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Svynergies Showcases

 EPICS  New mature developments
— Collaborative development — CSS
« Users @ FAIR (outlook) — DAL (cosylab)
— HADES — Java Client/Server (cosylab)
* ETRAX e Interfaces / Platforms
* Fully controlled — LabView
— PANDA _DIM
* MonAlisa _ETRAX
- CBM _ Virtex 4/5
* Virtex4/5

—NUSTAR (HV)
* Haik Simon

s
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. short answer
EPICS: Experimental Physics and Industrial Control System

. a bit more elaborate

EPICS is a set of Open Source software tools, libraries and applications developed collaboratively and used worldwide to create
distributed soft real-time control systems for scientific instruments such as particle accelerators, telescopes and other large scientific
experiments. (From the EPICS Home Page: http://www.aps.anl.gov/epics/)

. striking - is three things at once:

« A collaboration of major scientific laboratories and industry ( > 100)

« A world wide collaboration that shares designs, software tools and expertise for
implementing large-scale control systems

 An architecture for building scalable control systems

* A client/server model with an efficient communication protocol (Channel Access)
for passing data

 The entire set of Process Variables establish a Distributed Real-time Database of
machine status, information and control parameters

« A Software Toolkit of Open Source code and documentation

* A collection of software tools collaboratively developed which can be integrated to
provide a comprehensive and scalable control system

s
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A Control System Architecture
Network-based “client/server” model (hence the EPICS logo)

EPICS

CA

Client Client

CA
Server

CA
Server

For EPICS, client and server speak of their Channel Access role
I.e. Channel Access Client & Channel Access Server

s
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Server: (soft) IOC

— Provides Process Variables (PV), I.e. EPICS records to the
network system

— Using Channel Access as protocol
— Connects to real or virtual devices

— sources (,driver”, application), EPICS Database and/or
sequencer code

Clients

— GUIs and ,other* application which talk channel access and can
therefore access PVs

Each Server can also act as a client
Knowledge / collaboration => Synergy

May 30, 2008
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th EPICS : Introductory Session | )

Custom

Commercial | R —
Chassis/Panels —F

Instruments

s
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EPICS tools are available to accomplish almost any typical
Distributed Control System (DCS) functionality, such as:

Remote Control & Monitoring of Technical Equipment
Data Conversion/Filtering

Access Security

Equipment Operation Constraints

Alarm Detection/Reporting/Logging

Data Trending/Archiving/Retrieval/Plotting
Automatic Sequencing

Mode & Facility Configuration Control (save/restore)
Modeling/Simulation

Data Acquisition

Data Analysis

May 30, 2008
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en really n@:'r things about EPI(

A

(Getting Started with EPICS : Introductory Session | )

It's free

It's Open Source

There are lots of users

All a client needs to know to access data is a PV name
You can pick the best tools out there ...

... or build your own

The boring stuff is already done

There is a lot of expertise available close by

A good contribution becomes internationally known

By following a few simple rules, you get a lot for free

May 30, 2008

CET
EPICS - synergies and showcases - Peter Zumbruch , GSI - FREEDAC Ljubljana 11



CET
May 30, 2008 EPICS - synergies and showcases - Peter Zumbruch , GSI - FREEDAC Ljubljana 12



High Acceptance

DiElectron

Spectrometer

fully EPICS controlled
(B.Kolb), running
experiment

~ 80,000

physical channels

~ 10,000 PV

HV, LV, Temp,
Gasquality, SPS,
Thresholds, Scaler

May 30, 2008
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DCS framework structure
It is very likely that the PANDA DCS will be a
combination of various specialized systems
integrated via a high-level framework. MonALISA
would be the umbrella system that would
aggregate the data streams from slow controls,
DAQ and online analysis.

MonALISA (High level integration)

F ..,..,!.-

Other experiment
data streams

e




L e A W T e

;r, > F =
1 . s . o A
y [ ﬂ Q\ _J SA R uaﬂ% e [5 /l

_ lﬂm&@; r !m!we errf

MONItoring Agents using a Large Integrated Services Architecture

MonALISA, which stands for Monitoring Agents using a Large Integrated Services Architecture, has been
developed over the last four years by Caltech and its partners with the support of the U.S. CMS software
and computing program.

The framework is based on Dynamic Distributed Service Architecture and is able to provide complete
monitoring, control and global optimization services for complex systems.

The MonALISA system is designed as an ensemble of autonomous multi-threaded, self-describing agent-
based subsystems which are registered as dynamic services, and are able to collaborate and cooperate
in performing a wide range of information gathering and processing tasks. These agents can analyze and
process the information, in a distributed way, to provide optimization decisions in large scale distributed
applications. An agent-based architecture provides the ability to invest the system with increasing
degrees of intelligence, to reduce complexity and make global systems manageable in real time. The
scalability of the system derives from the use of multithreaded execution engine to host a variety of
loosely coupled self-describing dynamic services or agents and the ability of each service to register itself
and then to be discovered and used by any other services, or clients that require such information. The
system is designed to easily integrate existing monitoring tools and procedures and to provide this
information in a dynamic, customized, self describing way to any other services or clients.

from http://monalisa.cern.ch/monalisa.html

Workshop Glasgow with MonALISA
developers January 2008

» Basic tests for communication between
EPICS and ML (perl based)

 Future: EPICS device support ?

May 30, 2008 EPICS - synergies and showcases - Peter Zumbruch , GSI - FREEDAC Ljubljana
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v

CBM Slow: control

“Heir” of HADES (B.Kolb, responsible for control)
therefore EPICS foreseen.

Plans to have EPICS running on FPGAs (Virtex4) on FEE cards
— To reload parts FPGA data
— Status and monitoring

= FPGA project by EE/KS (me) (Thanks to Vic maybe soon
advancing “my own synergy"*

— Planned channels ~107-108
— Expected PVs ~10°

s
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Experi-
ment

Scientific
Area

|I r;‘
(S

Research Program

Technical Facility

Mem-
bers

Insti-
tutes

R3B

NUSTAR

Nuclear reactions in inverse kinematics re-
action studies with relativistic radioactive
ion beams

Large reaction set-up allowing complete kine-
matics reaction experiments

175

54

HISPEC/
DESPEC

NUSTAR

High resolution, high efficiency particle and
gamma spectroscopy of nuclei far off stabil-
ity

State-of-the-art y detectors (AGATA) plus set-
ups for charged particle and neutron detection

89/ 62

b2/34

LASPEC

NUSTAR

Laser spectroscopy of radioactive ion species

Multi-purpose laser speciroscopy station

33

15

MATS

NUSTAR

High precision, high efficiency mass and life-
time measurements on radioactive nuclei

Combined set-up of an electron beam ion trap
{for charge breeding), ion traps (for beam prep-
aration) and a precision Penning trap system.

22

ILIMA

NUSTAR

Mass and lifetime measurements of stored
and cooled radioactive ion beams

Devices for Schottky mass and isochronous
mass spectroscopy at CRYNESR

23

NUSTAR

Inverse kinematics light ion reactions on
radioactive nuclei

In-ring reaction set-up to be installed at the
NESR

134

39

AIC

NUSTAR

Measurements of mass radii of nuclei far off
stability

Antiproton (radioactive) ion collider

25

ELI5e

NUSTAR

Measurements of elastic, inelastic and
quasi-free electron scattering of nuclei far
off stability

Electron-ion collision device including a high
resolution electron spectrometer at the NESR

b

29

NCAP

NUSTAR

Production of specific radio-nuclides for (off-
site) neutron capture studies

None

20

14

EX0-
phar

NUSTAR

Measurements of proton-neutron abundance
at the nuclear surface of nuclei far off stabil-
ity

Reaction experiment of very low-energy radio-
active ions with antiprotons stored in a Penning
trap

20

May 30, 2008
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|l rﬂ
(S

Experi- Scientific | Research Program Technical Facility Mem- Insti-
ment Area bers tutes

R3B NUSTAR Nuclear reactions in inverse kinematics re- Large reaction set-up allowing complete kine- 178 54
action studies with relativistic radioactive matics reaction experiments
ion beams

(D and hadron physics studies with cooled | Large state-of-the-art internal target detector
high energy antiproton beams at the HESR system covering almost the full solid angle

Studies of the QCD phase diagram in high- Large state-of-the-art fixed target detector sys-
energy nucleus-nucleus collisions tem covering almost the full solid angle

(JCD and hadron physics studies with polar- | State-of-the-art collider detector system cover-
ized antiproton beams ing a large solid angle

Investigations of warm and dense bulk mat- | Various plasma physics experimental stations
ter produced by intense ion and/or laser
pulses

(Precision) studies with low energy or Various stations including an ultra-low energy
stopped antiproton ion beams electrostatic storage ring, a Penning trap. low
energy antiproton target stations

SPARC Atomic physics spectroscopy and collision Various fixed target and in-ring experiments
studies with (stored) high energy ion beams

BIOMAT Applications of ion and antiproton beams in | Various multi-purpose target stations
biophysics, biology, materials research and
other disciplines

site) neutron capture studies

EX0- NUSTAR Measurements of proton-neutron abundance | Reaction experiment of very low-energy radio- 20 5
phar at the nuclear surface of nuclei far off stabil- | active ions with antiprotons stored in a Penning
ity trap

20
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Scientific
Area

Experi-

|l (xa
(S

Research Program

Technical Facility

Insti-
tutes

Mem-
bers

ratic

A

1010 Dearns

tion set-up allowing cd Si= ; b4

SBHoWIng interestm S

(D and hadron physics studies with cooled
high energy antiproton beams at the HESR

Large state-of-the-art internal targel detector 14
system covering almost the

b |
=

full solid angle

energy nucleus-nucleus collisions

Studies of the QCD phase diagram in high-

Large state-of-the-art fixed
tem covering almost the full solid angle

target detector sys-

ized antiproton beams

(D and hadron physics studies with polar-

State-of-the-art collider de ector system cover-
ing a large solid angle

az/iz2

iy

pulses

Investigations of warm and dense bulk mat-
ter produced by intense ion and/or laser

Various plasma physics experimental stations

fle2 / 50/19

L

(Precision) studies with low energy or
stopped antiproton ion beams

Various stations including
electrostatic storage ring, ¢ Penning trap, low
energy antiproton target stations

n ultra-low energy

SPARC

APPA

Atomic physics spectroscopy and collision
studies with (stored) high energy ion beams

Various fixed target and injring experiments 218 108

BIOMAT

APPA

other disciplines

Applications of ion and antiproton beams in
biophysics, biology, materials research and

Various multi-purpose target stations 19 28

site) neutron capture studies

NUSTAR

Measurements of proton-neutron abundance
at the nuclear surface of nuclei far off stabil-
ity

trap

Reaction experiment of very low- energy radio-
active ions with antiprotons stored in a Peoning
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« EE/KS (GSI) Aiming at two architectures

— ETRAX based CRIS architecture

« HADControl (aka: HADSHOPOMO)
e TRBV2
* Experiments: HADES, CBM, Panda, ...

— Xilinx FGPA: Virtex 4 (5)

» SysCore based Boards
* Experiment(s): CBM, ...

s
May 30, 2008 EPICS - synergies and showcases - Peter Zumbruch , GSI - FREEDAC Ljubljana 22




AXISA

COMMUNICATI NS
ETRAX 100LX MCM 4+16
¥ i

TAIWAN

o HHTHBHHTHE CELRE
- > GTCOUPT— GCANT — ClEo as
=-UICOUPZ _ g''s'y r=r i

AIMEL

ATI0CAN 28
=16Al

o

N
)

D445 AD3903B

ARRRRRRARRERRRRA
LA AR Alddldld )
TP

)

L
al
a

_ _.L*E'D

LT
a2 .

C L N 1 '
JPsieiafiefimtala)e 8| @ 5"! ‘I;H\ggﬁi“s £
(e NelcNe Ne NelloNoNoNo R
Q000000000

“Multi-purpose control/monitor device developed for HADES [...] is based on the ETRAX 100LX
MCM4+16 and runs the "Experimental Physics and Industrial Control System, EPICS”.

http://developer.axis.com/showroom

s
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successor of
TRBv1, which is
used in the
experiment

larger FPGA
faster CPU (x3)
Tiger-Sharc DSP

2 GBit/s optical link
for trigger and data

Add-on connector

TRBvV1 functionality

AXISA,

Current Applications:
HADES complete DAQ upgrade, PET Readout Coimbra, PANDA, KVI,...
2007-06-04 Michael Traxler, GSI

http://www-linux.gsi.de/~traxler/GSIScientificReport2006_ TRB/TRBv2_2006.pdf
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0N E I RAX

e Install embedded Linux on ETRAX chip CPU (axis.com)
based front-end systems

2 step approach:

1. Install DIM on ETRAX and use EPICS-DIM Interface to
communicate via network with external EPICS clients or IOCs

e Suitable for development:

— DIM protocol also accessible via other controls software,
l.e. LabVIEW, or CS, etc.

— But locally no (EPICS) logic (database, (fast) sequencing, alarming)
provided

2. Install EPICS Embedded on ETRAX

Provides all features of EPICS D
Local fast EPICS based logic, network independent

By ,turning the direction of the interface" users may still see a DIM
device, mimicked by EPICS using the EPICS — DIM interface

s
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,

f‘ E__{' - Applications

 HADControl Board
(ETRAX 100LX MCM — linux-cris_v10)

— Temperature Sensor 1-Wire Bus
— Drift chamber HV-Interlock Control
— development: CAN-Bus Controller

e TRB
(ETRAX FS — linux-cris_v32)

— Resistive Plate Counter — Threshold settings via SPI protocol
— Development: DAQ monitoring, FEE controls

May 30, 2008 EPICS - synergies and showcases - Peter Zumbruch , GSI - FREEDAC Ljubljana



Con

trol System Studio

Eclipse and Java based

Integrated Development Environment
Developed at DESY

( .NNS

control system studio

From the first principle independent of EPICS

... but via DAL (cosylab: DATA Access Layer) access too many

different control systems

- EPICS, TINE, GSI beam controls, TANGO, ... @}3:
* replaces (soon) the Motif based, old EPICS GUIs

 good collaboration with developers

 css.desy.de

May 30, 2008
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... hot only:
since pure Java Client and Server (cosylab) available

s
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Controls

. typlcally ‘Slow* Controls:

monitoring and control of “slow” changing parameters of a system and providing
this information to a human user

— Alarm handling and Logging

— Sequencing / state machines

— Timing

— BPM (Beam Profile Montioring) Video streams
e “New"
— Online calibration
— Online recalibration (e.g. baseline follower)
— Code change of FPGAs (CBM)
— Code distribution
— Feedback-loops without human intervention

May 30, 2008 EPICS - synergies and showcases - Peter Zumbruch , GSI - FREEDAC Ljubljana



Thank you for your attention.

For more information ...

Have a look at the extra slides.

s
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ocapulary.
L : (Getting Started with EPICS : Introductory Session | )
« EPICS
— Experimental Physics and Industrial Control System
e Channel Access
— The communication protocol used by EPICS
 Process Variable
— A piece of named data referred to by its PV name
— The primary object of the Channel Access Protocol
e Channel
— A synonym for Process Variable
 Channel Access Server

— Software that provides access to a Process Variable using the Channel
Access Protocol

e Channel Access Client

— Software that requests access to a Process Variable using the Channel
Access Protocol

s
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‘ (i‘Qab Ulary. %

- (Getting Started with EPICS' ' Introductory Session I )

e 10C — Input Output Controller
— A computer running iocCore, a set of EPICS routines used to define
process variables and implement real-time control algorithms

— JlocCore uses database records to define process variables and their
behavior

e SoftlOC

— An instance of iocCore running as a process on a “non-dedicated”
computer (i.e. a computer that is performing other functions as well)
 Record

— The mechanism by which a Process Variable is defined in an I0C
(using iocCore)

— Dozens of record types exist, each with it's own attributes and
processing routine that describe its functionality

s
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e Process Variable

— A Process Variable is a named piece of data with a set of
attributes

— Examples of Attributes:

Alarm Severity (e.g. NO_ALARM, MINOR, MAJOR, INVALID)
Alarm Status (e.g. LOW, HI, LOLO, HIHI, READ error)
Timestamp

Number of elements (array)

Normal Operating Range

Control Limits

Engineering Unit Designation (e.g. degrees, mm, MW)

May 30, 2008
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Channel Access ir

(Getting Started with EPICS : Introductery S
probe “connection request” or “get” or “put” or “set a
S1A:H1:CurrentA [ ” i "
search request “caGet” “caPut” monitor
-0.0023 AMPS

NO ALARM MO ALARM monitor
S1A:HI:CurrentAQ
Start | Stop | Version| Quit |
Adust | Hist |Info | Format|

Channel Access Client

CA Client
CA Server
Channel Access Server

“put complete” “post an event”

or
“post a monitor”
or
I
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"

EPICS

ed with EPICS : Introductory Session | )

Channel Access clients are
programs that require access

to Process Variables to carry | StripTool MEDM
out their purpose o -
EPICS

o

The “service” that a Channel
Access server provides is
access to a Process
Variable*

CAS CAS

* A Process Variable (PV) is a named piece of data.
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My
Any tool/program/application that e
abides by the Channel Access Collection
protocol could be described as | StripTool MEDM Program
“EPICS Compliant”. v e e

EPICS can be viewed as a
“toolkit” of EPICS
compliant programs. One

CAS

can select _the appropriate My
tool for their need or Accelerator
Simulator

develop their own. ot

(PVs)

s
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