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CERN Beams Controls Software & Services

“Provides Control & Monitoring solutions for all
CERN particle accelerators, transfer lines, associated
experimental areas & various supporting technical
infrastructure services.”
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Conflgure & Set states & reference values (aka settings) in active elements
Generate initial values, automate sequences, feedback loops, etc.

—~| Monitor elements (instruments & actuators)
Time-tagged acquisitions with post-processing for quick detection of abnormal situations

Long-term memory of Settings & Acquisitions |==
Years of data with performant data extraction & analysis tools s

Ensure machine protection & operational availability
High-level fast-reaction interlocks & role-based access to prevent wrong actions
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Health & Diagnostics monitoring for the multitude of sub-systems
Online failure detection, remote interventions (e.g. power cycle), failure prediction (Machine Learning) etc.
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High-Level Software Architecture

CERN'’s general purpose Ethernet network (GPN)

CERN's Gigabit Ethernet technical network (TN)

Front-end Tier
Real-time control and acquisition

» Limited, local scope

» Fast reaction possible (interrupts)

« Limited computing power (compared to other tiers)

» Equipment processing to provide a high-level view of hardware

» Real-time (RT) applications rely on frameworks, which capture
recurring aspects (react to events, publish new data, etc.)

» Based on technologies close to HW (C for drivers, C++ for RT, etc.)
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Equipment experts’
Operators’consoles consoles Fixed displays

S8 @& Ll

Application servers Databases File servers FECs'boot servers

PLCs
RT Application

Front-end computers (FEC)

RT Frameworks

Device Drivers *

Operating System

Accelerator Equipment

CERN Beams Controls Software & Services 4



High-Level Software Architecture

Equipment experts’
Operators’consoles consoles Fixed displays

Server Tier
General purpose services
& Specific business logic

55 &® iy

Settings Long-term
Management Logging

Automation Etc.

» Broader scope; able to coordinate across entire accelerator
» Powerful computers

» Less reactive (network) and at a higher-level of abstraction
» Based on technologies suited for higher-level logic (e.g. Javeﬂ

CERN'’s general purpose Ethernet network (GPN)

CERN's Gigabit Ethernet technical network (TN) @

PICMG1.3
platforms

Analogue
kT &digital |
X interfacing

Fieldbuses
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High-Level Software Architecture

Dashboard 3
Accelerators Time period
C | I e n t TI e r LHC « 7 Weeks before Closest Monday at 0900 8  More~  Q
—
= Accelerator Overview (CEEL) WiCOverview @EEED © ! LHC Year by Year Evolution CFD) MCReport (CF) O PSFOMReport () PSBFOMReport () SPSFOMReport () TE-ABT Operations Overview
. . . ’ —_—
Graphical applications & Openitor =lr.9
~ i) Availability Stable beams. i LHC Activity
Different technologies in use S =
[©]
1 E E 7 7.6 % 3 3 .6 % Energy — Beam 1 intensity — Beam 2 intensity
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= YASP ¥1.111/Nov 04 SPSRING / S546v1 [Size 25.4 Mb( 7.4 free)]
File Tools Optics Help LTS Access frotphvs
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L -
m m m d ruvt A ! & L (Acq finished | ‘V SPSRING / S546v1 / SPS.USER.LHC546:0-20550 ms|_ __ _ .. __...__ .. wo =
[ isiti E Data Set: : MOPOS.Shared.Acti[a) 44 ¢mesess oo ¢ ¢ 00sn e 40 oo oo
: z11pos0l
T T g
[ —— T T CEEEEIEERNEE
Right-click on button for orbit details !
|| Read CODs [ | IN Coast [_] Show Reference | : f X x % x X =

"""""""" emperalure switch, Cnmmumca!lon card (14h 38min 48s) x >x X g
»

Communication

Monitor H

« Controls Middleware (CMW) _
° More generic teChnOIOgies for the higher |ayers ~ 15;;:‘!?4113047 S(_Ii227235(§0,é@190?gms | | I
e RMI/IMS §.25....4.:|-"" T —_— |I s I||| AT, '|||'----"-|'|||---|- '|"'l"""'l'll|"'| ,,_.".I

 RE S T s %0 500 5.0 1000

Monitor ¥

+ gRPC
. Analogue
T &digital =
interfacing
Accelerator Equipment

Cﬁw
\

g o ] TERE B TR
E-zsuu- | ||'|'|' |I|.I|r“|||I g III..IIIII il “ |"' g eenth IIII| |'II|II " " I '
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High-Level Hardware Architecture
4 )

Equipment experts’
Operators’consoles consoles Fixed displays

$o && QLG

(a )

pplication servers Databases File servers FECs'boot servers

®

Server Tier
Central computing infrastructure

CERN’s general purpose Ethernet network (GPN)

( Client Tier

PICMG1.3
platforms

‘_’J CERN's Gigabit Ethernet technical network (TN)

{f Resource Tier
E

lectronics close to the accelerator

Analogue
“““““ &digital |
interfacing

Fieldbuses
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Examples — Accelerator Control

Oracle Database

Control now!

e

General Machine Timing (GMT)

™
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Examples — Equipment Monitoring

PS.USER.TOF - (INCA) [ [O[x]
File Edit View References Archives Commands Control Pregrams Help
) o [ & 07 Aug 2018 16:5233 CPS 07 TOF | TOF_doublefB RBA:eroux O F
®s OR OA
JAPC view
MKController UserPermitred User Pernitted To Play Kicker Kick Count =
BFAZ1P.359.F3. CONTROLLER false false 1, 0, 0, 0, 0, 0, 0, 0, ... 1
BFAGP.359.F3. CONTROLLER false false 1, 0, 8, 0, 0, 0, 0, 0, ... 1
BFAZ15.355.F3. CONTROLLER false false 1, 1, 1, 1, 1, 0, 0, 0, ... 5
BFADS.359.F3. CONTROLLER false false 1, 1, 1, 1, 1, 0, 0, 0, ... H
DFAZ42.359.F3. CONTROLLER alse false 1, 0, 0, 0, 0, 0, 0, 0, ... 1
DFAZ54.359.F3. CONTROLLER false false 1, 1, 1, 1, 1, 0, 0, 0, ... 5
MKController_Virtual Delay[ns] Delay 21 Strength[Vl | Delay te Play |Delay 21 To ... Strength to ...| Pfn Agn[v]
PE.BFAZLP-V 1000 5000 1000
PE.BFAGP-V 1000 5000 1000
PE.BFAZ1-551-V 1000 1000 5000 1000 1000
Here are a, b’ C, PE.EFA21-952-V 900 500 5000 500 900
PE.BFAZ1-953-V 2000 2000 5000 2000 2000
an d Everyth | n g PE.BFA21-954-V 3100 3100 5000 3100 3100
PE.BFAZ1-855-V 4200 4200 5000 4200 4200
. F16.DFA242-V 1000 11500 1000
IS OK F16.DFA25451-V 1030 2000 1030
F16.DFA25452-V 1100 9700 1100
F16.DFA25453-V 2200 10000 2200
F16.DFA25454-V 3100 10500 3100
F16.DFA25455-V 4400 11000 4400
PsCTstate Wode Local /Remote Busy External Cond.
PE.BFAZLP. STATE oFF REMOTE [ FAULTY
PE.BFAQOP. STATE an REMOTE o a®
PE.BFAZ1_095.STATE OFF REMOTE o FAULTY,
F16.DFA242. STATE an RENOTE [ oK
F16.DFA254. STATE on RENOTE o oK
LTIM Event Start Delay Clock str. AgnC AgnClano
PEX.SEFA2LP Disable PEX. WRF 7520 PAX. TRF - -
PEX. SEFASP Disahle PEX.WRF 7520 PAX. TRF - -
PEX.SEFAS Disable PEX.WRF 7614 PAX. TRF - -
F16X. SDFAZ4Z Disable PEX.WRF 7652 PAX. TRF - -
F16X. SDFAZS4 Disable PEX.WRF 1500 PAX. TRF - -
LTIM Event Start palay Clock str. AgnC AgnChano ||
PEX. SSANP-BFA Enable PEX.WRF 20000 10MHz 728 728000600 |- |
‘ [
- No Exception to dizplay... I
‘

RT Application RT Application RT Application Read now!

(time = t)

“UCAP: Unified Controls Acquisition & Processing framework

Measure now! MGeneral Machine Timing (GMT)
CERN BE
\\
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Examples — Timeseries Data Logging

B
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RT RT RT
Application Application Application Read now!

(time =1t)

/General Machine Timing (GMT)

Timing
System

e
now:

*SWAN: Service for Web based ANalysis

BE
Beams Department

CE/RW
\

CERN Beams Controls Software & Services




Questions?

“Provides Control & Monitoring solutions for all
CERN particle accelerators, transfer lines, associated
experimental areas & various supporting technical

L] . 1)
’nfras#ructure services. cms
LHC
| 2000 27 b )
ALICE o, A North Area LHCb
\ = g = e
1|_'\\& ‘ ™ 77"'//\%(5
HiRadMal
\\ EXm hame | =
~~——=T AD . FELEN
e ) ISOLDE
\ < : D 1 t
o\ = O ] rexie
n TO¥F P S— o Fact An
e )\n: | East Area
oY mPS : ’ )
L ' -3 7 CLEAR
N ——— Em
/ LEIR
o]
» H™ (hydrogen anions) ) RIBs (Radioactive lon Beams)  p P B Gntipeot » ¢ (electrons

= =)

) \ = 12in1

* Assimple as possild L33 ¥ Universal
* High usability, stability, il 2& 6 EEUTE
e =14 Control
availabil ITY ‘LINAC3/4 -PS -PSB

-:SPS -LHC -LEIR

*  Common approach

BE .
Beams Department CERN Beams Controls Software & Services 11

C&W
\




Additional Slides

CE/RW
\

N

BE
Beams Department

CERN Beams Controls Software & Services

12



& + -9 Core temperature sensors. Coong systems parameters
e et frommion) 10 ’ . a
— AW Subscrpton Ay Gragh Contsaton R -28180°C o s7c5gec R 30.9°C r26.7°C K
£32.2%C o ao ae ek 31.4°C 7ML 26.8°C ™
= 30.5°C wR 27.1°C | WwR 27.0°C
-2752.5°C L 27.4°C 27.aC
2 -
| | Coolog pacamesers v v
532.6m'n 30.5°C LY
-
27.6C
3. L 27.8C
<
32.5°C 28.7°C TMR26.5°C 14.5mn 27.9¢
34.0°c 29.4°C WL26.8°C =
R 27.8°C ® 30.5°C R 26.8°C
28.2°C 33.1°C L 26.9°C
® ‘Vacuum chamber temperature Sensors Up/Downstream LVDTs Dumped Beam Info
Cycle Name undefined
x0.03mn
15.7°C "4 ¥ 0.0Lm Beam Intensity 0 e 10chages
551 3276.7°C ss120.8°C 20.23mm
as8es1n)
Beam Energy
’ 136641 Gev
L& ' (04
Average beam power over last 10 mins. 295040 kW
T SO 1O Average beam power over last 10 SC 273640 kW
y -0.08:

au7es0 kW

LEIR DASHBOARD

(W.R.A.P.)
HW SUPERVISION (Recovery actions)

SOURCE/L3 SUPERVISION (No actiong

PERFORMANCE SUPERVISION
(No recovery actions yet)

BEHIND THE
DASHBOARD THE

WORLD IS UCAP
EARLY (2 hours history)

Performance plots for NOMINAL
(2 hours history)

on efficiency and automatization

IPP miniworksh
R. Alemany

30/og/2022

s5_R: 3276.7°C ssr23.1°C

RR 25.8°C

ALICE Sohengid

ATLAS Solenoid

€MS Solenoid

20.06m

Average beam power over last hour

ALICE Main Dipole

ATLAS Torowd

LHCh Main Digale:

.
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Sequencer

LHC Sequencer Execution GUI (DEY) : 5.6.0
Sequence Feedback Help

H[=] E3

. # o 8
¥ RBA: rgorbono QLP | Open | Control | Close all | Refresh all

LHC NOMIMAL SEQUENCE (B1 B2) 2 ‘

= ("] LHC NOMINAL SEQUENCE (B1 & B2)
# [~ PREPARE LHC FOR INJECTION (ALL BUT PCS)

INIECTION PROBE BEAM -+ I % |

PREPARE RAMP = xl

("] INJECTION PROBE BEAM
(7] INJECTION PHYSICS BEAM
("] DISABLING BEAM 1 INJECTION AND TDI B1 OUT
("] PREPARE RAMP
(] RAMP
=[] SQUEEZE TO 0.6M 2012
[#- (] SWITCH OFF TUNE FB
(7] SWITCH OFF BBQ BUNCH GATING
("] ADT LOAD WIDEBAND SETTINGS
(7] INCORPORATION INTO SQUEEZE BP AND LOAD TABLE
(7] LOAD SQUEEZE FUNCTIONS FOR TCT COLL IN IP1/5/8
(7] LDAD SQUEEZE FUNC FOR ADT GAINS AND PHASE_SHIFT
(7] LOAD ADTDSPU BUNCH MASK FOR SQUEEZE
(T DRIVE SQUEEZE IN 1 STEP WITH QFB ON
© UNLOAD SQUEEZE OPTICS CHANGE TABLE
& SLEEP 155
(- (] SWITCH OFF OFB AND QFB
- (7] MOVE STATE/BEAM_MODE = ADJUST
& END SUBSEQUENCE BREAK
[T PREPARE COLLISIONS IP1 AND 5 ONLY
("] ADT LOAD STANDARD BANDWIDTH SETTINGS
(7] PREPARE TILTING LHCB
("] DECLARE STABLE BEAMS
("] PROGRAMMED DUMP WHEN STABLE BEAMS |
(7] RAMP DOWN - PRECYCLE COMBO

[ - - - - [

FH - E -

3

=

< | 1|
» Run | Suspend | Step | N skip | Stop I

PREPARED

Console | Details | Resultl

AUIGLHGNIE = UL Y I J7LULT U, L1 @i G136, 1 GUie—1], ]

Role[name=PO-User; critical=False; lifetime=-1], Role[name=JMX-EXPERT;

critical=false; lifetime=-1], Role[name=SeqHwcOperator; critical=false;
lifetime=-1], Role[name=PmaExpert; critical=False; lifetime=-1],
Role[name=CCDB-LSA-SYNCHRONIZER; critical=False; lifetime=-1],
Role[name=AWAKE-EB-EXPERT; critical=False; lifetime=-1],
Role[name=CBNG-DEPLOYMENT-USER; critical=false; lifetime=-1],
Role[name=SeqExpert; critical=False; lifetime=-1],
Role[name=5eqSpsOperator; critical=false; lifetime=-1],
Role[name=CCDB-CONSOLE 1-SPS-LHC; critical=False; lifetime=-1],
Role[name=ASM-CC-EXPERT; critical=False; lifetime 1
Role[name=CCDB-CONSOLE-USER; critical=False; lifetime=-1],
Role[name=SeqLhcOperatat; critical=False; lifetime=-1]]]]; extra=null]
SWITCHING TO MODE: MD

PREPARED

Server logs |

[=("] INJECTION PROBE BEAM

c (["{RESET 600 A OF ALL SECTORS

- (] LOAD-DRIVE INJECTION SETTINGS IN PC

(-] CHECK MKISS FINISHED - SWITCH ON MKI B1&B2
& CHECK RF FREQ WITHIN S0HZ OF INJ SETTINGS
("] RESET COLLIMATOR WARN, ERR AND INTERLOCKS
(7] RESET RF BIC
(7] CHECK B1 & B2 MKI ARE READY FOR INJECTION
(7] CHECK ALL MAGNETS CURRENTS ARE AT INJECTION
(T CHECK COLLIMATOR INJECTION SETTINGS
(7] CHECK ADT AND RF ARE AT INJECTION
© UNLATCH ALL SIS CHANNELS
(7] ARM LHC BIC B1 AND B2

LS

-

& - -

@

> Runl Stepl N Sldpl
PREPARED
Console | Details | Result |
liretime=-1], Role|name=PmaExpert; critical=talse; litetime=-1], _._l
Role[name=CCDB-LSA-SYNCHRONIZER, critic Ise; lifetime=-1], =
AlFe e AVIAUR R URERT. ool G-l el a1

=[] PREPARE RAMP -
(" PREPARE OFB SETTINGS WHILE FILLING

(7] ENABLE POST MORTEM EVENTS

("] FORCE SBF TO FALSE

(C7] SWITCH OFF ABORT GAP CLEANING

(T] RF CHECKS: WATCHDOG&FREQ B1/B2 LINKED

(7] DISABLING INJECTION AND INJ COLL OUT

(7] DISABLE INJECTION CLEANING

(T3] HANDSHAKE END OF INJ - SM&BM = PREPARE RAMP

« STOP FIDEL TRIMMING

w INCORPORATE FIDEL AND LASLETT CORRECTIONS INTO RAMF
[+ (] SWITCH ON AND ARM OFB

("] INCORPORATE INJECTION TRIMS INTO THE RAMP

I

' Run I
PREPARED

Console | Details | Result ‘

litetime=-1], Role|name=PmaExpert; critical=False; liretime=-1], _-_l
Role[name=CCDB-LSA-SYNCHRONIZER; critical=False; lifetime=-1], =
moire e il €alon o HE-tieo 41

[

(] [ [ [ ] (] (]

uspend | Stepl M skip | Stop I

PREPARE COLLISIONS IP1 AND 5 ONLY -+ I % |

PROGRAMMED DUMP WHEN STABLE BEAMS -+ ] x |

=1~ PREPARE COLLISIONS IP1 AND 5 ONLY
= r_—[CHEEK FEEDBACKS STATE FOR PHYSICS I
Q ("] DISABLE RT TRIMS

« LOAD COLLISIONS ORBIT OPTICS CHANGE TABLE

& ENSURE START_COLLISIONS TABLE LOADED

(] RESET DIP OPTIMIZATION FLAGS

(- INEORPORATIONINTO-FIRST PHYSIES BP-

(7] LOAD ADTDSPU BUNCH MASK FOR PHYSICS

(7] LOAD COLLISION FUNC FOR ADT GAINS AND PHASE_SHIFT

("] DRIVE COLLISIONS BP

B E e e

| |

=[] PROGRAMMED DUMP WHEN STABLE BEAMS

~ [INFO: PLEASE DO THE OP SCAN BEFORE DUMPING

© INFO: PUT BACK ROMAN POTS TO PARKING BEFORE DUMPING
(- DRIVEAFP-XRP-TOPARKING

([-DRIVE-FTOTEM XRP-TO-PARKING (LOW BETA)-

("] BEAM DUMP HANDSHAKE WHEN STABLE BEAMS

("] B1B2: PROGRAMMED DUMP WITH PM

(7] MESSAGE END OF BEAM_DUMP WHEN STABLE BEAMS

[ [ ) - (3]

I Runl stepl N skipl

PREPARED
Console | Details ‘ Result I

PREPARED i‘

1l |
> Runl EtDpI

PREPARED

Console | Details I Result l

R 1t R ) et ) SRS 2410 S e =

SWITCHING TO MODE: MD j
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Virtual Device Server

Transformation _ —
Virtual Device V. Dev. 1
....... V. Dev. 2
N - e ) . = 1000+ devices
Transformation -f{ Transformation
; V. Dev. n B

Event Builder

Find more at:
JACOW-ICALEPCS2021-MOPV039 Poster
JACoW-ICALEPCS2021-MOPV039_Paper
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https://accelconf.web.cern.ch/icalepcs2021/posters/mopv039_poster.pdf
https://accelconf.web.cern.ch/icalepcs2021/papers/mopv039.pdf#search=%20domain%3Daccelconf%2Eweb%2Ecern%2Ech%20%20%2Btitle%3A%22UCAP%22%20%20FileExtension%3Dpdf%20%2Durl%3Aabstract%20%2Durl%3Aaccelconf%2Fjacow

Fault Tracking & Availability
Dashboard o

Accelerators Time period
LHC - 7 Weeks before Closest Monday at 0900 () More ~ Q

Accelerator Overview (CEEL) WHCOverview CEIL) < ! LHC Year by Year Evolution CE) MCReport (CF9 (O PSFOMReport () PSBFOMReport () SPSFOM Report () TE-ABT Operations Overview
= + Q

i Availability Stable beams i LHC Activity
77.6% 33.6% -
> O - O Energy — Beam 1 intensity — Beam 2 intensity
28, May 4. Jun 11, Jun 18. Jun 25. Jun 2. Jul

DO F Time Distribution 7.0 TeV 3.5e+14

E) DR vs Dptatie 6.0 Tev [ 3.0e+14
5.0 Tev } 2.5e+14
4.0 Tev u 2.0e+14
3.0 Tev 1.5e+14
2.0 Tev 1.0e+14
1.0 Tev 5.0e+13
0.0 Tev 0.0e+0

. Accelerator Mode Activity

Accelerator mode 'Sﬂm‘ u Q‘—‘———mm’
Op. mode ($8: 31 6% )WWW&WM'!RWWWWR*W“\*’mﬁ—@mmmy_’m 2 ®

TUMNArOUND DEriOfS = o = o c— o - —— — —— . — - — —

Beam dump EEGEIGNIER S 40 B D 04 FEMININD S 4 4 S HEB B 424 DLOVTTHEIND HORD SD s e 4D O oas
Fill numDer  Ammi s A sh Aslthh & AA A% ASBAA SN AL AANA A0 A0 40 A AA AN A AL BAADRSMMIRLAME AL M AN A Al
TEEEET AT OEIIRCRI S AR S SunaisiEg e ix
Fm Min SR LSO LD US LS o P oy am as v RS “~
1 labels 1 Turnaround

i  Faults in Selected Window

BLM Sanity Ohecks 2.3h

X

m i Avg Turnaround x
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NXCALS — Data Logging Sy/stem

Data Storage

-
Data Sources

TIM &
REMUS
Datasources

Datasources

K¢

Configuration via CCDE

@'Fllqﬂa’sgamp

5
ORACLE

~

Data Extraction
SWAN (Jupyter)

NXCALS
I?é Data Access ¢
API

27| TIMBER-GUI 4 CERN
S%\c;)rlk kv Specific
API

&, Spark Bundle

&, MetaData a java “pip install nxcals”

ava  API

dava

g Heterogenous Inputs L ) kExtenswe Set of APIs & Tools .
C\ER/—W BE CERN Beams Controls Software & Services 17
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https://ccde.cern.ch/nxcals/search

Machine Learning Platform (MLP)

Machine Learning Platform (MLP) is the new central platform for storing,

versioning and deploying ML models in the CERN Control Centre

= create, update and deploy models with minimal effort

model.fit(tralning_data)

client.publish_parameters_version(

Training

= automate seamless model updates as machines characteristics

environment nmaor:ZI lon_beam”, @
verslon = AUTO # generated eVO |Ve
/' \Model registry / omrcLe " focus on domain & ML by abstracting the infrastructure

DATABASE MetadataDB

<> g L - " = \

‘J l e _IJ—-I_ SWIFT

Physicist Spring

A pgthon ' v boot Object Storage DB
CIJCD bl Controls

oo application

1
TensorFlow . &a"n

O PyTorch .g

D oo > kubernetes

Serving cluster (TN)

model = cllent.create_model(
model_type = BeamLIneModel, <
model_parameters = “lon_beam*,
params_verslon = AUTO

Find more at:
JACoW-ICALEPCS2021-MOBL03
https://indico.cern.ch/event/1175862/

v

)
result = model.predict(Input)

Accelerators

BE
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