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FFAG Complex at Kurri

• Ion source

• Three FFAG-
Rings

• Four Beam 
Transport Lines

Main Ring

MCBTBMBTIBBTLEBT

Ion Source
Ion beta

Booster

Critical Assembly (KUCA)



Current Control 
System

• Slow Control
• PLC (FA-M3 & Melsec) : communicate with 

Device
• LabVIEW (NI) : Operator Interface and 

communicate with PLCs
• Fast Control

• AWG430(Tektronix) : Wave Form generator 
- 200 MS/s

• WE7000(Yokogawa) : Timing pulse 
generator - 100 MHz Clock



Devices for Operation

NIM(Digital & Analog Delay)
Master Clock Generator

Digital Delay

VME(OE convertor)

Windows® PCs Waveform generator 



Slow Control
• Magnet control, Vacuum System, Interlock 

System...

• Network based PLC System with 
LabVIEW running on Windows® 
operating system

Master PLC

100 Mbps 
network

Operator PC

Optical 
bus

Ethernet

Device Device Device

Slave PLC



Master & Slave PLC 
System

• For the protection from neutron radiation, 
master & slave system has been adopted

Optical BusEthernetCPU

PLC Master Block

100 Mbps Ethernet

PC PC PC
a kind of database server in operation without any setup, on

contrary to the case of EPICS in which a series of setup is

required for starting up a CA server.

The other difference is that the data transfer protocol is

standardized and abstracted, and developers eventually do

not care for data transfer between PCs and PLCs. This kind

of abstraction drastically reduces the difficulty for technical

staffs to start a development on the actual control system.

Hardware

FA-M3R series by Yokogawa Electric Corporation is

chosen as the PLC in the present control system. This series

is well adapted to IP-based network, e.g., FA-M3R allows

all maintenances except hardware troubles over IP-based

network.

FA-M3R also has a bus extension capability by optical

fibers. Up to 32 module blocks in remote places connected

by optical fibers can work as if they are one large module

block, enabling CPU to be kept away from the high noise

or radiation environment. FA-M3R series also has another

advantage on its backup system. All ladder sequences are

stored with the complete copy of these ladder sequences

on the RAM. FA-M3R automatically restores error blocks

from the normal copy as soon as check-sum error is found

in either of these ladder sequences. The built-in backup

battery can maintain the data on the memory for ten years

without external power supply. With these features, FA-

M3R obtains the durability for the memory lost without

losing the flexibility to the modification of codes.

The hardware configuration of the current control system

is shown in Fig. 2. All the devices are arranged to several

groups based on the hardware configuration of accelerator

such as “ion source” or “booster”, and one CPU is assigned

for each group. In the current configuration, more than 10

CPUs are used and placed in the control room to prevent

them from the electrical noise and radiation damages. Only

the slave module blocks, which consists of several inter-

face modules, are usually placed close or inside the devices

with the help of bus extension capability. A typical imple-

mentation of the slave module block is shown in Fig. 3.

Each CPU module has its own ladder sequences to main-

tain the database of parameters from/to connected devices,

lower level sequences such as the interlock sequence for

hardware protections. PLC modules are connected to 100

Mbps ethernet network for the communication with remote

PCs over TCP/IP protocol.

There is no special requirement for PCs other than the

network capability and compatibility to LabView, therefore

conventional Windows laptop PCs are often used as MMI

PCs, especially for on-site controls. Wi-Fi access points

prepared at most of places in the accelerator building for

such laptop PCs.

Software

All MMIs and higher control sequences are developed

on LabView. LabView is known as its easy programming

PLC Slave Block

 Room

100 Mbps ethernet

CPU

odule

PC PC PC

PLC

Control Room

PLC

PLC Master Block PLC
Slave
Block

Figure 2: Hardware configuration of the present control

system.

Figure 3: A typical implementation of a slave module. A

slave module block is implemented in the power supply and

connected with the control board over I/O bus line.

process and support of various operating systems.

The conceptual diagram of softwares is shown in Fig. 4.

Each remote PC has one or more MMIs, and communi-

cation VIs responsible for the communication with remote

PLCs over TCP/IP. All the communications are initiated by

communication VIs, usually every 100 ms. In each com-

munication, all the data on the PLC memory allocated for

the parameters from devices is transferred to the PC, then

the communication VI translates and stores them as global

variables in LabView. Any manipulations made by the op-

erator are written from MMI VIs into the global variables,

then these values are translated into a set of parameters and

transmitted to PLC by the communication VI in each com-

munication cycle. Translations between sent/received data

and global variables are made by referring allocation tables

described later.

MMIs on PCs can be easily prepared without the special

knowledge on the programming or on the network com-

munication because communication VIs have already man-

aged the communications with PLCs and prepared the pa-

rameters as global variables. For conventional developers,

placing items like buttons and meters on the window and

wiring them with respective global variables are sufficient

to develop anMMI for a device. One can also developmore

complicated control sequences exactly in the same way as

developing a conventional VI in LabView.
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Fast Control

• Generate Timing pulse for
• Ion source : Arc
• LEBT : Chopper 
• Ion beta : Core
• Booster : Injection Septum, Bump, 

Extraction Septum, Extraction Kicker
• Main Ring : Injection Kicker, 

Extraction Kicker, Extraction Septum

• Generate Waveform for 
RF cavity



Timing Diagram 
at 30Hz operation
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Problems of the 
Current system

• Since Current system works well, but...

•Security!!
• Since Windows® based system has been de-

facto standard system over the world, 
Windows® is confronting with great security 
problems.

• Black Box System
• Completely, Windows® based system is black box.

• Sometimes strange behavior is occurred!!



Microsoft® 
Windows®





Hello, EPICS



Advantage of EPICS

• Everything is open
• Customizable 

• Since Linux & EPICS are open source projects, anyone can read 
and modify program

• Low cost

• Stability & Security
• Running on Unix based system



What is EPICS?



EPICS?

• Experimental Physics and Industrial 
Control System



EPICS?

• A Control System Architecture
• A Software Toolkit
• A Collaboration



A Collaboration

• Begin in 1989 between LANL/GTA & 
ANL/APS

• Bob Dalesio & Marty Kraimer

• Open source
• Major Collaboration

• SLAC, DESY, PSI, KEK
• KEKB & J-PARC (Linac, RSC, MR) Control 

systems are based on  EPICS.



A Control System 
Architecture

• Network-based “client/server” model

Getting Started with EPICS: Introductory Session I 
Pioneering  
Science and 
Technology 

Office of Science 
 U.S. Department  

of Energy 
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What is EPICS? 

EPICS 

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

Client Client 

Server Server 

CA CA 

CA CA 

•  A Collaboration 
•  A Control System Architecture 

-  Network-based “client/server” model (hence the EPICS logo) 



Canonical From of an 
EPICS Control System

TCL/TKPerl
JAVA

IOC
IOC

IOC

CAS
CAS

CAS

Channel Access

Client Software
MEDM

Python

IOC Software

Sequence

Real-time
control

CA Sever 
Application

Process Variables

EPICS Database

IOC : Input Output Controller



Migration to EPICS

• At the end of this year, two Q-magnets 
will be installed into reactor.

• To control this two Q-magnets, new 
control system based on EPICS and 
NetDev tool has been developed.

• And then, gradually control system will 
be replaced to EPICS.



Summary

• PLC + LabVIEW® control system works 
well

• Because of security issue, we have a 
plan to install EPICS  instead of 
LabVIEW® 

• New two Q-magnets will be first 
devices which controlled by EPICS.


