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4 CERN PS Pulse-to-pulse modulation (PPM)
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PS Complex
general layout f
UN2,p Y 600 MeV i _y o
50 MeV. (LEAR) : bror b
- PS The CERN PS Complex today: eight accelerators and storage
supercycle rings, with their interconnecting beam and transfer lines to the
neighbouring SPS synchrotron.
19.2s
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particle
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East AAC SPS SPS SPS SPS
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Fig. 1: A great variety of PS cycles are composed into a “supercycle”, in which one user after another is served. In a particularly rich

case, from August 1990, no less than six different kinds of particle (sulphur ions, protons, oxygen ions, antiprotons, electrons and
positrons) were sequentially served to seven different destinations.
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% For 40-times higher luminosity in SuperKEKB collider
 Low emittance & low energy spread injection beams with 4 times higher beam current

New high-current photo-cathode RF gun

New positron capture section

Positron damping ring injection/extraction

Optimized beam optics and correction

Precise beam orbit control with long-baseline alignment
Simultaneous top-up injection to DR/HER/LER/PF/PFAR

+ Balanced injection for the both photon science and
elementary particle physics experiments
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multiple injectors to multiple storage
rings by the concept of virtual
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+*ICALEPCS, International conference on accelerators
and large experimental physics control systems

+PCaPAC, International workshop on emerging
technologies and scientific facilities controls
(International workshop on personal computers and
particle accelerator controls)

+*WAQOQO, International workshop on accelerator operation
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'(E) Available Technologies

PLC
€ Programmable Logic Controllers (PLC)

“* Rule-based algorithms can be well-adopted for simple controls
“*IP network for the both controls and management were preferable
Especially at KEK/Linac which has a policy of IP only field network
+~1860 PLCs at Linac since 1993, and also many at J-PARC
“ Isolated/separated development becomes easy
Outsourcing oriented
“ Equipment developer oriented
Many maintenance capabilities were implemented
“1EC61131-3 Standards

5 languages, with emphasis on naming
Effort to make common development environment
Should be paid more attention

“+* Redundancy sometimes possible

“+* Embedded Linux/EPICS possible
Efficient reuse of resources, cheap, quick, etc.
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-(E) Available Technologies
Network with only IP/Ethernet

€ The policy chosen when we upgrade Linac in 1993

“*Make network management simpler
Faster switches, routing, network-booting, etc.
** Avoid Hardware failure and analysis effort with old field network
Home-grown field networks need much dedicated man-power
++ Cost for optical Ethernet went down at around 1995
Linac has high-power modulator stations, noise source
“* Nowadays many facilities have this policy with GbE
J-PARC controls basically followed this
“*More and more intelligent network devices

ex. Oscilloscopes with Windows/3GHz-Pentium built-in
Even EPICS I0OC, MATLAB, or others can be embedded

“* Network components can be replaced one-by-one
“* Security consideration will be more and more important

Accelerator Controls K.Furukawa, Mar.2023 35



Available Technologies

FPGA

€ Another “everywhere” after IP network

“*Digital circuit and software can be embedded into
one chip

Even CPU core, Linux, and EPICS are embedded

Flexible and robust, wonderful platform for local controls
Sometime terrible source of bugs

“*Nano-second level timing

“*More and more gates, memory, pins, etc

“*More software support needed

< Open hardware initiative may enhance the benefits
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'(E) Available Technologies ﬁfe—/@
ATCA and 4uTCA

€ Advanced telecommunications computing architecture
“* Accommodate many 100ohm serial buses
“* GbE or PCl-express, 10GbE, etc
< Typically 14slots in 19” width and 12-unit height

< Shelf manager manages healthiness of the system
through Intelligent Platform Management Interface (IPMI)

“* Many reliability improving facilities, redundancy, hot-swap, etc.

€ MicroTCA

“*More recently defined in 2006, based on AdvancedMC Mezzanine Card
defined in ATCA

< Begin to acquire many facilities from ATCA

€ Future accelerators
+» Development started for ILC, XFEL/DESY, and detectors
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“+Closed Loop / Open Loop
“+Logical Value Conversion
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“*Programless / Performance
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=,

Channel Access Server

Super

KEKR »

— ({4 H ({4 99 ({4 99 ({1 H 99
S1A:HI1:CurrentAO connection get put” or set a monitor
w23 t1]
I\TOO;\LARM me{:ﬂsmonitor !::g:fcs': rgauest” or “capl‘t”
({4 99
caget
Start | Stop | Version| Quit | Change its Notify me when the value
Adust |Hist | Info | Format| | [ \Who has a PV named What is its value to 30.5 changes
Channel Access Client “S1A:H1:CurrentAO”? value?
CAClient “— V
s i h h

“put complete”

-

“post an event”
or
“post a monitor”
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fE Bi7; Code I

I*caSimpleExample.c*/ AR
#include <stddef.h> =L\ EPICS 3.13 Dk
#include <stdlib.h> TS—BE L

#include <stdio.h>
#include <string.h>
#include "cadef.h"
main(int argc,char **argv)
{

double data;

chid mychid;
if(argc = 2) {
fprintf(stderr,"usage: caExample pvname¥n");
exit(1);
}
(ca_task_initialize(),"ca_task_initialize");
(ca_search(argv[1],&mychid),"ca_search failure");
(ca_pend_io(5.0),"ca_pend_io failure");
(ca_get(DBR_DOUBLE,mychid,(void *)&data),"ca_get failure");
(ca_pend_io(5.0),"ca_pend_io failure");
printf("%s %f¥n",argv[1],data);
return(0);
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21889738 CA client?
€ Use callbacks for everything

»no idle ‘'wait', no fixed time outs.
€® Upon connection, check the channel's native type (int,
double, string, ...)
“+to limit the type conversion burden on the |0C.

9 ... request the matching DBR_CTRL_<type> ornce
“to get the full channel detail (units, limits, ...).
¢ ... and then subscribe to DBR_TIME_<type> to get updates of
only time/status/value
“+*s0 now we always stay informed, yet limit the network traffic.

“» Only subscribe once, not with each connection, because CA client
library will automatically re-activate subscriptions!

& This is what EDM, archiver, ... do.

“Quirk: They don't learn about online changes of channel limits, units,

63ing that via a subscription means more network traffic, and CA
doesn't send designated events for ‘'meta information changed'.
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EPICS realtime database O h{E

VOLT.SCAN=I second 1%(C 1 DEEERIBERH SBHEHET S

VAL NPP

FLNK

VAL NPP DOL

VOLT

Ao

=
FLNK PROC

POWER

VAL

P CALC
FLNK P CALC.CALC=A*B

P CALC.SCAN=Passive
CURRENT

CURRENT.SCAN=Passive

POWER.SCAN=PASSIVE
POWER.OMSL=closed loop
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EPICS realtime database O h{E

VOLLSCAN=Passive 1 BIc 1| DREBHBEN SBHEHET S
CALC

VAL PP

VOLT PP <\-'AL NPP DOL
| Ao
FLNK PROC

POWER

P_CALC

P CALC.CALC=A*B
P CALC.SCAN=] second

POWER.SCAN=PASSIVE
POWER.OMSL=closed loop

CURRENT

CURRENT.SCAN=Passive
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'(E) g@ﬁﬁfq@)ﬁ@z;..wp
EPICS realtime database O h{E

VOLT.SCAN=Passive 1%(C 1 OBEBRIBRH SEHEHET S
CALC

VAL PP

VAL PP DOL

VOLT £x

Ao

POWER

N - P CALC

P_CALC.CALC=A*B
P_CALC.SCAN=Passive

POWER.SCAN=I second
POWER.OMSL=closed loop

CURRENT

CURRENT.SCAN=Passive
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f& 873 Device Support fl

struct {
long number;
DEVSUPFUN report;
DEVSUPFUN init;
DEVSUPFUN init_record;
DEVSUPFUN get_ioint_info;
DEVSUPFUN read_ai;
DEVSUPFUN special_linconv;
} devAiSecond = {
6,
NULL,
init_ai,
init_record,
NULL,
read_ai,
NULL
|5
epicsExportAddress(dset,devAiSecond);
R
BIRALLER D 7>
ITS>—0NEEL

static long init_ai(int after) {

return(0);

}

static long init_record(struct aiRecord *pai) {

pai->udf = FALSE;
return(0);

}

static long read_ai(struct aiRecord *pai) {

time_tt;
struct tm *tm;

time(&t);

tm = localtime(&t);
clock time */

pai->udf = FALSE;

pai->rval = tm->tm_sec;
*|

return(0);

}

I* get unix time */
I* convert into normal

I* extract “second” data

I* convert */
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_( Available Technologies :/l Kekere+ Ky’
E) l“ kE iie ".JI p——

€ Now is a kind standard, but ...

€ Object-oriented design support is limited now
“*Naming scheme, and/or design of new record

“*More software-engineering support favored

Several different efforts to provide better environment
Java I0C (M. Kraimer), Control system studio (M. Clausen), Data access (R. Lange)

& Security mechanisms
“User, Host-based protection available

“*More security
Dynamic controls of security
Access logging/auditing, authentication, transaction mechanism

€ Dynamic configuration of database

“* Dynamic creation / loading of records
“* Dynamic removal of records
Maybe some part of the codes can be shared with redundant-lOC project
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Reliability and Availability

5.’1/1,-;
VIKEKR §
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Q Reliability

S
€ The end user expect rigid reliable operations

€ Inner layers need flexibilities
Because of daily improvement

. : hardware
“Compromise between hardware Interface
Practical or ideal solutions equipment controls
. . beam controls
Aggressive and conservative linac
Under restrictions of ring
Time, safety, budget, man-power acceleratqr physics
. ) beam delivery
*Here we think about detector
adaptive reliability < E9Ee) EYe [Ty
] . computing
for 99.999% availability physics, chemistry,

medical treatment
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'(E) Reliability ﬁKe—/@ =
REBZBHLBLERIEZR L=ED(CE

® There should be “right way”

“*We hope to have it some day, but for now we need interims

PARC

€ Surveillance for everything
“*Well-arranged system does not need this, but...

@ Testing framework
+Hardware/Middleware tests just before Beam
+ Software tests when installed

€ Redundancy
“In Many Hardware/Software components
+» Of course some of them are Expensive, but...
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S SRS EREDBRE
® Well-defined software domain for accelerator controls

“It surely reduces the coding errors

But one may insist on a complete class of accelerator
which we can never achieve

€ Well-arranged naming conventions
“It surely reduces human-operation errors
“+*And enables more computer-aided tools
But real world was not so simple

& Well-specified deployment procedures
“+*Enables more computer-aided tools

“*Even scripting languages were said to be bad
But we are lazy
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KEKB / Linac Controls Kekere+ . Suver
JPARC

KEKB and Linac Control Systems

¢ Linac

+» Controls Upgrade (1990~)1993
De-facto (and International) Standards, IP-only Networks

“*No long Shutdown for KEKB/SuperKEKB upgrade
*» Gradual Transition towards EPICS
“*Three indirect User Facilities (KEKB, PF, PF-AR)

\/
** Fewer resources TRISTAN Rings

1986-1993

¢ KEKB-SuperKEKB Linac

5 and 7-year Shutdown between projects hoton Factony
Precision requirements were much different for KEKB

“*More or Less Complete transition of Controls 1921998
from Nodal at TRISTAN to EPICS+SAD at KEKB

*» Basically Single-user (Belle)

KEKB Rings

1999-now

Linac

PF-AR

Photon Factory

1995 - now

Accelerator Controls
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VOKEKB ®

'(E) Linac Controller
Equipment Controllers at Linac

& 1982~(1997) (1st generation)

300 microprocessor-based controllers
Linked together with home-grown fiber-optic network
€ 1993~now (upgrade of controls)

1560 PLCs (programmable logic controller)
Linked via only Fiber-optic Ethernet/IP

Control communication with servers and program development

€ 1995~now (upgrade for KEKB)

30 VXI for rf measurement
+*5VME /10 CAMAC for Timing
20 VME for Beam monitors

€ 2006~ (upgrade of BPM readout)

24 Oscilloscopes with WindowsXP 10C for 100 BPMs
10Gs/s, 50Hz acquisition, local processing with 20 calibration parameter/BPM
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Super
VOKEKB ®

'(E) KEKB Controller
Equipment Controllers at KEKB

¢ TRISTAN

“Mostly CAMAC
Equipment group responsibility: CAMAC module and outside

¢ KEKB
100 VME/IOC without Analog processing
200 VXI/MXI mainframes for 900 BPMs
50 CAMAC crates are kept for rf and vacuum
+ARCNet boards for Magnet ps. settings, and others
“++GPIB for Magnet ps. readback, and others
“+PLCs for Magnet interlocks, and others
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EPICS at Linac ﬁ.(e—/@
EPICS Transition at Linac

4 Home-grown RPC at Linac (1990~)

“+Bad timing but no choice because of end of old mini-computer
support

€ LynxOS Transition was developed (1994~1996)
“+To cover both RPC and EPICS with pthread, posix

Mostly working, Failed to get funding for Hardware/Software
upgrade

€ Gateways to EPICS in several ways
<+ Software-only I0C and Gateway (Clients to both RPC/CA)
“+Portable Channel Access Server of EPICS-3.12 (1995~)

“++Soft-10C with device support to Linac RPC (2002~)

® Real IOCs are increasing

“+PLC(rf,vacuum,magnet) and Linux, Oscilloscope(bpm) with
Windows, VME(lirf and timing)

“RPC servers read EPICS I0Cs, EPICS gateways read RPC servers
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EPICS at KEKB ﬁKe—/@
EPICS Transition at KEK

® Some candidates discussed after Nodal at
TRISTAN

+*RPC/CORBA based control design
‘*Reflective memory (hardware shared memory) design
€ No other choice than EPICS for KEKB

“*No man-power for control system software
“*The choice at SSC
“*International collaboration was attractive
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KEKB

© , ?
KEKB D%l 1998 - 2010

®EPICSZEBRYV I LD I 7HIEE U TERE
+BEIC 1995 F & B [C (X de-facto standard

2L\ DHD fieldbus KA FIB= N7z
VME, VXI, CAMAC, ArcNet, GPIB, etc

SV IO TP DEETRARD T = RIB(ICELR U Tc

¢ Scripting EE&M SR (CZFE

“+*SADscript/Tk, Python/Tk, Tcl/Tk

15(C SADscript ', NRB{BE—AGIE. BESHE. RBR1L (Data plot). &I
(GUI). EPICS % L7=

SCDEHAESHLEZFEALUT, BBDITEEHLETREESNHFLWLWE—
LIRBAEZYAIC ’iiiﬁ ULOEERE—ZSEBD &V EMTEEIC

AN i
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VOKEKB ®

'(E) KEKB and Linac Operation ﬁl(ey@
SADScript

¢ Mathematica-like Language
“*Not Real Symbolic Manipulation, as a result rather Fast

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

% (Oracle Database)

Tk Widget

++Canvas Draw and Plot

“* KBFrame GUI on top of Tk
“*Greek Letter

+» Data Processing (Fit, FFT, ...)

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

“* Full Accelerator Modeling Capability
“* Also Used for non-Accelerator Applications
+»Comparable to MAD, Elegant, XAL, etc. but very different architecture
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e KEKB and Linac Operation koK erer 3
[
SADScript

‘ Exam |e B} Fle Edit Window 10/30/2002 04:09:12 Help +
ChiSquare = 2.14577 Goodness = .42319

a = -4.6176 +/- 26751 b = .88456 +/- .B2439 c = 1.55266 +/- .131686
d = 4.71583 +/- .20694
10_—I ° T * L _
8 o"// "'\\\ -
. s ,-"'/; \ _:
FFS; > | J 5
w=KBMainFrame["w1",fm,Title->"t1"]; A "\ B
$DisplayFunction=CanvasDrawer; 2— , \e /' .
W1=Frame[fm]; ok ¢ Y
. . 0 2 4 5 8
c1=Canvas[w1,Width->600,Height->400, et = s Sl s rTos X
Side->"top"];
N Phase : 88.96102991010406 Deg.
Canvas$Widget=c1; BRETAIlE, B

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

TkWait[];

Exit[];
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SuperKEKB

SuperKEKB TOHARF

O KEKB HIHD S XL 1T o 7cBfn == (T <

+EPICS
“*Scripting languages
“*With simple rejuvenation of software/hardware

‘é b ‘L. 2 Da) DDHIL;\
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CA Everywhere

® EPICS D B{SHEEE Channel Access (CA) =&

TTH

X ”a*é% [ EPICS DHIfEBEEE (10C) ZHHHAAATUES

~ TTREARIR

‘/ 7 kO 7 POBREHEEEDRE PEERDZ

W CE. M

FIRTFORBEUZ]

& (C(Z Fieldbus/Fieldnetwork =388 T=3

= &7z K8 (CHY

R<TD
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_@ CA Everywhere ﬁ,(e_/@
Transition of Architecture

1990~ 1993~ 2005~
llal Unix Unix OPI
Computer
TCP/RPC Channel Channel
ICA Access Access
\4
M VME VME/NOC 10C
Computer
Field
Networks
v
Devices Device Device Device
Controller Controller 1I0C
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CA Everywhere

Overview of controls at KEK

® VME + Unix (1990~)

“»*Standard model (later EPICS) configuration
With several fieldbuses

€ Every controller on IP network (1993~)
“»2-layer physical, 3-layer in logical (Linac, J-PARC)

ot
€ Every controller with EPICS I0C (2005~)

“+*Channel Access everywhere (CA Everywhere)
Good for rapid development and smooth maintenance
May need some consideration on network management
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_() CA Everywhere
Embedded EPICS I0Cs at (Super)KEKB

€ Not only information server, but also the same

software framework on every controller
Rapid development and smooth maintenance

“*uTCA LLRF module: Linux/FPGA (Odagiri...)
*Yokogawa PLC: Linux CPU (Odagiri...)
+Oscillo. 50Hz measurement: Windows (Satoh...)

“MPS management :Linux/FPGA (Akiyama...) OPI

< Timing TDC: Linux/Arm (Kusano...) < cA
“*Power modulator: Linux/FPGA (Kusano...) e
‘*Libera BPM at 50Hz: Linux/FPGA (Satoh...)

“*NI cRIO : CAS/FPGA (Odagiri...) CD:\I;?

<*Many more... 10C
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_@ CA Everywhere ﬁ'ﬁﬁ% ;f,m
Simpler PLC Usage under EPICS

Conventional PLC usage  with asynchronous access

OPI Ladder
CA CPU

FAM3 PLC

Clients (Logics) I/0 Modules

Embedded EPICS usage  with synchronous access

OPI
FAM3 PLC
CA
) I/0 Modules
Clients

If necessary, we can combine

%';' Ladder | FAMS3 PLC
) CPU I/0 Modules
Clients

Logics are confined in PLC, and management is easier
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SuperKEKB

©

Dual-layer Controls

®EPICS/CA [CHIZ®& S —DD[EIHAFIEE %850

+EPICS CA D=V {2
system ([C&XdE ]

: *%ﬁb\

<l

[=]

[SIHRIEEE & 3F|

Z D [Elk .%ﬁuldmz Event
*’)?E_Cd)l_.l 1% (u.'a-é

EXSCEYERES
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_@ Dual-layer Controls

Dual-layer Controls

€ 10C controls via Conventional EPICS CA

Above 1ms, ordered controls

® Fast FPGA controls via SFP/Fiber

10ps ~ 100ms, 114MHz synchronous controls (KEKB)

I0C

EVG

FPGAI/SFP

OPI

I0C

EVR

Channel Access

I0C

(

EVR

I0C

Ve

EVR
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Super

Dual-layer Controls Kek eve+
© <

=228 1 32K [B) B o ]

€ MRF’s series-230 Event Generator / Receivers
€ VMEG64x and VxWorks v6.8 1 14-24M|'|.Z event rate,
¢ EPICS R3.14.12 with mrfioc2 driver  S0Hz fiducials

® 17 event receivers in 2009, now ~100 ¢®More than several hundred
50Hz-analog/timing param.

€ Timing precision is < 10ps.

% < 1ps with external
module.

—_—
e BT (PF: 2.5GeV, 0.1nC)

—

™ BT (KEKB: 3.5GeV, 2nC)

Cont5| e BT (KEKB: 8GeV, 2nC,
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© - — SHEAEACI
)NV R ZFHEER (PPM)

¢ %%t LTA DGDA%:J%%E Event-based
4 DDIRBAFSDISIC Cc]ntrol S'Ttim

RIFOEDIIENTED 20 me

*20 SUBBICHDIRIZ

’0’ (CERN’PS ‘; 1980 E‘ﬁb\b e-Gun
1.2WEBICE-—LZYIDEAZR) ARC \PF Injection |

F.B -\
(‘/e- (2.5GeV, 0.2nC)

‘ 2019 &F 5 ﬁb\BE = ( - Dampiy&
ARC ' SuperKEKB-LER Ifjectigh v/ me \

e- (3.5GeV,10nC) . ] R
e* Target e* (4GeV, 4nC)

(8\ e Gun \
SuperKEKB-HER Injection / F.B \

<+ RIEBILRBE VWS SERE

SEKEDY=aL—Y3Y ( e~ (7GeV, 4nC)
[CKBIEBICEHOLNBZ & = o .
53 PF-AR Injection ™

e (6.5GeV, 0.2nC)

Accelerator Controls K.Furukawa, Mar.2023 108



Super

©

4+1BB)VINDOER~ v7)v7A%

'HER 337.5+ 1.6 mA (o 48%)

€2019 LD FEEDER W i W e
lm]m i ;

~ SuperKEKB HER 7 GeV e- \W%\WWWW\

= SuperKEKB DR and LER4 GeV e+ =
= Photon Factory 2.5 GeV e- “TLER | 3482+ 1.2 mA (o 34/)
"~ PF-AR 5.0/6.5 GeV e- T —— ",

L4 TBEOE—L%E 20 S UPDIN
JLRE(ICY)DAZ

lllll
.................

1200 L ED/INILREBDEMEEEE PF 449.9 £ 0.1 mA (0.02%)
wBelle N ICB T B AT Y DT S e e—

Y RORBRS hi ;
BBBUVYVIDERDIEBILE L : : : : : E

SRR - PF-AR 55.1+0.2 mA (0.38%) |

! \\\;\\\\\ \

i

2019/5/16 D .
BEBYYITOER .2 Time
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SuperKEKB B v 777 v T AR DR

Eﬁ:‘)b / JT »r 0>er: (7R D —Bl)

0.35% |
0.3
o.25F 17.54 Ipb in 5.15 hr
0.2 A
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< | 0.1 =)
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5 =t —t—— 1+ —— — =)
O [ [ [ [ =
: S > :
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_@ Dual-layer Controls ﬁ'ﬁﬁ% ;f,m
Multiple Closed Loop Controls Overlapped

® Closed loops can be installed on each VA independently
“* Tested at KEKB

C S e~ Gun SR 13-}?& 2.5GeV, 0.1nC)
ARC

PF Injection

C "M = = i:“i‘ e e g Kﬂ flw\‘v J*u\mwﬂﬂ

a¢ | KEKB-LER Injection /

== e
Primary e- (4GeV, 10nC) e* BT (KEKB:3.5GeV, 0.6nC)

Event-based
Control System

== = e* Target
KEKB-HER Injection

et Target

e- BT (KEKB: 8GeV, 1.2nC)
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CHEERDODBIIENTES
< IDHESBBDERET EIREDE VW ZRER
e THNISEILE
*E B (ICHRFTULDEREERTDIHEZIRR
512 (34F5(C Application/Operation Software HHB TEZ2UEEMNIE <. BUERODET
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Mt. Tsukuba

- Thankyou..
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