~ T~
I =pys S T

o= [Jinfra
g ' ' ' | ' SimultatedMagnetPS

=g labs
Simultate main and corrector power supplies and send strengths to pyAT

~grf
¢ [ simulator
¢ Jsr
o @ design
o {8 errorfit .
o & online Tango RingSimulator Accelerator Toolbox

o {8 refresher
o~ Jsr
o= [ srdiag
o= [ srmag
o[ srrf 1
o [J srvac
P e |

| »

\ \ , \ . \
[ 50 100 150 200 250 300
simulator/srionline/Beta_h (Y1)

Scalar L ClosedOrbit_h L ClosedOrbit v LBeta h LBeta v LEta h LEta v
Emittances BPM_H Emittances_BPM_V

B e « DigtalTwin has been shared with Elettra and Soleil
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EBS DIGITAL TWIN (TESTS IN MDT)

The simulators device-server is adapted to work as online “digital twin” of the EBS beam dynamics properties.
Provides relative optics change compared to an initial set of magnets strengths.

Page 23

Tune Chromaticity Emittances

All artificially introduced variations in the SR are observed in the digital twin (MDT 26/08/2023)

ASD lectures, Accelerator Control system, 2nd May 2024, J.L. Pons

E — Simulator, ABx/Bx =3.053%
£ 0.0002 - 51 — SR, ABx/Bx =2.379% /
5 —— Simulator e A j
© LI = o Ju1 1% Ak~ AR\ b/
£ 00001 - B % g Vil \ M \
Y 5 ' Ll Wt
T 0.0000
0 200 400 600 800 5 o0 00 0 500
s [m] s [m]
le-5
= 20 1 — _
E 1 A \ ‘ \ \ | l A Simulator, A_[Sv/Bv 010‘567%
= - T \g! 1 I H A T | A — SR, ABv/Bv =7.554%
€ oA £
o —
S % 0
£ -11 — Simulator i
3] ~10 \J U |
> i oy 10 it | | \
400 600 800 0 200 400 600 800
s [m]
=3 —— Simulator, ADx =0.00339mm \
4
§ __ 0.0054 —— SR, ADx =0.003m \ \ \
£ A |
E 0000
x
0.0 2 ‘
L2 ~0.005 1
-0.01 €
.
g . . . , ,
e 0 200 400 600 800
s [m]
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. TANGO ATK APPLICATION FRAMEWORK (MVC)

Tango Application ToolKit (ATK) is a java framework based on MVC design pattern on top of Java Swing

ATK Core
Instantiate Controller Instantiate
Classes implementing Tango models
Associate the model ATK Widget

to the view

~ 80 attribute viewers/editors
~ 30 command handlers

'

Commands and setpoints

- Advanced image viewers (used for emittance)

Synoptic editor (JDraw)

Py Refresh values 2D plot (JLChart)
Advanced error handling
?(4%
Users

........
e e
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JAVA TANGO ATK FRAMEWORK (EXAMPLE)

import fr.esrf.tangoatk.core.*;

import fr.esrf.tangoatk.core.attribute.*;

import fr.esrf.tangoatk.widget.attribute.*;

import fr.esrf.tangoatk.widget.util.ATKGraphicsUtils;
import javax.swing.*;

import java.awt.*;

public class TestATK extends JFrame {
private TestATK() {

AttributelList attList = new Attributelist(): List
attList.setRefreshInterval{l008);

NumberSpectrumViewer orbitView = new MNumberSpectrumViewer(}: I

try {

orbitView.setModel{orbitModel);

} catch (ConnectionException e) {
System.out.println{"Fail: " + e.getMessage()):;
System.exit{ status: -1});

1

orbitView.setBackground{Color.WHITE);

orbitView.getY1lAxis({).setName("H pos (um)™);

orbitView.getXAxis().setName("BPM #");

attList.startRefresher();

orbitView.setPreferred5ize(new Dimension({ width: 880, height

setContentPane{orbitView);
setDefaultCloseOperation(JFrame.EXIT _ON_CLOSE);
ATKGraphicsUtils.centerFrameOnScreen(this);
setTitle("A simple ATK Application™);
setVisible(true);

public static woid main(String[] args) { new TestATK(): }

ASD lectures, Accelerator Control system, 2nd May 2024, J.L. Pons

A simple ATK application example

NumberSpectrum orbitModel = (NumberSpectrum) attList.add("srdiag/bpm/all/All_SA_ HPesition");

208} });

= A simple ATK Ap plication A 0O X
1000 T T T T T T ]
E
3
w 500 J
a
o
I
0
1 L | | 1 |
v} 50 100 150 200 250 300
BPM #

srdiag/bpm/all/All_SA_HPosition (Y1)
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JAVA TANGO ATK FRAMEWORK (IDE)

ATK is fully integrated in Netbeans IDE (including JDraw synoptic

v

S

Projects *

&

Vier  Mavigate Source

Files Services

S
B4 HsmFrame java
B} 1tkrrame java
[ JEbssrPsConstants.java
[EY sritkFrameF orSynoptic.java
[EY srpsChannelswindon java

[H tangedb

EH viewers

8 viewers.comecaChannels

Test Packages

B Other Sources

Navigater 3

Mernbers

[af srefmainiresources

[ <default package=

Ebss rPsiterlocks. jdw
EbsSrPsMain.jdw
HSC-C3-ternplate.jdw
HSC-Ca-template jdw
HSC-Chartreuse-template.jdw
HSC-temnplate jdw
HSM-Swaplrhibition-C3-termplate
HSM-Swaplnhibition-C4-template.
HSM-Swaplnhibition-termplate.jdw

484 343 31473

Hsmbain jdw

[ jebssrps.properties

|| =empty>= i3l

5 MainPanel s JFrame : SynopticP ragressListener, |

&
®
&

MainPanel()

dearModeli}

exitForm)

exitMenulternActionP erformedi A ctionE vart ¢
initC omponents()

loadC auManultemactionP erformed(ActionEv
loadM enultemactionP erformed|ActionEvart

) main{Stringl] args)
) mouseClicked||DMouseE

et drme)

) mouseEntsredi|DMoussEvert jdmel
) mouseExited(|DMous=Event jdme)

) mousePressed(| DM ous=Evert jdme)

I &8 B 8 4

Refactar  Run

=default config=

edition)

JEBESTPE - Apache NetBeans IDE 10 A - O X
Debug  Profle  Tearm  Tools  Window Help Qr search [Ctri+)
v @ ':Er b P~ . C A== TERY o
& EbsSrPsMainjdm ~ O
Source | Synoptic  History 3]
Create Views Tools

Magnet
Interlocks = Hot Swap
Power Supplles @ Properties [1JDGroup selected] a X
31 32 1 2 Graphics = Size  Value  Esxtensions
30 g Object name
29 K i 4 srmag/ps-cs/360v-c02/State Apply
360V Colors
28 ||ﬁ
360V 5
K 00.00 ur Foreground - Background
peo.oour 00.00 u
@ = po6.00 ur 6 Styles
poo.oo ur Line style | Solid w Line width | 1 |3
@ f00.00 ur K 7 ) : - -
360V Fill style Mo fill ~ | | Gradient settings
(25) 00.00 ur 8 [v]visible Anti aliag
K pooour Shadows
@ 360V 9 Shadow Invert Thickness 5|18
00.00 ur CS Spare
00.00 ur 2 K Dismiss
@ E &
00.00 ur
poa.00 ur 00.00 ur
22 K fi00.00 ur L
21 T >l 12
— I~

Cutput - Run (|EbsSIPs)
ety o s PRGN
) Copying 10 resources from src/main/resources to target/classes

The encoding used to copy filtered properties files have not been set

B R L S e

This means that the same encoding will be used to copy filtered properties files as when copying other filtered resources. 1

--- compiler: 3.11.0 compile (default-co
Changes detected - recompiling the modile! :source
s Compiling 40 source files with javac [debug targst 1.8] to targst/classes

) 22611
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JAVA TANGO ATK FRAMEWORK (SYNOPTIC #1)

Expert application: Java (Closed orbit)

& JEbsCo 7.11 [acs:10000] (on rakil) A - O X
File View Correction Reset Expert
H Orbit V¥ Orbit H Steerers V Steerers
| Autocor Ceele SEBAR Cerl: SELED Min -3.144e-04 rad Min -1.773e-04 rad
ea .01um ea .89 um
B i steerers N BPMs Max 3.356e-04 rad Max 1.772e-04 rad
| H Feedback . SD 53.32 um SD 53.00 um SR Current 198.003 mA
V Steerers Orhit SD 7.077e-05 rad SD 4.752e-05 rad
| V Feedback Avg 1.88 um Avg -0.69 um
Mean 4.784e-08 rad Mean 2.660e-06 rad
Plot Horizontal

0.0005

[]Freeze
AutoScale Once

Reference Orbit

Position (m)
=)

Show reference

Orbit File 00005
Mo Orbit File

Load Orbit
Save Orbit

Zoom

Position (m)

) Horizontal
® Vartical

First Cell |1j Zoom Vertical

0.0005 T T T

-0.0005

Config File

[ ebsco |

o | ﬂmhwnﬂr—\ﬂlAwﬂmkﬂm limnmamillit 1 LU MTTITT n\mﬂmﬁﬁmﬂw

Position (m}

-0.0005 L L L
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JAVA TANGO ATK FRAMEWORK (SYNOPTIC #1)

Synoptic application: No code written for the GUI (Detailed RF)

=]
File View

fidrave_files/C LRF |

_Kiystron.jdw (on rakil)

Divider

i

3 =]

<
- | [€

Xiystion Dutput Phase

-0.40 Deg
-0.40 Deg

RMS

Klystron
Phase loop
Range 0/360de

RMS

Or—1

Pout = 30dBm
G = 28dB

G = 19dB
limit = -3dB

T
=

Wago Analog I/O

Devices
Jsrrywagoftral-analog
Isrifiwagortra2-analog

nooaan
Wago

I ==

50-352

hase Shifter,
0/10v

0/360dag

If-tra2.esrf.f
:02:01:83:03

M

° (-3
Master Distrbution 1721 ¢ 3-3dBm ar ° [
TRA1 TRA2 Cavities 1722 : 2.5dBm T v
Cavities :1dBm “0.40 Deg
Operation RM3 -0.17 Deg
Ci il
Erin Operation
L T1A 1B Pout = 27dBm RML RMZ
G = 21dB ™~
RF Distribution
reference Phase Modulator
! 8 Outputs Range
H Ouputlevels +- 720 dergrees
' +10dBm 2 phase shifters
L
/ ! nucletude
Conditioning rack ¢
] il
— — 487V —
«—  localoscillator _/:.—-« — aT9v
350.2MHz o
—
E 28 | wago Digital I/ o
] a2V a.72
BB > > = > =8 T v
3 2 3 3 o [ e | [==] Devices
° |8 3 3 3 i ‘ﬂ o Isrri/wagoftral-logic 411V s A8
IS pipaiich ] [srijwagoitra2-logic ALY
E HIS control
= 0, OCT V mod in
— sv=on  Vmedln
RMS RM10 RMLL
[Amplitude limiter e

Prog. Att

BN

2 X TWM5000
: 2 X TG9030
Isolations75d oyonic god
LEBS Tr=1lus

tr = 0.5us

v

Pulse in Blanking ou
(to Driver)

Driver

Pout = 200W

4to 28dB

11

4dB8dB16dB

53dBm
G=50dB mi

5 dBm pint att

Tra2: 5 dBm pin-att

Coupler
-19.5dB

pe

0.00W
7487 W

GO
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|=]

File View

15

JAVA TANGO ATK FRAMEWORK (SYNOPTIC #2)

Synoptic application: No code written for the GUI (Fast Orbit Correction stability)

‘oper

ics/pyserver/FA_spectrum_gitjdraw/fa_spectrum.jdw (on rakil)

Beam Position Spectra

25

— BPM selection

number of BPMs: 61

Horizontal

05+

|

Vertical

15+

05+

mode: cell BPMs - list =

BPM list:
1 0,319,118

Cell BPMs:

] [1BPM 01
BPM 02
[1BPM 03
[1BPM 04
[1BPM 05
[1BPM 06
[1BPM 07
[1BPM 08
BPM 00

= in dispersive region

o 1000 2000 3000
frequency (Hz)

4000 5000

— reference spectra
— from live spectra —

load in mem1

load in mem2

— from file
file number: r "
AL last saved file: load in mem1
195 195 -
T load in memz2

0185 USM_uniform BPM_1_10.pkl

2024-04-10 13:37:49

[N

> in dispersive region

N A 1 . .
o 1000 2000 3000 4000
frequency (Hz)

 save spectra
file name suffix: \USM uniform BPM 1 10

comment: Mot initialised

save spectra

— acquisition

e on N
acquisition state: 30 30
- IE 30
process_time: [fsss= NS reset averaging
archiver AARAR
data source: archive length (s):
__ ANRTAVANAYS

2024-04-05T07:20:00,000000

5000
[]BPM 10

— display
show live

show meml
[ | show mem2

max. freg. (Hz):

L

A LA
0000
REARAYAY]

spectrum ]
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JAVA TANGO ATK ALTERNATIVE

Expert application: EBS Digital Twin (Taurus pyQt evaluation / On going development)

- PyEbsSimulator 0,1.0 (on rum) A - OX

File  Simulation

Data selection: Absolute ® Relative to design
Design Model Online Measured
Beta 0.00 0.00 o0 o0 001 000 nan nan
Chromaticity 0.00 000 207 335 020 025 177 22
Dispersion 000mm .00 mm 057mm 086 mm 015mm  0.00mm nan nan
Emittance 000pm  000pm 0flpm  001pm 0G0pm  0.00pm 4216pmrad 253 pmrrad
Orbit 000m  000m 000m  000m 000m  000m 000m 000m
Tune 0.00 0.00 000 on 001 001 000 0.00

Beta | Dispersion | Emittance | Orbit

¢
&
é’)
©
©
2

\\&\

‘0»

M) LT Ll 0 L
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. CONCLUSION

« EbsMagnet and OrbitCorrection Tango servers are good example that show how “underlying
logic” is integrated in servers

* No logic in application which allow several applications to run simultaneously

« Java ATK framework also allow application standardization and intuitive usage in CTRM

« ACU is in charge of software and support for (on going developments):
» Power Supplies (TL2 corrector power supplies refurbishment)
» Radio frequency (New SSA, data logging, sequencing, Linac diagnostics)
» Diagnostics (digit500, FDA improvements, 320 BPM for FOFB)
« Beam Dynamics (Orbit correction improvement, FILO refurbishment, Digital Twin)
* Insertion Device and Magnets (Magnet Bench/NLK, ID — Monochromator synchronization)
« Timing and others Digital Electronics control (Tango event on White Rabbit, HSM updates)
« Alignment (Integrate girder motion in simulator)
* Vacuum (Monitoring improvement of vacuum trends & RGA)
» Operation (ID Modes fix, JYSE replacement)
» Safety (New neutrons monitors and improvements)
* Front End ()
» ACU infrastructure (CI/CD deployment, Cyber Security constraints, OS upgrade, Tango 10, HDB++, Obsolescence:
10Mbits Half Duplex, Evaluate new GUI technologies)
Still lots of work for ACU !
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Greetings go to

ASD lecture organizers
ASD speakers

Thank you



