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Control Systems at KEK ﬁ

¢ 12GeV Proton Synchrotron (PS): Hardwire + Mini-
computers

¢ 2.5GeV Electron Linac (Linac): 8 Mini-computers + >200
Micro-computers, Optical Networks

¢ Photon Factory (PF): Mini-computers -- Workstations

¢ TRISTAN ~33GeV: ~20 Mini-computers, CAMAC +
NODAL Interpreter

¢ Upgraded PS: VME/VersaDOS + MAP

¢ Upgraded Linac: Unix servers, VME, PLC, CAMAC +
TCP/IP + Home-grown RPC, Tcl/Tk, Gateway to EPICS

¢ ATF: VMS, CAMAC + V-System (Vista)
KEKB: VME, CAMAC, VXI + EPICS
¢ PF-AR: the Same architecture as KEKB

¢
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Linac
8GeV Electron + 3.5GeV Positron for KEKB
2.5GeV Electron for PF
3.0GeV Electron for PF-AR
600m Linac with 59 S-band rf Stations with SLED

Double Sub-Harmonic Bunchers for 10ps & 10nC
2-bunch in a Pulse and Continuous (Top-up) Injection
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EPICS

KEKB Commissioning Groups mo_

¢ Formation of Commissioning Group (KCG)

¢ Linac Commissioning (LCG)
¢ 7 from Linac
¢ ~10 from Ring

¢ KEKB Ring Commissioning Group (KCG)
¢ All LCG
¢ ~20 from Ring
+ Several from Detector (BCG)
¢ Commissioning software
base was formed during

Linac Commissioning
(1997~)

Tcl/Tk, SAD/Tk , Python/Tk

KEKB
Commissioning

Commissiaring

KEKB Ring
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SADscript ﬁ

+ Mathematica-like Language

2
2

® & 6 o6 o o

¢ o

Fast because of no Symbolic Manipulation

EPICS CA (Synchronous and Asynchronous)
CaRead/CaWrite[ ], CaMonitor[ ], etc.

Oracle Database

Tk Widget

Canvas Draw and Plot

KBFrame on top of Tk

Data manipulation (Fit, non-linear fit, FFT, ...)

Inter-Process Communication (Exec, Pipe)
System[ ], OpenRead/Write[ ], BidirectionalPipe] ], etc.

Can display Greek Letter

Used in many KEKB Ring/Linac applications which does not need
Accelerator knowledge
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SADscrip

Hle Edit Window

Square = 2.14577 Goodhess
b = .88456 +-- 82439

EPICS

10/30/2002 04:09:12  Help «

¢ Example
10 ' 1 ]
FFS; 1
w=KBMainFrame["w1",fm,Title->"t1"]; 4i :
$DisplayFunction=CanvasDrawer; i3 ]
W1=Frame[fm]; _é"'é"'i)‘("é"'é ]

c1=Canvas[w1,Width->600,Height->400,

Side->"top"]; e Ba TR
Canvas$Widget=c1;

data = {{0,0}, {1,1}, {2,5}, {3,8}, {4,10}, {5,7}, {6,4}, {7,2}, {8,0}, {9,2}}
fit = FitPlot[data,a Sin[x b + c] + d, x, {a,5},{b,1},{c,1},{d,5},
FramelLabel->{"X","Y"}];

phase = StringJoin["Phase : ", (c/ fit[[1]]) 180/Pi, " Deg."];
f1=KBFComponentFrame[w1,Add->{KBF Text[ Text->phase]}];
TkWait[];

Exit[];
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N<RI

EPICS Performance of KEKB ﬁ
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EPICS

Linac Controls mo__

+ KEKB = Factory Machine =>-Stable
Operation

¢ Controls should be Robust and Flexible
¢ ~1000 devices and ~10000 signals

¢ Frequent Beam Mode Switches; Four very
Different Beam Modes, 50-100 times/day

¢ Precise Controls of Beam Parameters,
Energy, Orbit, Emittance, Charge,
Energy spread, Timing, etc.
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EPICS

History and Design Concept mo_

¢ History

¢ 1978-1982: Construction of First Computer-controlled
System with 8 mini-computers, >200 micro-computers,
>30 optical loop networks

+ 1989-1993: Design of the next system
+ 1994-1997: Installation and expansion for KEKB

¢ Design Concept
¢ Use of International and/or de-facto Standards

+ Use of Optical IP Networks for every Device controllers
+ No new field Networks, only IP Network (inherited by J-PARC)

+ Both of above should make future upgrade easier
+ (EPICS was not available widely at that time)
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EPICS

Physical Structure mo_

¢ Multi-tier, Multi-hardware, Multi-client, ...

X-Window Interface for Operation I I Touch Panel Interface I
| MS-Windows Interface EPICS Gateway to KEKB-RirIg
< __ Central Network (FDDI, Ethernet) >
I Device Manager Main Computer Systems (Unix) |

< Equipment Level Network (Optical Ethernet)

VME's (~30) PLC's (~150)] | CAMAC's (~1 51 VXI's (~30) PC/ GPIB / RS232C

Beam Monitor RF Timing RF Monitor Gun
Timing Magnet Beam Monitor
etc. Vacuum others
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EPICS

Computers and Networks mo_

Console System
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EPICS

Muilti-tier Logical Structure mo_

| | | |
Advanced Beam Operations & Beam Study
] L ]

N

—— —— — — 1 |
( Upper Level Servers > Routine Operations
11

Engineering _
Operations 1 Middle Level Servers
Lower Level Servers

‘Network Based Hardware Controllers

Accelerator Equipment

Electron / Positron Beams
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EPICS

Software Architecture mo_

+ Base control software structure for Multi-platform
¢ any Unix, OS9, LynxOS (Realtime), VMS, DOS, Windows, MacOS
¢ TCP - UDP General Communication Library
¢ Shared-Memory, Semaphore Library
¢ Simple How-grown RPC (Remote Procedure Call) Library
¢ Memory-resident Hash Database Library

¢ Control Server software
¢ Lower-layer servers (UDP-RPC) for control hardware
¢ Upper-layer server (TCP-RPC) for accelerator equipment
¢ Works redundantly on multiple servers

+ Client Applications
+ Established applications in C language with RPC

+ Many of the beam operation software in scripting language,

+ Tcl/Tk and SADscript/Tk
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EPICS

Recent Development mo_

¢ Application software for Two-bunch in a Pulse

¢ Application software for Continuous Injection

¢ C-band Acceleration Project (for future SuperKEKB)
¢ More PLC adaptation, mainly by hardware groups

¢ Many slow feedback loops, including energy spread

+ Slow Positron Facility inside Linac (60MeV e-)
¢ Intel-Linux-VME with Linac software and EPICS I0Ccore
¢ CC/Net (embeded Linux CAMAC CC) to replace Hytec
+ Evaluation of fast Waveform Digitizers
+ Especially for 50Hz data acquisition

¢ Network connected RAS module, etc.
¢ Upgrade of EPICS gateway
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EPICS
_ .|
i

Overview of Pipeline CAMAC controller (cont.)

The PC/104-Plus is a standard PCI specification for
embedded systems. Many PC/104-Plus based single board
computers are available.

The PCI and CAMALC interfaces consist of an ALTERA
FPGA, respectively . Those VHDL codes for the interfaces
have been also developed.

The board computer adopted 1s Advantech PCM-9370, 3.5
inch (145 x 102 mm) Transmeta Crusoe 500 MHz processor
single board computer including TM5400 processor, 320 MB
memory, two IDE UltraDMA33 (with 512MB flash disk),
LCD/CRT controller, 10/100 Mbps Ethernet controller, two
1.1 compliant USB ports, mini-din connector for keyboard,

PS/2 mouse and so son. The power consumption 1s typically
10.7W.
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EPICS

Future Development mo_

¢ Linac Beam Measurement and Quality
Control

¢ Beam Measurement
Between Injections —> During Continuous Injection
¢ Stealth Bunch Measurement Possibility
Between Injection Bunches
Fast Kicker, To Prevent Dirty Beam Injection
Fast Actuator Installation
ex. Fast Phase Shifter is under Development
Synchronous Data Acquisition Improvement
Timing System Modification
¢ Fast (50Hz) Data Acquisition
Under Development for BPM with Fast Digitizer
Need to Measure Dual Bunch Simultaneously
¢ Need More Beam Quality Control
More Precise Optics Control, etc
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Why EPICS Eﬁ

+ We made too much effort on duplicate development on
many control systems

¢ Our goal is to achieve high performance in the
accelerator and the physics experiments

¢ Reuse of available resources is preferable

¢ Devices in Linac have been modernized, and
development of EPICS device supports became possible

+ Anyway we need interface to down-stream accelerators
esp. KEKB

+ Want to merge several archive formants in Linac
May expect (?) man-power from other groups
+ May contribute to world-wide EPICS collaboration

¢
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EPICS Provides Interfaces at All Levels EPICS

User Tools
DM/MEDM/DM2K/EDM/JDM
Alarm Handler / stripTool/
knobManager

Archive Viewing|| Archive Analysis

%

v v
Archive Access
Archiving
A

Connection Server

<« Channel Access Client (CAC)
<« Connection Data Transfers

Program Interfaces

C, C++, Fortran, JAVA

IDL / Matlab / Mathematica
ActiveX / DDE / VisBasic
SDDS / SAD /

tcl / PERL / Python

State Notation Lang / FSQT]

v
WAN/LAN/Local 1 1
Connection  Data Transfers Connection Data Transfers
Channel Access Server (CAS) Portable Channel Access Server (CAS)
v v v v
DB Engine| Types Generic Data Descriptor || Access Lib Active X
Device Support Any Data
Driver Support Channel Access Client Store Labview / Excel..
I/O Controller Gateway Portable CAS  PCAS - Windows
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Building EPICS Gateway Eﬁ

¢ Common Control System at the Top (of Linac and Ring)
¢ Needs too much resources

¢ Port EPICS onto our VME/OS9-LynxOS

+ Failed to get support/budget for LynxOS at Linac
¢ EPICS Maintenance with an unsupported Platform ?

¢ Special Gateway Software, which interfaces to both the
Linac Controls and EPICS IOCs as a Client

+ Built to ensure the feasibility at 1995

¢ Portable Channel Access Server
¢ Implemented with 3.12 and used on HP-UX since 1996

¢ Software |IOC

¢ Being used and extended on Linux since 2003
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Use of Existing EPICS I10C Eﬁ
(Gateway I0C)

+ Software availability
¢ Portable Channel Access Server was not available at around 1995
¢ Channel Access Server Emulation with Available Software
Components

+ New gateway software which is clients to the both Linac and EPICS,
and group of EPICS soft records

+ Tested for Magnet Controls

¢ MEDM panels were written EPICS CA Clients
Linac Console Gateway
\ @el Access Protocol
: Gateway Ring
Linac -
Controls 0C 10C's
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Portable Channel Access Server  EPICs
(PCAS)

¢ Protocol Conversion

+ Client to Linac Controls with Home-grown RPC and Cache
Memory, Interface to Upper-level Servers not directly to Lower-
level Hardware Servers

¢ Server to EPICS environment, with some Name wrapping
¢ Implemented for Linac in 1996-

+ for Magnets, RF, Beam Instrumentations
¢ >4100 Records are available

¢ Write-access Possible, EPICS CA Clients
normally Read-only
* St'l_l _used for Linac Console Channel Access Protocol
Unified Alarm,
Operation Status, etc. CA Server
: Ring
L|naC ]
Controls I0C's
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Soft |0C %ﬁs

¢ |OCcore is available on Unix in EPICS 3.14
¢ We have Trub4unix, Linux, HP-UX
¢ Simple
+ |OCcore hides the complexity of Channel Access, etc

¢ We design the device support to Upper-level Linac Servers, as we
access to hardware in normal IOC

¢ All standard EPICS facilities are available
+ Alarms, Operation Limits, Links, Periodic processing, Monitors, etc.

¢ Implemented for Linac on Linux in 2003
¢ For RF, Beam Instrumentation, Vacuum, etc.
¢ >2200 Records are available and extending

+ All the records are archived in Channel Archiver
+ and to KBlog in the near future, to analyze correlations Linac/Ring
¢ Developing Java viewer of the archive
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EPICS

General Comparisons mo_

+ Symmetry
¢ Gateway |IOC is Symmetric between outside and inside of EPICS
# Accessing from/to EPICS goes thru the same Gateway
¢ Others are asymmetric

¢ Name Resolution

¢ PCAS can resolve names dynamically (at run-time)
¢ Consumes less memory

+ SoftlOC has to prepare database statically
+ May be expected to give better response
+ Can be impossible for a large instalations
+ Database processing and associate fields

+ SoftlOC provides EPICS database Facilities like Limits, Alarms,
Links, etc.

+ If we archive them, Archive Deadband is most necessary

¢ Implementation of Gateway

+ SoftlOC is relatively straight forward
+ Simply adding device supports
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EPICS

Application software mo_

¢ All the records from the Linac Soft IOC are
archived in Channel Archiver

+ and to KBlog in the near future, to analyze correlations
between Linac/Ring

+ Developing Java viewer of the archive

¢ KEKB Alarm is connected to Linac PCAS

+ May migrate to Linac SoftlOC at Summer Shutdown
(Linac PCAS is currently based on EPICS 3.12)

¢ Some other applications utilize PCAS as well
+ (Many others access Linac Controls directly now)

¢ Small number of Records are going thru
Gateway |OC, historically
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o KEKB Alarm Panel i

Semiinar

¢ Below is the KEKB Alarm Main Panel, which covers Linac
Alarms as well. Detailed alarm information/history is

available in a separate panel
KEKB Alarm Status 010572001 15:08:13

Linac transient  Linac(RF)  }Linac
BT(p) BT(e) B
MG(LER) MG(HER)
RF(LER) RF(HER) i
VAC(LERp)  VAC(HERe)

New Alarm 01/05/2001 14:43.57

1 : Magnet Water Stop
: Magnet Water Stop
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EPICS

Beam Optics Panels in SAD mo_

¢ Beam Optics Matching and Optimization Panels
in SADscript

WevEean Typww Tabucle | Meivang
X pheme space @i Nl e ¥ pham spece w hisichirg P el P sulie =l Myysamemeni
Ve St pf : TRIEz I L @il : manmzTs
m WL g0 fssa o, bR i
L5 L ol 5. e ES L B <45
i Toe: it LIEU] A = b TRy SR BT B =
{ W 13500 bt Wiy R Brmiss
4 BE hin Rl e I LR AN Heap -
) 5 Opdics Pt
E E | — KEKB LINAT Elcctron SwremSteba Elocjron
el J i A
B i ey Mately  AK sactnr | Hsacke | O sacke | 2 sactar | sactar | A0 seckoc | Magoat | Accal
o w0
- I
LR [ S T R SR i = 1 & & L 1 (]
=
i A g aEm O L
¥ phase spece ab Wine A 7 phase sp 1 healchirg Poim i Wy Ll B 1 1 1 =
S = - :
il i 2 1
et s T P N 5
o e = ;J." b A .F{ o R TG L:"ﬁ‘\‘\/:‘ A &
L PRIV VY R Vg -
- -4 i ==
B - T T : l I l 3
:r W 3 i Ier F 3
i - A -y g :f
Pl ) = Ty T ; £ b Fok AB
= - i) ey ¥z ﬁ% = f 4 s 44
e i e 3 -
{ B = - . - - - - - = ERLL] 1774
4 Wiire S ebEchian =B | I ] =
¢ - SAT B el T T — Fioi
g i 3 T 5 & S-wrzaney ? F et
W] Van] " Caratale. Optics e [ - ,— ]
= IR
= e
el e orabmers e SAUED b ddinl FOEF B B T pos rovideb et s AWEETR 2800 6 18 10 & A r— - , . s
¢ Some Parameters goes NMHWWWWW"“MMM{MWMIMIW
thru EPICS Gat Eiadial .
ru EP aleways,
H:iwl Dplics e Iples
Fatimd niplins Trmon A LdKFERA CASOgilinzsA e ARLOAT_TE_FN0_=3:0: 40 E

others directly to Linac

KEK e-/e+ Linac and EPICS Channel Access Servers — EPICS Training — K.Furukawa — Mar.2004.




NSRI
E >
Seminar

Archiver Panel

188

g,888]

le—-8&

le-gg

le-1@

le-12

—~EramreiEt

LIi

‘AR IP

L)
a2

LIivp:IF 22
LIiVAa:IF 2]

AFPEESSUREE [Count
B:PRESSURE [Count
IRE [Countis]

FEIEL FeFOLEE LkEJ

Li FRESS

Bl 16 20681182000 ~28-206881 - 22 2004l ~24-26808] ~26-20E@] ~28-2064] ~36-2HEE2 0] - 2004
AEIRAIED ARIABIAN DEIARI00 ARIGAIAN DAIARI00 ARIQRIAD PRIADI0R ARIBRIA0 BAIAA: AR

PE*_*'!_’:"“’ KL_32:POWER|IP_32

st

KEK e-/e+ Linac and EPICS Channel Access Servers — EPICS Training — K.Furukawa — Mar.2004.

EPICS

28




Java Viewer Development
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EPICS

Summary mo__

¢ There can be many signals outside of EPICS;
In our case, Whole system was outside of EPICS

¢ EPICS provides several facilities to implement
gateways for EPICS services

¢ At KEK Linac several implementations were built
In the past, and merging towards Soft |OC for
now, which may cover ~10k records per Soft |IOC

¢ Large installation prefers to utilize PCAS

¢ Small installation may satisfy with Gateway I0C
+ of course depending on the environment

¢ Expected to extend the flexibility of the System
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