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[ Introduction

« I would like to talk about the control system of two accelerators:
— Compact Energy Recovery Linac (cERL) at KEK Tsukuba
— Ibaraki Boron Neutron Capture Therapy (iBNCT) at Tokai (near J-PARC)

« The reason for picking up the two accelerators are:
— They use “EPICS", of course
— Both accelerators is (relatively) compact
— Limited human resource

— Both facilities uses similar hardware (Field Bus, console, server, etc)

— I want to share the lessons learned with EPICS community...
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Large Accelerators:

« Linac

« KEKB : HER, LER (C = 3 km)
Synchrotron Radiation Facility

« PF-Ring : 2.5 GeV (C = 187 m)
« PF-AR :6.5GeV (C = 640 m)

(Relatively) compact accelerator:
R&D Machine
compact ERL (~20 MeV, C = 90 m)



What is ERL?

Keyword : Linac-based, High Average Current, Brilliant electron source
Application : Future Light Source, Electron Cooling, EUV-Lithography,... etc

(5GeV x 100mA = 500MW)

Beam Dump

High brilliant z .
19 i Ld H Uu‘," ﬁ U U W--' (10MeV x 100mA = 1MW)

electron gun

Super conducting cavity for
Acceleration and deceleration



compact ERL at KEK

R&D machine.
Key : Electron Gun, SC Cavity, Beam dynamics, THz,
Laser-Compton scattering, etc.

The second arc ’
hjector cryomodule

Photocathode DC gun

Circumference: ¥~ 90 m

Main-linac cryomodule

Parameters of the cERL

Dump chicane

The first arc

Beam dump

Design In operation
Beam energy E 35 MeV 20 MeV
Injector energy E;; 5 MeV 2.9-6 MeV
Beam current 10 mA 1mA
Normalized emittance 0.1 @7.7 pC See, later page
[mm-mrad] 1 @77 pC
Repetition frequency of 1.3 GHz 1.3 GHz (usual)
bunches 162.5 MHz (for LCS)
RMS bunch length 1-3 ps (usual) 1-3 ps (usual)

~ 100 fs (compress.)

E,..in main linac 15 MV/m 8.2 MV/m
Gun high voltage 500 kV 390 kV
Max. heat load at 2K 80 W 100 - 80 W




Picture of cERL

Photocathode DC gun

Main-linac cryomodule
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[ Control System : “Standard” Field Bus ]

« In General, it is very difficult to force everyone to use one specific hardware,
while the control group wants to reduce the number of support hardware.

hardware selection depends on the requirement

« If there are no special reason, we ask development team to use Yokogawa
PLC based module (FA-M3 Series) as a “standard” field bus.

— Long hardware lifetime

— Reliability

— Easy development: EPICS Ready!, Many experiences in KEK
« Ladder CPU for Real-time (or safety) application

« Linux CPU (F3RP61) for EPICS IOC
Ladder CPU Linux CPU

Linux CPU




[ Multichannel Data Logger ]

« For temperature sensor or analog voltage

— Yokogawa MW100

http://tmi.yokogawa.com/products/data-acquisition- equment/low speed dag-industrial-
recorders/mw100-data-acquisition-unit/ »' -

— Chino Network Logger
http://www.chino.co.jp/products/component/ke.html

— Graphtec data logger
http://www.graphtec.co.jp/site_instrument/instrument/index.html

EPICS device support or protocol files (Stream Device) for these
equipment have been developed. 10



|

Magnet Power Supply

CAENels
— LiIAM6005, SY3634
— Each power supply directly attached to control network

— ASYN + StreamDevice

11



Control Room Photo

Two projectors to the wall
— mainly for demonstration (for Guests/visitors)

Desktop 27-inch display is mainly used for accelerator tuning.

— 2 PCs for operation/ Beam tuning.

12



Software tools used

Linux Server Machine / Windows console
CSS for GUI, Archive/Retreival, Alarm

Thanks for Kay Kasemir for his great contribution!!

EPISS 3.14

CSS KEK version
— http://www-linac.kek.jp/cont/epics/css/
— Tutorial, documents, etc T ———

— Version 3.2.16 for cERL € 2 C O wnwinackekjp/condepics/csy
Control System Studio (CSS) at KEK

[Download] [Tutorial, Nakamoto] [Tutorial, Onoki] [Seminars, K.Kasemir] [Tutorial, Okazaki] [Alarr

Control System Studio (CSS) is an Eclipse-based collections of tc
started at DESY, and it is now actively extended in the collaboral

[ [ ] ] ] [ ——— == jnstitutes.

BRSES
e Several different solutions have been employed in the past for o
= static displays can be replaced by CSS. Several other tools like d
[ as well. Some other Python-based scripting programs may be re
The Rich Client Platform (RCP) provided by Eclipse enables unifi
common look-and-feel and shared control service libraries.
Beast Alarm under CS5 Ple

CSS/KEK Download site.

CSS download site at KEK was prepared by Dr. K.Kasemir in June 2011. It was studies by K.Furukaw:
of Cosylab in September 2011, February, August 2012, and June 2013, and by T.Michikawa in Decen



wiKi

We want to share know-how in Japanese : EPICS Users JP wiki
— http://cerldev.kek.jp/trac/EpicsUsers]P

— For advanced researcher/programmer : send e-mail to tech-talk!!
— Mailing List (in Japanese) ... not so active like tech-talk

epics-users@ml.post.kek.jp

L

EPICS EpicsUsersJP
CE TN ES T
Timeline Browse Source View Tickets

WikiStart

I EPICS-Users JP HAE|S%R

ot . EPICS-Users Mailing List TERD EIFSNIZEED. BEICKEKAEIRITOU MISVWZAFEXS

| mcsmyzsa

WEDECZSEHESFTEBDEEA. BURBDEEAN. EFOMLEEE (epics-users-request@ml. post.kek.jp

I EPICS |OCEiE

« excas CitEEFRMCA Serverz =79

+ Timestampl-O— F[C D
+ compress-O—FR[ZDWLT
+ streamdevice|lZ 2L T

o JULARDER LY

N

« Griffin Power Mate®LINUx&EPICSTE- THS

+ F3RPEIFHE
« transferArray L -J— F([Z2UL\T

» save/restore MEFELHA A R—ILAEE waveform OFIER( LG

| CSS BaE

o JHAUREECDNT

+ Data BrowserTHEmo N oo —~I0COBE&0E

+ BOY Examples &1 A F—JLLTETable, Array®@BIf T 22w


http://cerldev.kek.jp/trac/EpicsUsersJP

S

CS-Studio

Machine Status Panel

Figure
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Status Panel Example

« Thanks for the Java environment, we can use Japanese on the panel.
— nice feature for operator (not good for scientists from foreign countries)

(4 CSS [= )& | =
(& DesktopState7.opi &2 =8
2014/06/20 12:01:24 Message Aging Gun Status LLRF Status
Imil 1ni2/1ni3 WL (L
mezEkc—r | szmexe | sesxces [ L-sBRE | E-AEE e ML, OLENL, e
il 8 ul  B.81uk
eI AmmE-agyy  ARE-A@
- T WAIT | . MEEIED D uAh 32,498 unl
P coarr N EEE SR 0.24 MoV (3s4ev)| FEISSFHEIHFC
- FREE FrmmREE B14 W 25.8MW | N | 8. 808 [kN] 8888 [kw] 8. 888 [ka] 8. aaa k] 8. 881 [kA]
- - - 1 o
Eacc, RF power and Phase for Injector SC cavities CRYO He Status
Eacc(Pt) Eacc(Pin) Pt Phase Pressure 3.0000 Flow 36.700 m*3/h Lewvel 45.7 %
caver | NaN wv/d[ man wv/q[ e sz ki -1.580 mf| -o_229 = =
Main Linac SC Power and Acc Field
cavez | 0507 /[ 0301w/l eoen ki 1.500 mf|  0.395
CAV#1 CAV#2
caves [ waN [ oozis w/dl ooetn ki -1.500 mf| 0528 PN 0.0000 KW 0.0008 KW
10 P_REF 0.0000 KW 0.0014 kKW
P_T 0.0000 W 0.0000 W
g o Eacc 0.0001 MV/m 0.0568 MV/m
= Vo 0.0001 MV 0.0590 MV
5 29 Eacc(Pin) 0.0039 0.1771
E We(Fin) 0.0041 MV 0.1828 MV E E
= < o e T T
He level 17.25 % 15.74 % 11337 11:36:00 11:42:00 11:48:00 11:54:0 12:01:37
54 Time
3 PONLIM:EEAM_CUR || LASER_MON:PD_PEAK[Small LASER_MON:FD_FEAK [Large
06:40:00 =13 ZIRE
Time 180 3
CAV1:PIN cavi-PT|[cave-Fin|| cavz:P1[[cavz-FIN = ] _
A |[cavi:F] |[cavz:p1][cau zs o] X
140 3
_ 400
F120 E
Eio0 {g 3004
1]
Sm 4 ]
a4 ]
100
| | | | | | | | L - B e L nan A Ll AR R RS LA OARAE MR
050000 064000 082000 10:00:00 12:01:37 11a1:38 1148:00 11:50:00 11540 e 120138
Tirre 16

S
cavizve | cavizve_Pm ]|_ cavz:ve ][ cavz:ve_pIr

GunPS1:-VMOr || sunDuw:curren |




[ Archive

« Almost 9,000 PVs are stored in archive

CERL

Archive Engine

Summary ' .
Version 321201505261345 Disk usage:
Description cERL
HTTP Server 2012 (]"7
State RUNMNIMNG
Start Time 2015/08/25 15:16:58164828722 2 O 1 3 ( 3 5
Uptime 100 davys
Workspace fossftmp/engcERLS 2 O 1 4 ( 4 5
Groups 17 2 O 1 5 (
Channels ga00
Disconnected 1760 2 O 1 6 (
Batch Size 200 samples
Write Period 30 sec
Write State OF.
Last Written 2015,/08/26 15:22:33 160211851
Write Count 26095 samples
Write Duration 3.2 sec
Idle Time 1000 %

Memory 505.0 MB of 35555 MB used (142 %)

N N S S S
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What is iBNCT?

« Location
(o]
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A SAT MY Tsukuba iBNCT
GIFU Tokyo
HR
)
YAMANASHI Yol;l;gma
KANAGAWA  ©
- Nagoya
KYOTO e CHIBA
. . (o]
SHIGA AGH Shizuoka
Kyoto 510 |
RED SHIZUOKA / 2
Osaka Hamamgatsuo
Koobe Oxpﬁ 3
wR
. NARA MIE
KURRI Google

=,
Map data ©2017 Google, ZENRIN Terms  Send feedbac



Toukalmuraakogugauraundo;
= Park =
FRT 7R 4 7 2 i 2 (] ' 1 I -

ey

BuddhistiTiemple.s;
F1# ‘F*?;SKE

I
A

8- 5E 8

kuken kyukalhatsuknko

okankenkyukalhatsu
BAERFDHE .

FRASERLE RBHTT -
Google P

£

-

"' - Imagery ©2017 Google, TerraMetrics, Map data ©201 ’Googln ZENRIN

s

Terms

Send fee

IBNCT Location : near
the entrance of J-PARC

20



[ What is iBNCT? ]

« Ibaraki Boron Neutron Capture Therapy
« Figures from : http://bnct.kek.jp/eng/index.html

@AdmMInIster boren-containing @NEUtronliradiation:

drug;

The affected site is irradiated with an

a boron-containing drug that selectively energy-adjusted neutron beam

accumulates in cancer cells is used.

Newtron beam
Cancer cells

Courtesy Dr. Kumada, University of Tsdkuba


http://bnct.kek.jp/eng/index.html
http://bnct.kek.jp/eng/index.html
http://bnct.kek.jp/eng/index.html

[ Principle (cont.) ]

@NEUtrons react with boron: |@Eancer: cells are destroyed:

emitted alpha beam and lithium particles these particles only travel a distance of one cell
destroy cancer cells. width (about 10pm), allowing for cell-level
treatment.

Destroyed
Cancer cells

bd 1n Newtron

Cancer cells

Boron Alpha beam

n+B(10)=Li+C|+Y 22



[ Brief History of BNCT ]

« KURRI is the leading facility
« Reactor-based BNCT = Accelerator-based BNCT in the hospital
« Itis very difficult to develop new reactor-based facilities in Japan
« There are several candidates in energy, target material and moderator:
— Cycrotron / Linac (RFQ or RFQ+DTL) : 2.5 MeV or 8 MeV or 30 MeV
— Beryllium / Solid Lithium / Liquid Lithium
« There are no time to explain the detail today. Please refer to M. Yoshioka’s

talk at IPAC16 : “"Review of Accelerator-based Boron Neutron Capture
Therapy Machines”, THXB01, Proc. IPAC2016, p 3171

Today, | would like to talk about control related topics of Ibaraki BNCT.
Machine layout: lon Source + RFQ + DTL + (Transfer Line ) + Be Target

Proton Beam Newtron Beam

Patient

Linear accelerator Newtron generator Treatment Table 23




[ accelerator layout ]

50 keV Ion Source

am Transp@at Line

24



[ )

« 3 MeV RFQ + 5 MeV DTL




Control room

« 2 PCs for Operation and beam tuning. Large (wall-mount) display for status




Control System

Requirement for the control system is “Reliable System”

Accelerator control system is developed by Cosylab.

First beam is reported in the Cosylab newsletter
— T. Nakamoto and T. Zagar

— http://www.cosylab.com/db/cosylab/file/controlsheets/controlsheet_2015-march-
no22.pdf

Excellent work done by the company
— No major trouble in the basic control system

I need to follow-up some software tools such as
— Beam Loss monitors
— Utilities for beam tuning
— Software to share information : wiki, NAS, etc

27



|

Fieldbus

Yokogawa PLC

— most of the accelerator equipment are controlled by PLC.

— Ladder CPU + WideField (development environment)

Yokogawa SL1000

— CT, BPM, Loss Monitor, etc
— VXI-11 protocol

EVG/EVR (mrf) for timing system

B rcrinisveeiy

4§ @00

9.0

28



[ GUI Example ]

« Magnet status/direct set (Cosylab)

et — —_— e a— —_— = — —

*eS 0D

a ’ . -
¥ [ : s e
e=r= - e 1 ’
iy ey B




Number of PVs, Archiver, etc

Archive Engine

Summary
Version 3.1.1.201305071351
Description ibnct
HTTP Server :4812
State RUNNING
Start Time 2017/01/10 09:55:33
Uptime 123.07 days
Workspace jworkspace/

Groups

Channels

Disconnected

Batch Size 500 samples
Write Period 30 sec
Write State OK

Last Written 2017/05/13 11:37:06
Write Count 2914 samples
Write Duration 0.3 sec

Idle Time 100.0 %
Memory 4095.0 MB of 4095.0 MB used (100.0 %)

no disconn. channels during opefation



[ Optics tuning (reduce beam loss) }

File Edit View History Bookmarks Tools Help
| = QScan/QM_ScanProg/ # | = scanQM_main b4 |j

[

?:fjupyter scanQM_main
Fle  Edt  View 1

+ 3¢ 6 B 4 v M B C Code | CellToolbar

Transmission rate after DTL = near 100%
(CT resolution)

QMO2F [A]

In [9]: axl.set ylim([e,100])
ax2.set_ylim([0,100])

out[9]: (@, 108)

saye dal

IBNCT passed the radiation facility
safety inspection in December 2016
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4. Commissioning, Tuning, Operation (for cERL and iBNCT)
— Example of tuning panel
— CSS as an operation manual (procedure)
— Software for rapid prototype
— Hardware example : VME-Master
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High Level Application : Software for beam tuning

« In case you need accelerator optics knowledge : Use SAD

KEKB Optics (Tune) Panel

B FHle Edit Settings Display Window

10/26/2002 10:17:58 Help +

-.004
-.006
-.008

el
-mz

HER Av,

-014
-016
-018
] S A IR N B

L e

o S
300 1000

‘ Undo Settings Load Settings Save Seitings i

‘ Sel Prev Tune

 INJ W PHYS

Avx:  0.00029 Damp:
Aujust to Ref Here || Awy: 0.00036 Damp:

EKB/KCG/HER/Optics/Tune/ProgTunel10_26_ 2002 (

DA
200 500 600 700 500 300 1000
HER DCCT (mA)
T TTE
Base Optics: Tunel0_22_2002_13:29:37i HER &v, | 000000 €
nux = 4451458 nuy = 41.58321 HER i, 0.00800 <&

&0oo
8000

PF-AR Injection bump panel

2 File Edit Window

10/26/2015 09:58:43

Eneryy (GeV)

Curvent {mA)

Height (mm)

o 2 YEy
=N
(AARR RN AR

=

w
oy
o

| |
25l 360

B lm*%ﬂ'l#lg’“l’:""l"’
e & mo oo ) L
Septum 2om S om & L - =
Position{mm) 38971 = fr £ =
7 + o
) q0E DC Height{mm) 0,000 ¢ ZHBSEDA (mrad) 0,000 < ~005 ¢A)
DC Angle{mrad) & ZB3 (mrady 3 005 (A)
S2(mrad) 58,440 < 0.000 0.000
3 *,
i EEE DC Jump 0,000«  ZHBSED2 (mrad) 0000« 005 ¢A)
DC Almrad) 0,000«  ZHBSED1 (mrad) 0000« -005¢A)
sewe | taas | vosumon |
Kicker Height(mm}) 19,926 +§ K4 {mrad) 1,422 +} 13.429 (kV)
Kicker Angle{mrad) 2641 ..1.; K3 (mrad) 0.098 ..:; 1.001 (KV)
Kicker Jump 0,356 b K2 (mrad) 0,650 > 6.108 (kv)
Kicker AG(mrad) 0.8a3 Q.; K1 {mrad) 1.824 ¢.1¢ 17.486 (kV)
IMain Application Area =]

| Status: Stopped | Inj Done

Start i

Tune Changed: {872.13257499999997 .{ - .01 50864081 47663,.042779245046521}} IE|

other accelerator laboratories
may use elegant, matlab/AT, etc




[

.

Basic instruments control panel

Injection|Diag| Sectionl ‘Section?_"Section3||Section4||SectionS"SectionBHSectinn?"Section8|

|
NREL
J

Direct set with K or |

I

RN H v
K set | set [ I mon K set | I set | T mon K set | I set [ T mon
QMAGO1 02 0.050 | 02 0.050 -0.000 ‘ 02 0.050 | 02 0.050 -0.025 02 0.050 | 0-2{ 0.050  0.02¢
WAGO2 | 02| 0.050 | 0] 0.050  0.000
OMAGO3 “ 02 0.050 | 0= 0.050 .00
QMAGD4 “ 0-2 0.050 | 02 0.050 -0.009 “ 03 0.050 | 0% 0.050 -0.024 I 02 0.050 | 0-2] 0.050 -0.025
OMAGO5 “ 021 0.050 | 02| 0.050 -0.002 “ pZ]0.050 02]0.050  0.029 I 0210050 | 92| 0.050 -0.007
OMAGOS | 0-2] 0.050 | 0-=]0.050 0013
MAGO7 | 0-2{ 0.050 | 0] 0.050  0.003
OMAGOS “ 02 0.050 | 0= 0.050 -0.002 “ 0] 0.050 021 0.050 @_maal 021 0.050 | 02 0.050 -0.013
BMAGPST 02 0.050 | 05 0.050 -0.002 IHBMAGOT | 02 0.050 | 0=] 0.050 -0.018
BMAGPS2 A 02| 0. 950 | 02 0.050 5,002 ZHBNAGO2 | 02]0.050 0] 0.050 -0.026
/ / / ZHBNAGO3 | 03] 0,050 | 0= 0.050 0006
. . ) ZHBMAGO4 “ 03] 0.050 02 0.050  0.031
Direct Diff monitor value zgumees | 0-2] 0.050 | 0=]0.050 0.029

34




save/restore

L CSS (===
(24 SaveRestoreMain.opi &2 l = O
F:¥data¥SaveR95tcre¥magnet¥2@l4¥23|43623_232328_lag | ___| a
Comment |new optics for 7.7 pG, final
. Save Restare
Author |M|yajlma and Honda Date Pﬂl4ﬁﬂﬁf2@ 23:20:28 | ‘
search | sort None W RESET I
Record Snap Val Current Current-Snap Snap Moni  Monitor Menitor—-Snap
CERL:MAG: ZHO4: IDIR -0. 037 a.0 B, 03708 -@. 03699 B, 02497 B. 06196
CERL:MAG:ZVD04:IDIR -4 07 2.0 4. 07000 -4 06968  -0.00354 4, 06614
CERL:MAG: ZHO5:IDIR .18 2.0 -0. 18000 @.18013 0. 02809 -0. 15204
CERL:MAG: ZVO5:IDIR 0. 485 a.0 -0, 48500 0. 48492 -0. 0265 -0.51142
CERL : MAG: QMGC@1: IDIR @.10529491, .. 0.0 -0. 10530 @. 10549 -0.01064 -0.11613
CERL:MAG: ZHOG: IDIR -2.65 2.0 2. 66000 -2.64978  D.0224 2.67218
CERL:MAG: ZV0G:IDIR 2. 05 a.0 -2. 05000 2. 04909 0. 82451 -2. 02458
CERL :MAG:OMGCO3: IDIR -0.234244 . 0.0 B, 23424 -0. 23404 -9, 00397 a. 23007
CERL:MAG:ZHO7: IDIR 0. 24 2.0 -0, 24000 @. 23968 f.@1921 -0, 22047
CERL:MAG:ZVO7:IDIR -0, 06 2.0 0. 06000 -0, 06004 9, 02959 @, 08963
CERL :MAG: OMGCO5: IDIR 0. 0549 a.0 -@. 05490 A, 05493 -0. 0002 -@. 06513
CERL:MAG: ZHDB: IDIR .9 2.0 -0, 90000 @. 89998 -0, 02466 -0, 92464
CERL:MAG:ZV08:IDIR 1.47 2.0 -1.47000 1. 46985 -0.02618  -1.49603
CERL : MAG: OMGCRZ: IDIR @.1099317... 0.8 —-@. 10993 @. 10953 -0, 00357 -@.11310
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X-Y plot OPI : (example : RF Phase scan)

General-purpose plot tool
— main part is written CSS python script

— disadvantage : difficult to move newer version of CSS! - should be implemented

in software sequencer or other IOC

i XYGraph.opi 23

2014/06/17 15:06:18

2@8_ opE - - ] -]
A
| -] a a o
3 g -] 88 ° cc 8
- 00 . 0 B
180 et L. T,
] o ® %Ji%o & c’ﬁ; s
E o I8¢ O 0
o olg"o & OESS
1603 Ba 0t o5 2op
2 s :c'?og to F S
E g:n&m oog %g‘zlﬁno aa:mgﬂbocgéog
% 1403 o ¥
» = :
. 3 a [} a
] 8 B
31203 ] % b
B O 553 Ye
1003 A €§°° a%g"o % &0 0o,
E e g 0 eo =]
: el o
80 4 A @ o
E 5 °eo ‘;Eﬂ‘b :
87 A WL ML | S ML MR A S S B P S S — - L
126 1c@ 200 240 280 320 360 400 440 480 521

CERL:MON:SC:graphics:GR1:cam3.PHPP

X Axis | monitor 441| STOP ‘
PY Name |CERL:MON:SC:graphics:Glﬂ:camS.PHPP Set PV |
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Y Axis | monitor 112.1|
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[ CSS as operation manual?

« Operator (non-programmer, non- accelerator Physicist) can create panels.
« I surprised they start to create “operator manual” using CSS.
« Using “Japanese” is mandatory for them

(i1 shutdown_LSC.opi 23

Injector SRF cavity Ir5FIf

Injector f1 cavit

AF—Fk
l BHE% T T, ADCIC
0%Ev b+

Eacc$ & TFREF AMPIEHR S wiow TO
1 20 ERL TRIEDS

REF AMPE=#% — @ 0
l Feedback & & & 9

o

| rrzmes

@

l T Y @MDAC offset
0TS

DACTE=#—4 1TN1 o

1 ¥ I Y ODACH — I
FEEQILT 2

TN1 HOLDVALE=#%—f 0

By

Injector 2 & ¥3 cavit

AF—F
l BEETFT. ADCIC
0%€Ev k

Eacc$ & TFREF AMPE A2 iz TO
1 ko DEERBL TRILED

Eacc Cav20.5071 MV/m Cav3

REF AMPE—=% —{# 0
l Feedback# & & ¥

@

| rramey

@

l TV @DAC offset
20T D

TN2_DAC1 @ TN3 DAC1 @
~l— IV @ODACK—IL
FEE0IKT S
HOLDVAL TN2Q TN3 0
BT

CEHBBRTLEL sza=

38



Table of Contents

4. Commissioning, Tuning, Operation

— Software for rapid prototype
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|

IPython (Jupyter) Notebook

IPy The IPython Notebook — %

<« C' [ ipython.org/notebook.htm

I P [y]: IInEc){?{“J;aEcr:?vg Computing

Install - Documentation - Project - Jupyter - News - Cite - Donate

The IPython Notebook

The IPython Notebook is an interactive computational environment, in which you can
combine code execution, rich text, mathematics, plots and rich media, as shown in this

example session:

Pl B8 Vew  bael  CM Kare el

Simple spectral analysis
D P Tatien

2o asraton e arw

ETp—

IPyI: Notebook SPECUDYINM  Lantunmet U 07 111478

Custom Search x

NOTEBOOK
VIEWER

Share your notebooks

COMMUNITY
Stack Overflow
Mailing list

File a bug

Reddit

W Tweet || 545

~ FOR DEVELOPERS

Suitable for equipment control that does not need Accelerator optics.

IPython core is running on server machine, client use web browser only.
Intensively used in cERL and iBNCT

40



[ Rapid prototyping with IPython Notebook

ex: RF conditioning and DTL tuner (slow) feedback control for iBNCT
Need to adjust input voltage and pulse height, repetition rate, etc.

— monitoring tuner position, RF frequency, power, .... and many other parameters.
— Some patterns have been tried at the beginning.

— "“Quick and Dirty” approach required
IPython Notebook has nice feature such as
— easy to understand (script).

— can execute a part (block) or whole script

After the parameters are fixed, the script is migrated to EPICS sequencer,
then create a CSS panel.

Notebook is used like a “requirement definition document” + “Prototype”.

= jupyter RF_Aging_step euosawes a
File Edit Vies el Ce "

Vie: nsert el Kemel  Help |Python 2 O TunerFB Control
3 @ B 4 ¥ |[W B C| Markdown v & | CelToolbar

2017/05/12 19:27:48
- Absolute Freq
oL frst -58. 73 Hz
Absolute Freq OTL Prase g4, 24 ‘
RF I—-3>0%®IOJ5 A
felativs sz
1. wid us. a

wQ  2ssihr on 5873 0z
mp 1000 Relative Freq - 30. 05 Hz ‘
0 us
eative Prase
00 us &VVIRE. EECETNEERFTESSOT. ERBERE T T ]
Relative Phase RrqOTL 57.45 Hz ‘
I

Current Position
OFF 240000

@)
Senstvity Prass

[ [ 41




[ Misc. Hardware : VME-Master ]

« Commercial Product of “"BeeBeans Technologies” Co.
— http://www.bbtech.co.jp/  (KEK Venture Company)

« SIiTCP (Silicon TCP in FPGA) for communication. No operating system.

We can use VME boards like a network-attached 1/0 module.
Standard “Stream Device/Asyn” for communication.

Linux Server

OPI, Archiver, etc
[ EpICS 10C <] CA

LSocket CIientJ EPICS Client ]

P
VME Chassis

Socket Server

191SeN-JIN
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http://www.bbtech.co.jp/
http://www.bbtech.co.jp/
http://www.bbtech.co.jp/

[ Outline of operation procedure ]

« Please refer to the manual for details.

SiTCP Transmission Order

PC VME-Master Bit 31 Bit O
; Start Address|[31:0]
CMD
\, Access Length[31:0]
Access to
@ VME bus MODE[15:0] 1D CRCS8
/ﬂ’/
- 15 Data[7:0] | 2/ Data[7:0] | 3" Data[7:0] | 4" Data[7:0]

1 ! e e ————————
1
" N-1!" Data[7:0]| N Data[7:0]

L}
ACK Y

Transmission
Order
Packet Format
VME access flow
Start Address : VME Address
Access Length : data length
MODE: VME access mode
read/write, A16/24/32, etc

ID#: for verify CMD packet and ACK packet
CRCS: for verify packet 43



protocol file example ]

read pulse counter

# Example protocol file for VME-Master SiTCP
# REPIC 100MHz OCTAL CALER

it

addr = 0x00 0x10 0x06 0x00; # board base address 0x100600
leng = 0x00 0x00 0x00 0x04; # data length 4 byte

mode = 0x05 0x40; # mode

mode r = 0x05 0x48;

id = 0x01;

it

getCounter {
out $addr $leng S$Smode $id "%<crc8a>";
in Saddr $leng S$mode r $id Scrc r "%4D";

Default CRC8 checksum uses different initial value from SiTCP format.
We defined a new checksum pseudo-converter. 44



Comments on VME-Master

VME-Master has been used for cERL and iBNCT

Very good for small experiment because...
— We can utilize many old VME boards
— No need to setup development environment . Just use a socket communication.

Latest version can support VME bus interrupt.
Fast enough for non-realtime application

We plan to use the VME-Master board to replace magnet power-supply
controller for KEK-PF electron storage ring in coming summer.

— Present : Linux CPU (IOC, non-realtime) + VME Bus-Bridge
— Total 10 VME chassis
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Summary

Introduction of two accelerator control system
— CERL
— IBNCT
Overview of control room, field bus, other hardware

Software for accelerator commissioning, tuning, operation
— EPICS Application

— (€SS GUI

— IPython notebook

Some hardware (example : VME-Master)

Other software/hardware (excluded from today’s talk)
— wiki for internal information sharing
— Status display (CATV-like)
— HipChat
— Beaglebone Black as ioc
— Yokogawa F3-HA12 module (12 channel 16 bit ADC)
— .... and more



