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- MATLAB MIDDLE LAYER

MIDDLE LAYER
1. Software tools usable by any accelerator: | | 1.994’ SLAC +ALS, Matlab

1. Control agnostic
2. Accelerator naming/layout agnostic T ——
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2. Easy to use, includes high level graphical v =
application I
‘Easy” to set up N

Tested in many labs: Robust and Reliable
No need of additional resources to set up
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7. Integration of accelerator model (digital EEa e ey | Ul |

twin)
8. Gives access to not trivial to implement @

software, such as LOCO (linear optics from
closed orbit) .%.

e

Facility Choice Accelerator ~ Data Storage

(SOLEIL, ALS, etc.)
Accelerator Choice Model Conﬁg

(Ring, Booster,
transfer lines...)

ML config
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- MATLAB MIDDLE LAYER

Matlab Middle Layer

Matlab is a proprietary programming
language

Collaborative development very
difficult: last update in 2018, diverged
In many private versions

Does not benefit from modern
computing, not possible to interface
with more recent developments

Does not implement scientific open
data management

» MML will soon become obsolete
» Operation of many facilities at risk

» Users community looking for long
term alternatives
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has World wide users (incomplete list)
USA: ALS, Stanford (Spear3), Duke FEL, Brookhaven (VUV or X-Ray rings), B-Factory

Canada: CLS
Europe: SOLEIL (France), DIAMOND (England), ALBA (Spain), Solaris (Poland), MAX-IV (Sweden)

Asia: PLS2 (Korea), SLS (Thailand), SSRF (Shanghai), NSRRC (Taiwan)
Middle East: SESAME (Jordan)

Australia: ASP

The European Synchrotron | E



- PROPOSAL FOR PYTHON DIGITAL-TWIN

>>> switch to hardware ()

Python Accelerator
- @ Middle Layer (pyAML)

The python digital twin would provide a

P o long term solution in an open source

license free environment:

« Simplified collaborative development,

EPICS Integrate modern CI/CD approach

« Clean and simple installation
procedure

 Easy to interface with others recent
developments using modern
techniques such as advance
commissioning simulations (pySC) or
Al/ML (Badger/Xopt)

« Clear automatically generated
documentation

 Works for any accelerator (ring, linac,
transfer lines) and control systems

Operation
phase
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Python
Accelerator
Toolbox
simulations

Development ﬂ
phase

>>> switch to physics()
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- WHERE DO WE START?

Page 5

A solid and benchmarked python Accelerator Toolbox (pyAT)
package for storage ring simulations, with active users and developers s

Very wide user experience from MML and (py)AT within a well
established collaborative environment s

bbbbbbbbbbb

nnnnnnnnnn

How to:

Very strong experiment in development on lattice correction and o
optimization algorithms:

llllllllll

llllllllllllll

Well established and tested methods: ESRF-EBS commissioning s

Python Simulated Commissioning (outcome of EURIZON ~ lyear of S

aaaaaaaaaaaa

collaboration ESRF-DESY) o
Python virtual accelerators ESRF-EBS, Diamond (UK), Sirius (Brasil),...

Fully benchmarked python optimization algorithms and software
(Badger, Xopt developed at SLAC)

aaaaaaaaaaa

Standalone laboratory specific applications.

Building a joint technology platform to merge and iy

Integrate all these developments and coordinating the
effort in a collaborative manner would bring strong
benefits for the whole community
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Welcome to pyAT’'s documentation!

Accelerator Toolbox is a code used for simulating particle accelerators, used particularly for
synchrotron light sources. It is hosted on Github. Its original implementation s in Matlab.

PYAT is a Python interface to Accelerator Toolbox. It uses the ‘pass methods' defined in
Toolbox, by the C code used in the AT ‘integrators’ into a
Python extension. These pass meths ods are use: d by higher-level functions to provide physics

Sub-packages

at.lattice Helper functions for working with AT lattices.

at.latticetools Defines classes for modifying a lattice and observing its parameters

at.tracking Tracking functions
at.physics Accelerator physics functions
at.load Import/export AT lattice from/to different formats: - .mat files - .m files
at.matching matching functions
ptance d of aring
at.collective Collective efft
AT plotting functions
Physical
Indices and tables
Index
Module index
Search Pag
Previous Nf&x( N
About Installation
Built with {

The European Synchrotron | ESRF
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EXAMPLE: ESRF-EBS VIRTUAL ACCELERATOR
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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.,

A

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:

PyRingSimulator

— High-level applications:

Magnets
Orbit, Tune, Optics
Chromaticity

L etc..
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- PYTHON ACCELERATOR MIDDLE LAYER

Will provide as MML.: Will provide ADDITIONALLY:

* abstracted interaction with different

Fully open source

control systems  High Performance Computing (HPC) clusters for commissioning
» abstracted naming conventions for all simulations
devices - GPUs and analytic Jacobians)
* Work for transfer-lines, linear and - Enable easy and user-friendly connection to any control system
circular accelerators, ramped including commands, properties and timing features

accelerators « OPENDATA and FAIR data

_ _ _ - data labelling for machine learning and artificial intelligence
- Tools for orbit, trajectory, linear and algorithms

non-linear optics corrections

 Digital twin

 off-line digital twin for tuning tools development

« on-line digital shadow for monitoring of indirect observables and
anomaly detection

« Python based Artificial Intelligence and Machine Learning tools
(e.g.: pytorch , Badger/Xopt )

* Enforce thorough documentation

See in the next slide a

schematic view of the pyAML
joint technology platform

 Provide a virtual accelerator environment to train students or
newcomers to the field
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- WHAT WE WANT TO OBTAIN: PYAML JOINT TECHNOLOGY PLATFORM

—— i mn mn = S ———

Large statistics . New developments
, |

Accelerator operation

Middle layer Middle layer

: Calibrations | . Calibrations -
L= ]

" O Eam § Eam 5 B § Eam o mm Y Gam = sm 5 s 5 s o o o o w

Digital Twin Digital Twin
Threading LOCO

[l Artificial Int. Mach. Learn. Non-linear optics optimizations

OPEN FAIR DATA OPEN FAIR DATA OPEN FAIR DATA |
|

i Commissioning sequence Automated Commissioning Automated Commissioning I
— ol ol ol Fom Bl ol Pl Fumd P Ml M M Fd ™ "

| .

. Real accelerator and/or HDB I

| .

. |

etc.. tuning tools

: New in :
: PYyAML

python Accelerator Middle Layer

Real accelerator

|

Computing clusters

Computing clusters I

|

! N Lattices with errors Lattice model with errors Lattice model with errors

| pyAT | pyAT pyAT

I Simulated | Expected Expected Measured

training tools
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- CONSTRUCTION AND CONSOLIDATION OF THE AT COLLABORATION

-
. g ® -
id . .
g Th s e ]edh s recaived funding from the Eurapean Union's Harizon 2020 s PO,
wation programme under grant agre emmen No, 871072 '..' ( 1 ) ...0
eg @°°

urizon _i
elrizon ooy

for developing new horizons for Rls

25 world-wide laboratories
ccelerator . ‘ e A elJl'l79n
A T(:olbox m(shop — Sand N4 | ——— E ‘

Accelerator Toolbox Workshop

Oct 2 -3, 2023
ESRF
Europe/Paris timezone

(S B The bj ectivi Hh Accelerator Toolbox workshop is to bring together international scientists to

d and dis b st practices about use of the accelerator toolbox code (matlab o

py‘th )f r beam dynamics in charged particle accelerators.
Contribution List

The workshop programme consists of plenary talks and poster presentationg

My Conference

The agenda will include (but is not limited to) presentations g&

recen tupg rades of the softwa re

Registration - experience of use for simulations: commissi""

g ps pt I s & C II ima l

Practical information p rience of f fAT

- use of AT for collectlv

uuuuuuuuuuuuuuu

4 at-workshop-loc@esrt.fr

L My Contributions

Participant List

All topics that participa
presentations.
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Extremely positive, active and fruitful collaboration within
EU project. TO BE CONTINUED and EXTENDED.

Expression of interest from many institutes,

contact person identified:

ESRF:. Simone Liuzzo, S.White, L.Farvacque
DESY: llya Agapov, Lukas Malina, Yong-Chul Chae
SOLEIL: Laurent Nadolski, Alexis Gamelin

ALBA: Zeus Marti, Gabriele Benedetti

MAXIV: Marco Apollonio, Magnus Sjostrom

HZB: Teresia Olsson, Pierre Schnizer
IJClab-ThomX: Vyacheslav Kubytskyi

DIAMOND: Hung-Chun Chao, Tobyn Nicolls, Martin
Gaughran, Richard Fielder

ELETTRA: Stefano Krecic

SOLARIS: Jacek Biernat

SESAME (Jordan): Samira kasaei

ALS LBNL (USA): Thorsten Hellert

IHEP (China): Daheng Ji, Mengyu Su

ANSTO (Australia): Paul Bennetto

NSLS-2 (USA): Xi Yang

PSI (Switzerland): Jonas Kallenstrup

CLS (Canada): Michael Bree

Korea 4GSR (Korea): Chong Shin Park

Signed project summary shared with L.EARS-RDB E




- ACCELERATOR MIDDLE LAYER WORKSHOP, DESY, HAMBURG, JUNE 2024

Contributions from many labs.

Discussion about

- AGILE developments

- Definition of specifications
- Definition of use-cases

JUNE 19-21 2024, DESY Hamburg (DE)

Programme:

Future software for light source

- New software architectures e
g e - . . orrection and steering algorithms
- Fully python based facilities (such as Sirius in Brasil) e meors

and more...

- EU grant possibilities
Outcome:
- Submit proposal for COST action (DONE)

- Proceed with exploratory tests (DONE, continues)
- Define specifications/use-cases documents (to start in

November)
SY) ristopher Cortes (D(ESY) .
. . inGa : ilja Natalie Fischer (DESY,
Next workshop in HZB (Berlin) February-March 2025 Simone Livzzo Joachim Keil (DESY)

Laurent Nadolski (Soleil)— Lukas Malina (DESY)
Yoshiteru:Hidaka(BNL)
Xiaobiao Huang (SEAC)

FUNDS needed. COULD LEAPS SUPPORT US? e —

Event info-and re'gﬁirsTr;ation'hﬂps://inaico.desy.de/event/43233

<% ESRF
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- COST: COOPERATION FOR SCIENCE AND TECHNOLOGY

~ 150kEuro / year for 4 years for “networking” Green == ICT (inclusiveness target country)

Must involve 50% ITC countries ~50% success rate

All country/lab gets payed trips to conferences,
trainings, exchanges, summer schools, coding *
workshops.

Non-EU countries (USA, Brazil, etc.) collaborators
can be paid as expert giving a presentation or a
training.

PYAML-Net COST Action Proposal

. A i
submitted he

Candle

f Sa

Casy o
e Faly T S
Da Elettra ' -

Reply expected June 2025
If approved, start activity in October 2025

ght Source

iid
-

Once approved anyone will be able to join the network! WWW.Cost.eu

Page 11 | pyAML | 23 October 2024 | S.White on behalf of the pyAML collaboration The European Synchrotron | ESRF




- ONGOING EXPLORATORY WORK: TEST AND EVALUATE EXISTING SOLUTIONS

PYyTAC : Diamond light source, UK, in use, EPICS based

bluesky : NSLS-II, US, in use by many user beamlines world wide, EPICS based

pyacal : SIRIUS, Brazil, in use (adapted from existing tools to be used by other labs), EPICS based

(: Run an orbit response matrix measurement

n tested

y —

Easy to set up? Handles calibrations? How is data stored/managed?

User friendly? Graphical interfaces are available?

What measurements can be done? Digital twin/shadow?
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- PYTAC TANGO INTERFACE: 1 FILE

Jean-Luc Pons, ESRF

v [ pytac
> [ .devcontainer
> [ .github
> [3.vscode
> O
> [ docs

D src
v [ pytac
> [Ddata

pytac.load_csv 1 T load

t TangoControlSystem

control_system=TangoControlSystem(wait=True, timeout=

e _init _.py
e __main__.py

¢
e cothread cs.py

@ Cs.py

R PyTAC already ready for other CS.
e element.py

e exceptions.py

e lattice.py

e load _csv.py

¢

e units.py

& utils.py set_single and read_single methods are the only control system dependent methods.
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CODE COMPARISON (IMPORTS,

MEASUREMENT, DATA, PLOT)

yTAC ORM

Bluesky + pyTAC ORM

mport time

om pytacload_csv import load

om pytac.tango_cs import TangoControlSystem
om patl import Path

port numpy as

ort matplotih pyplot as pi

rom mpl_toolkits.mplot3d import Axes3D

port pickle

©5.environ[ TANGO_HOST] = ‘ebs-simu-1:10000"

tiice = load(EBS-vec',

v 1_06_
control_system=TangoControlSystem(wait=True, timeout=2.0))

k=105
f =100

orStrs = lattice.get_elements(" SF2A"
erstrs = lattice.get_elements(" SF2A"
h = lattice.get_value(orbit_h')

rm = dict(HorSteerer HorBPMs=np.empty((NHst, nbpm).
VerSteererHorBPM: mpty((NVst, nbpm)),
HorSteererVerBPMs=np.empty((NHst, nbpm).
VerSteererVerBPMs=np.empty(NVst, nbpm)).
RFHorBPM=np.empty((1, nbpm)).
RFVerBPM=np.empty((1, nbpm)
)

ef get_orbit()
return lattice.get_value(orbit_), lattice.get_value("orbit_v")

ef get_resp(s, kick="y_kic}
s.get_pv_name(kick
print(fresponse for {n})
50 = 5.get_value(kick)
s.set_value(kick, 50 + dk)
time.sleep(sleeptime)
(horb_stp, vorb, sm)'gel orbit)
s.set_value(kick,50 -
nmes\eev(s\eevnmel
(horb_stm, vorb_stm)
s.set_value(kick,50)
time sleep(sleeptime)
hr = [(p - m) / 2*dk) for p, m in zip(horb_stp, horb_stm)]
vr=((p - m) / (2¢dk) for p, m in zip(vorb_stp, vorb_stm)]
return hr, vi

sleeptime
“readback’)

3, dk=dk)

get_orbit()

ri, hin enumerate(horstrs)
= get_resp(n, kick='

_kick)

Vi

orm[HorSteererHorBPMS i, ] = hr
orm[HorSteererVerBPMs ][ ] = vr

ri, hin enumerate(versirs)
get_resp(n, kick=y_kic}

orm[VerSteererHorBPMs ]l ]
orm[VerSteererVerBPMsli. ]

’ ulsﬂersmn
= latice get elements( RrCauty)
et_resp(freq[0], ki dk=df)

#all cavities point to the same master source device

rm(RFHOrBPM[0, 1] = hr
rm{RFVerBPM1[0, 1] = vr

store in file all information required for optics FIT
rmfor 1 = dic
rlHorSteererhorpive
m'VerSteererHorBPMs
uzv orm{orStea enverbva .
rm['VerSteerervergPMs'),
o rm['RFHOrBPM
dv=orm['RFVer8PM ],
tunes=atice get_value(tune ), atice get value(tune )
ack’) for h in horStrs)
bacic) o1 v in verSis)
bpms=aitice.gel_element_py_names(BPM' 'y, readback))

pickle dump({'orm': orm}, open(ORMdata_pyTAC.pkl', ‘wb’)

Set up grid and test data
=orm[ HorSteererHorBPMs ] shape

x, ny = S[o], S[1]
(%)
range(ny)
np.meshgrid(x, y) # plot_surface’ expects x’ and 'y’ data to be 2D

It.style.use(_mpl-gallery)

0, ax = pit.subplots(nrows=2, ncols=2, subplot_kw=(" projection”: "
[0, 0] plot_surface(X, Y, orm'HorSteererHorBPMs'|.T)
0. 0].set_ylabel(Hor BPM)

0, 1].plot_surface(X, Y, orm{'VerSteererHorBPMs'].T)
[1, 0] plot_surface(X, Y, orm|'HorSteererVerBPMs'|.T)
[1, 0].set_xlabel(Hor steerers)

1, 0].set_ylabel(Ver BPM)

[1, 1] plot_surface(X, Y, orm|'VerSteererVer8PMs’].T)
1. 1).set_xlabel(Ver steerers’)

it.savefig(ORM_pyTAC.png’)

odo:
Review if ophyd tango should be used

importtime
from typing import List, Dict, Any

from ophyd.status import Status

from ophyd mport smeskylnmacc

import

from caletons importOrderedDict

from ophyd. device import OrderedDictType

iporary for safe-test purp

importos
05.environ[ TANGO-HOST] = ebs-simu-1:10000

—Quthor_= Pl Schnizer (426), Simane ivzzo (ESRF)

thor_
data__= March

class BPMs(Blueskylnterface):

Read BPM values

~ | BPM ophyd

def suaqc(sc\o o)
er().__init_(**kwargs)

pecs

def unstage(self) -> Listobject]
pass

e descrietsel)

in OrderedDict with exactly the same keys as the "‘read
mcthod e mappett per-scan metadeiaabout coch .

return dict(positions={source': bpms’, ‘diype’ ‘array’, 'shape’: (320))

def describe_configuration(self) -> OrderedDictTypelsr, Dictistr, Anyl];

es = Ordere
res.update({position': {source': 'bpms, ‘diype’ ‘amray’, ‘shape’: (320,)})
retur res

def trigger(sel):
return Status(success=True, done=True)

def read(self)
eturn an OrderedDict mapping stringfield name(s)to dictionaries
I and optional per-

vals = np.vstacl
self Jattice.get_value(orbit_),
self Jattce.get_value(orbit v)

k(

rewm

def read_configuration(self)-> OrderedDictType{str, Dict[str, Anyl}
res = Or

res.update({positions": {value': [], ‘imestamp’: [I}})
return res

def _init_(self,name, lattice, **kwargs)

Angs:
name: etherasting airibute orango or a pyac atice
fandomstate

from pytacload_csvimport o

from pytac.tango_cs import Tangucunnmsysmm
from pathiib import Path

importlogging

importos.

05.emiron[ TANGO-HOST] = ‘ebs-simu-1:10000"
machine= ‘ebs’

logger = logging getLogger(F"{machine}-bluesky-omm")

lattice = load(EBS-vec',

= 1 LOCO_for_
control_system=TangoControlSystem(wait=True, timeout=2.0))

YTAC
bit_h)
lattice.get va\ue(‘ orbit_v)

st seere diecty vih
h_obit= lattice.g e

pms", latiice=lattice)

Dnn( ata)

prini(hor bpm reading)
print(datalpositions H’value o)

print(ver bpm readin
print(datalpositions H’value T

# print(ftime: {timestamp})
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from bluesky.utils import ProgressBarManager
importtime

from bluesky import RunEngine

from aaroier import porr
from bluesky.plans import scan, rel_scan
from bluesky.simulators import summarize_plan

importnumpy as np.

importlogging

from pytac Joad_csvimportfoad

from pytac.tango_cs imna TannGanialSysiem,
from pathiib import P2

import bpm

# colectdata rom databroker

t_hor_cod_resp = np.zeros((Nsteerers, 320))
p.zeros((Nsteerers, 320))
ver_st_ver_cod_r -rosp = np zeros(Nsteerers, 520
ver_st_hor_cod_resp = np.zeros((Nsteerers, 320))

for kin [n+1 for n in range(Nsteerers*2)}

header = dbl-k] # ast, so order is swapped... very cumbersome way
to "save” data in a way it will be useless forever after
header mhleU

hm veSD' t. Wsmons[?][ﬂ] t.positions(1][0] / DK
= £ nnsitionsI2I1s £ nasitionsI L DK

o M measurement -

#workin EBS simula,
importos.
#05.environ| TANGO-HOST] = "ebs-simu-1:10000

\easure_om(Lttice, setle_time=6)

run a response matrix measurement

# initalize RM data structure
orm = dict(HorSteererHorBPMs
VerSteererHorBPMs=],
HorSteererVerBPMs=| u
VerSteererVerBPM:

# use blueskyrun engine to run measurement

# define some additional metadata
= dict(
machine=machine,
nickname="orm",
measurement _target="Orbit Response Matix.,
target="orbit response measurement

# initialize run engine
RunEngine(md)

# #addto each measurementadditional data: current, tunes, emittances at
every measurment

# sd = SupplementalData()

#  RE.preprocessors.append(sd)

#  sd baseline = [detl, det2, det3, motorL, motor2]

BestEffortCallbacl
pS subscribe(bec)

#Send allmetadata/dat capure o he BestEforCalback
k()

#nsert all meraﬂa!alﬂa!a captured into atemporary db.
b = Broker.named(temy
RE subscrbe(ibnser)

## setup a progress bar man:
RE waiting_hook = ProgressBarManager()

det

# horStrs = lattice. get_elements("HorSteerer

print(det read()
print(ste.read()

DK=1e:5
Nsteerers = len(horSrs)

def scan_steerers():
# steerer_devs.
‘readback)
# steerer_devs.
‘readback)
for s in horstrs:
yield from rel_scan(det),
Steerer.Steerer(name=s.get_pv_name(x kick, setpoint),

lattice.get_element_py_names(SH1A'

lattice.get_element_py_names(HorSteerers’, _kick',

ield="x kick'
settle_time=6),
DK, DK, 2)
# steerer_devs = lattice.get_element_py_names(VerSteerers’'y_kick’
‘readback)
for s in versis:
yield from rel_scan(det),
E

teerer. Steerer(tame=s.get_pv_name(y_kick' ‘setpoint),
rer=s,

DK, DK, 2)

# printwhat the plan will do
summarize_plan(scan_steerers()

print(wait 35)
tme.sleep(3)

run measurement
RE(scan_steerers()

Jresh
name_file = header.start[motors][0]
pickle.dump({hor' hor_resp, ver' ver_resp, table , ‘steer’

header start/motors'},
open(fORMdata_{name_file}.pkl

wh)

o[ HorSteererHorBPMs] = hor_st_hor_cod_resp

o[ VerSteererVerBPMs| = ver_st_ver_cod_resp
pickle.dump{{orm’; om}, open(ORM_bluesky_pyTAC.pkl", W)

return om

if _name__=="_main__
#05.nviron[ TANGO-HOST) = ebs-simu-1:10000°

machine = ‘ebs’
logger = logging getLogger(F'{machine}-bluesky-orm")

lattice = load(EBS-vec',

v 412024_06_01/pyta
clsrcipytacidata),

control_system=TangoControlSystem(wait=Tre,
timeout=2.0)

from os.path import exsts

omfile=

imachfs/MDTI2024/2024_06_OL/IORM_bluesky_pyTAC.pkl"

if not(exists(ormfile)):

print(f{ormiile} file does NOT exist)

orm = measure_om(attice, settle_time=6)
else:

print(fload existing {ormile} fle)

d = pickle load(open(ormiile, b))

orm = dform|

import matplotib.pyplot as plt
from mpl_toolkits.mplot3d import Axes3D

# Set up grid and test data.
[ HorSteererHorBPMs |.shape

nx. ny = S[0], S[1]
ange(nx)

= rangs

¥ = range(ny)
X, Y = np.meshgrid(x,y) # plot_surface’ expects ' and 'y’ data o be
20

pitstyle.use(_mpl-gallery)

fig, ax = pit subplots(nrows=2, ncols=2, subplot | wr(“pm‘ecuon
ax(0, 0].plot_surface(X, Y, orm['HorSteererHorBPMs
x(0, 0].set_ylabel(Hor BPM)

3d)

ax(0, 1],plot_surface(X, Y, orm[ VerSteererHorBPMs|.T)

ax(1, 0] plot_surface(X, Y, orm[ HorSteererVerBPMs| T)
ax(1, 0].set_xabel(Hor steerers’)
ax(1, 0].set_ylabel(Ver BPM)

ax(1, 1] plot_surface(X, Y, orm[ VerSteererVerBPMs].T)
ax(1, 1].set_xabel(Ver steerers)

pit. saveﬂg(ORM png)
pit.show(

fig, ax = pit subplots(nrows=2, ncols=2)

0,0 peoomesh(om [ HorSteererHOBPNS] T
#ax0, 0] set_xlabel(Hor steerers)

x(0, 0]:set_ylabel(Hor BPM)

(0, 1].peolormesh(orm(VerSteererHorBPMS.T)
ax(1, 0] peolormesh(orm( HorSteererVerBPMS.T)
ax(1, 0].set_xabel(Hor steerers)

ax(1, 0].set_ylabel(Ver BPM)

ax(1, 1] peolormesh(orm( VerSteererVerBPMs1.T)
ax(1, 1].set_xabel(Ver steerers)

pit.savefig(ORM.png’)

show()

importtime
from typing import Dict, Any, List

from ophyd import Blueskylnterface

from ophyd.status import Status

from collections import OrderedDict

fom ophyd.device import OrderedDictType

#temporaryforsafe-testpurposes: oce commands o simutor ol
import o
08 emaron[ TANGO-HOST]

‘ebs-Simu-1:10000°

author_ = 'Simone Liuzzo (ESRF), Pierre Schnizer (HZB)'
data__= ‘March 2024'

class Steerer(Blueskyinterface)

Read and seta steerer

Parameters

name: string

setle_tme=6

def stage(sel, “kwargs)
super(_init_("tlowargs)
pass

def unstage(self) > List{object]
pass

def trigger(sel):
return Status(succe:

def describe(sel)
‘Return an OrderedDict with exactly the same keys as the
method, here mappedto per-scan metadata about each field

read

return dict(strengt

ource: steerer

‘dtype’: number, 'shape’: [})

et dscrive_configuaton(se) > OderedDictypelt,Ditst, Ary)
redDict(

res.update({strength’ {source': ‘steerer, ‘dtype’: number’ ‘shape’: )

rewr res

def read(self)
‘Return an OrderedDict mapping string field name(s) o dictionaries

of

peneltname

set pmms
bpm:

self.name.get_elements(BPM) # using pyTAC

return dict(strength=dict(valu

al, timestamy

ime.time()

def read_configuration(self) > OrderedDictType{str, Dict{str, Any]}
res = OrderedDict(
res.update({strength’ {value: ], ‘timestamp: [}})
rewr res

def set(self, val)
print(self pytacsteerer)
print(self.pytacsteerer.get_py_name(x_ick' readback))
# 0s.environ[ TANGO-HOST] = ‘ebs-simu-1:10000°

viron[ TANGO_HOST]

print(ftnago hosty{th))
self.pytacsteerer.set_value(selt field, val)
prini(fset {selffield} o {val). now wait for {self.settle_time)
# AttibuteProxy(self.name.replace(", ) write(val)
time.sleep(self.setlle_time) # hard coded for test

return Status(succes:

ue, done

Tue)
def locate(sell):

rewr dict(readback=sel pytacsteerer.get_value(self field, "readback’),
Ipoint=self pytacsteerer.gel_value(self field, "selpoint’))

def _init_(self,name, pytacsteerer, field, settle_time, **kwargs):

rgs:
name: either a string attribute for tango or a pytac lattice
random_state:

Hawargs:

super(._i

L_(*kwargs)

self.name = name.replace(/

)
self pytacsteerer=pytacsteerer # pytac element, used (0 setget strengths
sel field= field

_main_"
from pytac.load_csvimportload

from pytac.tango_cs import TangoControlSystem
from pathiib import Path

importlogging

importos.

# 05.environ[ TANGO-HOST] = ebs-simu-1:10000'
machine= ‘ebs’

logger = logginggetLogger(F"(machine}-bluesky-orm")

latice

load(EBS vec',

)
I pytacsteerer.get_value(self field, "Setpoint’) # we wantto make sure that we use the

Loc

0_for
‘control_system=TangoControlSystem(wait=True, timeout=2.0))

print(os envron[ TANGO-HOST])

time.sleep(10)

# test steerer directly with pyTAC

horsirs = latice.get_elements("HorSteerers’)
print(freadback from pyTAC: {horStrs[0].get value('x_kic
print(fsetpoint from pyTAC: {horStrs[0].get_value('x_Kick"
time sleep(10)

initval = horstrs[0].get_value('x Kick","setpoint’)
horsitrs{0].set_value('x_kick', initval+1e-6)

time sleep(2)

print(fsetpoint modified by pyTAC: {horstrs[0] get_value(’x_kick
horsirs{0].set_value("x_kick", initval)

time sleep(2)

print(fsetpoint restored by pyTAC: {horStrs{0] get_value(’x_kick

Sepointy)

Sepointy)

# bluesky interface for pyTAC steerer
Steerer = Steerer(name="srmag/hst-sh1/cOL-a/Strengif’,
csteere rs[o],

teerer ophyd

print(fsteerer iniial from bluesky {steerer.name) set point)
print(dataf strength|value))
initval=datal'strength'[value]

steerer set(datal strength’[value') + 1e-6)

time.sleep(2)

datam = steerer.read()
print(datam)

print(fsteerer modified by biuesky (steerer.name} set point)
print(datam[strength [ value)

# restore inital value
steerer.set(data[ strength [value1)

dataf = steerer.read()
print(dataf)

prini(fsteerer restored by bluesky (steerer.name} set point)
print(dataffstrength [ value)
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DATA LOOK

PyTAC Bluesky

db is the database first index in database is the most
recent, must read it backward

numpy.arrays

For k in [n+\ fop (Nsteerers%*2)]:

= db[-k]

t = header.table() .
FANE e REREE determined by

Steerers Ophyd
device
hor_resp t.positions| - t.positions[1][
VEr_resp t.positions[2][1] - t.positions[1][1]
\Y

>>> d['table']

positions strengfh

sSeqg_num
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SIMULATIONS

PyTAC pyTAC + Bluesky

PYTAC == Bluesky + pyTAC == Matlab measurement
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MEASUREMENT WITH BEAM, 2ND JUNE 2024

Horizontal Steerers to Horizontal BPMS

20 A1

10 1

-10 4

=201

Middle Layer ORM (python)

=30 4

=40 1

ity
= ’.' -
'a‘k “.'mg’ e *® ¢

» bluesky + pytac + pytango
pyTAC + pytango
x=y

- e

T T T T T T T
-10.0 =75 -5.0 -25 00 25 5.0 7.5 10.0

Standard ORM (Matlab)

Vertical Steerers to Horizontal BPMS

Middle Layer ORM (python)

* bluesky + pytac + pytango
*  PYTAC + pytango
— x=y

Page 17

-0.5 0.0 0.5 1.0 1.5
Standard ORM (Matlab)

-1.5 -1.0

| pyAML | 23 October 2024 | S.White on behalf of the pyAML collaboration

Middle Layer ORM (python)

Middle Layer ORM (python)
o

Horizontal Steerers to Vertical BPMS

-9
-4 iﬂ » bluesky + pytac + pytango
LI - pYTAC + pytango
—6 4 —_—X=y
T T * * T T T
-2 -1 0 1 2 3
Standard ORM (Matlab)
Vertical Steerers to Vertical BPMS
-
20 y
10 1
0 -
=10 4 ;ﬂ'
s
204 *® bluesky + pytac + pytango
pyTAC + pytango
— x=y
=30

-10.0 =75 -5.0 -25 00 25 50 7.5 10.0

Standard ORM (Matlab)

MEASUREMENT

Issue with data saving/synchro

in bluesky.

No idea where to look to fix it.
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- PYACAL ADAPTED FOR ESRF

pyacal-test

omples To get it working at ESRF few features had to be added
oL systems modified:
| :j;,;y— ' « It took a total 3 days of work + 1 meeting for the SIRIUS
“anite ey team to have some thing running on the ESRF
i simulation
. * New features:
i «  TANGO interface
| WTL‘L « pYyAT interface
:f::j . ESRF facility definition
e - ESREF specific devices
_iga;n;_{g;pﬁvw « Few additional minor modifications to load AT model
oy from file for example
Li,ﬂ;ﬁzf;p.w « This implementation should be usable by any
ey TANGO/pyAT users as long as the facility is defined in
twne the subpackage facilities
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TEST OF PYACAL AT ESRF

[1]: dimport sys o] S
sys.path.append('/machfs/swhite/pyml/pyacal-test’)
import pyacal
import os
import warnings
import at

import matplotlib.pyplot as plt Once debugged On the ESRF S|mUIat0r

import time

T g PYACAL could be launched on the

plt.rcParams[' figure.figsize'] = [2@, 10

from pyacal.experiments.disp chrom import DispChrom ESRF_EBS maChIne Wlthout any further

pyacal.set facility('esrf')

with warnings.catch warnings(): mOd |f|Cat|OnS

warnings.simplefilter("ignore")
path = '/operation/beamdyn/matlab/optics/sr/theory/"
ring = at.load lattice('./betamodel.mat', use='betamodel")

pyacal.set model('EBS', ring) Tested 2 experlments:
dispchrom = DispChrom(accelerator="EBS', Ilﬁon%lne:True) ° ORM measurement
100 # [H2] « Dispersion and chromaticity

[s]

0+
+
m

dispchrom.params.max_delta freg
dispchrom.params.min_delta freq
dispchrom.params.wait tune = 10
dispchrom.params.meas nrsteps =

1
print(dispchrom.params) o oo measurement

oI

max_delta freq [Hz] = 100.000

min_delta_freq [Hzl = -100.000

meas_nrsteps = 11 i TN I l e | -

wait_tune (s - 10000 Those are the simplest examples
sofb_nrpoints =

[em)
-——
P
(T
g e
. -——
f————
| _Ss——x
-—————
S ——
- ————

provided

dispchrom._run()

Chromaticity and dispersion
measurement notebook and -
results
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- CONCLUSIONS AND REMARKS

PYAML is a project to replace and improve MML. The collaboration is growing and the collaboration is
actively participating to the software development.

Networking funds proposal has been submitted. Reply expected in 1 year from now.
On going exploratory tests and detailed definition of specifications and use cases.
Some remarks:

It was relatively straight forward to adapt pyTAC and PYACAL to ESRF-EBS.

pyTAC was also adapted to HZB, pyACAL was also adapted to MAXIV.

pyTAC calibration and set up is based on files, rather easy to interpret and user friendly

pYTAC + bluesky resulted in very high level of complication. The easy scripting friendliness is not evident for this case.

For PYACAL once the TANGO and pyAT interface had been implemented all “higher” level applications worked out of the box

PYACAL was developed with EPICS in mind with the present architecture we cannot profit form certain TANGO features such as
Devices or Family Devices: for the test workaround were implemented to make it work

PYACAL give access to a full suite of measurements and controls scripts with potentially minor or no modifications needed
Next steps:

Run more complex experiments: BBA, Orbit feedback?
We would be very interested in testing pyQT GUI at ESRF
Can we run experiments on the model? Is the switch to simulation implemented in the test version?
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