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INSTRUMENTATION AND CONTROL SYSTEM FOR THE AT-2 ACCELEIV.TOR TEJI STAND*

il. A. Nadlinger, D. B. Holtkamp, H. D. Holt, AT-2, t4S-H818
LGS Alamos National Laboratory, Los Alamos, Newhlexlco 87545 USA

A data-driven subroutine package, written for our
accelerator test stand (ATS). is described. This flex-
ible package permits the rapid writing and modifying of
data acquisition, control,” and analysis progri& -for
the many diverse experiments performed on the ATS.

“These structurally simple and easy to maintain routines
help to control administratively the integrity of the
ATS through the use of the database. Our operating ex-
perience indicates that the original design goals have
been met. He describe the subroutines, database, and
our experiences with this system.

Introduction

Ue have created and implemented an instrumenta-
tion, control, and data acquisition (ICA) subroutirle
package to expedite activ~ties on the ATS. The soft-
ware packag~ is a database-oricntsd system that stores
all pertinent information required to run and acquire
data from the ATS. The database, which is easy to

access and modify, has complete information about the
ATS diagnostic hardware. Most change requests by users
are handled by modifying entries to the database.

Constraints were placed on the system by its de-
signers to achieve a high-quality system in a minimum
amount of time. A specification was written and fol-
lowed, setting minimum stand~rds for documentation and
coding. Tne final result is a control and data acqui-
sition computer code that is structurally simple and
helpful in preventing ❑istakes and in correcting
errors, In addition, the software maximizes the speed
for performing the experiments and keeps manmower costs
to a minimum. The system knows the locatiorl of all the
hardware on the ATS and prevents hardware conflicts.
Extensive testing and error checking was done before
moving the code to the ATS. Generally the errors found
durinq the final check-out on the ATS were minor and
were easily fixed.

Thu following sections describe various f@atures
of the [CA system hcginning with a system overview
followed by a brief description of the user-callable
routin%, He then present and explain one example of
a user proqram. He describe the features of the data-
base and database editor and finally describe the de.
vi$c handlers that are used by these user-level rou-
tines to do the actual 1/0 to the CAMAC modulos.

&stt3m Overview.— ——

Figure 1 shows tho harawarc for the ICA system,
The test. stand Is intcrfacod to the CAFiAC modules in
W? crates shown in the figura. The CMAC crntcs are
tlt!d togathcr through byte serial fiber-optic U-ports
to a Kinetic Systems ?000 sc!rlal driver, which attdchcs
to the Unibus of a VAX 11/7!j0. The t’its~r-oDt(c highway

telectrically isolates the various CIV4A crates, includ-
ing the crate in tho 100-kV high-volts t! column.

\
Flyur(! ? is o block dlagrnm of’’thc f!ntirc ICA

l\
system. We show the tliagnostic rmd ccc lorator dcvicos
conncctcd to the lCA hardwaro (fig, 1 ttult is con-

trolled by ttwj ICA .goftwnrc shjscriltcd \\n this paper.

\
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Fig. 1. ICA system ha~idware.
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Fig. 2. IcA software functions.

Tho user co,ltrols the ATS with his cwn progrant that
calls subroutines in the [CA package and gives a conr-
mand For a spocificd device such as an cmittancc scan-
ner. The [CA software obtains the nccossary informa-
tion from the database to perform the conmnd and then
cxt!cutcs the CWWWMMI. Adatabasc editor was writlon to
create and modify the database for the “CA subroutines.
Using this cdltor ~uarantocs the integrity of the data-
base and forces ttw user to inl~ut the t’cqllircd informa-
tion nocdcd when dcfininy a ncw devicca

Usf!rRoutines-. .. . . . . —-

TIIC softwart! is cicsigncd so that frwn a users
point of view it is very cosy to implunwnt and Ctlongd
lwograms, The software consists of a st!t of sulmu-
tincs cachoi which pcrtotrns a sl:ucific tnsk 011 a nond
dcvicco Gnc may t-cad infornh!tion from or write inform,
matlon to o tlcvica, move a Jovicu t9 a sl)ccificloca-
tion. or chuck tho statusof tho dovicc, All sulmu-
tincs in the packayo contnin an error flag that, If not
uqual Lo zero on sulmutiu(! ruturn, indicakc., aII wror

wd{tiw. An ittfotmntiio mosssigu is sintultanoously
sknt to tha usws cutnputor tortninal. TtiLlc I y“:vos n
short dosct’il)tion of tho user callal:lf! suhroutincs.
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interest is an electrostatic

We give an example of the procedure involved in device is stepped across the
applying the ICA software to a new device. The s:mple position in the beam it scans
application program is listed in fig. 3. The device of

emittance scanner.l This
beamline and at a given
the beam divergence.

We determine the hardware conficturationfor the
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scanner, then run the database edi’o~ to update the
database. This editor prompts ful all the required
infcwwation including the device nfime,address location
of the various CAMAC rnodllles,CAMAC module identifica-
tion name, scale factors, and names of other devices to
check against for conflicts.

There are three CAMAC modules associated with the
emittance device: a 1024-channel AI)C,a stepping-motrtr
controller, and an input register to look at the status
of limit switches. The program outlined performs the
emittance scan. The Procedure uses the subroutines
DVINIT (Gbtain the required iriformotionfrom the data-
base and initialize the CAMAC modules), OVUUT (move the
emittance getrrto the out location), UVLOCA (move t,he
emit.tancedevice to a desired location), Al{LAll(read
irndscale the array of dattrfrom the ADC at the given
location), ANALYS (user-supplied subroutine for data
redllction),and IIRRMSG(error-me$$age routine), Except
for ANALYS these are all ICA routitles avail~ble for
inclusion into irrtyuser’s application I)royri.rm.
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The ATS database editor is a menu-driven editor
for the database file. It is composed of six functional
modules each with its own menu. The module ENTER
allows the user to build a record with complete prompt-
in9 ‘Or every record field. once all info~-maticjnis
submitted, the contents are presented for approval.
At this point, any of the record’s information may be
edited. The old input is always listed before the user
is prompted for the new. If the record is perfect, the
record may be entered into the database file.

The module EDIT eriablesthe user to edit any field
in a record. Access to a particular record is by de-
vice name and procedure handler. Old field input is
presented before new is entered. This section can
also delete a record. When edited. the record mav be
entered back into the database. -The module SE-ARCH
will search the database file for records with common
entries in anyof the four active fields. It is possi-
ble to do a logical “and” with multiple eotries. A
scratch file it written by SEARCH, and it may be dis-
Pla.yeclon the terminal, saved, or deleted. The module
DISPLAY will type the contents of the entire database
to the terminal or print it to the line printer.

The last module UTILITY contains tools to effect
specialized tasks. Here one may type a list of input/
output status-error explanations to the terminal, elim-
inating look-uo in a system manual, It is possible to
rename c device by changing the DEVNAM field in all of
th,e~eccrds having the old device name to the new de-
vice name. We can remove records having a particular
device name from the dntabase file. To aid in adding
new devices that are similar to existing ones, there is
a device coPy ootion that duplicates a device’s records
with a new device name. This avoids recentering sever-
al records at the expense of some erJittrlg of ptirameter

values.

It might be necessary to focus on the module ad-
dresses contained in the database. For this reason, one
may print to the line printer or type to the terminal a
listtng of thr+ordered CNA (crate, station number, and
subaddress) addresses followed by the device name, pro-
cedure handler, and CAMAC handler. The parameter infor-
mation is not listed. This tool provides away to find
out what devices use which hardware modules. If one
of those clodules is moved to another crate, a given
address field may be changed globally to a new address.

Camac Devicg.t+andlers

TIlerC are s~vepal fe~tur.es of ICA standard de~lccs
handlers thirtare quite general and iJpplyto all han-
dlers. The harrdlcris the most.primitive class of rou-
tines in the AT’Ssoftware package. It makes the calls
to the OtlEstandard OMAC subroutines (CORCG, CFSA,
Qtc.) that dO the aCtU~l I/o tO ~h~ lllOdLllQS,In gen-
eral, these are the only type of subroutines called
from o hafldler,with the cxccption of the standord
c ror messfige routine handler. INMSG. The CAMAC
driver for the Kinetic Systems 2050 was modified for
use o’)the VAX by Peter Clout,g

The handlers are re-entrant in the following
sense: If local variables are generated and defined
by one call (say, an initialization call) and they are
needed In subsequent calls, then these local variables
are alWaJ6 passed back to the routine as part of the
call. For example, two devices having different names
use a particular module for different functions. The
first logical device accesses the module with a call to
the handler and the second device does the same. The
CNA information must be passed each time the handler is
called, since the handler does not know which logical
device it is servicing, or indeed if there is one or
more of these parti~ular modules in the system. This
way only one software handler needs to be link,?dto
‘he main program to service several identical CAitAC
modules.

We normally use interrupts (LAMs) in device han-
dlers because they are an efficient tool for optimizing
overall system performance. A good example of how to
use LAMs is in using a stepping-motor controller
module. The module is loaded with a certain number of
stepping-motor pulses, then the handler suspends the
task, freeing the CPU while waiting for the motur to
stop, When the controller is finished, a LAM is gener-
ated that wakes up the suspended task. Using a LAM is
more efficient than polling the stepping-motor control-
ler continuously for a response to find out when the
motor stops.

Conclusion

The ICA system has exceeded the initial expecta-
tions. We had a working system within 8 man-months
from the time we began to write the specifications.
The system has expanded significantly in the two years
since it was first implemented, but this anticipated
expansion has always occurred within the original
guidelines. The system is ideally suited to the
changing needs of an experimental environment,
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