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CONTROL SYSTEM OF THE RIKEN RING CYCLOTRON 
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The RIKEN ring cyclotron (separated-sector cyclotron) 
facility consists of two injectors, HI linac-AVF 
cyclotron and a separated-sector cyclotron, This system 
is controlled by means of three mini-computers, vhich 
are linked with one another through an optical fiber 
loop. A CANAC serial crate network and a GP-16 are used 
for the control of accelerator devices. Two types of 
intelligent modules have been developed: one is a CAHAC 
module and the other is a terminaJ module for high 
speed local control of the accelerator devices. The 
operating system OS6O/UMX is a combination of a real 
time and a UNIX system. Application programs are 
written in FORTRAN 77 language. 

introduction 

The RIKEN ring cycl.ptron facility consists of two 
injectors, an HI linac*-AVF cyclotron and a separated- 
sector cyclotron(lJ. The above three accelerators are 
composed of many kinds of subsystems, such as beam 
injection/extraction, vacuum, radio frequency, sector 
magnets, beam transport. and cooling water systems. In 
order to obtain a des.ired beam (particle and energy) 
and to transport it to a proper experimental area in a 
short time, the control system has to perform 
complicated and fast control of these subsystems taking 
into account the interrelation among them. The aim of 
the control system is to obtain a good quality beam 
quickly by controlling the above subsystems 
accurately. 

The tvo in.jectors are also operated independently 
of the ring cyclotron, and for the diagnostics, they 
must be operated independently. Taking into account of 
these operational forms, we have introduced a 
distributed control system by using a network of 
several high speed mjni-computers. 

For the interface system to the accelerator 
devices, a CAKAC system is widely used because many 
kinds of standard and reliable modules are coaercially 
available. Hovever, these modules are usually of a 

unit function, so that several modules must be 
connected to a single controlled device. Consequently 
a great number of modules and crates are necessary, and 
this increases the hardware cost. To reduce this cost, 
ve have developed intelligent interface modules using 
micro processor from following reasons: 

(1) The accelerator devices are usually of slow 
response; 

(2) High speed micro processors are available at lOW 

cost. 

The number of necessary CAHAC crates is reduced to 
7, vhich is far less than the first estimate of about 
40 using standard modules. Furthermore these 
intelligent module can execute a local control and 
reduce the load of mini-conputers. 

High level language, a convenient text editor, and 
a poverful debugging tool are necessary to increase the 
efficiency of program development and maintenance. 

*RILAC 

The characteristics of the SSC control system are as 
follovs: 

(1) A computer netvork consisting of distributed mini- 
computers is adopted: 

(2) CANAC crates are linked by a serial highvay through 
optica 1 fj ber cables: 

(3) II’ lcro processors are used for the interface between 
CAMAC and controlled devices: 

(4) Analog signals are digitized as many as posible and 
sent to the control room: 

(5) Application programs are vritten in FORTRAN 77 
language: 

(6) Operating system is a combination of a real time 
and a UNIX system. 

One of the three computers was already installed 
in August, 1984, and has been used for the program, 
data base development, and the field measurement of the 
four sector magnets. This computer was installed in the 
SSC vault vhich is not a due site. Although the 
env ironent is not good in room temperature and 
humidity, there have no hardware error during 9 months. 

Cpmputer sy.fitc~ 

Three mini-computers are linked by using optical 
fiber cables. Figure 1 shovs the netvork system. The 
computers are of the same type, a new 32-hit industrial 
computer NELCW 35O-60/500 of Mitsubishi Electric 
Corp. (H-60). The characteristics of the computer are 
listed in Table 1, where SHD is a bit serial highway 
driver and ECC is an error check/correction. An 
intelligent system console includes tvo flexible disk 
drives. Many of the system subroutines required for a 
rea 1 time operation have been converted to firavares 
vhich allov faster program execution. The time critical 
part of the operating system and the application 
program can be made resident on the cache memory. Table 
2 lists the configurations of the computers. 

Console 
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Experiment 

Fig. 1. Computer net.vork. 

0018-9499/85/1ooo-205$01.M)0 1985 IEEE 

© 1985 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material

for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers

or lists, or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.



Table 1 Characteristics of EIELCOM 35D-60/500 
____________________----------------------------- 

CPU ECL LSI 7 
memory 64 Kbit LSI with ECC 
word length 32 bit 
nax. tlemory 16 MB 
.ax. address 4 GB 
cycle tine 250 ns/8 byte 
cache memory 160 KB 
register 24 (32 bit) 
instruction 450 
pipeline 5 steps 
n IPS 3.7 
computation time ADD 0.095 us 

FADD 0.3 us 
FMULT 0.5 us 
SIN(x) 5 us 

interrupt 8 levels 
network 15.36 Hbps 
CAMAC SliD 5 Mbps 
GP-IB 250 KBps 

Table 2 Configurations of computers 
-___-----------__--_------------------------------ 
Computer 1 (ring cyclotron) 

neneory 
fixed disk 
CAHAC SHD 
OP-LB 
console devices 

Computer 2 (data base) 
memory 
fixed disk 
magnetic tape 
line printer 
TSS terminal 
plotter 
comuunication port 
20” graphic display 
hard copy 
CANAC SHD 

Computer 3 (RILAc) 
memory 
fixed disk 
magnetic tape 
line printer 
plotter 
20” graphic display 
hard copy 
20” character display 
GP-IB 

4 MB 
202 MB 
1 
2 

4 MB 
70 MB x 2 
2 (1600/800 bpi) 
1 (390 Lpm) 
4 
1 (10 pen) 
11 
1 (7 color) 
1 
1 

3 MB 
20’2 MB 
1 (1600/800 bpi) 
1 (390 lpm) 
1 (10 pen) 
1 (7 color) 
1 
I (7 color) 
2 

The netvork is a duplex system with optical fiber 
cables. Even in the failure of one line or 
failure/power-off of any one computer. the computer 
link can be retained automatically by adopting a loop 
back method. The transmission rate is 15.36 Hbps. The 
computer 1 and 3 are used for the control of 
accelerator devices (the control computers). The 
computer 2 is used to store the data base of these 
devices (data base computer). The computers 1 and 2 
are installed in the control room of SSC and the 
conputer 3 is in the control room of the RILAC. 

The computer 1 controls the ring cyclotron through 
the CARAC bit serial loop. The console devices (such as 
touch panels, color displays, and shaft encoders) 

installed in the control desk are linked to the 
conputer 1 vithout a CAHAC system. The control desk 
consists of three parts (center, left, and right 
parts), and the left and right parts are made 
equivalent to each other for the convenience of 
diagnostics of accelerators. At least two operators can 
access the accelerator system independently. The 
console devices linked to the computer 1 are installed 
in these areas. The minimum time of data refresh on a 
CRT is 280 ms, which is determined by the digital 
displays in automobiles. The center part is prepared 
for the devices such as ITV’s and scopes which are not 
linked to the computer. 

The computer 2 is used to store the data base of the 
vhole control system into large disk files. Most of 
the data are initial values, logging data and device 
name/link tables. The current status and values of 
controlled devices are stored locally in the memory of 
the micro computers mentioned later. The source 
programs are also stored in a disk file. The machine 
codes of the control programs are stored in the disk 
files of control computers (computer 1 and 3). The 
control computers pick up the necessary data or ask for 
remote batch jobs to this coaputer(cosputer 2). This 
computer is also equipped with a CAMAC SHD and can be 
used as a back-up cowuter for the control computers. 
This computer is linked to the central computer of our 
institute (FACOH H-380). 

The computer 3 controles the RILAC through the GP-IB 
using optical fiber links(2). 

The first computer system (the computer 2 of Table J 
2) installed in August, 1984, is used for program 
development, data base establishment, and the field 
measurement of the four sector magnets. On the first 
stage of the field measurement, a DEC LSI-11/O:! 
computer is used for interfacing GP-IB devices such as 
a DVH and a scanner, because a GP-IB interface has not 
yet been installed, The obtained data are transferred 
to the M-60 computer via a serial link. 

The computer 3 and GP-IB interface vi11 be 
installed in October. 1985, and the computer 1 and 
operator console in Nay, 1986. 

Interface System 

The CAMAC and the GP-TB interface system are shown 
in Fig.. 2. Seven CAHAC crates are distributed in four 
power SUPPlY rooms. Because of the long (90 q max.) 
distance of these rooms from the control computer, 
these CAMAC crates are connected by a bit serial CAIAC 
loop of optical fiber cables: the transmission rate is 
5 Mbps. 

Two types of module which include a micro processor 
are developed for the interface betveen controlled 
devices and the CANAC system. One is a CARAC module 
which has 12 pairs of serial I/O ports and the other 
is an interface module to each controlled device and 
installed close by the device. The former module. 
named a CIK (Communication Interface Hodule), executes 
the message transfer between the M-60 computer and the 
later module, a DIM (Device Interface Module). The DIR 
executes a local sequence control, local surveillance. 
function generation, and testing, thus reducing the 
load of the control computer. The micro processor is 
the Intel 8031 having an integrated serial 
coamunication channel. The clock cycle is 11.0592 MHz. 
RAH and EPROM of 8 KB are included. Information is 
transferred serially betveen these tvo modules through 
a pair of plastic optical fiber cables at a 
transmission rate of 172.8 Kbps. Five CIH’s and 
fifteen DIH’s vere fabricated in October, 1984. The 
details of these modules are given elsevherec3). 
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The application prngr;,ms arti: written in FIIRTHAN 77 
I an*uor< whi(,h in,. Iudl%s rix,l I t ima' fun~I,ions. A I'OHTIf AN 
77 deb~tp,q~r is prep,lred for the intcrnctive deblrnninr: 
of the proKrams. Nanv softvaro p.ai.kaK:'s for a nr:rptt i i: 
display, A netvork, and 8 data base arp prepared. CAMAC 
subroutines ,I r" doveloped followinn the I El(f! 
standard[SJ. Besides these stand<lrd subroutines, four 
suhroutincs are developed in order Lo Ictilizn the red I 
time functions of the OS60 system. Tn the first 
version, the exerut. ion time of thr: suhrnutines is 
rather Slow; for exanlple, the subroutine CFSA takes 
about 5 RS. One half of this time is I;he OS ovr,rhead 
and other half is that of the micro processor in the 
SHD. The raxecution time for data transfer betuccn the 
M-60 computer and the DIM through CIM is 2 0 - 3 0 m s , 
which include waiting time of the rctadv or I.AM s 1. a t us 
of the CM. We are now investigating the softvare 
system for CAMRC. CIM, and llJM to find the possibiliby 
of reducing the execution time. 

/OSGO/UMX 

Fig. 2. CAMAC and GP-IB interface system. 

Diagnostic Network 

I:or ihe local dinxnostics. it, is convenient to use 
movable consoles(41: however, we make another decision 
in order to reduce I.ho cost and to have more 
flexibility. A simple netvork is adopted and only the 
ports for a CRT display are prepclred at given places. 
In Imaking diagnosis, the CRT display unit. is Carried to 
and plugged at a nearest PCTi.. These ports are also 
used for the display of machine operations at the 

opnrat *I r00lll or the countinn rooms by SRlcrt.irlu a 
desired part of the machine at a keyboard. 

Anatnu System 

Analog signals are digitized as many as possible 
and sent to the control room through the CAHAC LOOP. tt 

is often necessary to observe wave forms of the signals 
from some beam detectors such as coaxial Faraday CUPS 

and phase probes. For these signals a sampling method 
is adopted and the band width is reduced. The results 

are sent to an A/D converter by coaxial cables and 
stored in a display memory, the contents of vhich arc 
displayed on the scopes on the control desk and also 

read into the control comput.cr through the GP-IH for 

numerical analysis. 

Softvare 

The operating system OSGO/UIIX is a combination Of a 
rea 1 time and a UNIX system. Picure 3 shows the 
conf inurot ion of operatinE system. It consists of a 

kernel, OS60, and UNIX parts. The programs are first 

devrlopcd and tnstcd in the IINIX system and finally 

transferred to the disk area of the OS60 svstem which 

can he started (FOHKcd) on a r?al time. 'The source 

programs are developed hy a screen editor (vi.) of the 

UNlX svsl<‘nt. 

UNIX U FILE 

FIR. 3. ConfiEurotion of opcral.in(r system. 

Refprrnrre 

111 S. Motona~o, "Status Rrport on the RIKEN King 
Cyclotron". Ull in thic confcrenre. 

(2) ‘r. Knmbarn and M. Odera,“Cont.rol System of IPCK 
Heavy ton Linac”. Proceedinns of the 5th 
Sympsium on Accelerator Science and Technolony", 
'Tsukuba, Japan, Sept.emher 1984, pp. 364. 

(3) K. Shimizu. T. Wada, .J. ~ujita and I. Yokoyama,"Nnw 
tieneral Purpose Interfacing Modules for Accelerator 
System”, Proceedings of the Conference of the 10th 
Int. Canf. on Cyclotron and their Applications, 
East Lnsinn. Michigan, USA, April 1984, pp. 392. 

[ill N. Prow. "The GANII, Control System", IEEE 'Trans. 
Nut. Sci., NS-28, No.3, 1!381, pp. 2369. 

151 THt:E Standard Subroutines for CAMAC. TfTli Std. 758- 
lR79. 


