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Abstract

This paper descrshes Batineal fnstemuents” sofiware package, "LabVIEW', and dis-
ersses its potenbind wielnbness within the laboratory An intradnction Lo the peaduct

aared an expdanation of the concepts behitud it are fest given, then its use is itlustrated

with an example of aspecifie application by the Soft $-Ray group. Recommendations
are piile s o e type of applications for which it miglt nore generaliv be used.

1 Introduction

There ate many instances arcand the site of experimental arvangements that roguire
associatad dava acquasition and enntral systems Examples tange Troan asimple labo-
ratory instrnngent such as a veluneter, whose reading is pechaps momitored acrass an

HS232 interface, o Beamline smonachromators tequiting several stepper molos ases 1o
By ciriven and datnehannels 1o be socarded. b the iaajority of cases snch systoms ars

cartrolled by o omicracomputer cunnmyg conpiled software written in a convenlicnal

lapguage such as

ORTRAN or {0 For tnstance, arount the 585 storage rng the

wagority of stations are vontrollad by an LSE1E compater, running = farge FORTRAN
prograny and driviog CAMAC)

The developim

it Hime [or systoms asing sach an approach can be relalively jonge
This is principaity beeaose the programmer has to write code to control virtually
every aspoct of operalion, low setbing the value of a TTAD 1o plobting a geaph of

tetrievedl dara on the lenminal serecn. Guee oparational, the soltware imay absa be

tather inflextble and dillicall to mndifz, particularty by sanpone pot connected with its
caiginal developnient,

For these awl other reasains 2 onew generation of high-level angaages bave recently
appeared {ol which LabVIEA i ane of the hest keown} which can deamaticaliy rodues
develupiment tinwes and increase sehsequent flexibitity, They do this by providing a
Luge sumber of soltwacs wundules to perform many of the tasks that noomally need to

Lo conded explicitly, Pat <iiupldy, they allow the prograaemmer to specily wefef he winns

to des radlier than exactly horwe he wogies to o gt

In wiek- 1989 the Soft X-Ray {SXB) Group was engaged in the development of
two-axis reflectameter, which containg bovh aclive components {stepprr molars) and
channeltron detectors. The types of experiment plaoned for the detector wore eather
varied and required that the physical arrangement of iy components bre easily changed
nr added ta; an adaptable and Aexible comrol system was therefore neeessary. This
lod 1o the adoplion of the ITEEE-483 (GPIB} iterfacing standand urd a LabVIEW
control envirament; the progiam subsequently produced is ideserihed insome detail in
section 3. This solalion toraed out (o be celalively cheap, Nexible, easy tooimerface,
awel coquired a fraction uf the development tivze that might have hoean fwcessary with
a more conveniional approach.

OQur experience with LabVIEW has Ied us Lo beliove that whilst it imay wol acees:
sarify be the ideal solution for every situation, there are likely Lo be many applications
within the laboratory for whiclu its use conld eortainly be recammended.

2 LabVIEW Overview

I is ani possible Lo provide maore than a brief inttoduction to peogramaung in Lab.

VIEW here; of contse, delaibed user guides and reference imamds are provided with
the product.

LabVIEW rans only on Apple Macinlosh platforms at present, thongh versions for
other machines sucll as PCs and workstations are helicved to be undrer development.
It makes extensive nse of the Macintosh's graphical wser interface, and as o result
convenlional lines of code are pet generally used; instead programs are reprosentad
picterially. To huild up a LabVIEW program the user selects oplions from standard

tibraries of piclorial rntities, which provide all the facilities available with conventinnat
languages (such as FOR lsops, WHEILE toops, IF statements, inpul foutput, acrays,
etc]. Perlps the best wav 1o explain this 3s by way of & steple example,

The following is a short FORTRAN subroutine
niibers passed Lo it X7 and Y and returns the number 747 where

which takes the two floating point
AR

SURROUTIWE HYPOTENUSE (X . Y , 2
REAL X . ¥ , 2

0

T2 [ Kew2 ¢ Yow2 JaeQ 5
c

RETURN

EHD

b practice, this routine wonld he corapied and pechaps kept as aniedependens ubject
mwdnfe {or as part of an ohject fthrary ), anel conbd be “ealled” by any otlier progeam
ar touline that needed to perform this operation. he a <hnilac fashion a LabVIEW
madnde, known as a veteel msfracent or VL, ean be hailt up to perforin the same
Tunction. The name virtual instrument adses becawse LabVEIEW charactecises any
software modsle as iFiL were a henel instrument that can e "wired up’ to other hench
stimments. Passing data values acrass “wires” between Vis is analogous Lo passing
data values hetween subroutines in FORTRAN.
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A LabVIENW version of the code bs shown below in figure 1.

Front Panel

Block Diagram

'""[Pq tha

SRR - Tl [ 1Y
i

ican/connesler pane

Frgure §: Lab VIEW mstrument to celenlate the hypolenuse of ¢ right angled triangle

Fhe first point to be made is that the progeam is in vwo parts: the front panef {re-
member the anadogy with s bench instrument) aud the block diegram . Essentially, the
Block dingean constitutes the code', while the front panel is what the user sees when
the progeann s aclually runoing. Beneath the block dingram is shown the user-created

3

o peprosenting the module, Associated with the ycan bs a contiector pane !'\nr)l shown
here} through which parameters are passed inte or sut of the instrument. fo this ex-

arnpte the valoes "X aad 'Y enter through fermiels on the tefi of the connector pans,
whitli the ealcudated answer, "4 15 passod back thromgh a terminnd on the right. The
vonsector paue configuration 15 selected frome o menn of any diferent available vypes,
depending upon requirements,

On the front paned there are three boxes representing the patimueters X0 and 2.
The hoxes associaled with X oand Yoare known as rfrylfu!' cartibeols, Doegioese therr value
can be passed mro the module from outside; whilst that associated with 2 s known as
a digitel indivaior, hecanse 165 value is caleulated within the module [acinally on the
bloek dingram), and depends upon the values of X and Y. When the virtualinstriteent
15 created these digial controls and indientors are ‘attached’ to buth the tecminals on
the connectar pane, and to entities on the diagran.

)t
to e arttonetic funciion fcons repressnting umttiplication, adeditior and square o

The diagram lisell ts reasonably sel

ary. The viduees X oand Y are wired

{which are themselves LabVIEW Vi) with a wirkig tool provided {pot shown here].
The valoulated answer is wired Lo the digital indieater, 2, and would then Te Todth
displayed on the ront panet and passed rack on thaongh the spprepriate tenmmal on
the conmector pane.

‘This sub.msirement would be stored as o single, independent fle containing both
the sonrce code {what i shown here) and the compiled cade, which s autemataeally
generated when the module s saved. (Note that compiled LabVIEW &5 clanued o run
about as Fast oy compiled €0 Like all LabVIEW insurmnents i is capahile of beiny

run o ifs oven i requived; alternatively, i0it is cadled by another instrament, it wonhl
appear on that instroment's diagram cepresented by its teon {as with the arithmetic
operations sub-insttamemts shown in figure 10 Thos there 35 really it dishinetion
Letwsen sub-insbruments written by the wser, and those provided s park of LabVTEW
itseli,

Ion thus |)arti(1:|:n‘ cise the FORTRAN cole b prnb::lﬂy s's::\plt-r than the LabVIEW
vemvalent. But suppose, for example, that the apphieation called for data to be platted
to the screen, With FORTRAN, or most other conventionnd buanfuages, this woukd
ensal Roking in some soru of graphics package (snchoas GHOST or UNIRAS), which
would not only provide spportuninies for bugs aad errors ta ereep g bae miglht alo
fo contrast, wily LabViEwy
the progrann way be only margioadly more ditficult o wrize than the stople example
given above, This is because LabVIEW ulilicies Gor plotting dalz
already provided. To itlustrate the poimt, consider the LalbVTEW progeann shown in

utake the linal cade less porbable to other sites ar machin

n v

W

gere 2, which plots out a sinple SINE wave.



Frony Panel

Numbs 0F Cyclos

Slock Diagram
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WANCANNECI0: pane

Frgure 2: LabVIEW instrwment to plot ¢ simple sine wave

Hure, an x-y graph bas been cabbed up Trom wostandard plottagg Bhravy aad placed

on the framt panel. A digital control hus beea creaied to apeeify the numbior of eyeles
te plot fthis i passed tn through the connecter pae O the bock diagran | B

with the

LabV1EW reprosentation ul a FOR doop is shown, reprosented as a nechingie
letter & fu ane corner. ‘The value wired 1o 8 spectfios the sncaber of times the Joop
e The

foop cownter, represented as a1, will then bave vadues raaging frooe 0 ap Lo ¥o1

shnidd run fur, amd whatever s toside the box wall Le exeented on eack «

lu this particular case ¢ speelfies an angle in dvgeees Bach toee e the loogs ats
value i3 Brst converted into radians. then fed fnts the SINE fiection e vabues of
{and singf) are wired to the edge of the foop. where ey autormat wadly acvmnolaie
into two arrays. When the loun s compieted, these arays pies wite o wioedube whick
at the

copverts Hrem to & for suilable G the oy plotter, the skl Barowluelo s

extrome right hand side of the ilock di

A,

This exmnple lustoates an jmportast philosoply of LabVTEW: sienedy, e S

that it s dede deaen. Entities onoa block diagrone are iy execated when they

Lave all the data that they require. 1n this case, Ve leop cangot begia antl § Das

besirnr ealentated, and the data connet be plotted antt the ey aeaell bos lingshed i

seetions of cede are not dependent npon preceding events, aned the order teowlich they

shonkd execute s wol specified, then Lhey il en copewnientiy watle vguad g

Thus, LabVIEW code e be maede o rae ooa peewdo poalicel fasbion, Pl ran
i 1

be particulaely wselul e synchrosizing vineng between dethorent poots ol o poogram

Placing o time delay apon the Block dingrion of o V1 {using o siaple mstinnent
58 ¥ ol b . £ i

shies

provided ] fixes the totad time speat i that VI befere i li ey il relunns

control to the cabling fnstraent (provided whidever wlees thee W Bus 2o o does on
take longer than Lhis delay).

cpunbrer o othier cangraly st

ala

[ addition Lo the oy graph showr i figure

=

budicators are provided for inckasion on the fose panel (ke xoy graph 1 veally only
a sopluslicated imljc:liur]. Thise Lnckade: st charts, soope el ts, o s toaend ol

dials, weters andd knobs, and switcles for booben copteod, To s alse possible Soitnpaen
: i I

picturns from packages such as "Alacdraw’ to wepresent, for example, the ONOF )

states of a switel. In this way o fronl panel coan b isiele do be imtnitively casy 1o

usg, or evan to look very stinilar to the laboratory stemment bemg controlled. An
example of The former is shown i figure 3.
Shorwn by thin front p;uu\l al a VI to comrol o Caburn \'l!]?ll':\ll'll]]t'l' rpal o driver

systemr. The four arrows around the words “sonple stage” wre netndly Tntelusd buabean

switches, and elicking’ on one of them with aoouse when Hhe progooncis rueniag

moves the sunple stage in the dicection indiented By the desoed auinber of steps,



DARESBURY LABORATORY SO X-RAY GROUP
REFLECTOMETER CABURN CONTROL. PANEGL
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- srace b

: |
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\] l@ SAMILE SEAGE 15 MOVING

UNTER BUMBCR OH STEPT.

AN CLICK ON APPROPHIATE ARRGW

Frgure 0o Front panel of o LabVIEW imstranont to control ¢ Caburn steaper mator

driver system

Of conrse, in practice 3 program could cousist of a mamber of Vs, nol just asingle

one, Aaed ber feadnce of LabVIEW is its ability to display a VI hivrerchy, showing the
calling seau

nce of Yis within any given poogram. Figure 4 shows the VI lnerarchy lor
the Caburn program deseribed above,

Shawn is the icon ol vach moduole in the calling sirueture. O the twelve Instrunents,
five are from LabVIEW libraries: open GPIB driver, GPIB read, GPIB write, nunher

to intepger and fraction, and Bleep. 1 will be lelt to the reader Lo deduce which are
which.

-1

- abeirr,
muain
pane]

T

aburs
drive
moler

[—

e F-abur aburi
= Wit write
B data comin

f"?gu.‘e‘ 4 The VI f:f('nux‘fzyfor Hre Cabivrn prograny shouwran jf:;ru'r.‘ ki

A large number of LabVIEW subonstrumenis are provided for incluston o the hock
diageram, all avaitable from pull-down menus {as are the Tront panet options). The

vy

inelude the usual arithmetic and boolean Tunctions, istowments Lo creale or acoess

diskliles in various ways, and instrmnents to perform diginal signal processing, fifter-
g, enrve Btding and statistical analysis. The complete library of lupctions availabibe
actuadly requires over 12 M3 of disk space and contains inore than 500 Vis,

Arother option provides for the user o write a module convendinaally il destred,
in vither Cor PASCAL, Known as o code interfuce nade, soeh aompodade wonld appeic
on the block dingram in jconal form, just like any other VI

Beeause LabVIEW provides most ol the facilities of @ conventional Tungmage, it is
cerzaindy a powerfud software Lool. However, its real wselulness Lo expeimentabists les



in Lhe Fact that it also provides a siraple and straightforward way of interfaciog te
wany types of hardware, This can be done cither thrangh the serial ports on the back
of the Macintosh, or alternatively via GPIB [provided a snitable interface caed has
been installed in the mwachine). In both cases appropriate Vis are provided to allow
full conmunication Lo Lake place with any attached hardware. As an example, figuss
5 shows the front panel and jcon/connector pane of a VI that "writes™ a siring to a
device on the GPIB {its icon was also shown in the VI Ineracchy diagrasn in figuee 4).

iSizsooo |

trnaoul ms {25000)

B

——]

Front Panel

pmeout ms {25000)
addruss sting ——{ 25
dala siring = sfalus

mode —— 2]

icon/connector pane

Frgure 5o Front panel of @ LabVIEW mstrumondt to wrile @ string fo o device on an
aftached CPI

The GPIB address of vhee device {0 ASCHE soing forndd. the data stedigg tor b written,

the ntode (which speeilies the siring terpunalion chicaacter), and the teont {whbich

rosburneed

wili default 1o 258 seconds F nob connectod] aee all Prassand b i 1l e niaen
feous it ix o status Hag indicating whether or not the weite has been sssecesstui,

b acddition to the above, naanetols nsirduent davers lawe heea prosfuesd witch

;ll-‘i!.‘ .55

are tailored ta control partionlae GPHS devives. A Bst of tlase canoently ay
given in Appuendiz A,

s alse possible to conteal Taslonnens ation based upon cthoes types of by ~tan
clared, providhed thad some oteddace to GPER & oavaidadde, For evossphe, Toocontral o
CAMAC systen frawn LabVIEW, the standard crate conteolier gsust b Tepalin HEHE
a GPIB-CAMAC erate controfler fsucdr as a BeCron 0004 ) whicl essomiinlly taane the
whole crate nto a stngle GPID nstronent, Vietual instouiuents are provided which

allow easy coppnunieation with mdevidual CARAC wtutinny and soboslibesses within
NTUUA amd U
the VXIbus can Lo controfled oo sunidar way, tlough anintetesting developnnen by

National Tnsiramem s is to place a Maciotosh SEU3 runeny Labavies, v o eotamia.

the erate, wsing the standard & CAMAL notitiun, A ~vaten Lased ou

der cand dnside the VXL crate - thus hypassing CPIT compiencly aound wing Ve (ail
capabiifics of VXTI to be wiilised,

Anuther way of contzelling hardwine or ciaptuain

Falil s Ihmugh thie time l-f]ulng i
boards. Hore again many manafacturets ave provicing LabVEY wetmaens ddrivers

for their products. & good exangpie of this is National losloaears” awn digeal sigznad

analysis weeelerator bownd, thee 8H-DSP2300 which cotees ennaplers
with @ full complement of LabVIEW ouecdides ad O developne it tondss sl provide.
333 Milops Tor read-tinge controb aad analysis,

3  LabVIEW Implemeniation of a Control Pro-
gram for the SXR Reflectometer

3.1 DBackground and Introduction

in the solt xoray energy region, focussimg, ilieding and monochiimansalion s per
formed wsing eitboer prazing meidence geomeley with sticrors amd gralivgs, or gen
grazing inctdence geometry with very rge depacing crystabs, Both teelinigues pose
difliculiies Lor tnnny expernventad demamds, e the fortner case the proaciple probilime
are the low collection apertures wvnilabie at geactng tecidence and the aberiations asar
chsted with sucl extrenw geomelsy: in the latter case the naturabiy ceonitingg covetals

{ep e heryl) have acd-spacingg Uit does et adfow secess b vprersnss less thean aboat

B0y wt best, and the synuhetic coystals (o RAP RAP TP 7 are Tragile and e

very alrony alsorption {eatnres in this energy tegion. MU these coostalds sl Bave veey

tow peak and totegrated rellectivit

[ wrden o overcone some of e dillicalioes, el
i

by a nunber of liboratoses, Wille these . the d spacing cis be Ladls

I Y 1t b

ehepasited Lyers l‘Jf:lil-::li.‘ﬂ.ing figh &b Fone A cletzenis, Do ewen 2

-r -]l-\'t.‘inpm-.-nt

b Lok paa Lien by

reguirennnt and the elenents wsed can achieve bigh comuad iocidenee

aih retlerisvity
thromghout e solt x-ray energy range. .

An EEC-Tnnded coliatraration between Daneshury Babroratorv, Abetcdloen Unpver.
sity, aind the FOM lnstitate for Plsina Pisies (N

avuwegein ] bis been deveboping

H)



technigmes for the manafaciure and measurerent of such wultilayer devices, It is
within this context that the reflectometer chamber has been developed, allowhg nal.
tilayer dilfraction to be measared to a lugh degree of accuracy,

3.2 Physical Description of the Reflectometer

Figure 6 shows the main dements of the rellectonister chamber aned its assoctated
electronic hardware, The relfectoawter consists essentially of a large (70 e} diareter,
evacuated, sinindess steel chamber, within which is Tocated a platforn:, known as a
surnple stage, o which any device to be tested can be placed. Collimated x-rays from
acsoures al one side oF the chamber (CR ALY pass through a thin meylar window

andd are abiowed to strike the sample. The sample stage platfoeny itself can be rovatsad

abond a lhee lying (hrongh the contral axis of the chamber {axis 1}, thas allowing the

angle of incidence of the incaming ays on the sample ta be altered. A channelicon
devecior i wsed toononiter the diffracted radiation, and this can e rotaled in an are
centrod abso on the centrab axis of the chamber {axis 2. In front of the channeltoon i
aonacrow exil sht of siee typically 50 oderons.

Both the sample stage and the chaoneltron deweetor are woved around cherr re-
spectve ages by uweand of stepper moter-acinated, igh-precision rotation stages {og-
crocontrol RE200), drives From o duad chamnet 8aclennan deiver unit {the accaracy of

rotation g about TAGE degrees ). The samgple stage can also be transtated around
i ks owrn gdnaee, Uhs oo ying e podnt an which the x-ray Bemn strikes the sample
withant adtering their relative inclinatton, This is pecforousd using in-viceuum swepper
wstors, driven by o Cabiacn <deiver noit fusing ihe separate VI shown in ligare 3).
The antpad frarm the channalteon detector is st amplified amd pubse shaped, then

vied wndd led o an Ortec 044 pulse connter.

3.3 DModes of Operation of the Reflectometer
The reflectommeter can be operated in one of three ways:
oy anly” [stepper motor axis 1} - here, the sample stage 35 rorated about axis
L, wndd the detector s kept fixed, This mode s nsed purely for the parpose of
dmbing the stiaght-through’ position, in whish the grazing angle of the bewan
ann L suogle s gera.,
o s anly' (stepper iator axis 23 - here, e incideat angle is kept fized and vhe
detector is robated aconnd Lo examine the ander siracture of the diffractied ads
ativn, Tl inode s used, for example, W omeasure the efficiency of gratings,

By oaned #,7 (stepper mootor axes |and 2} - axis 1 s roetaled to vary the anghe

ol meideaee, while axis 2 s vofated by uwice the amount to ensure that the
detentor sees Lhe zeco utder of the dilTracted cadiation, This s the teode ased for

witilayer work, and from it bl spacing ol Che layers, the maber of luyers, amd

sivee of U roughness of the surface becween Yavers can be dedaced,

Sedhnt
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oo
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Frgure 6: The mem covponends of the reflectomerer und ifs assoctuted controf
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3.4 Requirements of the Control System Adoptled

The Muclennan deiver, 1he Cabura driver, and the Ortee 34 counter all kave = GPIH
interface, and i was Vherefore logical that this should be used o contral and mositor
the equipinent. Also, as the reflectomster was intended to be aiest and developnent
platform, at least to begin with, it was huportanl tha the control system be fexible,
and not take Lo wmel time to develop (in other words the effort wpeat in writing the
soltware had to be kept Lo a mininm). Finageial constraints alsa nited the choice,
there secmed little point in sperdding more on the control computer and associated
software than an the expertizental hardware itsel{. LabVIEW was considered to be by

far the best solution to Mulfil these requirements.

3.5 Description of the LabVIEW Program

The point should first he made that the program described here is only that initially
developed for the instrument. Ongoing modifications have uproved it considerably,
though they have also enlarged iU Lo a size heyond what could reasonably be describid
i this docwinent.

The miain panel of the LabVIE

i figure 7. As with all LabVIEW insiruments, this frond pieel contains & munbes of

¥ opragans to contiol the reflectometer is shown

controls and indicators of varying types, Consider eich in tann:

o no of mevements - adigal controf {ie the user enters a value i the box belore
running the program) which spectfies the number of thues the stepper twotor(s)
should be moved. This also corresponds to the number ol data ponns that will
tre baken.

e steps pes inerement - w digital contiol which specifies the nuber of steps to
drive the molar(s) belween each successive data poinl. In "0 only’ and "#; anly’
mades (fe stepping axis | or axis 2 only) His corresponds wo the actual nembes
of steps that will be driven; in '§) and #;" mode, however, axis 2 will move twice
the nuinber of sueps indicated.

o deley {msj - a digital comrol which speaifies 2 time delay between stepping the
axes aml laking data,

o terafion counter - a digital indicator which displays the number of incromeants
performed by the program at any woment Juring i,

e urts & and aris 2 switches - boolean contrds which switel: the steppoer motors
ON and OFF, thus controlling the mode adopted, Mote that if both moters are
switched off the program will perfurm o tine scan’ aoly,

o caunding tune - a digital control which specifies the integration tiue o be spent
caunting at cach poinl. The slider is coutrolled with o "mease’.

o channed 4 7 chernel B awitch - a hoolean control wlach determises the chanpel
ol the Greec counter, A or B, te be plotted on the xop graph 2t the end of e
scan, {Only chiamel A b uzed toolas application.}

o fype yowr Covnrnents hoere - oaosiring cantrel which adlows the user to tyvpe in o
sated.

camment W be written ad Lhe siart of the Jatalile o

Crement

neration counle

Novof Incrensent

Figure T The front panel of the Lab VIR progre fe conteol the SXIE

pofloeione e



o Sitrnumme for deta - astring indicator showing the filename used to store the data
i, Note that this filename is spacified automatically within the program, as will
he demonstrated.

channel 4 and chennel B strip charts - indicators which plot the data read in

real tivee From sach channel of the Ortec counter. Note that Lthe abscissa on these
graphs is simply inceamented by one between each successive dala point.

o county vs steps - an x-y graph iudicator which plots the counts recorded for the
chaunet selecied against steps moved; updated only when the scan has finished,

Figere § shows the V1 kierarchy of the program (as explained in section 2}, from
whiclt it can be seen that a total of 15 sub-Vis are wsed (e VIs lying beneath the
Tevel of the main panch itsell). OF these, 9 are user written and the other § are from

standard LabVIEW lbraries.

I creale gel
4G94 1147 retles
Caunler file run no

|

Fupere 30 The VI dderarcky of the Leb VIEW progrem to contrel the SXR

reflectoefer

Consider lirst the user-created Vs

refi’ the atain program itsell,

Mel drives a Maclennan axis a given nandeer of steps
step s a Macleans a frive Wrer of steps,
axis

inttindises the Maclennan driver unit.

iniliates reads [tom the Ortec counter.

creates an SRS type file for the data.

writes 3 'real’ valaes jnto a single, formatted string.

get . ]
refler gels the run munber 1o be ased in the data filenanne.

run no

closes any fike instructed o close, i vpen.

passes cormuand or data strings across Lhe GPIB to the Macleanan,

B cornnunicates with Uhe Ortec connter acrass v GPIG.
]

opens a file, appends a string, then closes the file again.

Hleeps' when called.

writes astring o an cldress on the GPIB.

GPIB status.
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=5 reads a string from an address on the GPIB.

% opens GPIB driver.

There is insufficient space here to discuss the warkings of each of these Vis inde-
pendently; rather, the way in which they are used on the black diagram ol the control
program (shown in figures 9z, 9b and 9¢) will be examined. Note though that only
the icons in the seeand row of figure § will be seen in figures 9a, @b and 9c, since those
Lelow them are at a lower level of the program’s calling structure.

To begin witl, note the three rectanglar boxes in fipure Sa with the word “true’
writtem on their top edge. These are cese struclures, and take as their input 4 bovlean
vatie wired into the question mark, ' 7', on Ureir [eft hand boundary. Becanse a boolean
vadne cun have two possible states, 'Lme’ or ‘false’, the case structure itsell also has
Iwo stales. Whatlever is inside the "true’ case is aclivated when Lhe boalean 5 lrue,
and whatever is inside the 'false’ case is aclivated when the baolean is false. In this
examjle, Lhe Talse’ condition for @il thres case struclures is empty, as is shown in gare
9.

Because LabVIEW is 'data driven’. as already liscussed, the VI with the icon "inn
Mcl' is the first part of the diagram that will run. Fhis VI returns a boolesn valoe
indicating whethier ar nol Lhe initialivation was a success; il it was nal, then the boolean
will be false and the appropriate stale of the vuter case structure will be chosen. As
this is empiy the program will simply terminate. Although fot shown here, the Vi
init Mcl)” also puls up an errar message to the Macintosh sereen il this is the case,

Asswming the Maclennan driver unit is initialised successfully, and the "trae’ anler
casce slemclure is chosen, Lhe next piece of cade to run will be that lying between the

outer case structwre and the next inner one. This is becanse the second ease struclure
also needs a boolean value Lo be wired e it before it can know which case to chause.

The VI represented by the icon "get reflec run number’ opens up a file on & pacticalar
diseclory on the Macimosh's hard disk, in whicl is stored the Iast run ramber used
{ which is simply an integer). It increments this number, writes it hack into the file, and
reluens the new value through its connector pane (this approach is identical to that
adopted on most station computers). If for sume reason it cannol perform this task,
say because the run nmunber file has been deleted or its direciory has been renwned,
ihen the VI returns a zero. The returned rue mumber Js tested against zero using a
standierd LabVIEW function: if it is aon-zera, then "true’ is passed to the next case
strucbure; if it is zero then alse’ is passed to it The run pumber is also passed into a
LabVIEW feznction that conveils it to a character string; Whis siring is then appeeded

to anether string constant, ‘reff’, making up the filename o be used for the data. This
Riename string is wiced Lo the ilename indicator, so
amdl also into the next level case structure.

s Lo display 1L on the lront paaed,
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Considering the "true’ state of the secotel-level ease structure, the V1 representad
Ly “create ses file’ is then activated. This takes as inpat the directory on whick to
create the hle (in the form of 2 siring constant] | 1he lilename itsell {passed in from
sutside the structure}, and tie conunent [passed from the strisg control un the front
panel}. This VI creates the file on the appropriate dircctory, writes in the conuncal
string as header information, closes the lile again, then retums i Bonlean success’ flag
Lo be wired to the third-level case structure. If the data file Las aot been saceosstully
cronted for some reason, this hookears will be Talse’, and the progrun will teninate,
{Agauin, an appropriste error mssage would Hien be wiitien o the screen fromn instde
the ‘vresle sts file’ VLY Mote also that the flename string and the directary nane

string are wired ta the edge of the next case structure, for subsequet wse somewhere

within 1t.

The wiain featare of the true” state of the thizd-Jovel case stencture s the Lab VIEW
representation of a FOR loop {as discussed carlior in section 2). This loop will exenue

for as many tines as e value wired to "N iu s Loy corner, whichy in this ease is the

metts’, whose value is sef on the fropt panel, lnside tlas

digitad control "no of e s
loop is another type of LabVEEAW entity - = frame seguence. This is used when iz s

clivin of

necessiery bo itapuse @ parbicaba order on the sequence of aperations ol a se
1

cogbains - segueenres feoatimetd on ﬁl__'_urn: te g, whach

the eode, o this case Uie fam
execule in e arder 9, 1, 2 theo 3

Fraows & and § step axes | oand 2 respectively the appiopride muanher of steps
[passed inte G Toamee From outside from Steps per sncrement’), bab in eact case the
nwtor s oely activated if iU s actaadly switchied on fas set by the s 1 oand axis 2
boulean contrals on the front panel}, The Vi cepreseated by "Mel step axis’ takes as
inpal ouly the addsess of the axis {1z § of 2) and the nundder of steps Lo drive i A
complication is that in frwue 1 {whicle drives axis 2), i azis 335 adso switched on (ie
the wode is "0 and #:°) then the number of steps to drive axis 2 s doabled.

Prame 2 is simply 2 time delay alter stepping the motors {whese value canes from
the front pancl).

In frame 4 the VI 9G0E counter’ conuts for the appropriate e {again the value
cannes front Lhe frond panel conrol), and returns tie counds frenn channels & and 8 on
the right band stde of its connector pane, These values are wirel to the strip charts
for the two channels {(whiclh display them i oreal time), and abo o the V174 reals to
string’. This ¥1 takes the total muanber of steps nreved so far (as caloulated ourside the

frame and passed in through the top edge), and the two count vadaes, and produces
a single formatted string, This strimg bs appended 1o the data fle previonsly created,
with the VI ‘open, appecd siring, close’, which alsa reguives filenane and directory
infonaation passed in {rom autside the frame.

ety perhaps o hitle com-

One poinl to make ahoul this program is thal while
plicated and difficult 1o explain in wonls, it s in Tack rather compact - the whale thieg
can be primted off an just three sheets {nou connting the sub-Y1s)h 1L is alsa visually
very easy to follow, once familiarity with the varions LabVIEW symboels has been
wainel. Note also that for each "true’ case siructure shown there 15 abo a Talw’ ane
somewhere in figuce 9¢ - it should not be (oo diflicalt 1o work vut which eorresponls
L which.

Another feature of LabVIEW which this prograny demuonsirates is Hiwe way that
different types of variable are passed acioss wires of differtng appearance fovident in
fgare Ga}).

3.6 Some Preliminary Hesults

The cedtectometer has beew i fadrty constant wee duriig the peviod Lt 1900 ey Ly Lshil,
and a greal deal of useful data has been reconded ona vaiety of soples, aocindiog
bowh gratiags and wultilayers. Figure 10 shows the resudts Gons une suck scan [1un
wnbier 3503, i which the counts recorded are plotterd aganest aegle of inendenes {6
feor a mudtitayer scin done using e " and 8,7 aunde.
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This type of dusais analysed to give infonnation or a range of multiayer paran
eters, mcluding che locad pericd, perdadic errors, and the roughness of the interface
between ayers.

3.7 How Much Has LabVIEW Aided the Success of the
Project?

The totad time spent in developnng the program desenibed, given that a namber of the
sub-instruments hied already been weitten, probably added up w about two oc chres
days (of cowrse, the peogram has received concinaing modifications since this version
was produced ] It s donbtful whether this could have been achioved if LabVIEW had
nol Breen used.

Eusentially, wsing LabWIEW has allowed us to comcentrare on what 15 the wmost
intportant aspect of the project - getbing the relleclomerer 1o lunction as required, amd
evaliating the petformanee of gratings and multifayers inoan efficient mannir. o other
veords, che soltware has Decome agenniae tool to support the everall project; a means
tia an end, insteed of o seme exleni an end in dsell

4 The Fuiture Use of LabVIEW by the Soft
X-Ray Group

Onir experience in using LabVIEW has already convineed us of its value for devel-
spowemtal and test purposes. For this resson, effurt has been put into producing in-
strument diivers for mmeh of the Soft X-Ray Group's GUI-compatible laboratory
equipmeni, cxaunples of which lnclnde a Sotartron TIH0 DVA and a LeCroy 9L604
wscilloscope, Our aiin is b be alle to 'mix and mateh’ our equipment o seine extent,
s as o miormize both ics Hexibility and efficiency of nye. To take an example, suppose
a Sulartron TIS0 voltmeter maed in son computer contrelled set-up sulfecs a failuge,
anel only & model TESD-- 15 available to replace it. Under LabVIEW the change conid
e mnde wiltle the admoamen of time wnd disruplion, and might myolvs replacing only
a single VI on the bluck diagran of the conueol program.

We have also louked seriomly al the possibilicy of running a station (possibly 3.4)
with LabVHEW, and hace cancladed that 0 waonlil be perfectly feastble o do su. In the
Best tnstance the CAMAC setnp would probably be retained (driven across o GPIT as
vuelingd above), though in the futuce this cosld be rentaced by separate GPTB devices,
W

jnst the eise of progounming must be considered. Others Tactors (hat are inporiang

{, ot even Maciatash plug-in boards. o this type of application, theugh, mwre than

are the generad atiractveneas of the wser smviroment, the ease of data transfer and
comunuriication with other site machines, aml of course the teclutead tequirements of
the station Altermative oplions being considercd inchudi nsing r 386-hased PO (adsa
ranning CAMAC to begin with ), or muosing actoss toow VME system running 0850 or
UNEX. Thongh no decision has et Boen taken in this respect, the matter s cerfainly

brsttgr actively parsued.

(1%
s

5 Conclusions

Iz is not the intenkion of this document o seek 1o persuade the render to e Lah VIEW,
ror 1o suggest that ic is the ideal solution to every type of problem. Own the contrary,
the ait s wo provide an objeclive assessimenl of it Gpalilities so tlaa these unfamiliae
with il may decide whether it fits cheir requivements. Thore is oo doubt that despite
its many wseful featnres, there are soll things about the product Hud may rale i oul
i some instances. Tlese include the following:

o Many people imay object to the ldea of committing themselves to wimg o com-
mercial product, since iomay change and evolve with thoe, or even dissapear
fromn the market completely.

o As with any other conunereial package, the progrannmer is Hmiced 1o fhe Twibities

and options provided. Theae may not e sofheient fov what i required  For

example. it is not possible to take il control of the Machsosh seeeen when 2
LabVIEW program is muaning, and the plotting atlities available inay aot always
be suitable [or the type of data to be displayed.

asul Chan

a While & graphical reprasentation of code should be easier 1o unekers
convenlional lines of code, this might not alwavs e the case - a0 depends of
conrse npon hew well the software has been written, Uare should always be
taken to break any application down inlo as many sab-instonments as possihle,
and {0 witke cach ene as simple as possible. Whilst it is feasible to create a block
diagram victally as Irge as yon wish {using secoll Iars (e move arosnd i), in
practice it i desirable to be able o view the whole diagran en the screen ol onee.
For even moderately large programs Hhis can present problews, particolaziy on s
siadl-sereened machine such a Afaciniosh SE /80

o LabVIEW progeams take up sigaificant junmiaks of disk storage space. For examn-
ple, the suite of reflectonerer Vs deseribed above (100n adl} reguives 423 Kliytes
G lisk space {not inclnding the standard Lab VW Libraay modules).

o LabVIEW huns a few techimical shorbeomings which iy ar may nod be put ngle
in future releases. For example, iU s ot possible 1o open up an Xy geaph on the
fromd panel and plot poinls on it as amd when they are available, say from inside
a FOR boop. It is necessary either to watt <! all the poionts have been collected
belore plotting them {say al the end of the loop), or ta redro the whsle graph.
axes and existing points cach time @ new point s addel. Adss, 108 not possible to
chamge plotting styles fpoinds, line, dashed Hoe oted hadl way through a datiect.
You condd not for instance plot some points frone o dataset with acirele, and the
resd wilh wocross.

e For some applicatioas other technical objections may arise. For insiaaee, a GPI
cannor bransfer data faster thao about | Mbyie per secomsd; whaever 3 placed
on the end of 31 {CAMAC, VALE eto) would L constenine] by this,

e The cost of LabVIEW and a Macintosh compoter to run it onomay e ton high

oz strdler agplicadions.

Drespite all ol the ahove, 8T LabVIEW provides Facilities satficient for adi yosr present
or foreseeable needs, it certainty has many good points Lo recomend 15
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The geaphical approach nakes many aspects of prograiuning crsiee, atul also jess
prone Lo convenllonal erear. When a program is being developemb, Tor exmnple,
il is constantly checked for rruistakes {such as a Aisconnectod wirg, ur an nleges
ammber being wired Lo a string indicator), and wiil not run unlib they ate puat
nighe. Hany types of conventional ‘syalax” errars are thus avoided,

e To some exleni LabVIEW is seif-documenting. Provided it is well written, the
graphical code can be easher to read and understand than, say, HIOGO Lines of
convenlional FORTIRAN.

o “I'he time required Lo learn how 1o program in LabVIEW is vasily less than with
a canventional Janguage. [t is hard to see how most of what would be needed
to know conld not be mastered by mast progravuners within perhaps @ week or

L,

The developreat tisme for a LabVIEW salution will probably campare extremcly
favourably with that needed with a mere conventional apprasch.

The (nal prodact, in partionksr whiet the oveasional user sees whien rutning the
soltware, can he given a pleasing and professionad appearance.

s A extensive selwork of LabVIEW users now exist, and a bbyary of Teely avail-
ahle instranent drivers and mwore geneeal Vis has been built up. (For testanae,
we obtained an instruneal diiver [or onr Sobartron 7150 DV in this way.} In
fact, several manmfacturers are now making instauments without conveational
front panels ai all, for uwse only e only computer contralfed arrangenents, This
is waking advanced instrumentation mach cheaper.

o Because of its extensive tange of instrument drivers, LabVIEW certainly “detays-
tilies’ the whole process of software-hardware interfucing.

o sum up, whether or not LabVIEW will be ueeful to you depends very much apon
your apphcation. For general use as a labaratory aid in conuolling GPID equipment it
is haed 1o faull, On the orher hand, for mare comples projects that migght not change
very much once operationad, particularly where long developuent tanes have been set
aside anyway, other selulions must ol conrse be considered.

Any LabVIEW application should at the very least broimg the following three beoe-
fits: il should be casy Lo develop, it should he Nexible and easy Lo modify or madnlan,
and the lront panel should presenl a pleasing, professional appeacance which will alsa
miake the applicalion easy Lo use.
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Appendix A : Currently Available GPII3 Instru-
ment Drivers

GPIB Instruments  Class

BEK 049 Sme Generatn

B&E 105 Sine Generator

B&EK 277 Phase Metoe

LI 5204 Calibrmor

EG&G 1208 Logi-tmn Anaiyie:

EG&G 3210 Lock-um Amgrlie: :
Fiuke 45 Dligaa] Mulizneie: i
Fluke 22400 Dzwlogge: !
Tleke 5iME Calibzatos

Fluke 544{ Calbimaos

Fluke 51124 Drgiud Mulimeter

Fluke B505A Dygai] Wit

Fruke 55048 Digsral Mui

Fivke 85204 Mgl Mulizpess

Fluke $5404 Digital Multwnsies

Flake BB4ZA Chpatad Multmeie:

Sl a0 Diguning Scope

Gould 4074 Dgsureng Scopc

HIE ) Paower Meie:

HE 4384 Power Meiet

HI'3318a froncuon Genorziar

HF 33254 Furcion Ceznera

HE 3424 Dawa Acgusioan UretScannr:

HIF 2237 High Sjaees DO Vodunziee

HE 34560 Digatat Muluzmeles

HI' 34574 [hgatal dulineler

HI' 34584 Pagasal Mulureele:

HE 38784 Dhpital Mulumeie:

HIP 3497 A Daw Acawsnon Vet Bcane H
HE 33414 Lrynamue Signai anaiyisr
HP 2192 LCR Mt
HI22T5A LOR Meter

HEP 5180a Ehpiseies

HE* 5316A Coutie:

HF 5334440 Cenamte:

Bt 33334 {ounter

LR 53424 Counter

B 53454 Cownres

HE 60308 (314, 324334,

& 3EAY Powe: Suppiv

HE 82454 Pawer Suy

TP 622 (338 344 Powe 5

H? 74704 Uhganai Plone:
FE* 2475 Ehgnat Plous:
HI* 75504 Tnpiial Pleeie: ,
HP Eitea Fugetn /s fi i

HIE452A Specroplutins :
LS SY TN Spromuin Anaiyict I
HP 86634 Frequency Svnlhes:ces

HE Sol2a Mreassring,

HE 8905 8 Awdio Af-‘
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GPIB Instruments

Class

[ Bty

WP 1i713A

WP S2100A

1P 543300
HersaInb

HP 547004

HP 545014

HF 545024

HE 545034

HP 545008

Pwasu D612

Iwatsu NSAE17
Keithley 192

Keithley 1934
Keuhiey 194

Keuhiey 220

Foewldey 228

Keuhley 230

Keunhley 485

Keatldey 617

Keithley 05

LeCray %190

LeCroy 95K

belzoy 420550
Leyoold inficon PG3
Newport Corp, 535
Mewpon Corp 8550
MNicole: 370

Micole: 20940

Phalips PM 335053304
Philips PM 5153
Philips PMebEE
Frecision Filuess £20¢
Precisen Frilers 62010
Prema 100G

Preema 3000

Frema 6008

Frema 03]
Racal-Dana 1992
Racai-Diana 1994
Solanron 7061
Solartron 7081
Solaruan 1151
Stanfiord Researeh 4%
Stanford Research 250
Stanford Research 400
Sonford Research 510
Suford Researsh 520

Mulufuncsoen Synthesizer
AntenuatesSweh Dever
Dhgiuzing Scope
Diginzing Scops
[rgidnng Scops
Dhginting Scope
{hgiuzng Scupe
Inginnng Scope
Diginzmg Scope

Power Supply Programener
Digiinng Seope
Digitizing Scope

Digaai Muliimear
Digia)l Muihmew:
hgital Muiimeter
Current Soares
Yolragelurent Source
Volags Source
Picoammeles
Elecgomeia

Seanner

Artan wy Funenan Genezoee
Ehgruring Seope
Dypnnng Scope
Wazran Gauge Conwrolle
Crpriacai Power Mewer
Programmabic Conmolisr
Dagitang Scopes
Dhgiizing Seaps
Digiwnng Scope
Functon Generaws
Frequency Cownter

Filier

Caliraton Oseilbner
Digial Mullonewer
Uigatal Multtuneees
Digatal Mohirneser
Diguiat Multimeer
Counter

Universat Counter
Chgitd Multimeter
Drigatal Multimeter
Drgizal Multmezer
Compuaer InterfaseMNIM Crate
Gated Inregrawer & Boxear Averager
Gated Photon Couater
Lock-ln Aanplifies
Lock-In Aarmplilier
Dipstiing Seope
Digitizing Scope
Chgiuang Scope

GPIB Instroments

Class

Tek 21654

Tek 390A0

Tek 1612 13

Tek 7834

Tek TH2ALIB
Tek 7020

Tek Aa S0H

Tek AFG 10173301

¢ Tek 06 3001/351 AP

Tek U 5004
Tek D47 5600
Tek OO 5410
Tek Db 3040
Tek Db 3110
Tek FG G0
Tek P3 5000
Tek P35 5010
Tek RTD U
Tek RTID 70
Tek SCD 1000
Tek SCD 500N
Tek 50 530H)
Tek 515010
Tek 11400
Tek 13800
Waverek I3
Wavcleh 75
Waverek 271

Analeg Scope
Diginicer

Digivzee

Digiuting Scaps

Chgilizer

Digitizer

Distortion Analyzer

Programmable Atbinary/Fanction
Generawr

Calibeation Gensralor

Cuoanter/ Tine

Cowner/Turer

CounterfTiimer

Drigital Mulimeter

Digical Muliimeles

Function Geaerair

Power Supply

Porweer Supply

Diginzer

Lhgiter

Digstizer

Digizieer

Pragraswmable Usciilztor

Seamer

[grarng Scape

[hpitzing Scope

Function {Gaicrales

Wavefarm {renczator

Furctun Generatod
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(.‘..-iMAC Controtlers

Hinelic Systems 1958
Lellroy SR0LAS0LA

GEIN Crale Contollter
GIME Crate Conzedler

CAMAC Inslrm;\)cn s

iRa 51

Jorway 60A

Joergac 512

Kinetic Sysimms 300
¥l Syslerns 3075
Fineric Systeme 31143
Kinclic Systems 3514
Kinctic Sysiams 2516
Kineae Sysiems 3525
Winet:c Swstems 4010
Hipztic Sysoeins 4021
LeCroy 22284
LaCray 124956
Teflray 2234A5
Teilray 4434

LeCray 4232

LeiZtoy TRYELS
{eCroy TR 2817F
|LRS 25500

AlC
Inpul Kegister

Scaler

Clutput Regestar
Chutput Regisiee
B

MM

AN

Temgatatu e Monitor
Transeent Kecordar
Transienl Digaterer
THE

AR

Digisizer

Secaler

Al

Transicar Recotilse
Transicnt Recarder
Sealer

Serial Instriments

Anateg [ovices
pivk Al S0
Appte lmagewraees )
hfesler PRSELN)
Obaws (T Serics

Spot CHIA

Tek 322

Eleclelar L0 Processar
{31 Manix Primiers
Baulance

[ afance

Speswameiet Linive Systein
iTand keld Chignzeg Sueqe










