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|ntroduction

We are early in the design of the ERL@CESR: controll system
= Most important decisions are yet to be made
m Solicit.expert advice

Will try: tormake remarks; briefi and welcome comments

Outline

Accomplishments with Phase 1A Gun: and Injector controell systems

“Perspectives” of the ERL@CESR control system
Historical

Values

EPICS

Database

Component

Network

s Security/Availability:

Issues andl Questions to be addressed
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ERL Gun Pretotype Controll (\W128™)

Protetype ERL Gun has been constructed in Reem W128
Wilsen Lal.

Controls for the Gun and! associated! instrumentation

pased on EPICS soeltware.

s Providedi eur first significant experience with EPICS and

opportunity to assess fieasibility’ of using EPICS, for an ERL
Coniroll system.
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Gun Development Lab EPICS Controls

Network Attached Devices

Serial Devices

e e S
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4[ Serial Device Server ] Gun HVPS ]
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° Vac-1ON Pump PS
Newport XPS Motion Controller ]
Keithley Meters
AB PLCs ]
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a erlvmeb4 A a ees101 b a ees31l A a ees?21 N\ ( ees32 A
« VME Crate « File Server « Soft 10C - Operator * Non-EPICS Apps
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* Fast Shutdown . . .
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* Wire Scanner \_ )

\’ Emittance Meas)
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The Gun control system Implemented int Reom
W28 includes the fellowing:

|©Cs

Twe VME crates with 10C based on a CRU running
VixWorks (5.2) and ERPICS  version 3.13.10.

We: are using an elder modell CRU, MVME-162 with
limited memony. Thelimitatiens; ofi this CRU have: led
Us te use an older version of EPICS.

TThis older version: off EPICS works welllwith other
EPICS' tools from newer version off EPICS used
elsewhere inrour controls.

Multiple: Sefit-10Cs running; en Linux (Scientific
Linux 3), EPICS version 3.14.7
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The Hardware used in the control system for
Reom 128 includes

s VVME cards

Fast Shutdewn Moenitor, a custom; built VIVIE cardl designi to: meet the need
for a fastimachine protection system

Oregon Micrer Systems VMESS8! Stepper Motor Controller:

Industry’ Pack Modules for Analeg Input and Output, Enceder Input, and AC
Line' Synchroenization

CESR Timing System cards

= Devices connected via Serial Communications links (virtual serialllinks via
MOXA Ethernet serial device server)

\acuum: len Pump: controllers, Gamma MPC, EOS-900
Keithley Veltage and Current Meters
Gunr HV: PowerrSupply,
Nova Il Laser Optical Pewer Meter
Salre Argon Laser
AVRE000 Video Switch
Leyboeld IM540 llenization Gauge Controller
Omega Temperature Process Controller
s Network Connected Devices
Allen Bradley: ControlLogix PLCs
Opte22 Medular 1/0
Newport XPS Motion Controller
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Non-EPICS Software

Manufacturer supplied software is usedialong side of
EPICS, generally for hardware cenfiguration:

a RSLogix for Allen-Bradley PLCs

a IOManager 1o Opte22 products

a Nport Administrater Suite fier managing MOXA serial device
SEnvers.

iming System — Standalone configuration: seftware
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W28 Main Screen

I Personnel Access & Safety |
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| Restricted Access | D
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W128 Beamline Screen

Laser Power Pulsed BeamLine

Set: 000 %
0 0.00 100
Slits Wire Scanner Faraday Cup

| Insert | | Insert | WS1 FC1 Insert |

Legend SLT SLT2

Close Shuttersl |0pen Shuttersl | Retract | | Retract | Retract | Retract |

FC1: 1315e13 A

HV Current
0.3451 mA
FC1

GCRH1 GWV1 saL4 CPV;:Rm
GP1 GCRWV1

GP1: 1.64e-07

Gun BeamLine BL1: 1.01e-08 BL2: 8.53e-09 BL3: 8.09e-09
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Vel Insert - Insert | - Insert | BL4
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‘ Magnets (BL Order) |

Insert
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DP2: 5.40e-06

DvC1

Dump

R. Helmke ERL@CESR Controls 8-3-2007




Example of EDM Screen

Radiation Monitors Chain  Complete [T]

Radiation Monitor #1 0025 mRfhr  Tripped: D

log(100™*mR/‘hr)

500 -400 - 0 mR/hr
Time [s]

0035 mR/hr Tripped: []

log(100™*mR/‘hr)

mR/hr
Time [s]

Radiation Monitor #3 0027 mRfhr  Tripped:[]

log( 100" mR/hr)

mRfhr

Time [s]
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W28 Security.

“Restricted Mode”
= Ornginal goal te “Tetally” Iselate W128 Contrelsiwheni running
s Needed outside access to operate
s Conflictwithr Sefitware: development

Seeking the right balance of securiity and flexible access for the
Phia Injector and ERE@CESR

R. Helmke ERL@CESR Controls 8-3-2007
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Expernience with EPICS! in W128 has heen
positive and successiul.

ERICS I0Cs and soeftware teolss mostly problem free
Extensive decumentation

Coensele screens created! using EDM (GUI — no code: wiitten)
EPICS Tech-Talk (email ferum)) useful in selving prekliems

R. Helmke ERL@CESR Controls 8-3-2007
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HOWEVEr...

Even smalliinstallatien (W128) required Creating device

drIVErS; for new hardware

a \Withrexpenence: creating an EPICS device driver becomes straight

ferward
n 3o_ftware supplied by hardware manufacturer usefull as; lhasis off ERICS
riVer.

Some coniroll elements in W28 have not been integrated into
the EPICS control system:

x \Viewscreen Image Acguisition: and Precessing.

Viewscreen Iimages come. fiiom traditional analeg| signal video
cameras and Eirewire based digital video cameras

Signal acquisition and processingl Is handled! by Matlab running en
a Windows hased PC.

s [Laser Beam Analyzer

Laserbeam profile analyzer instrument withrdedicated software
application| that runs on' a Windows PC

= Residual Gas Analyzers
Using vendor supplied (nen-EPICS) software for readout off RGAS.
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PhaselA Injecter Contrels Design Ohjectives

Second ERPICS control system started fior ERL Injector
protoetype to be constructed 1 Wilsen Lal. “LOF.

s Operate ERL prototype injector in R/D environment

s Incorperate Wi128 Gun; Centrols

s Gain further experience with EPICS-lhased controls

R. Helmke ERL@CESR Controls 8-3-2007
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ERL Phase la

EPICS: controls for Phase 1a will include and expand on the controls created for Reom
WA28:

= New |IOCs

Low: Level RE - The RE Controls for the superconducting RF cavities in Phase da willl include
embedded processors running a real time operating system (RTEMS) and an EPICS IOC. This will
reguirer additionall expertise for running RTEMS andl ERICS on the embedded processor, uCDIMM
5812, [already’ infuse at other facilities]

Laser Beam Analyzer - The hardware vendor's software Laser Beam Analyzer (LBA) includes
an| Active-X server compoenent. In Phase 1a an 1OC willl runion the same computer as the LBA
software andl access LBA data through Active-X. This will require additionall expertise for running
EPICSI on Windows.

a New Hardware Types

Low: Level RE Controllers; (embedded IOC, see above)

Siemens/Moore 353 Process Controller (network connected device readout via: MODBUS/TCP)
Allen-Bradley CompactlLogix PLCs (Cryo)

Sensoeray 2519 analog data acquisition medules (network enabled)

Lambda Genesys DC Power Supplies, (seral communications device)

Emerson Commander SE Variable Speed Motor Controller (seriall communications device)
VVME Cryogenic Temperature Sensor Card (a VME card built for CESR)

Note that EPICS device drivers have been created for these items as part of the preparations for the
Horizontal Test Cryomodule.

s Preparations for ERL Phase 1a also include a NEW contrel room with multiple EPICS
operator conseles.
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Network Attached Devices

Phase 1a Injector Controls

Serial Devices

e g A
A ey =0 )
Serial Device Server ] Gun HVPS
J
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[ Vac-1ON Pump PS
Newport XPS Motion Controller ] ;
Keithley Meters
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s \ File Server . Consoles
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* Fast Shutdown . -
» Wire Scanners SRS - - =S e =
BPMs, LLRF| \_
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Ph1A Console Display

LO Phase 1A BeamLine

A2 CryoModule
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A A-I Gun Area

A3 4-Quad T:

BPCoz2 ...

elescope

o1 .

B1 _M;ergér Line




Vacuum Status Screen

- LO:Phase 1A Vacuum C

BRI Sl A2Cryomodule. . - | AlGun . . |

|- Cor Bol Ao01] .

Control Power.
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Cryo Screen

D Fully Opened

S ] Fully Closed

ERL Phase 1A Cryomodule

IC1 1C2 HOM1 HOMZ

.\

1C1 $ ? HOM1

1C2 $ $ HOM2

9 2975K
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Ph1A Injector Contrels Status te date

W128 Gun Controls

= [n regular use
s \Will'loe incorperated

IHIIC controls Just being completed
Injecter Controls —HaliFcomplete
—2ETE wWerking en Controels seftware

R. Helmke ERL@CESR Controls 8-3-2007
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Outline

ACcomplISRmeRtsVihrPRESEr A GUE and ] eCLo);
CONIGI SYSIES

“Perspectives” of the ERL@CESR' contrel system
s Historical

n Values

m EPICS

m Datalase

m Compoenent

n  Network

m Securty/Avaiability

ISsUies and @Questions: te Be addressed
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“Standard Model”

Control System Applications

Control System Schematic

A

Channel Oriented

___________ A TR

Relational
@Base

A { -

Service Layer < <

! Alarms, Logging, Save/Restore DB

: Archiving, Device abstraction, Access

Internet ] Model Interp.

L “ _______________________
46' %
8 3
5 g General Purpose Network
s o “Soft” Real Time Network
= O
cC =
~ 3 Feedback Bus/Network
= 7))
ER Timing Blis/Network
z = Y

o
3
Bulk Data Acq.
A
A A A A \ A N A
Controlled Equipment Instrumentation Timing Feedback
Protection
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R. Helmke

30 Years
experience

Proprietary
Xbus/MPM
Fortran

<2 FTE
Evolved

Histerical Perspective

.............

IEE
Injes

Operational i _
Complete
EPICS EPICS
Now

ERL@CESR Controls 8-3-2007

ERL@CESR

Early Design

EPICS?
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Values Perspective

Effective,
Reliable
Control System

ERL@CESR Controls 8-3-2007

Contain
Cost
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Compoenent Perspective

Feedback

Data Rate & Volume

Instrumentation

Orbit, Energy,
Beamline
Stabilization

>

Beamline
Control

EPICS

3 N Control \
System
I l l Logging :

I Save/restore Protection Precision
Alarm

Cryo Plant Industrial
Control System

Post Mortem

Archive
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EPICS Perspective

Application Development

Large Collaboration

Of User/Developers Phase 1A EPICS

Control System

Used by Majority of
Accelerators and
Light Sources

EPICS

Channel Access
< >
A 4 A 4

Hirable EPICS
Expertise

10C 10C

Device Drivers for

Many Devices
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Datalbase Perspective

Major
RDB
(Oracle?)

Support
Commitment

Design

\

Accelerator Physics
Application Devel.

Control System

Configuration
(EPICS 10C dbs)

Documentation
State of Machine
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Netwaork Perspective

Development and pricing

Performance

Commodity

Issues
N
Subnet
Segregation

£  Ethernet >

Vulnerability

R. Helmke
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Security/Reliability: Perspective

Access
Flexibility
Remote Experts

Operational

Reliability
-dedundanc

Software Development

Physicist access to
Control System
(Lab. Style)
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Important Issues and Questions te be Reselved

ERL vs SR - Are there fundamental structural aspects; of contrel system design that
We must inconpoerate because we're controlling’ an ERL instead ofi a Storage Ring?
Datalhase — What are the costs, henelits, tradeofis, associated with depleying)an
RDB for ERL@CESR? IfFwe do, lhew: eary’ and deeply: in the design precess should
this deployment be? What tools should weruse for this?

Automation — If we Use'an RDB, what tools/approach should wei use torautomarte
generation of EPICS IOC databases, etc.?

Data — How dojwe: best collect, anchive, catalog, and access the: large amount of:
Instriumentation, configuration, and! simulation; data that will'be generated?
Application; Develeopmenit — What Tjeols, Language(s), Appreaches; should we
deploy for sephisticated' (e.g. physics) application development?
VMedels/Simulation — How: do we best incorperate models and simulatien inte; our
contrel system?

Network Performance — What steps must we: take inj depleying eur centrol

Network teravoid problems of perfermance, broadcast/multicast congestion,
vulnerability: termishehaving network devices or other network Concems?

Avarlability, andReliability — What measures sheuldiwe: take te)ensure adeguate
availability: and reliability?2- Where sheuldiwerdeploy redundancy?

SEcurity.— What Is the: right halance hetween security. on| the one hand and access,
flexibility, efficiency oni the other? How' do we achieve this?

Radiation — What specialimeasures have tei e taken to protect against radiation
damage to the extensively distributed electronics and optical fiber cable inherent in
the contrel system?

What Else?

R. Helmke ERL@CESR Controls 8-3-2007
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Enc of Presentation

al] Ie peyond this point
for reference use

(‘\ 9y
Iﬂ
(D
'—n
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Lessons from; CESR: Control System

Highly. successiul operation of sulkstantially: cemplex
accelerator [what fraction; off ERL eor ether machines?|

Optimized fier CESR

Reflects “Style” of Lab.
s As Simple as Pessible — but nersimpler
X-Bus Eielad bus and MPV datalbase

a Direct menoery access
a Elat — noerhierarchy — ne network latency:

s 30 year useful life
Econemical - Minimal stafff - —2FTE (Software)

But — not a choice for ERL@CESR
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ERL Contrels — Basic Assumptions

Will carefully study: decisions In current and recently.
commissioned accelerators

= Examples: SNS, Diamond, SLS, , , ,
s Use sofitware, toels, technigues from other facilities wherever pessible

s Advanecing the state of the art in Controels systems Is a NON-goeal
Use EPICS for basic control
Buildl eni Experience with Phase 1A Injector Controls
High Speed (GIigE and 10GIgE) Commoedity Ethernet for primary Connectivity.
Embedded 10Cs likely to run' RTEMS, Soft 10Cs to run Linux oen PCs
Standardi PLLCs| (AB? (and OPT102277))
(EPICS) interface to) Standalone Cryoe Plant industrial controel system

EPICS, interface to separate Feedback-Orbit/Beamline stabilization system

= Separate path for high speed/voelume instrumentation date — e.qg. BRPMS
Choeoese Priimary: Language and Toeol(s) (XAL?, MatlLalkh?) for Appl. Devel.

s Look Carefully at XAL For collective control

= EPICS “gateway” to Matlal [and Labview??2?] for Physics Application Devel.
Careful use off Relational' DataBase o design and eperation

R. Helmke ERL@CESR Controls 8-3-2007
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Buildion Current Experience with Phase 1A Contrels

Tihe controls for the full ERL will diffier moest dramatically from Phase
1a in terms of the numier off contrels points.
Current plans for the ERL contrael systemiinclude an

s (embedded) 10C per RE cavity as well-as
n (embedded) 10C per Beam: Pasition Meniter (BPM).

a System Numlber ofi IOCs
RE Conirol Z10)0)
BRIV 10)0)
Beam Line 25
Cryegenics 25
Gun, Magnets, ... 50
Jjotal 610)0)

EPICS will'scale to this size installation
m SIS EPICS-based controel system successfully: includes 500 10Cs

= SNS hasiidentified network: traffic management as aniissue requiring
attention In such a larger system

35
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Cryogenics Plant
Industriall Control

The Cryoegenics Plant will'come With' 1ts ewn: standalone industrial
controlsystem

Capable of operation independent ofi ERL Controll System
Eew: details available  new: fromAir Liguide or Linde

Local Consoles and Remote Console Interface for ERL Control
System

Diiiferent precess, contrel interface
s Al Liguide — Eieldibus
s Linde — Siemens

Need gateway to ERL EPICS controll system
= Monitor, Archive, PM,,

Need tor maintain control leops’ necessary to) provide near constant
load foer Cryo Plant under changing load inRE cavities (heaters), etc.
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NETWORK

FIELDBUS

Compressors Station 1,
Purifier, Hel ium buffer ...

R. Helmke

Alr Liguide: Industrial centrol

Supervision ,j | Supervision .
Station ] ., Station d Engineer
= Station

CPUD

FIELDBUS

/O Cards

Cold Box 1
Compressors Statlon 2 Cold Box 2

ERL@CESR Controls 8-3-2007
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BPM, Timing, Feedback, Stabilization Systems

There are machine instrumentation or contrel aspects Which reguire
dedicated solutions eutside the scepe off ERICS:

a BRM System
Data rates; andl data velume exceed ERPICS capalilities
ERL EPICS| control has te have access to data
s Timing System
the distirbution' ofi timingl and RE phase infiermation; i an ERL is a
difficult preblen that willfreguire’ dedicated handware

Controel and Meniterng of Timing System: hardware from EPICS|is
not fundamentally different firemi the: ether Lyjpes; ol SUPEervisory
tasksi performed! oy EPICS.

s Feedback/Orbit Stabilization

Bandwidth issties will mean that feedback and beam orbit
contral/stabilization will reguire dedicated hardware outside the
framework of EPICS

monitering and configuration of beam orbit feedback would be
part off ERPICS controls.
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EPICS Is Limited

ERICS provides an atemic view: ofi the state: of an accelerator

= 0 awareness of
deyices,
greups of records that belong to; a physicallor legical device.

s Various EPICS users have created! overlying software layersi designed to create a more

object oriented| view! ofi the' accelerator.

a  Additienally a choeicermust be made regarding| a firamewerk for implementing
high level machine operations and
machine studies applications including| the possibility: of Integration; off accelerator modeling.

I response to these needs SNS; has, for example, created XAL, a programming and
application framewerk.
XAL APPLICATIONI PROGRAMMING FRAMEWORK, ICALEPCS 2008
s LCLS has also adopted XAL and'like SNS' uses
XAL inr conjunction with
Vatial:
s The DIAMOND! light seurce highilevel sefitware is bhased on
Matlalrandithe
Accelerator Toolbox developed at SPEAR.
OVERVIEW OF ACCELERATOR PHYSICS STUDIES ANDI HIGH LEVEL SOFTWARE FOR THE DIAMOND
LIGHT SOURCE, PAC 2005
ERL@CESR will reguire a planned approachi to high level applications along the lines
implemented: at these other EPICS facilities.
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Issue: EPICS contrel system relies on
multiple Independent: cenfiguration files.

In a large ERICS contrel system: the management efi infermation about the
state ofi the accelerator and the related ERPICS cenfiguration files Isia major
task reguiringl planning and reseurces.
Adding a single piece oft hardware can reguire chianges to a haliff dezen
separate files

= |OC database configuration
|OC startup scrpt, Archiver configuration
Alarm Handler configuration
display’ screens
backup and restore scripts

Datalkhase could reducer errers and speed implementation
Wihile a consensus asi to how! to: best accomplishi this alengside the EPICS
framework has net emerged there are models fior hew! te go alkout this.

s SNS ERPICS Configuration: Databhaser, ERICS Collaboeration Meeting May, 2001

= LARGE-SCALE PC MANAGEMENT AND CONFIGURATION FOR SNS DIAGNOSTICS,
BEAM INSTRUMENTATION WORKSHOP' 2004

= DATABASE USE IN'APPLICATION PROGRAMMING AT SNS, ICALEPCS 2005
R. Helmke ERL@CESR Controls 8-3-2007 10)



Relational Database
IRMITS

IRMIS (Integrated Relational Medel of Installed Systems)

Develeped! by ERPICSI Collaboeration
“[Descriptive” rather tham “Prescriptive”

Based omi ERICS widely: distrbuted Real-time datahase: in 10Cs and
other CA Senvers

IRMIS keeps comprehensive datalhase ofi every PV in real-time by being
aware of every IOC reboot (Using ‘PV-Crawler' application)

Uses generalized Entity: Relations
Three mainrhieranchies: Control Elow, Pewer, andf Housing
Being| Extended! beyond! contrel systems
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Software Infrastructure Maintenance

EVenRy software (analsmart hardware) conponent we
Incorporate has an interlocking| Set ofi Version
compatipnity with:
s Operating system
s Compiler
Elrmware
debugging teol
software midalewarercemponent
security pateches

Maintenance: contracts have: to be maintaied for the: life
off the accelerator
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Radiation

Controel System is highly: vulnerable to radiation damage
s Complex electronics (processors, network interfaces) distributed to the device level
a Interconnection dependent upon many, widely distributed, high speed, fiber optic cables
s Difficult to shield against

a  Low level (possibly intermittent) error rate could he:
Extremely difficult to detect
EXpensive to protect against (redundancy and veting)
Disruptive te repair (e.g. pull new: network fiber cables)
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Control System| Generall Requirements anad Goeals

I recent years a fairly. consistent model has;evolved to meet the
fellowing; needs off medern accelerators and light sources:

s Operator interfiace: for facility contrel and moeniterng
s Automatien, seqguencing), and “slow” feedhack
s Data acgquisition' fier accelerator physics and diagnostics
s Archiving, retrieval and analysis off machine: data
s Physicsimodeling and simulation
m Save/Restore of machine configuration
a Alarm management
Whilerachieving these overall geals and values:
s Highravailaleiity/reliabiliby
n Elexibility fior refinement and growth
s Contained initial and ongoing cost

R. Helmke ERL@CESR Controls 8-3-2007
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Control System “Standard Viodel”

% %

II

R. Helmke

LN\ LN\
rNAC LN\
CAS 10C

Chassis/Panels

||
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EEIES

Based on Channel Access network pretocol

The Input/Output Controllers, IOCs, (and other CA
Servers, CASS) collectively constitute the
distributed database reflecting tihe state ofi the
accelerator and Implement: the interfiace to the
contrelled handware.

EPICS Includes hoth:

s Traditional 10Cs;, typically:VVME crate lbased hardware
Withra real-time’ eperating system,, as wWell as...

s Sofit-10Cs, typically a PC running a commonplace
eperating system running suchias Linux or Windews.
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EPICS applications and software toels Include:

EDVIE (Extensihle Display: manager) and MEDV]
(Mot Editer and Display: Manager)

Stiipieo)

Probe

Channelf Archiverrand Channel Archive Viewer
BURTF (Back-Uprand Restore 1joel)

Alaimm Handler

VIDCI Visual Database: Configuration’ ool

Software interfaces tor Matlaln;, Lakview, and Icl 7]
EPICS Gateway
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EPICS — Cont.

EPICS Tech-Talk (e-mail list server), a useful reseurce in
Solving proeblems

The Extensive decumentation at ERPICS wel site makes
understanding| and commissioning an ERICS controll system
straight ferward

EPICS I0Cs andl teels (for most part) preblem free

ERICSI requires specialized device drivers for each type of
ardware used

There are many hardware types already: supperted by ERICS.
I your cheoese only hardware already supperted by ERPICSHIt IS
possikle to create an EPICS control system withouit having
Lo Wiriite any software, however If you want to Use
hardware not already supported inf EPICS you must write
software for a device driver.
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However...

EPICS Recoerds are Atomic enly;

0 sense: of “Device”

@ SENSe! ot GEoglapny,

0 Collective (Effect)(e.a. “bump)|[72]
0 Centrall DB

NG SUppPOrt fier Wiiting| sophisticated applications
(More: alhouit Matialn, [Lapview, XAL, etc. |1ater)

[77]

N\
N\
N
N
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