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ABSTRACT

A substantial number of the world's rescarch labo-
ratorics in low, medium, and high cncrgy physics
have becen among the carliest users of minicomputcr

data acquisition and contral systoms. A decade ago,

the commercially available minicommputers were put
to use gathering data from physics exueriments
using particle beams from accelerators.

Early in 1965, cngincers and physiclsts at several
laboratories installed minicomputers to handle a
small portion of the beam transport control problem
for accelerators. Since that time, the usc of nini-
computers for special instrumentation, data acqui-
sition, and supervisory contrcl] has mushroomed
throughout the accelerator world.

Being no exception to this trend, enginecrs and
physicists at LAMPF have made a practice of apply-
ing minicomputer systems to assist in solving nu-
merous instrumentation and control problems.

INTRODUCTION

A particle accelerator facility can, in a general
way, be logically divided into twe physical arcas -
the area for production and acceleration of a par-
ticle beam (electrons, protons, cic.) and the area
for utilization of the particle bew (commonly
called the experimental area). This papar prescnts
a survey of the use of minicomputers in the opera-
tion, control, and instrumcntation of the LAMPF
accelerator related to the pioduction and acceler-
ation of the proton beam. In addition, applica-
tions involving the acquisition of experimental
area data are discussed. The acquisition and rc-
duction of experimental data in other laboratories
has received considerable attention at a recent
conference on computers in nuclear physics. (1)
However, the compuier systems now in general use
in accelerator experimental arcas can seldom be
classed as minicomputers.

* The Clinton P. Anderson Meson Physics Facility
(referred to as LAMPF) is a national laboratory
for medium encrgy physics; the heart of the fa-
cility is an 800-MeV proton linear accelerator
used in the production of sub-atomic particles
for physical and biomedical research and isotope
production.
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The paper describes current applicutions of Neva
and Super Nova computers to proton beam diagnostics,
experimental interface development and evaluation,
accelerator structure tuning, magnet field mapping,
and ion source operation. Also, applications of
PPP-11/05, /10, /20, and /45 computers to nuclear
instrumcntation testing, development, and data
handling will be prescnted.

A research facility can, more easily and with less
concern towaid the dollar return, adapt a rapidiy
expanding electronics and minicomputer technology
to its process. As particle accelerators have
grown in size, compiexity, and sophisitication,
the need for more sophisticated acquisition and
reduction of data related to their cperation has
also grown. This need has precipitated the liberal
use of small computers for on-line data handling
and equipment control and off-line instrumentation
for diagnnstics, development, and maintenance
tasks. This has been the case with thec LAMPF ac-
celerator,

Early in the desipgn stages of LAMPF, a large cen-
tral-computer control system was proposcd for con-
trol of the facility. This ambitious project led
to the application of a small computer control sys-
tem on an clectron prototype of the final acceler-
ator. (2-4) This system was based on a Systems
Engincering Laboratory f£10A computer to support an
operators cousole in addition to doing control and
data handling. The computer was obtainecd essen-
tially without a software operating system and so
requited extensive system programming as well as
the required applications programs. (3 These
early efforts pointed out the necessity for a bal-
anced approach involving programming, computer and
interface hardware, instrumentation hardware, and
a knowledge of the process to be controlled.

Presently, expansion of the aforementioned central-
computer system at LAMPF is being accomplished
through the use of minicomputers operating as sat-
ellites to the central control computer.

** Work performed onder the auspices of the U. S.
Atomic L[nergy Commission.
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MINICOMPUTER APPLTCATIONS AT LAMPF

The successful application of computer contrel to
the Electron Prototype Accelerator at LAMPF stimu-
lated the applicaticn of computers to other arcas
of control and data handling. The various appli-
cations that arose, although widely different in
their natures, resulted in similar configurations
of their computer systems. This general config-
uration is shown in Figure 1 with more or less of
the equipment being used in the different systcms,
Before describing the individual applications, a
few general comments are In order. The selection
of a computer for the first few systems was based
as much on availability and cost as any other cri-
teria. Then, as cxperience was pained in their
application, the desire for compatibility continued
the same computer selection until the need for sev-
eral systems with different criteria dictated a
change in computers. The hardwarc configuration
of the computers used in the various systems is
shown in Table I. The rcpeated design of special
interface hardwarc for each of the early systems
motivated the acceptance of the CAMAC standard as
a means of interfacing computers to instrumenta-
tion and control equipment. (7} Most of the re-
quired control functions sre commercially available
in CAMAC modules which greatly simplifies the im-
plementation of small data and contrnl systems.
The CAMAC standard is becoming an accopted means
of computer interfacing throughout ihe accelerator
world and also in some other disciplines.

The programming approach to the first systems was
to write a minimun operating program and develop
applications programs using assembly language.
However, as the number of users of the systcms
increased, the need for a higher level language
(FORTRAN) becamc obvious, and the use of manufac-
turer-supplied operating systems was adopted.
Specific control and datu acquisition programs
were developed in assembly language and provided
to the users as subroutines. These techniques
proved to be fairly successful in the various ap-
plications described below. .
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PROTON BEAM DIAGNOSTICS AT 750 KeV AND S MeV

One¢ of the earliest uses of a minicomputer at LAM'F
was on a data acquisition and control system to
perform low-energy beam diagnostics. (8) This
system, built around a Data General Nova computer,
performed mcasurements of fundamental beam param-
cters such as emitiance, profile and momentum-
spread at beam energies of 750 KeV and 5 MeV, The
comwputer, with the interface rack and peripheral
devices, is shown in Figure 2; the low-cnergy heam
line can be seen in the vackground. The 16-bit
computer was obtained with a real time clock (RTC),
power fail safe and direct memory access (DMA)
logic, l6-level interrupt capability, and 8192
words of core storage. A teletvpe provided the
basic operator I/0 functions. Special intertaces
werce designed for a storage display scope, shaft
encoders, and the control and data hardware. The
software consists of the "opcrating system,' hard-
ware test routines, a debug package, a bootstrap
louder, and the beam diagnostics routines. The
operating system is a group of stand-alone sub-
routines that can be called by other programs.

The operator interaction with a running program is
provided by switches which are serviced by inter-
rupt routines.
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750-KeV AND 5-McV DIAGNOSTICS SYSTEM
FIGURE 2



The beam diagnoastics system wias assowhled ovey o
six-month period and vsed in diagavstics mensure-
ments for  wo years before its function was incer-
porated into znother system to be described Jater,
The system was designed for casc of experinenter
operation. The use of a Hova assembler on a €I
6600 compu.or, accessed throush a reiote terminal,
aided off-linc assemblics and kept the Nova com-
puter available for on-line coatrol rather thon
program development,  All programaing was done in
assembly language, and the lack of a highsr level
lanpuage did not prove t5 be a hardship on tiw
limited number of system users. The storage scope
was used to display the resulis of the measure-
nents and provided the experimenter with csscen-
tially real-time analysis of the beam paramctors.
Since being removed from service, this system has
been used to develop mathematical techniques for
data processing in minicoaputer systems.

INTERFACE HARDWARE EVALUATION WITH MINICOMPUFERS

A second minicomputer system was developed to aid
in evaluating interfacing techniques for experi-
mental hardware. This system used a bata General
Super Nova computer with 8192 words of core stor-
age, RTC, DMA, interrupts, and havdware wmuitiply
and divide, -A teletype, a storage display scope,
and a magnetic tape unit provided the 1/0 functions
for the system. Originally, this system scrviced
an cxperimental physics set up; but as it became
obvious that some standardization in interfacing
experimental hardvare to computers was necded, the
system was adapted temporarily to cvaluate inter-
face hardware. A fairly cxtensive woftware coper-
ating system was written to handle the high rates
expected from some of the tests. llardware test
routines, debug programs, the booustrap loader,
and special display and dats handling routines
madec up the complement of the software. All the
programs were written in assembly language. The
overall systcem was designed to gather data through
various interfaces and display it on the storage
scopc or output it onte the magretic tape. The
results of thesc tests were to provide a measure
of the differeat interfacing techniques. It was
found, as a result of thesc tests, that the stin-
dard CAMAC interfacc provided as good a data gath-
cring capability as an interface speeifically de-
signed for this application.

A MINICOMPUTER FOR ACCELERATOR TUNING

Another minicouputer system was developed to oid
in tuning the 8US-iiz accelerating cavities during
their installation at LAMPF, This systen alse
used a Dats General Nova computer to contrel and
xeduce data from the hardvare used in the tuning
procedure. The equipment associnted with this
spplication is shown Ln use in Figure 3; tho §65-
Miz accelerator structure «on be scea in the back-
ground. Tuning is accomplished by driving the
tanks at their resonant frequency of BO3 Wiz and
pulling a bead through the cavity. A seasure of
the perturbatien in the eleetric field caused by
the bead is obtained, then o calculation is per-
formed to determine how fay ef( resonance the
cavity is. A mechanical correction is applied to
the structurc to obtain proper resonance. This

system war one of the smallest as<emblied at LANST.
The compiater had 8130 words of core storage with
DMA and interyupt capability. 11 was interlaced
threuph spoecially desipned Jonic to the instiugen-
tation and contrel hardiare and to an anstog =ipeat
rattipleser with A/D converter. A teloetype and
storage display scepe providoed the operator /4
capability. The systems software was cssentially
available from previous applications; control and
display programs were kept to a minimm, Neverthe-
less, the syntem provided the needed instyumesnta-
tion and control functions and way instrusental in
tuning the 4362 vesonant cavitices Lhat make up 246040
feet of the acceclerator.
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ACCELERNTOR TUXING
FIGURE 3

A MINICOMPUTER APPLIED TO MACNET FIELD MAPPING

Along the sceeleratar and in the experinental avers,
clectromagnet: are wsed to focus and bend the pro-
ton bean.  The exact coffect thuat a wagnet will have
on the heas can only be known by obtaining o woe-
surc of the ficld within the volise of the magmet,
i.e., mapping the field. ‘The equipnent vsed te
perform these seusuresents is shewn in Figore 4.
The operation is based on the prograsscd contivl
and data handling capahilities of a ata Goneval
Nova computer. In addition to the computer, the
system has a papey tape, a magnetic tupe, aml spe-
cla) interfaces to on onalep sipgnal eultiplesor
with an AJU converter, an inteprating digital volt-
woter, and control hardware to drive various map-
uet Ficld probes. The computer and associated
clectronics are In the rack to the left in Figure
4, ‘the probe positioning sechanise g in the cen-
ter of the picteye; o quadrupole focusing mugnet iz
in the background. The probes arve positioncd and
woved wader propramucd or operalors cortrol throush
copsands to the computer. Simusitanconsly, the con
puter gathers data and places It on magnetic tuape
for later reduction on a larger computer, The
software has !l been done in assomiply language.
The irterface hardware was partislly special units
and partially an adsption of units developed in
providing corputey contrvel of acceleritor hardware.
This equipaent has been Functioning for over two
yeurs and has olstained fleld caps for some 150
saets of varkeus sizes and 1ypes.
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HAGRET FIELD Mapikit
FIGURE 4

10N SOURCE QONTROI At LOK EXEUGY DIACNOSTICS

The source of protens for accelerstion at LIMIPF ix
Jocated at the hiph voltage terminal of  750-LY
do powar supply.  Protens are accelevsted to
gromd potential whore they ave tranzported 60 ot
through o wagnet and diagnostic systonm 2o the
aceclerator.  The high vollape interface to the
ion source, and ftx ussocinted equlipoent, §s
crossed by a digito)d Hight-Jink system.  The equip-
ment at high voltage Is controlled throuph a dita
acquisition and contrel rerminal, () via cthe
dight~links, froz an operotors cencele in o neorby
control roow. Console servielnpg aml jon sourvee
coitrol are aceswplished through & winicoxputer
systes based on @ Nova computer ax shean Jn Figurve
$. This system vas Lullt as a sarcllite to the
central contyel coaputer for the occelsrator and
provides instrusentation mnd control of the ion
source to the contral) systes. (0)  In addition Lo
the jon source control, the 750-#%V and S-MeV beam
diagnostiez previoasly described iave been incor-
porated into this system.

tnder proerammcd nr operator control), the computer
can obtain duta From G4 channcls of instrumenatation
and adjust the value of 28 diffoevent variables as-
sociated with the jon source operation. The com-
puter peripheral 170 is through o reletype, papor-
tape, storage display scopi, and the wmcters, knobs,
and otkerimdicators on the contrel punels in addi-
tion to a link to the central computer. The soft-
ware §s all donc in asscably languspe and leaded
via the poper-tape. local eperalor contro) is
thyough program-scrviced console switches or the
teletype.  The oporators reccive displays on the
storage scope in addition to the wetors and indi-
cxiors driven by the computer. The B192 words of
core storage contain the ayster programs as well
a8 the control and console servicing routines.

Thix systea has been in service for over a year
and is presently belng cxpanded to handic the oper-
stion of n socomd ien source for the accelerator.
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EXPERIMENTAL DATA ACQUISYTION AND BEAM )INL CONTRIL

Results of an intensive effort to define require-
ments for experiments] avea data acquisition at
LAMPE indicated that o minicomputer would he well
suited to the task. The systew has cvolved
around DEC's PDI-11 fumily of comjulers. The com-
puters, cither L1/20's or 11/45°%s, wore obtained
with 16,384 words of corce and are interfaced to
magnotic disks, magnetic tapes, DECwriters, Toke
tronix 150 storage scopes with keyboards, and
threuph a Mizropregrarced OBranch bPrivers (MBU) to
CAMAC pockeged instruscatation and contrel cquip-
went. A laboratory set-up of onc of these systems
is shown in Figure 6. Since there are a nusbher of
off these systems, they share a 0ECtape and papev-
tape waits. Yhe MBD was designed as a special
interface between CAMAC and the co::!?u ¢r to in-
crease the data transmission rate (1) (two MBD's
arce shawn on the xorkbench to the vight in Figure
6). The device is o stored program contyveller
used to move data along the CAMAC data hipghway and
provides cight channels of multiplexed DMA into
the computers, The CAMAC units (the middle chassis
in the right-hand rack) housce the signal multiplex-
crs, A/l) converters, binary registers, ond some
nuclcor instrumentation. The magnetic tape Is the
principal output device used by the experimenter.
The storage scope is used for displaying pre-pro-
cessed or stored data while the experimeut is on-
line. The disk contains the operating system, dis-
play and data reduction programs, and acts as an
intcrmediate storage device for the system, The
disk operating system (DOS) supplicd by the manu-
facturer is the basic software unit. It has been
cxpunded Lo faciiitante opcration with the MBD.
Varjous amounts of pro-processing of data can be
done either by the stored program in the MED or by
the computer. Many disylay and data programs have
been written in asscmbly language and made into
FORTRAN callable subroutines. The users of the
systems do the bulk of their programming in
FORTRAN.
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EXPERIMENTAL BATA ACQUISITION SYSTEM
FIGURE 6

The purpose of these systems 3s to provide high-
sperd data trensmission and sterage for an cxperi-
ment being performed using the particle beaw. In
addition to that purpose, the compuier wili have
conirol of the beam line equipnent for sct-up and
on-line adjustment of cxperimentzl paraneters.

The development of these systems is still under-
way, but it is hoped that the basic hardware and
software will be flexible enough te service the
sany uses envisioned for them.
HARDWARE MAINTENANCE AND DEVELOPMENT %111 A MiNI-
COMPUTER

In support of the cxperimental arca data gequisi-
tion systems, there is alreco:dy apnroximstely
$500,000 worth of interfzce, instruwaentation, and
control hardware. In order to facilitate the
maintenance, checkout, and continued development
of this equipment, a PDP-11/05 computer has_been
acquired and is being programmed and built into a
perranent diagnostic terminal and test-stand. The
computer was obtained with only 4096 words of core
and tcletype for 1/0. It wili be programacd to
exercisc the MBD and CAMAC hardware in modes that
will determine their satisfactory operation, help
diagnosc a malfunction, and aid in the checkout of
new cquipment as it is acquired. Being a labora-
tory-based systciz, this cquipnont will} also be
used to train new techniciaus in the use of the
computer hardware and software.

MINICOMPUTER OPERATION OF A BIOMEDICAL FACILITY

In addition to the basic physics rescarch acconm-
plished with the accelerated beam at LAMPF, a bio-
medical facility for rcscarch and treatment of
malignancies with pion radiotherapy is being con-
structed., The ficility consists of a transport
and beam diagnostics system for the pions (created
when the proton beam strikes a graphite target)
and two trecatment rooms with all their associated
instrumentation. The operation of the facility is
to be accomplished with one of the experimenta)

= .

dala acnuisition syatop,,  This application uses a
PDP-11/445 computer interfaced to the instrumenta-
tion and control hardeire through the MBI-CAMAC
system as scen in Figure 7. (The left-hand rack
containg two powered CAMAC crates plus other inter-
face hardware.) Furthermore, the computer supports
an extensive operators console for operation of the
facility., Figure & shows one half the final con-
sole undey development. Operator intcraction will
be mosily through the storage scope displays and
progrem assignable fuerctien buttons and knobs.

The bulk of the hurdware uscd in this facility was
developed for other applications mnd adepred for
usc here.  The prograaming requires a full-time
systems programmer who uscs the mmnfacturers oper-
ating systen softwnre and provides the basice pro-
pgrams for opcrating the facility. Jn addition to
hardware opcration, the computer system is used for
treatment planning and patient rccord keeping.,
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BIOMEDICAL COMPUTER AND INTERFACE
FIGURE 7
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HIGH ENERGY BiAM DIAGNOSTICS

The most recent application of minicomputers at
LAMPF involves beam diagnostics at the high-enevgy
(800 MeV) cnd of the accelerator. The data rate
from 12 beun profile wonitors in the experimental
arca cxceeds the capacity of the standard LAMPF
data acquisition and control terminal, (9) There-
forc, a PDP-11/10 has been obtained to operate as
a satellite computer to the accelerator control
system.  This computer, with 8192 words of core
and hardware multiply and divide, will acquirc data
from the profile monitors, prc-process it (filter
and perform computations) and transmit the results
through a high-spced CAMAC data link (300,000
words/sccond} to the central control computer.
There the inforimation will be used ia setting mag-
net currents to achieve the proper beum in the
cxperimental arca. The computer is interfaced to
the instrumentation through a CAMAC system. The
programming is being done in assembly language al-
though the availability of other PDi-11's would
allow FORTRAN programming.

CONCLUSIONS

The application of minicomputers to the various
areas described in this paper has provided con-
siderable experience to the engineers and tech-
nicians at LAMPF., This experiecnce scems to be re-
flected by the activitics at other accelerator
laboratories. If lessons have been learned, then
the most important is the thoroughness with which
a computer must be integrated into a process if
the application is to be successful and the full
bencfit realized. The task can be divided into
three arcas: (1) sofwware, (2) computer and inter-
face hardware, and (3) the process instrumentatici
and control equipment. Unless the application is
quite small, each arca requires special attention.

Khen only one or two people are devcloping programs
for the application, asscmbly language appears to
be entirely adequate. However, where a larger num-
ber of users are writing application programs, the
use of a higher-level language secms to be fssen-
tial. In these cases, the usc of a systems pro-
grammer to develop programs callable as subroutines
has contributed much to the success of the appli-
cations. In the softwarc area, a continuing effort
to produce standards associated with CAMAC and
other control cquipment is heing pursuwed as a
means of reducing the required amount of systems
programming.

The availability of inexpensive, reliable mini-
compute.'s has opened arcas of application in accel-
erators whete previously special-purposc logic de-
sjgns were implemented.  This has provided an add-
ed degree of flexibility to match the nature of
the work in a research laboratory. IHaving devel-
oped soveral special 1/0 interfaces, their utilivy
in sn applicaticn where the equipment configura-
tion is fixed can be appreciated, However, in a
more flexible application, the use of a standard
interfacing technique such as CAMAC saves design
time and specds implementation of the computer
systom; it allows reuse of the equipaent in other
systems. At LAMPF, the use of specially developed

signa) multrirlexers with A/D and D/A converters and
control logic packages for the accelerator control
system facilitated the applications described in
this paper. The equivalent of such hardware is now
generally available from commcrcial sources and is
rapidly becoming available in CAMAC packages.
Still, a geod deal of design and checkout time is
required to make the individual logic packages
function properly as an operating system.

In the scceelerator community, adapting the process
instrumentation and control equipment to the com-
puter has been the last to receive adequate atten-
tion. In any research facility the frequency with
which equipment is sct up and taken down makes it
necessary to have the hardware ready for the com-
putcr hefore installaiion. Once the experiment is
on-line, it is difficult to justify a shut-down to
implement the computer system., This requires prior
planning that cxperimentalists in the past have
been reluctant to provide. Nevertheless, instru-
ment and control equipment designers are cooperat-
ing and providing both on/cff status and control
signals and mcasurements of process variables com-
patible with computer control.

If our experience provides any measurc of things
to come, and we think it does, then the minicom-
puter applications throughout the accelerator com-
munity will continuc to proliferate at the various
laboratories.
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