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The World Leader in

System Integration and Software for
Science and Proton Therapy

® 6 of the 10 Largest Big Science International Projects
® 61% market share in Control Systems for Particle Therapy

Cosylab
61%
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1. Canadian Light Source - CSL (CA) 22. CERN - European Organization for Nuclear Research (CH) 44, Electron accelerator - ELSA (DE) 66. Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou (CN)
2. Brockhaven National Laboratory - BNL (US) 23. Paul Scherer Institut - PSI (CH) 45. Helmholtz Zentrum Berlin fur Materialien und Energie (DE) 67. Southwestern Institute of Physics - SWIP, Chengdu (CN)
3. Fadility for Rare Isotope Beams - FRIB (US) 24, Linde Kryotachnik (CH) 46. European Molecular Biology Laboratory - EMBL (DE) 68. Shanghai Institute of Applied Physics, Chinese Academy of Sciences (CN)
4, Advanced Photon Source - APS at Argonne National Laboratory (US) 25. Maatel Scientific Instrumentation (FR) 47. Physikalisch-Technische Bundesanstalt Berlin - PTB (DE) 69. Pohang Accelerator Laboratory (KR)
5. Stanford Linear Accelerator Center - SLAC (US) 26. Xenocs (FR) 48. Jenoptik AG Jena (DE) 70. Hiroshima University (JP)
6. Ferni National Accelerator Laboratory - FNAL (US) 27. French Atomic Energy Commision (FR) 49. Forschungzentrum Karlsruhe (DE) 71. Institute for Molecular Science (JP)
7. Varian medical systems (US) 28. Internaticnal Thermonuclear Experimental Reactor - ITER (FR) 50. Dortmunder Elektronen Speicherring Anlage (DE) 72. Riken (JP)
8. Los Alamos National Laboratory - LANL (US) 29. European Synchrotron Radiation Facility - ESRF (FR) 51. Deutsches Elektronen-Synchrotron DESY (DE) 73. Repic Corporation (JP)
9. Indiana University (US) 30. bioMérieux (FR) 52. European Southern Observatory ESO (DE) 74. Nichizou Denshi Seigyo Kabushikigaisha (JP)
10. National Instruments - NI (US) 31. Synchrotron Soleil (FR) 53. Gesellschaft fur Schwerionenforschung (DE) 75. Japan Atomic Energy Research Institute - JAERI (JP)
11. Spallation Neutron Source - SNS (US) 32. lon Beam Applications - IBA (8) 54, Feinwerk-und-Messetechnik GmbH (DE) 76. High Energy Accelerator Research Organisation - KEK (JP)
12. National Radio Astronomy Observatory - NRAO (US) 33. Procon Systems (ES) 55. Imtech Vonk (NL) 77. The University of Tokyo (JP)
13. Thomas Jefferson National Accelerator Facility - JLAB (US) 34. CELLS - ALBA(ES) 56. Kernfysisch Versneller Institut - KVI (NL) 78. Hitachi Zosen (JP)
14. Brazilian Synchrotron Light Laboratory (LNLS) 35. Ciemat (ES) 57. Danfysik (DK) 79. Japan Synchrotron Radiation Research Institute - JASRI (JP)
15. Atacama Large Milimeter Array - ALMA (RCH) 36. Observatorio Astronémico Nacional - OAN (ES) 58. European Spallation Source (SE) 80. NSRRC - Naticnal Synchrotron Radiation Research Center (TW)
16. IFIN-HH (RO) 37. ESS Bilbao (ES) 59. MAX-lab, Lund University (SE) 81. Raja Ramanna Centre of Advanced Technology - RRCAT (IN)
17. Cividec Instrumentation GmbH (AT) 38. Rutheford Appelton Laboratory (UK) 60. J. Stefan Institute (S1) 82. Australian national nuclear research and development organisation - ANSTO (AU)
18. EBG MedAustron (AT) 39. Daresbury Laboratory (UK) 61. ISKRATEL (SI) 83. Australian Synchrotron - AS (AU)
19. Sinchrotrone Trieste - ELETTRA (IT) 40. Diamond (UK) 62. BioSistemika (SI)
20. Kyma (IT) 41. FMBO Oxford (UK) 63. National Research Centre "Kurchatov Institute” (RU)
21. Instituto Nazionale di Fisica Nucleare - INFN-LNL (IT) 42, Siemens (DE) 64, Turkish Accelerator and Radiation Laboratory at Ankara (TUR)

21b. Instituto Nazionale di Fisica Nucleare - INFN-LNF (IT) 43. ACCEL (DE) 65. Tsinghua University (CN)




Areas Of Expertise

® \We offer services and products which require expert
knowledge

® We develop state-of-the-art hardware and software

® We integrate them into mankind‘s most complex
machines




Cosylab Who are we?

Sweden

Cosylab ¥ y

g ead office
Switzerlan Ljubljana, Slovenia

——— e

® 9 |ocations worldwide

- USA, China, Korea, Japan, Ukraine, Slovenia, Switzerland, Sweden,
France

e ~250 people
- 180 + highlly skilled developers and engineers
= 22 PhD holders from STEM fields
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History of Cosylab

® Founded in 2001 as spin-off from largest physics
institute in Slovenia — Josef Stefan Institute

® Before esatblishing the company, founders worked on

design, construction and commissioning of Elettra,
SLS (PSI, Switzerland) and ANKA (FZK, Germany)

® Actively involved from start in open source control
system communities, e.g. developing core parts of
EPICS

® Expanding into control system for medical devices
since 2007

e (OSYLAB



How Do We Do It?

People Professionalism Processes

® \We only recruit the best talent ® CosyAcademy —own educationand e |SO 9001, ISO 13485
training system e |EC 60601 family, ISO 14971, IEC
* 190 finished EPICS academies! 62304, IEC 62366

e T ® Strong company culture and great
Bl .9 employee loyalty ——

. particle 4 = T Y EIRATIOMR OCRT OO METO —
_ﬁe'e”‘“’“? ® Salary based on customer CERTIFICATE —r—
satisfaction —

COSYLAB du.

COSYLAB d.d.

L
Lutiare, Soveris e

S0 9901 2000
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Relevant Cosylab Scientific Project References

PSI SwissFEL &
Swiss Light Source

European Spallation

Source (ESS)

USITER, FAE

PAL XFEL

SWiISSFEL —Free electron laser
SLS — Synchrotron radiation light

source

Laser and gamma beam
facility

Free electron laser

Neutron source based on
high-power proton linac

Biggest scientific project,
international collaboration,

collaborating since 2008

US and EU contribution to
ITER

: Central control system

On-site team (6
people at the
peak)

3M+ EUR

On-site team (8
people at the peak

Over 20 FTE at the
peak

10M+ in 12 years

Big framework
contracts

<1M

e (OSYLAB



The one control system partner for your project

® Turnkey control system adapted to your accelerator — with open source components

® |ntegration of subsystems and equipment into your control system

® Experts outsourcing

® Master all Software and Hardware Technologies

9 s (OSYLAB



EPICS Projects (in Commercial
Contexts)




Subcontractors to subsystem providers (SClI market)

® Scientific facility outsources parts of the
project to a turnkey provider together with
control system

Injection system (ASP booster)

Beamline (~10 photon beamlines)

Insertion devices

Cryoplants etc.

® More popular with greenfield sites

* Get up and running faster

* Not have a local controls team or does not have
time

® Not too many of such projects




EPICS made it easier

® Experience from first projects
(ANKA) helped — we knew
what is timing, power supplies
ramping, beam diagnostics

etc.

® Many useful building blocks
available (drivers, scanning

software etc.)

® Community was very
with advice (free and

nelpful

naid)

PHASE Top Level

KCSR-PHASE Top Level

Scan I Mode | Alarm handler ICASR I StripTooII System health || EPS
—

EEDY | Help |

ICH IDCMII I SLVOZII [ VCM ] sivol H—
icHol NI | | Breoo EEEEEE ° PP R | | sz Y IEEETH O 5 7462 mrad QI |
xta N EEEO || cw I reight NN | | c° NN

Of Jtest edl

l-OX

FLS VEM II SLMO1 |'l| BIMO1 |—— Quit
pitch [N | | ¥ _S\ZE v_size | | | oMot
i ———— Pover. |_oN_|
® | Start | | Stop H Load || Clear |
10NP-10 10NP-09 10NP-08 10NP-07 10NP-06 10NP-05 10NP-04 1 m -
Time: UUU125
W vac -3 Wvaci2  Pvaci-i B veco Wvacs2 @ vacs- @vac| |Reset Interlocks
Gain: |
PRG-10 PRG-09 PRG-08 PRG-07 PRG-06 PRG-05 PRG- Loca emute {
D8|aY|g1
CCG-10 CCG-09 CCG-08 CCG-07 CCG-06 CCG-05 ccc

S§5HO1

1GV03 BS01

Set value readbhack:

65624 |
Lo ] [ ]

|E|55524 Set

® on
@ Polarity normal
(O Polarity reversed

ONE TRAMSISTOR FAULT
DC OWVERCURRENT
DC OVERLOAD
REGULATION FAILURE
FREREGULATOR FAILURE
FPHASE FAILURE

— |

® Remote

O Local 4

(O Ramping

EARTH LEAKAGE FAILURE
THERMAL BREAKER/FUSES
MFS OWVERTEMPERATURE 5
FANIC BUTTOMN/DOOR SWITCH
MAGNET WATERFLOW FAILURE
MAGNET OVERTEMPERATURE

MPS WATERFLOW FAILURE MPS NOT READY
SUM - INTERLOCK
Output voltage: Internal +15%: Internal -15%:
Internal +5V: Delta temp.: VWater flow: 6

men (OSYLAB




Integrate Devices into EPICS

USB/Ethernet camera

Danfysik power supply



Cryoplant controls for ESS

® \Working as a subcontractor to a major
European cryoplant provider

* They develop the control system using Siemens
PLCs

- Requires integration to facility control system
(EPICS as being used at ESS)

- Big part are the user interfaces
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® Project challenges

* Extracting interfaces (data blocks are not fixed ST CoBrEi::;?;or
during development)

* Siemens PLC driver and decide which layer NNy g
contains the master setpoints ‘ =

* Mid-project display manager change (BOY ->
Display Builder) -> Flexibility!!

g
en (OSYLAB



Eli-NP, Romania
— The World’s most advanced laser and gamma beam facility

G L S . T AT T Dy r
g ¥ pefi g S PR + - F

=il

nuclear physics

B Customer: INFN Frascati

m Provide all major aspects of
the control system

m EPICS SW and HW
B Reuse of Software
B Turnkey Control System

Hm Lower costs and
development time




EuroGammas Consortium

Amplitude
Alsyom
CNRS
COMEB

INFN — Consortium Leader

Sapienza
Scandinova

ALBA

Cosylab
Danfysik

Instrumentation Technologies

M+W

Menlo Systems
Research Instruments

STFC“

equipment
application
requirements

r

specialized )
Beam

Diagnostic

applications and

J

Network and Network Equipment A
mfrastructure
and services
s ~\ s ~\ Control of
( EPICS 10C ) - conventional
facilities
(wrigdissys. ) | (Lerg.distrsys. ) ) .
4 )
Equipment Equipment Electrical
rack rack installation
N\ J N\ J infrastructure
and services
a) b1) b2) g )
Cabling 4 A
ILK, PPS,
equipment access control
commissioning \_

Different integration approaches for different subsystems

COSYLAB



ELI-NP Subsystems

Lasers Timing
Open Group Open Group Timing
Laser Beam Transport Line Beam Position Monitor
Cooling
Lasers Beam Trajectory Monitor
Laser Recirculator CCD Camera Open Group
| | Current Transformer Chiller
Laser Synchronization — Water Cooling Plant
Open Group
LFC ———— Vacuum ~—  Magnets
LAC 1550 Open Group Lipl s
SYNCRO Gauge Controller Dipole/Quad Power Supply
SYNCRO THETA lon Pump Controller Corrector Power Supply
Interlock Status Interlock Status

-~ General Mise
Open Group

RF Modulator Open Group Online Help
24 V switch —— Launch MATLAB
SF6 10C Monitor

System Monitor

About

en (OSYLAB



ELI-NP Integrated devices

® Fast digitizers (4 GS/s) for current transformers

® Basler GigE Vision Cameras

® |-Tech Liberas

® |-Tech LLRF

® Scandinova RF Modulators

® Simple motion controller, in/out (iPOS3604 HX-CAN)
® Beckhoff modules for simple I/O

® Siemens PLCs for Vacuum and Magnet PS

® MIRF Timing

e (OSYLAB



Vertical Column

® A vertical column is an abstraction which
describes how the concrete device type is
integrated into the control system. It starts
from the device sensors and progresses up

to the GUI

Ethernet Switch |

Other subsystems,

control room, etc.

Ethernet/IP

Responsibility of the subsystem

developers/integrators Input Output Controller (10C) cPCl crate,
Linux,
Channel Access EPICS
EPICS IOC
Device Device Device
Support Support Support
analog
A/D module inputs &
outputs
Ethernet Switch | | Ethernet Switch |
PROFINET TCP/IP, UDP/IP
\ PLC | " Intelligent Controller |
\ PLC \ " Intelligent Controller |
\ PLC \ " Intelligent Controller |

analog/digital I/0

analog/digital I/0

devices, central services,

Sensor/
Actuator

HW vertical colum

Operator’s
workstations

Ethernet

Device
Controller

SW vertical colum




ELI-NP Controls Hardware

cPCl is the main form factor used:
- MRF timing

- Keystone digitizers

- Ethernet devices

Pizza boxes for soft IOCs (Siemens PLC and
Beckhoff, some Modbus/IP interfacing: Chiller,
Vacuum, Magnets)

! (OSYLAB



ELI-NP Diag: Libera BPMs

Libera Selection |LACC:DIAG:BPMO1 ¢ | DSP | ON J Scan Mode —

BPM Selection 1.2042E6

| Position
Status | Offsets | Calibration OE0 i # I_x
ff - EWMWWMMMMM .
Offsets S2E6 - Q Signal
Q offset 1,234 3 E’ I Q
R 666 - £ -4E6 i Amplitudes
offse = L I_SUM
X offset | a2 - Epees i | VA
Y offset ‘ 12 - 8E6 ' vB
) | vC
-9, 065661 AN hhobld st g AN VD 1
13:57:08 13:57:20 13:57:40 13:58:0013:58:09 | VD
Time
—x—Y—0—suM —vA—vs —vc —VD|
X | -1607627 Q | -1509801 |VA | 284500 VC| 393500
Y | -8739988 SUM | 1178666 VB 31500 VD| 468500

—Save/Load Trajectory — 9387

8

File Path 6 E

’ /network-share/ @ :

4

Save Trajectory | E > _

c ]

Load'najectoryl 50 -

[|Display Stored Trajectory §'2 E

-4

6

8
—9'55-""I""|""I""I""I""I""I""I""I" | | e e O L A & | | A

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Control Room

OPI machine

CA/Ethernet

Alarm server and archiver

Sensors

e (OSYLAB



ELI-NP Diag: Current Transformers

® Time situation

i

wareas S = T o———
Electron RF pulse >
16 ns—>{ |e bunch P @ ! "‘ﬁ‘“
512n © . ﬁ i “ N .
-t > ' ! ‘
505~ |- / %34 o
~— X3
] == Gy | L8
! ' (&5
1 2 3 === 32 > o::! i =
) 100 Hz - ‘:a:';.( -

® Bergoz sensor elongates the pulse by
factor of ~100 => 5ns

CT - LEL-DIA-FCTO1
® At 10 measurements per pulse (0.5 ns e
=> 2 GS/S) Main Number of acquisitions to average ’f‘
- State . Raw Data
® 2-4 GS/s solution was chosen o T |
o . S .
* Not many cards in this range, additional —
complication is the platform (reduces ==
possibilities) and desired voltage range (even
further reduction) :
® Nominal Device Support was used :
——LEL Sampleosl-[:l?):Avd

e (OSYLAB



ELI-NP Picosecond Timing Triggering System

Reference Master
Oscillator

clock)

Reference Clock
Distribution System (fs

sequences

Timing Generator

Timing

(event

RAM)

TS transport layer core

e

Clock + Data

4

Switch / Optical Fan-

out

Client
device

TS TL core

Timing
Receiver

Response
generation

_— —— —— = —— —

Client device

RF Clock over stabilized fiber link:

Client
device

TS TL core

Timing
Receiver

Response
generation

_— —— —— = —— —

Client
device

Client device

Beam Position Monitor

RF Modulator

|
I
I
LLRF
I
I

—_ / efficiency camera 2

7

12

15

15

Gamma &
m4

TTL

TTL

TTL

TTL

LVPECL

TTL

TTL

TTL

TTL

Assuming each camera needs one trigger [RD78]

Info obtained from A. Falone, April 24, 2015 11:11:53
AM, Subject: Re: System integration of Libera BPM;
"...the Libera units (7) will be installed in two adjacent
racks in GP08"

Assuming each Digitizer requires one trigger [RD78]

system shown in [RD78] Figure 20: Interaction point
components; trigger count and equipment location "GP-
P-08" obtained from Kevin Cassou during skype meeting
on 6 Mar 2015

Assuming each modulator requires one trigger line,
number of triggers is a sum of instances [RD78], Ch.
11.1.5. installed instances, HW is connected to ROOF
level rack room

Information on trigger count and type provided by I-
Tech, 12 Mar 2015

one per camera
4in ACC bay 1, 4 in ACC bay 2

1 EVR board in experimental area, timing fiber optics is
provided

one EVR with 4 TTL triggers per RACK room: 04, 06, 08
and ROOF

COSYLAB



ELI-NP RF: Scandinova Modulators

Operator’s
workstations

CA/Ethernet

(CS network)

Triggering ModBus/
Ethernet

),
%

CA/Ethernet |

F)

L 4

(" csioc P

J

Resolution: 1 sec
Timestamp: EPICS

(Modbus,NTP)/Ethernet

Trigger/TTL

LLRF was implemented via Libera-LLRF (black box system)

e (OSYLAB



Medical and Industrial Accelerators

® Example: Accelerators used for cancer treatment or radioisotope production
® Many similarities to scientific projects with some notable differences

* Better defined projects, focus on time to market (hit the ground running!), quality (development
processes!), reliability and/or price

* Less focus on flexibility
* Detailed specification is not trivial, but we help with that too (avoid over-complication)
* Goal is to create a unified and coherent control system

® EPICS provides great solution

- Robust architecture
- We could very easily use what we learned on scientific projects and adopt solutions already done in EPICS
- Still an open source solution at the end

en (OSYLAB



Community (open-source) contribution

B EPICS V7 "base” co-operation
B pvData (new data model)
B pvAccess (network protocol)
B Java Channel Access
m Visual DCT

B Nominal Device Server

B DISCS Collaboration (High-Level Apps)

e (OSYLAB



Conclusion

® EPICS is a great control system framework for big and high performance controls projects

* Great SCADA system for any control system application

* Especially excels in large complex distributed systems with high performance requirements (e.g. big physics
infrastructure)

® Community is great — it is one of EPICS biggest assets which must be treasured

® Cosylab is grateful to EPICS as it contributed to growth of our company
* It’s still our (my?) favorite control system

® For any more questions do not to hesitate to contact me

* rok.sabjan@cosylab.com

en (OSYLAB
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