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SCl ENTI FI C | NSTRUVENT EMULATOR ‘s The present invention relates to
sciemtific instrunents and, in particular, to an emul ator which
enabl es the function of various scientific instrunents, when
I nt erconnected, to be enulated or replicated 5 wthout the need to
purchase, install, interconnect, and test, the various scientific
instrunments. In its preferred form the present i nventi on enabl es
measur enent taken, and the use of neasurenent [ , Which
wer e unableangngﬁwaken and used, wth the intercdﬁﬁgeﬁgg&ﬁﬁé '
I nstrunent s. 10 BACKGROUND ART =l- many fields of activity

- having a scienti instrunments are used to

anal yse, record, andTh®présent tiheentidrputkted to scienthfac itastsunknts eed, inSuch
devi ces i ncl Udeqp%%ﬁ:'u'i‘aﬂaﬂg‘iﬁ’emﬁ&ﬁ rvlﬁt&alsﬁbmrﬁﬂhfunction of MeHoudevi ces,

m cr ophones

transducers. i‘@?‘ﬁﬁﬁgﬁ ?ﬁs %'c g Mte’émf"}ﬁ?? ntf?n?ese'ﬂbétq.‘fs%rdrfwi‘atﬁl
engi neering, &’ e'rdttMUGatheelwgﬂn@epﬂmgaseacwétﬁt‘ﬂcé"teﬁsmrl%ail- ia0d cregtndke i ng,
cheni cal processagiousi stig®dfralinstrgmenesr | g i BNpreSerred form, the present A Wi de

range of such Sgi:nﬁg}&'iéﬂ Qnibﬁﬁ; rmugﬁx'?lalﬁen G0 ARNEKA, |¥ndrﬁ1g ? measgrembﬁ‘t or der

t dert ake d t
generator o for VIPFOSE waRIGh PBFhanaiic h@igﬁeﬁg%aﬂﬂ

. Interconnected instruments.

10 BACKGROUND ART

In many fields of activity having a scientific basis, scientific
instruments are used .to analyse. record, and monitor the outputs of
various devices. Such devices include strain gauges, electro-cardiograph
(ECG) devices, microphones and pressure, temperature, flow rate and like

1S transdicers. Accordingly, such scientific instruments are used in civil
engine?ring, electrical engineering, acoustics, hydraulic engineering,
chemical processes, bio-medical engineering and so on.

A wide range of such scientific instruments are generally required
in order to undertake desired measurements. Such instruments include

20 generatdrs for varlous wave-forms (such as sine, square, ramp, and
triangle); signal processing devices such as differentiators,
integrators, filters, multipliers, and so on; analysers such as that
required to carry out the Fast Fourier Transform, and various recording
devices such as a chart recorder, a data logger, a cathode ray

25 oscilloscope or a transient recorder.

Such instruments or devices are each relatively expensive and thus
any research institution, or 11ke organisation only has a 1imited number
of such devtqe;. Accordingly, there is considerable competition amongst
persons or gthps within such organisations who wish to utilise the

30 devices. Once the devices have been obtained in order to carry out the
Jntended operation, it is necessary for the devices to be located
together, interconnected, and tested in order to ensure that the
interconnections are correct. Only once this procedure has been carried
-out i1s 1t then possible to commence the intended operation.

35 It is known in the art to provide instruments which are essentially
highly advanced cathode ray oscilloscopes. One such instrument is sold
under the name SUPERSCOPE by G K Instruments of Summerville Ma USA 02143
and enables waveforms captured by what is essentially a storage
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triangle); signal processing devices such as differentiators,

I mtegrators, filters, multipliers, and so on; anal ysers such as that .
‘required to carry out the Fast Fourier Transform and various recording
devi ces such as a chart recorder, a data |ogger, a cathode ray

oscill osco t ransi ent recorder Such i or

devi ces ar 3‘@92‘6% Pel ati vel y expensive a_ng t hus anyﬂ%&%&r’%
institution, or like organisation only hds a |imited nunber: of such
devi ces. Accor diqiglopconentsr alsiosbec dispiaved 9| an ARBRHSRegistaTed THRgshark)
persons or gr oupgIntdshi (Reglig€dred Tyas Harkd @asputiya \tiomével D this Hewdee tbes 30

devi ces..‘Once the S‘ﬁ\éhP‘%& en@ra%eh%eeuemel rl@ﬁ.e+ntcunqifrcamr@sawsfwas the

i nt ended oper at i ce | ocat ed

toget her, int eré&ﬁﬁ‘@‘@{"e&%‘ﬁm%ﬁ"e&é’d °|§ %‘f@éf’sﬁrlﬂm e%%ure that the
i nt er connecti Bns ar dtctr alsetknomnity uShiise (AT ars feve BifReqquts 16180 088 1 ed
out is it then pahsprioheamt affexednynCABTECHeof HEdmthgtiongpider and San Franc3%o, | t

is known in thecm% vnfa POV H] éﬁaﬁmrcmnmfaefelmcraa@uﬁsa%e&ttkaﬂrbaan fron

hi ghl y advanced ¢ ogde .ra SCl ment
ungeryt he name Eﬁﬁsﬁjﬁg % ﬂé’” ?FH' pﬁpeﬁ?e TPISh F?/ sPﬁé’“ﬁa“{Eﬁﬁéﬂm
and enabl es wav8#t@rfrem mypein %theb&iaﬁafr‘s‘*sé%éﬁt#’_‘&P-Ysjsa?"ét 3f Sgeessary a WO

92/ 15959 10 reduction of the data and produces displays. This activith(l/ &d9Pb@O076

I'Vé' " ' OSK/Q 'I:9$anp€1nf§0 ﬂba'fiﬂ bug &I_Ftéﬁltaﬁeﬁdgrkoaéhuﬁﬁ@ﬁae(ﬁﬁgt@ﬁ %?teg Trade
r c | ed JTra I'S

devi ce does Lﬂ S)ﬁ?ié gsgc ?me g furqgerlv?g%%reﬁgemg t%Ftd Ebv@apﬁgcal

captures and st @)qtégfa]cmconnects to a number of different machines, rather than be1¥1g
essentially 1ntegrated into one unit. )

15 A data acquisition and analysis system sold under the trade name .
LABVIEW2 by Mational Instruments of Austin, Texas, USA is also known. In
this system, icons are used to represent both data acquisition functions
and data analysis functions. These icons are used to generéte executable
code which is only executed by the persénal'computer'tnto vhich the

20 software of the system is loaded. This system uses no hardware, only
software. The data acquisition and analysis functions can be
sequentially linked so that data input into the computer can be first
acquired and then analysed. Finally the analysed data is presented. It
is to be noted that the computer functions to make desired

25 inter-connections between external instruments but does not emulate
instruments or compile a program to replicafe the signal processing
functions of an array of inter-connected instruments. For example, no
provision fqr feedback from one icon back to another in the control
sense, is made. The slow processing speeds, and the indetermine nature

30 of the multi-tasking environment of the APPLE (Registered Trade Mark)
personal computer, require the provision of a time "co-ordinate” to
accompany the acquired data. _

This system is a virtual instrument which s to say it is
characterised by software simutation only and is to be contrasted with

35 the new concept of emulation. Emulation involves flexible, multipurpose,
re-programmable hardware which executes code derived from a graphic
compiltier at a fast operating speed which enables real time instrument
emulation. - .



subsequent display the output of such instrunents. 5 It is also
kknown to utilise software for data acquisition. One such program

, offered by LABTECH of WI I m ngton, Ma and San Franci sco, California,
USA is a graphical interface which again accepts signals from vari ous
hardware itens external to the conputer. The software collects . data
frommltiple channels, carries out an analysis and, if necessary a 10
reduction of the data and produces displays. This activity is available.

in real-time. Again, no attenpt is made td-ermul ate the function of

scientific instrupents, A further difference is that the graphical -
I nterface connemw erent machi nes, rather than being
eéssential ly integrat 8t i$ rthe) cbiect 0hithe presemtSinvention Ao dretduce athguéexpense omdand
anal ysi s syst em:ﬁéﬂvdmémdaésoéﬁtai Mt&dﬁexﬂﬁmeasurememkww&&&daﬁ ollah ieniidly

I nstrunents of #l'ﬂetaikofthctémufat&¥§$oem
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sof t war e of themm@mwset@m buTlfdr%u&M’éﬁli&i&dlﬁﬁﬁmﬁbQoh&idﬂéﬁEﬁh&cteﬂWiﬂi
sequont i al Iy || CEASRENS Gl 3l o5 B AhE 1 rfithiy 1 BlcliPhincto of an ar

acquired and thg%m%bjﬁ é’é:ﬁ W%f ysed data i s present ed It

is to be not®d that ﬂqe%%wﬁtvewqu loaduantages ik attained jtheseby. Firglly, the
~inter-connecti oowrdiictose of) thexdpparaas is substintialtyn tedudad tsindo @ individedn seiaheific
Functi one. of - aniaruac e RORAATLE Wickk i of piRukl SIaL obf B g’ﬁﬁ?‘ﬂ

ot S P 1 S e s e od Sk G2 it R
sense, is nade. forpechdnsgumentyiods dpypht Eora various lopationsisad assembled;atihe one\paintr o

30 of the nubkt i andgshiysically cnteicommacrei tvitlo wiridge plagiylafap(ors gnd se@ oe.d Thirdlye tiehr k)
personal conput eemtsra@mweaent Afchinp¥dved ﬁﬂthﬁifth@oﬁtf:d’tr%f t&%ﬁyd;rmérsom&ed

acconpany the a ks e Bk u
i.nstrument whi c% 'S é[eo sa gtslsmtonly able to?"f 3ﬁ¥er| Ieeed %m}élragdlg?rﬁul ation

only and is to Peces¥liings e‘Hn"x/\ﬂ%‘s als%SblfH‘ebﬁéWeéoﬁEé‘&sze‘ﬁﬂpé%ﬁ%.
Enmul ati on i nvol analysis lank etaluationr Finally. the aeselts of simultaneous or parallel measurements

20 can be more easily associated so that the interrelationships between measurements can
be ascertained, particularly in complex systems. '

According to a first aspect of the present invention there is disclosed a
scientific instrument emulator comprising computer means including memory means
and processor means, an inpnt/output analogue signal module having at least one

25  analogue signal input with digitising means connected thereto and at least one output, a
video display screen and a video display generator connected therewith, a library
program storegd in said memory and including a plurality of instrumentation units each

able to be displayed on said screen and each having a predetermined signal processing
function, a set-up program stored in said memory and usable by the operator to

so interconnect said instrumentation units to form an array of interconnected
instrumentation units, the output of said array being connected to at least one of said
video display generator, said analogue signal module and said memory means, and a

- compiler program stored in said memory and executable by said processor means on




re- ;prograrrmabl e hardware which executes code derived froma graphic
;conpilier at a fast operatl ng speed whi ch enabl es real time instrunent

“emul at i on. ~-3-
SUMVARY OF THE | NVENTI ON It is the Obj ect of the present

I nvention to reduce the expense and I nconveni ence associated with
scientific neasurenents by the creation of an entirely new i nstrunment

termed a Scientific Instrument Emulator. The task of the emulator is to 5
reproduce by means of a conbi nation of bbth hardware and software, the

functions of vari ous scientific instrunents thereby_-enabl not. only
the i ni vi dualomBlEiE] Sf R BB s o e o BRI 1 Gy G0 G5 07al B40Al e 7 of

such replicat Mm@@ﬁmﬂwmtbbbﬁiﬁm@ﬁsm*hmdmmhﬂmm so t hat
the emul at or amd thewlamteofesid afrd)y) Whembyefollbwingvperatibl off said Cbinpifer pfogﬁm anr ay
formed by int qﬁllﬁ@gggaﬁ e o 581 it £nal s'i%ﬁﬁ%ﬁdﬁl pber of
very substantl Hﬁgg&f@g&ﬁé@{re tta°§'§1 heregglslgérsse?xlp overaII
cost of the® a ﬁl“fﬁ%l e

scientific outputis generatads in reahdime M’ﬁp@ﬁ@ Q¥ saidtyidee display scesepin l!eérﬁmesat ed,

need not be pundbasted in said mérarg aekhns, aml/cwntphtcbyt saidl anslogte Bignalincdeke ip ti me
is al so achi ev,@djuﬁjence it is not necessary for such instrunents to be

bought from variou C ns and senb{sed at. the on oint 15 _and
physical l'y inter con %%ﬁ% cach, g2 bD EPEEPBHE Thi r dl y,
t he 10 icon which is able to be dlsplayed on the video dlsplay screen dunng the operation of
the set-up program to enable the operator to select, and locate in the array, the desired
instrumentation unit.

The compiler generates in the memory a number of different programs
representing the array of instrumentation units. These programs are distributed to the
15 processor means in the computer system to emulate the desired array of instrumentation
units. Preferably, the compiler generated programs are stored in memory to create
preconfigured instrumentation arrays instantly capable of executing desired processing
functions. These programs store the accumulated intellectual product of the user.
Preferably the processors,. video generators and analog signal modules are
20  expandable to obtain the desired degree of complexity and/or capability of the array of
instrumentation units,

The analogue signal module has available a real time electric signal which can
be used to operate, or trigger, other items of hardware. Preferably it also provides
both analogue and digital output.

26 The input/output from the scientific instrument emulator is preferably also
~ available from other resources available within the computer including network
communicationg interfaces (RS232, ETHERNET eic) and bus interfaces such as IEEE-
438-GPIB, ISA and EISA. These resources can be provided independently by the
purchaser or original equipment mamufacturers (OEM's).
30 The data stored in the memory means is also preferably available for data
"export” to various standard computer packages such as those sold under the trade
marks EXCEL, LOTUS and AXUM whereby the data
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results achieved are nmuch inproved in that the output of the array of

i*nt er connect ed scientific instruments is net only able to be displayed
inreal time, but it is, in.addition, ~ processed in real tine and is
al so able to be stored for subsequent nanipul ati on, anal ysis and

eval uat i |1y, the results of sinmnultaneous or par al | el neasurenents
can @e rrz};r%aeam |y asseciated so that the interrelPSKI{AI0E bet ween |
rreasurerrent s can be ascertained,~particularly in conpl ex systens.
. According to @CﬂWUﬂsteda@pévtmaa)ﬂplﬂhtaedpfm‘smtsequawlentapbnai hreesentatioh sml osed a
i scientific T nabilagsrsat tdi‘ﬁiﬂia{t(alte G-Gﬁﬁ}ltlgihf}gtfdaﬁput er means i _ncI ufl ngdrrFrmry
© means and pr u t al. nodul e
R&c%i@‘?a%e{ée?'}z?conﬁrhshéﬁq %} Q{'}’t %tsf:ﬂ“@lvgﬁﬁg Theddys

. having at | easgt .one I Si ng nmeans
connegt ed t het'&t'gseha =5 “Itég?gt "55@"% meaguring ang,r %dbﬂgs%le&?”%’r een and
' a video di §pl\ﬂyefgem$erw‘ér‘ﬂemtmﬂpﬁhéwgewcpmuta‘ hivingaycentral program
stored in saiptodeesingyundd@nt RCLALHOAIG MemDFyUinddhs tpmsﬁﬁodeas,hmmema&shﬁm units

gragget ér"m gte)gm ﬂomn@hﬁﬂhmadpr%ﬁaa g'o,ss§ gk 251 ﬁ%ﬁ{} gsr\é'o.%g%m trored in

Loce
sai d menory a?ﬁ@lagé@ﬁ?@ ‘ﬁ&cﬁ'ﬁ%arlaf%“e‘mr%éc°°l"'Pﬂdé¥9€loE’tet SRASE d
i nst r ument at iadpcatad: fory ﬁidffm rfiloppy discroageldg, isatdoeleofirieat eohnectors

I nst rument a0 ibeinguttnhected [t6 satd mehor9fmesmd.d array being connected to at |east

one of said . Ndcgﬁgnéi'tém @Mrgq}ﬁf&t& thesﬁe(;er?tnﬁlvggﬂgn $henajs modul e and

red Ih 2ai'd frenory and
Zi;gu,[rzgloé b %2?%%? 58'@4&#"%5% cfr?r d%ner%ting object code to implement y
- 4- cortft @pthematdraldsianak eroagpsips diynehion of enedeetracyirdgramn t o carry

out the over &brctbonghallock having at least one input to form an output thereof,

15 said method comprising the steps of representing said function as a )
sequence of elemental mathematical steps each of which is itself directly
representable in said object code, and arranging the object code steps in
said sequence for sequential execution commencing with said input(s)f
Preferably a parameter of safd functional block is able to be specified.

20 Also disclosed is a compilation method for generating object code to
implement the mathematical/signal processing function of an electrical
circuit having at leasf,one input and.at least one output. and formed by
interconnection. of a plurality of functional blocks each of which has i
mathematical/signal processing function for which an object code has been

25 compiled in accordance with the above, said method comprising the steps
of representing the electrical circuit mathematical/signal processing
function as a sequence of events each oflwhich is representable in said
object code, and arranging sald object code events in said sequence for
sequential execution commencing with said input(s).

30 DESCRIPTION OF THE DRAMINGS

An embodiment of the present invention will now be described with
reference to the drawings in which:

Fig. 1 is a schematic block diagram of the hardware modifications
required to an IBM PC,

35 -~ Fig. 2 is a block diagram of the analogue module of Fig. 1,

Fig. 3 1s a circuit diagram of one of the identical relays.of Fig.
2,



processing function determ ned both by the nature of said selected
isnstrunmentation units and the nature of said array, whereby follow ng
;. operation of said conpiler program an i nput signal applied to said

i nput anal ogue signal nodule is processed by said processor 5 neans in

- accordance with said overall signal processing function of said array and
t he ouwvpuisis989 generated in real time and displ ayed eqar/adn2ioeléeco

di splay screen in real tine," and/ of estored in said nmenory neans,

and/or output by saig, e}nfg??aggc%h?{‘elmamuéh@ meRory arrafig@fént! Wi¥Rin the

Preferably the instrumen S. are each represented by a

correspondi ng 1COPRYSA whi ch i s able to be displayed on the video display
screen during the opBtgat§ ds aoblock diagmm ofcthe feahrtomg AideoPrantsp drent

. operator to sel aphrd aN®i1g.08ate in the array, the desired : _

| nstrumentatign uni tFig. 6 s a screen dTﬂﬁanW)c!ihf"th&@'%rsaﬁeﬁﬁes'eﬁtihé"%mmry a
nunber of different prograns r gsresen%l p‘%éth‘ﬁ grég\é 01;, I pstrumentation
units. These prd@Figes 'AFErumentptiop indts stpred i dn Pp JARRLLPOEANS in the -
conput er systemto efig.al dstahayrdesl pendy forred tyf intastcoaneshiontafothe variougnjts.
Preferably, the ipoffghdtitigrn@ned,ed prograns are stored in nenory to create
preconf i gured i nSt r URRNI @ AN b Alck A SgraRYr D b dat PARG R Ru1Ght FHGeHE higy desi T ed
processing ° fut[éﬁ {P(r)gs. ese gr]?gart?ns store the accunul at ed

intell ectual pPdJGeE {grmeqicRt app ons, Preferably the.processors,

vi deo generators andFmal dgasrgﬂfaﬂucflitmmfe§hea$@'e%0d%%u}a’mp# to obtain-the
~desired degree abrepiidend ty tanGredy eaprpig.ity of the array of

v o 1 b1 v f g s At L L
vai : [ iC'S i : u :
trigger, other itensft Har ﬂ\%?&lhgﬂ" gp"gb ﬁ?eealsg’geﬁrdéwﬁggssgﬂu?ﬁggot h
anal ogue and dbdintElg. 0@ put. 25 The input/output fromthe
scientific instrumenfigmd & @h drpapubfcerfabhsya ahse locked doapi,| abl e from ot her
resources available Wgt.hiﬂ(qﬁgclzlg GRTGUEbR of Bt HitHeP GcF@hVWIskiays 111ustrated

communi cation int elréf ac%s 2, ETHERNET etc) and bus interfaces such as
| EEE- 488- CB| ,9'I] A and ElI SA. These resources can be, provi ded

i ndependent |y by t heFig. 14 pyaararsey whichgprpyidanian aqal9gue AT uhaTuF% A tS6FRYs
(OEM s). 30 20 order diffeeendtdiaeqiatrond in the nmenory neans is al so.

preferably avail abl er{Pr 1613hArs the outPatPEF the tD Y&ieb®WSspI b dRLSkraQPLA er
packages such as thqge aﬁ?l d under thg trade mar ks EXCEL, LOTUS and

AXUM wher eby t he '8at
Fig. 16 1s a more complex array.

Appendices I-IV 1ist various program fragments described hereafter.
25 DESCRIPTION OF THE PREFERRED EMBODIMENT .

Turning now to Fig. 1, the apparatus of the preferred embodimept is
able to be totally enclosed within the case 1 of a conventional IBM
(RegisteredsTrade Mark) Personal Computer having an ISA or EISA bus based
on the original IBM AT. Located within the case 1 are the usual

30 components of a central processing unit (CPU) 2, memory 3 and 8MHz bus 4.

Located within a spare 5]/4 inch floppy disc nacelle is an
analogue module 6 onto which are mounted dedicated input plugs 7,
dedicated output plugs 8, and general input/output 1ines 5 for
amplifiers, frequency counters, sample clock synchronising, digital

35 inputs and- the like. _ _

Located on the bus 4 are four slots for printed circuit boards 9.
The four PC boards 9.are indicated A, B, C and D respectively. The three
adjacent PCB's A to C inclusive are respectively a master PCB, a slave
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actumnul ated can be mani pul ated for subsequent graphical presentation and -
tabulation to facilitate report generation. According to a
second aspect of the present invention there is di scl osed a
scientific | nét EI'fg?Egt for neasuring and recording electrical 5

wavef or s, (o rument conprising a conputer having a PELIH9%{00076
processing unit and el ectronic nenory neafns’ positioned within a housing,
sai d housi ng i nclraBliand apyiaieo PCBON Tier video IPEBSh tame dfivep py kohws VGA e i tied
alnfl a fl gr?I ity F&Er&h?%fﬂdpﬂso?@ﬁ?%&ﬁ lﬁahacmms}a f118601% 6DDAGSOIutiIoN

al l ocated for sai e py SE~ hac ; ors

10 bei ng connect d #g og?%ghe;@lrsy %8&{?6 s ﬁ%cqwecg"%%e(?g?%i ﬁ'gn‘pgga third
aspect of the prddemeyisAtR#Ati%en there is di scl osed a conpil ation
met hod for gendrati ngwidhjrethe amxiogdeomodapd énaratlocated the fellowing system

mat hemat i cal / si gnaloypédacessi ng function of an electrical circuit

a1 method compri ot bt U*sﬁ%‘%éf%ﬁ?ﬂet?ﬁnéieh&ﬁ?@%ﬁaﬁ%&%ﬂ%ﬂ%“icé?@fe‘ w
'sequence of el emdAt Arogratmiblefri2AdB griopS3 BHER veTtswAesehvtion frianyl tn pelse y
repr esent abl e i-n ratiiodofobgea ¢ tprogrdamabde Gntd-r tingi fiiyterhvg arj @cADC ochyestiep®fi n
Bl er o)y . p QSR tleng S8 AIneDEIPBE NI Sabt P
20°A 5o i sct oseqon it SlamcinsenshG ey b s Jndpreb ppE PR B
DC offsets which can be controlled from The runtime Screens. The :
sampling rate can be 15 KHz per channel (depending on the project
processing load) and the number of analog modules attached to the same
15 slave processor card. The inputs are isolated to 3.5KV continuous.

2 THO hnalog outputs with a voltage range of +/-10 Volts and a
current capacity of +/- 100mA. These can be used for strain gauge '
biasing (AC or DC driven), control outputs etc. '

_ '3 FOUR selectable high level analogue outputs, one from each of
20 the amplifiers above. These drive digital FM tape recorders to store
rarely occurring events for replay into the processor (2).
. ' .
FOUR selectable high level inputs to each of the ampiifier
channels above. The system is switched into this mode for replay of
25 events captured in. output mode on tape. .

4 EIGHT bits of ground referenced digital input.

5 EIGHT bits of digital output which can be used for relay
drivers or event indicators.

6 ONE frequency generator output (clock generator).0-2 MHz 0.1%

30 accuracy. : _ '

7 ONE event counter/frequency counter. Input 0.1Hz-8MHz.

8 ONE 5 Volt reference 100mA +/- 5%. (For strain gauges etc.)

9 ONE sampie clock output reference line for-synchfonising
sampling between multiple scientific instrument emulators of the

35 preferred embodiment.

10 ONE sample clock ‘input reference line for -synchronising
sampling from a "master™ scientific instrument emulator (for use with
*slave" emulators), and '



I npl ement the mat hemati cal /si gnal processing function of an el ectrical
Gircuit having at |east one input and at | east one output.and forned by

i nterconnection of a plurality of functional blocks each of which has a
mat hemat i cal / si gnal processing function for which an object code has been
25 conpiled in accordance with the above, said nmethod conprising the steps

of represengide/ises €l ectrical circuit mathenatical/si gnagc,px?ﬁ%ﬁwg '
function as a sequence of events each of which is representable I n said

obj ect code, and arranghﬁg sai d object cddeTevents in said sequence for
sequential execution JomfaHcPrY"hi*iFfSsai d i nput (s). = 30 DESCRI PTI ON OF THE
DRAW NGS Aihe canb bngerandulef6 rirk PHboandntd areveathi iotensepnectsdvbybe

~descri bﬁd W][ th blmeanlir&f IreEreRt ]Esﬁtziibﬁhrﬁrtﬁfééﬂ"lmﬁ. 2, !ﬂ_"llhﬁch_-'m respectively. Fi g. d1
il | .
o T pe ™ g 0K ALY o, el ARG BU L SRE 1 Ry 1o
B TE PO 8 rourpanglodge put ariegt oS dir OV ABAIBTUCL HBTFRIn Pl
rel ays of Fig. analogue outputs 22, a fyequemyy1@gBet counter input 23, a clock output
PCT/ AU92/ 00076 24, an 8 bit digital input 25, an 8 bit digital outpét 26, a five volt Fig.
4 is a schemati Crmpen%fg \}oh]'f‘agng':}D{% grsﬁmgmmni@1a$b&phpgs. conputer,
' Each of the analogue inputs 21 is connected via a front end
10 amplifier 31 to an isolator 32, the output of which is connected to a
-relay 33. The relay 33 is also connected to the analogue input/output
connectors 20 and to an amplifier 34 which has programmable gain, AC/DC
coupling, provision for an AC corner and DC offset. The output of the
amplifier 34 is in turn passed to a sample and hold circuit 35 the outpdt
15 of which is received by an analogue multiplexer 36. The output of the
‘multiplexer 36 is passed via an A/D converter 37 to the subsidiary bus 11
which connects the analogue modules 6 and the PC board 9B. _
The operation of the amplifiérs 34 and the sample and hold circults
38 is controlled by a digital controller, address decoder and A/D-D/A '
20 sequencer 39 which receives both data from the bus 11 and also sample
clock and sequencer clock signals. The controlier/decoder/sequencer 39
also outputs via D/A converters 40 to the analogue outputs 22 via an
- output amplifier 41. )
The frequency counter input 23 and clock output 24 respectively
25 directly communicate with a counter 42 which again communicates directly
- with the subsidiary bus 11. _ :
Each of the digital inputs 25, digital 6utputs 26, reference
voltage 27.$nd slave synchronizing output 28 1s connected to a digital
input/output circuit 43 which is in turn directly connectgd to the
30 subsidiary bus 11.
The timing arrangements of the circuit 1ilustrated in Fig. 2 are
divided into two sequences. The first sequence concerns the digital
input and output. Hhen required by the program, this digital input and
output ‘is effected by individual commands from a substantially
35 conventional.data acquisition controller which forms part of the slave
processor on PCB 9B (Fig. 1 and Fig. 4).
The second sequence is the flow of digital data converted from the
analogue inputs, or to be converted to provide the analog outputs. This



Fig. 5 is a block diagramof the real time video printed circuit

bdard of Fig. 4, 5 Fig. 6 is a screen display listing the icons -
i representing the various instrunentation units stored within the

| i brary program Fig. 7 is a typical array formed by

i nt er-connection of the various I nstrunmentation units,

Fig. 8 is QISR diagramof a relati veI y strai ght forWﬂ“&P@&VG
useful in bio-nedical applications,
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of a central ppexdégingntpewortespdihg 2conmenory 3 and 8MHz bus 4.
Located within a spgles p{RstdatbNGh det3PPihe Hadtre"FCOlel Felia§ 33MWhich can
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isolating the analogue inputs 21. In the alternative position, the input

from the analogue inputs 21 is passed to the amplifier 34 but is also
made available as an output at the analogue input/output 20.

20 Fig. 4 is a pictorial representation of the processor architecture
and includes a memory map. The host computer 2 with its associated
memory 3 is connected to the video PCB 9C which 1s in turn connected to
the slave PCB_9B. '

As indicated in Fig. 4, up to 8 analogue modules 6 are able to be

25 connected to each PCB 9B and up to four slave PCB's 9B can be added.

The memory map is essentially three dimensional with the memory 3
of the host computer 2 overiying, and thereby being accessible to, the
other memory ytilising portions of the circuit.

A block diagram of the video PCB 9C is i1lustrated in Fig. 5. In

30 this diagram the interconnections between the conventional video graphics
adaptor (VGA) of the host computer are made via the conventional VGA
connector 50, The. connections between the host computer 2 and the video
PCB 9C are via bus 4. Similarly the connections between the video PCB 9C
and each of the slave PCB's 9B is via bus 13 as previously indicated in

35 Fig. 1

Data received from either bus 4 and/or 13 is passed via a dual port
logic circuit 51 to a first {n first out (FIFO) buffer 52. The FIFO 52
outputs to a logic array circuit 53 which has three separate random



35 inputs and the |iKke. Located on the bus 4 are four slots

fsor printed circuit boards 9. The four PC boards 9 are indicated A~
" B, Cand D respectively. The three adj acent PCB's Ato Cinclusive

are respectively a master PCB, a sl ave WO 92/ 15959

PCT/ AU92/ 00076 -7- PCB and a

vi deo PCB. waez2nws98®0 PCB in turn drives a known VGA pri nPEIYAU92/00076 ci'r cui t
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units. Each of these is represented by an icon and Fig. 6 provides an
indication of the range of instrumentation units able to be selected from
a given 1ibrary. By_use of a mouse in known fashion, the operator fis

15 able to interconnect selected instrumentation units from the fcon 1ist of
Fig. 6 so as to form an array of interconnected instrumentation units as
illustrated in Fig. 7. During the course of the creation of the array of
Fig. 7, under software control -the machine checks that the array does not
have any unconnected inputs, logically unacceptable connectiops. and like

20 defects. Any detected defect is indicated.

Once the array has been interconnected to the satisfaction both of
the operator and the'éet-up program used during this phase, a compiler
program is then run which compiles from the graphical representation of
the array the executable object code which executes the overall signal

25 processing function for the entire array. As a consequence, when, in
real time, the input signal is applied to the array,-the incoming
signal(s) is/are manipulated and the one or more outputs of the array are
tndicated #n real time on the video windows able to be displayed on the
screen 10, stored to disc, and so on.

30 Essential to an understanding of the way in which the compiler
program operates is an appreciation that each icon s itself a mini array
which can be built up from very fundamental steps which are themselves
easily executed by the program. For example, if the basic steps are
taken to be addition and subtraction, then multiplication can be regarded

35 as repeated addition, and division can be regarded as repeated

' subtraction. Hith this background in mind, it can be appreciated that a
ramp voltage generator can be created from a zero initial level by the
successive additions of very small increments until a predetermined level



current capacity of +/- 100mA. These can be used for strain gauge

ki asing (AC or DC driven), control outputs etc. 3 FOUR

sel ect abl e high | evel anal ogue outputs, one from each of 20 the
anplifiers above. These drive digital FMtape recorders to store

rarely occurri?ﬁ_events for replay into the processor (2)P.
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ermul ators), amel streams. For example, an adder having input nodes A and B and output

node C is compiled to give the program C = A + B. Those icon elements

having only one or more output nodes are termed source icon elements (eg

a voltage generator) whilst those icons having only one or more input

nodes are termed a destination icon (eg a display window).

15 Interconnecting any output node and terminating at an input node is
a connecting path termed a data stream.  The data stream carries the data
type associated with the output node and, as a consequence, the input
node' at which it terminates must be of the same data type. This pro§1dgs
an additional rule inherent within the compiler program. Since the

20 interconnections between nodes represent data streams, rather £han
physical wiring, it is permissable for the interconnections between icons
to cross over other ‘interconnections or even other icons without i11
effect. This is because the data stream ha§ an output node and an input
node and is unconcerned with any intermediate location. The co-ordinates

25 of the source and destination nodes on an arbitary co-ordinate system are
used to create the software “pointers" to source and destination data

" buffers for the execution of the signal processing functions on the data
"pointed" tg. -
Also included with an icon is an icon specification where the icon

30 itself is insufficient to describe the entire function of the icon. For
example, an amplifier has a function, output = G x input, where G is the
gain of the amplifter. However, in order to enable the gain to be
specified by the user, the gain is able to be input as a predetermined
parameter by means of the icon specification.

35 It will be seen that using the above methodology, a library of
prepared icons each with 1ts own program to carry out the ]
mathematical/signal processing function of the icon can be prepared.
Furthermore, the same methodology is again applied once i1t is desired to
compile a program to carry out the mathematical/signal processing
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i 8- 11 FI VE ground wi res. ' The anal ogue nodul e 6°
and PC boards 9 are each interconnected by means of different
subsidiary buses 11, 12, 13 and 14 respectively. ' As seen in
Fig. 2, the anal ogue nodule 6 of Fig. 1 is provided with 5 four anal ogue
i nput / out wato2aesseect ors 20, four anal ogue inputs 21, twersauszzoo@gal ogue

out puts 22, a frequency output counterz input 23, a clock output 24,

an 8 bit digital ipput 25 —an 8 bit diagital output a fdv, | t
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27 and sl ave SXH-%EW?"H i&ﬁ putput 28 is connected to a digital

. -2 us. ! . .

i nput/ out put circuit J‘é Ich is in turn direct]y connecte 0 the
P P Appendix III is a code fragment which 1£yan example og t%e digital

signal processing (DSP) 1mp}ementation code. This code enables digital
20 signals which replicate the output of actual electronic devices (as
represented by an icon or array) to be created. '

Finally, Appendik IV is a code fragment of the timing or sequencing
used in the digital signal processing. This ensures the timely
completion of the calculations in the time between successive samples. -

25 The operation in "rgal time" 1is assisted by the way in which
analogue input signals are acquired. The permissable +/- 10 V input
range is represented by a 12 bit number and the analogue input signal is
sampled at d‘Sampling frequency of from 1 to 60,000 points or samples per
second. The exact sampling frequency is specified or selectable by the

30 user. As a consequence of this sampling regime, all the programming
steps required to emulate the particular function of an icon or an array

~are required to be completed, and thus create an output, in the time
available between sampling points. In this way, the output for a given .
- sampling point is calculated and hence created, prior to the receipt of

35 the information for the next sampling point. This procedure enables real
time operation with the proviso that if the calculation time exceeds the
sampling period then either additional computer resources in the form of
extra processor and/or mémory must be provided to reduce the calculation




30 subsidiary bus 11. The tim ng arrangenments of the circuit

Pllustrated in Fig. 2 are divided into two sequences. The first -
sequence concerns the digital i nput and out put. Wen required by the
program this digital input and output is effected by individual
commands froma substantially 35 conventional data acquisition

control | er WRAEPor ms part of the slave processorPaIvAlBER®B (Fig. 1
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Fig. 9. will be seen that the input and output of the first array
comprises an analogue voltage from an ECG. For the other array, the four
outputs comprise the output of the voltage controlied oscillator, and

15 that output when respectively passed through a low pass filter, a high
pass filter and a band pass filter. Note that since the arrays are not
in any way related, although all the waveforms can be simultaneously
generated and/or displayed, it is not necessary for the results to be
linked in any way.

20 Turning now to Fig. 10, this drawing {llustrates the array able to
be first drawn and then-compiled to emulate a l1inear interpolation
circuit. A constant voltage source 45 is applied as an input to three
voltage controlled oscillators 46-48 which respectively have a sine-wave
output, a square-wave output and a ramp output. The 6utput of the

25 sine-wave is set at 3Hz whilst the output of the other two generators 47
and 48 1s set at the sampling frequency of 208z. The output of the
sine-wave oscillator 46 is used to trigger each of three displays 50-52.
The output Qf the square-wave oscillator 47 is used to trigger two sample
and hold circuits 53, 54 which are separated by a time delay circuit 55

30 having a delay which is approximately equal to the period of the
sampling. This ensures that the outputs of the two sample and hold -
circuits 53, 54 represent the results of successive samples.

A further voltage reference 56 is set at one volt and comprises one
input to a subtractor 57. The linear interpolation is carried out by the

35 two multipliers 58, 59 and the adder 60. The multipliers multiply the
ramp gradient by the correct proportion determined by the amplitude
differences of successive samples held in circuits 53, 54.
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. specifying the correspondi ng icon. Fig. 3 illustrates in detail”
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separat e randoth a voltage controlled sine-wave oscillator 68 which is set to have a
"centre frequency of 50Hz. The input to the voltage control oscillator 68
constitutes the output of the sample and hold circuit 67 which .
essentially represents the phase difference between the signals from the
oscillators 68 and pulse circuit 63. This error signal is displayed by
20 display 66, the output of the voltage control oscillator 68 being
displayed by display 65. The three displays 64, 65 and 656 of Fig. 12 are
respectively 1llustrated in Fig. 13.
An array to solve a second order differential equation is
illustrated in Fig. 14. Here three feedback loops FB1 - FB3 are
25 provided. In order.to set the initial conditions, a voltage reference 70
set to one volt is used to provide an input to a sample and hold circuit
71 and the inverting input of a comparator 72. The output of the sample
and hold &ircuit 71 is fed back to the comparator 72 and also to one of
two muitipliers 73, 74. The output of the muitipliers 73, 74 are added
30 together in adder 75 and multipliied by the gain of amplifier 76 before
being 1ntegfated by the first of two integrators 77, 78. A further
amplifier 79 and multiplier 80 complete the circuit. The outputs of each
of the integrators 77 and 78 form the waveforms displayed by two displays
81 and 82 which are both triggered by the output of the first integrator
35 77. )
' The results are {l1lustrated on Fig. 15 and show both the imitial,
solution corresponding to the initial conditions, and that the output
constituting the solution of the differential equation runs indefinitely
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‘units as . compdtbpstrated in Fig. 7. During the course of the creation
of the array,of lg. 7. under. software . control th chi n, hecks
that the ar 8y doeE'%iol® 1¥/an exagbler S otg e e AT apl o T S liaf | )
unaccept abl e c\@n¥fELTdapses ¥ thnthe| pegerred epbpdiment of sthe Aygsendt venddoyefldct i s
i ndi cat ed. will be seen fECRig.his hatafouhcfasbéauriemfanstornecsied to t he

satisfaction hatfreit signal gedddBtRPEhePic ANDIENE RPentPLsD REUF avem];é?gmd% | ng

o aphi oa r epr'SLBaE, [ 49p/debhd PR cne reg hakT e PP i telcue
whi ch execut!é<ng HEmeypus SPAPaEitgRs| multipldersy and e ke pih@l ] #RoWEed-t he entire
array. As a conseqBexacse, theheesults)- such as the waveforms illustrated in Fig. 6,

- are stored in memory, the user is able to replay these stored real time
results. Furthermore, vartious portions of the results are able to be
extracted for any specific purpose and even fed back into the apparatus

zo'using a “from disc” icon. This allows the signal processing to be
adapted so that a desired feature of the input signal will be detected.
Also the stored result can be continually replayed in real time, or
faster or slower, as desired. Similarly, initial conditions can be
established by using the previously stored result of a first array, as
25 the initial input condition for a second array.

Furthermore, because the results are stored; the-stored data is
able to be edited and exported to spreadsheets, graphics or statistics
utility programs such as EXCEL, LOTUS 123, and the like. This enables
the graphical results of experiments to be combined with text describing

30 the nature of the experiments and the nature of the conclusions.

The windows such as those indicated in Fig. 8, for example, are
also compatible with multi media standards for the IBM PC. The
'specification for the window icon can be set up to be "PAL" whjch

) receives a conventional signal from a video camera, convert and then
35 displays the video signal on the screen. If desired, this video signal
can be frame grabbed to pixel video data which is able to be stored in
the computer memory. If desired the conventional video camera signal can
also be stored on a VCR at the same time. This stored video data can be



real time, the input signal is applied to the array, the incom ng

. signal (s) is/are nanipulated and the one or nore outputs of the array are i
iindicated in real time on the video wi ndows able to be displayed on the
screen 10, stored to disc, and so on. 30 Essential to an
understanding of the way in which the conpiler ; prolgram operates -is
an appreci aWQ/1M#® each icon is itself a mni array Cr’AWﬁF’) W76 an be
built up fromvery fundanmental steps whieliéare thensel ves easily :
executed by the pepaiyadnin thelsaXasAake asi dnytdteerhasietornt pturad @y the t aken

to be addition ary ggﬁgmsra h'@ﬁ's ﬂeOiﬂUl ﬂikﬂ]fh%"*e‘?ﬁ‘ti@ﬁ‘@liE}?o{'maﬁ@ﬁa‘l - 35

as repeated addit and “dj Vi si 0

re
subtraction. -Wt WaY?fPE‘“Sb&ad'k aeHavedn #i‘ﬁﬁ““‘% ?ga('f'gr*’qﬁ%e% &geglzog'? enfional Ve
ramp vol t age genemaeootapcah.bie thie cambef imensm %"QEPUSF%WW‘theI slgapl gota he '
successi ve addist iQpeured by &hy apperhtusi o ereeed sharetn.| Thipredegament ned | evel

V\D1$192/ 15959 s particul&rlyrﬁdvan'%ﬁeous sei\;\é it enables the elecitrical reRiits A9y 00076 .
- - ubt r 0 :
re-create the  clearjy igentitied 3" ﬁh ic?ié"ﬁcqrﬁe"fs queﬁcfd |on§?ach&e agai n
made, and so on. the results. A consi deration of the various icons

represented in Fig. 37hd provision of aicon speeidtidadidnhmeany hatc thmt apparativatist he

‘iconis itself 6}%?&%?4:-59’ afla t1ve5 FF QQE'rhp‘ié‘l ah QHEyoéanaﬁ"éYf&ﬁ& weeh §hape

~designed to conv repres peé L& EDF‘%W | or

'signal processi ngt)‘/’f"cﬁ‘?@fmgr?”ﬁm‘cﬁ?a??’f)&fh for exampi ﬁh schilcal oteyd O

‘identically underpsodmeld by thedumanapairtal 1€ T%P‘t of tXe a"aUSiS of the
results of these experiments, it is thought that a particular drug may
produce some beneficial effect, then the array {tself need not be changed

{5 in order to permit the same measurement to be carried out on a rat to
which the drug has been administered. 'All that is required to be changed
is the specification of thqse icons which are used, for example, as a
reference. For example, the actual voltage level and the frequency can
be adjusted in order to account for the different .electrical outputs (eg

20 voltage levels and different pulse rates) between humans and rats.

Furthermore, the ability to create arrays at will means that the
apparatus is able to measure the association or independence between
signals and so add a further dimension to the results able to be
achieved. For exampie, a heart rate can be correlated with, or

25 multipiied by, a respiration rate of a patient to give a third signal
which can be regarded as a signature §1gna1 representihg a result of
significance to the user. Many such signals, even of mixed units, can be
associated.in this manner, if necessary scaled appropriately, and then
compared against past data stored in memory.

30 It will be apparent to those skilled in the art, that the above
described system has integrated a11 functions that are required for an
analog workstation. Hitherto, there has not been a completely integrated
system. Instead a plethora of partial functions existed.

In particular the following features are component parts of the

35 integrated whole of the scientific emulator of the preferred embodiment.

1 A multiple purpose/multifunction analog module which
inputs/outputs digital and analog signals and other functions..



program The shape contains at |east one input node and/or at |east one
out put node these being respectively the entry and exit points for data
10 streans. For exanpl e, an adder having i nput nodes A and B and out put
node Cis c¥RSMIFFPto give the program C= A + B. Those PEBAUSTEME6T S
having only one or nore out put nodes are LeFned source icon elenments (eg
a vol tage generator)2 whid steal haae" vede8s bbev IMBALBE \pi Ofife FormTBE &hd Bimst

"t er conmect | ng uk SREKARONBEGR fncth Bo do Mkt th Wl Nereen e o
connecting pat hafag?jﬁ@a . a%%t"éggﬂ?séﬁﬁc #ﬁ@ﬂdét(ﬁg"s?i@aﬁﬁ g%%hyege ﬁdé’H%Pif a

type associ at ed ang ghlet ke dbspl putsamdgaratgsdof dhe araeomfeefknoe bettes. i nput

node at whichsit ter3n nagigminpdtessenls nbEe cartnsl1dqiby 4 yise stiles(pnovi des
't or connect i ona Bt hacueRbiafty Bitalt1e 3P| arlest 30 39 FeBHR ulddFstood =0
physical Wiri ng,a"qbf'eai F’b@fer‘ﬁ gaé'éi)ﬁg ?rSﬁnfhc(?m'i’ﬁfiér”&fﬁﬁéf?lﬁn? {fet'%@f#/ i cons
to cross over ofPeprqIfidmetonnecti ons or even other icons. wthout 111
effect. This is because Haveforiat andsgrapaitl drasysain @Uitobtal NFKEe add deif1y NpUL
node and is UREeAmSEdIeEl Wb leki AN PEUBSIIEHICRLS hoRfiHotRlors NGr&Qs el DAY €S

25 of the sourceg destinatiop nodes on an arbitary co-ordinate system
are used t%#gf%ata@atyﬁzs 558?%%? gor.. B‘Eﬁ%{]@F'E"“E?S“é'SEH"Eé eg‘f‘fd desti nation
dat a buf fers fior NAR veladdlr stavags cambe arqpssad by su@disaivay a8 dAdE ons on
t he data dijei tot Baburded. data that is to beAfeiobdckcintdlad amriyhf@notheon i s an

j{ﬁon SP?Ci ficca't i'é_%'ﬂlmferl\?ﬁé RErre¥Png a ﬁQef&ﬁ%&plE?el.i Ovéd Eﬁid?ﬁ?éﬁhg@zc;i be
" the entire fu op. 0 e icon: xanpl'e,. an I fier ha

functi on, out%%Ayzpﬁ"'y"Pn'&‘ifr,%rﬂht@r%C%&viess"f‘ﬁeeﬁeteg%mg‘éi ﬁvagg@k"he (3 p¥e er
However, in or dB#AtckiFIdnable the gain to be specified by the user, the
gain is able to be inputetasria compatat byl n@k system ipaablerid eavdystmeansusof t he
| C?E Zple(” ficat Itﬁigtions d3:f5tributed ovbr Wi detwdiR. SeRI {sh?tok'fg'en&tntﬂepe@b&\ﬁ?d t
net hodol ogy, a P i cQns Wih its o rogramto .
carry out the t ﬁeafr%tiﬁear?a?ﬁfé‘éﬁ’/ é‘?g%ﬁa‘&%@gs@ﬁ% 4h epi%'ngn(ff&?ﬁ b con can
be prepared. 20 41SPIa¥eg ORAMRHIEE: AR SRy oREAMREOTaGd \can PeatJaARSROBESPIVRT once
it is desired tthe networkctmpidtbera spwidgr achenti ftari nstroment teénalator for

mat hemat i cal / si gla@ysipr O¢KsS8dtadand program are 1inked and are "bundled” for network
transmission. ’
In tts preferred form, the system takes the form of a signal
25 processjng device comprising propriefory hardware and software which is
contained in an IBM PC with data acquisition amplifiers positioned in
floppy disk nacelles and processor PCBs and real time video cards fitted
onto the PC system bus. The device in one configuration contains an
extra 2 ordinary General purpose processors and a further 2 signal
30 processors.°'These combined processors are programmed by the use of a
graphical compiter on the VGA screen in such a way that the PC host
(operating at say three million instructions per second) views the
resident device subsystem (operating say at fifteen million instructions
per second) as an extension of its memory. A1l the other processofs also
35 see each other as extensions of their own memory. In this way the
multitasking software can manage'mﬁltiple processors with each task on
the various processors communicating with the other task(s) andsor
processor(s) by passing pointers to shared memory. Thus no special
communications hardware or software is required. The graphical compiler
which compiles executable object code for the installed subsystem,
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+ 12 - functions of an array fornmed frominter-connected icons. To~
take a si npl e exanpl e of an array, consider an array having two
i nputs A an¥OR@2/15959 and an output C, the array consi st iPeE/Alf92/40076dder
havi ng i nputs A and B, t he out put. gf -t he adder being connected to an

anpl ![ f ![ e[ _ han[ Rg aﬁlo@@itf[ﬂe Gfigorous'i_) u¥d b maRmAUE P WA BT 1t Pibcadeb isﬂﬁ!’st as Ito
constituting the . a
processi ng funct isg#ﬁh?% '8%; gﬂg 'ﬁ% gyrB)r'?ceﬁae"y pw&sgﬁ’ér ap |Hg9€8rr'§|h?gr of the
preferred enmbodi ftMNie SABRIEeY™rachi ne code in the same way as would a
FORTRAN conpi | er wherlni ¢dditionproettentupdttondthadequacy ofs thes pragtamal dgysyshem sfame
statement but Hresegraphit eompi 5, CIHE prokrahdiQf siyStem usidd) 1édhe FOEBhEA ted
Lﬁnguage' : in such a%ﬁeﬂg{ )EOJmC]?QJ'%o'nE %E?%Pﬁmsgf&grb%qgmégﬁge&tsiﬁ leC.Ode

ich permts the T ser to emdelwha e’lcon qu%l fcation will be
for the given icdéspns. -This akiges mathgmatheal,con3fsiirtion ttedie ehpTtadett e ®es i nt o
whi ch the user .i pbuata streams involveduwighitbelprewssiags) Oveooheaheseetyipts ofl datr

terned a "sheet"” streams 15 the “acqditfédl dith VstrdaQ" Fr&M0 LR TRANIBEURELY dffi tdippendi x | |
Is an exanpl e g .1Jit*é?.conversmngﬁr‘r%gé&mu”&e“&ggrugyrbﬁw'Jt%r{‘g%era@t.k%g-gh oﬁTQe| |C|°de

- used in conpiling an r I S anal 0 .

is a code f ragneg"tigm Strepn ‘érf'%ééh?ﬂaé 3gauirek Framgthis) tnter-convergipn and

. processi ng ( DSP) withpthdole otizeri shigndisdehich Ttd. desd oeie tehe kil el agédyin dime
relationship, or is created by a timebase established in the array. Most
often the trigger stream is created by a processing function wherein

15 processing on one or.many channels creates a signal which is intended to
trigger displays, trigger processing such as averaging, or trigger
storage. 1In general it is the complex trigger capability of the system,
simply represented by the graphical compiier, which allows the ’
accumulation of parameters which characterise various waveforms or épochs

20 of waveforms. This allows their selection by exbertﬁ to establish an
"ekample set". o ) !
INDUSTRIAL APPLICATION ' .
' The cost effectiveness of the apparatus of the preferred embodiment
can be considered from the following. The apparatus can function as any

25 one of the following devices, or any combination of ‘the following devices
(or multiples thereof) arranged together into an array.

DEVICE COST A$

1 4 Channel Chart Recorder (500 Hz/channel) . 10,000

2 FFT-analyser (1Hz - 20KHz, max 512 points, 200 analyses sec.) 13,000

30 3 Frequency Counter (0.01% accuracy, 0.01 Hz - 10 MHz) 1,000
4 Function Generator (Sine, square, ramp, and triangle

waveforms, 0.01Hz - 2MHZ) 5,000

5 Data Logger (PC based) 4,000

6 Energy Monitor (Volts x Current, isolated inputs) 4,000

35 7 2 Channel Transient Recorder 3,500

8 Electrophysiological Monitor (ECG, EEG, EMG, ERP) 20,000

The above items of equipment constitute a cost of approximately
A$60,500, however, the retail price of a scientific instrument emulator
in accordance with the preferred embodiment and able to emulate the above



20 signals which replicate the output of actual electronic devices (as

represented by an icon or array) to be created. Finally,
" Appendix IV is a code fragnent of the tim ng or sequencing used in
the digital signal processing. This ensures the tinely conpl eti on of

the cal cul gtians..ih the ti me between successive sanpl es. The
operation Wﬁpgsg%gntl me" is.assisted by the way in whi c'ﬁcrmagzmmgnal ogue

i nput signals are acquired. The permissaBfe +/- 10 V input range is
represent ed by fungtions tisdonthervighe tyref AHAIWYUEssuming: thei ¢pesn| has n

sanpl ed at a sasgproprgater RGbAT \computer ¢ bbth re&lyd @ pedesiay dardanplands- per
second. The exagjy &RNWckidry S6AMEABY IS specified or selectable by the -
30 user. As a-consequence of this.sanpling reqi ~all,. the, programmi ng
steps required to e 'I'tgf'é""f%e% afiﬁgsﬁﬁ‘afﬂ_"f?ﬁne?ﬁ‘gﬁ"oﬁ“’% f}'ca‘ﬁ*g ¢ %Tﬁ ray
are required ¥ osystenc bimye Bt e tedufel thRuudy aeg anadysisafprarallieh sypkems jsyeh

avai | abl e bet wesnecapgtensigbioeystems, machidd systews, dtbe output for a given
sanpl i ng poi nt is c3hebabetheaRdcHIBRS Gnfy 67 BbouftbhtObr Re HR&eRECE! Pt Of

35 the inf t] f t t . Th b I
Li'me oper at | on WVEH Dha ot Lt iy byrophcoC s, PR B T T SEsecBt (he-

sanpl i ng peri odnadpchersite [wdEhoyt deparding frognthet were ef dbe Peesent 1aveationr m of
extra processorcorYRIGHT NOHOPry nust be provided to reduce the cal cul ation

V\Dlg2/ 15959 . The ﬁrogram Hslt_ings ]gontained in Appendices_I-I\é are thggﬁﬂﬁkﬁm 00076 |:. -
. - t 'o@top?ntig p %wr?e%npy R apgl?gaun%nacr% arir'lésntot S breereup?*géju’ceé 1§ ra(r?y y

.increasing the
way without the express prior written authority of the applicant.
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time for calculation. The increasing processing power of nodern
conputers neans that, in practice, any limtation to the sanpling

frequency is not of practical concern. 5 It will also be
appreciated in connection with the above that the calculation to be
per f or med the conputer can include feedback of an out put at one
sanpl e ti rrézm/é’f?s? hen constitutes an the input for a ?Cr’Aé’ﬂﬁg@a@eht
calculation at the next sanple tinme. The0subsequent - calculation
must, however, be corrpl eted W thin thepsafsl tng period. 10 Fig. 8
illustrates two r gH sinple arrays. The input and out put
wavefornms to, and rom Sse arrays are respectively illustrated in

Fig. 9. It will bé&hsdédlowirgabde ikesednpdefinansheciun which e uiehspetifiesthe ar r ay

conpri ses an anal pgumees|forafEgderadpulin gii@Bor:For t he ot her array, the four
-outputs conprise the output of the voltage controlled oscillator, and 15
“that out put when KasSReGkiMRkYRASSAGLRLANS Ak Al PAS Scdd el Blimsd N gh

pass filter and asband pass M?erssmaﬁlgggﬁmﬁénpﬁ%%arrays are not

in any way rel ated, althou e waverorns can mul t aneousl y
generated and/or di spl aVEd’PULtSE'IéonWeﬂESeﬁﬁécsary for the results to be

l'i nked in any, way « 20 Turning 'now to Fig. 10, this draw ng
illustrates the amjay able to ~ be first drawn and then conpiled to
emul ate a |inear igHpAPO! atds@d.h> circuit. A constant voltage source 45
is applied as an igmgmbe t O tEBEh> - voltage controlled oscillators 46-48
whi ch respecti vel girbdRYE a Ssiife HAVe out put, a square-wave output and
a ranp output. Theinembdut hirhbe 25 sine-wave is set at 3Hz whilst the
out put of the ot heinchu® gerBbray@rs 47 - -and 48 is set at the sanpling
frequency of 20Hz #infhge OUt Ppiilsegén *he si ne-wave oscillator 46 is used
to trigger each of three displays 50-52. . The out put of the

squar e-Wave OSCI | [ettemekbiinine+ e e ko xkH iG GoM 1tunpr S I lgrkixsrennd hol d
circuits 53, 54 which are 3S%ipégwaDRsknkiyn Godsiafi® del ay circuit 55 30 having
a delay:which is apww*ﬂw&v*muw**fv*the**pﬂﬂ*w*vf**the*********sarrpl i ng.

This ensures that ¥t he outputs of the two sanple and hold circuits 53,
54 represent the #édinkts ofWBIDOWSWINEH sanpl &s. A further ;
vol t age reference#dfines setWINDOWMEHEIGHT and @onpri ses one

fidefine USER_X_SIZE . WINDOW_WIDTH

f#define USER_Y_SIZE _ (WINDOW_HEIGHT - 1)

IAd '

HHRHE PULSE Sheet Parameter Definition
*/
typedef struct
{
« JCON_PARAM ip;
PULSE_ICON_PARAM ~ pa;
} PULSE_SHEET;

PULSE_SHEET pulse_vars =
{{ICON_PARAMETER_REC,
1, sizeof(PULSE_SHEET), {0}, sizeof(PULSE_ICON_PARAM)]},
{1000, MAX_STATE_LEVEL, MIN_STATE_LEVEL, 0,
{POSITIVE_EDGE, 0}, 0, NORMAL, .TRIGGER }
)



input to a subtractor 57. The linear interpolation is carried out by the _
35 two nmultipliers 58, 59 and the adder 60. The nultipliers multiply the
ranp gradi ent by the correct proportion determ ned hy the anplitude

di fferences of successive sanples held in circuits 53, 54. ' WO
92/ 15959 0076

- 14 - ' WO 92/15959 The "input" sine-wave at 3Hz which coﬁgﬁﬁjﬁ*@%‘7

screen displ ay S0 is illustrated,jn Fig. 11 as is the sanpled

si ne-wave which constitutes the él splay 51. The |inear interpolation
created fromthe - sanpl ed sine-wave constitutes the display 52 and is
also ilTlustrated i Ruyuusmufld ! TR VORI = [ » WONIOY §7 0 WY N MRT~F ales an array
which constitutes ggahase ESheetWINDW)Beﬁ gal n, a vol tage reference 61
constitutes the i v_ms ......................................... olub adysiaeswamesasei | | at or
62, the reference ypl'tage or bl being set S0 as to set the frequency
produced by the 0S@ikd@llhshid vbswddditend i L@ Dfxih@m@sci | | at ors
62 is used to trigger a pulse ci @tﬁéshﬁé%wﬂ_ﬁfes output of the pul se
circuit in turn trikggessSekdiiat 23 Y 5w Do D e BB s w1 BB DS bl S T he

di splay signal forasdisplay 64. I n addi tion, the output of the

pulse circuit 63 isyyzad grAt,.;aygger */ a sanple and hold circuit 67
whi ch has an |nput cﬂaP”’{ﬁ&! PO sEGENHRORSHEET, 15 a voltage control | ed
si ne-wave oscill ator |ch is set to have a centre frequency of
50Hz. The input to/ﬁmtm&mﬁl@mﬁhm&ﬁm or 48
' TITLE pulse_sheet_title = '
{

NULL,

-1,
BLACK,WHITE,
tilte,

NULL

h

i [* #HHRHRAE Sheet Control Definition HERHERRE */
CONTROL pulse_sheet_control =
{

NULL,

-1,
IWHITE,GREY,
LOGO,

00,

O,NULL,
0,0,0,0,

0,0,0,0

- )i

r* HHEHRREA Edit Region Stwucture Definitions.  #HHHHHHA
*
'u(t check_duration(int);
EDIT_DEFN pulse_duration =
I{JNSIGNED_mTEGER,
:S)B,Ié.ACK,WI-IITE,IWI-IITE,GREY,



»

constitutes the output of the sanple and hold circuit 67 which

essentially represents the phase difference between.the signals fromthe

i oscillators 68 and pulse circuit 63. This error signal is displayed by

20 display 66, the output of the voltage control oscillator 68 being

di spl ayed by display 65. The three displays 64, 65 and 66 of Fig. 12 are
respecti VWoOW2M159s@strated in_Fig. 13. - An ar P&'y/f*tl’(?z’ggﬁ'@e a sécond
order differential equation is -i3ustrated in Fig. 14. Here three

f eedback | oops FB1 - FB3 are 25 provided. In order to set the initial

conditions, a voltage refgre : «wone volt is used to provide
an input to a sanple and ,ﬁuglrg:gfs‘za%g?l rﬁzzn(%lf%?a'nd the inverting input of a
conparator 72. The outpu%ﬁ%? ﬁ%anp e and hold circuit 71 is fed
back to the conparator 7¢;aRU al'sO to one of two multipliers 73, 74.
The out put of- the nultip}Jers 73, 74 are added 30 together in adder 75
and multiplied by the gaih of anplifier 76 before bei ng i ntegrated by
the first of t i nt a L. 78. A further anplifier 79 and
“mul tiplier 80 2%%§t§g§%rr%&§ﬂ§éah;. The out puts of each of t.he
integrators 77 an qn1f € waveforns displayed by two di spl ays 81
and 82 which are both tripgpgegee by the output of the first integrator 35
77. The results are illustrated on Fig. 15 and show both the
initial - sol ution GPACKSWRITEE DUHITE GREY] nitial conditions, and that
t he out put constipegting the solution of the differential equation
runs indefinitely “Pulse State Levels (mV)- ON: *,

&pulse_vars.pa.on_level,
check_on_level,

NULL -

L

int check_off_level(int);
EDIT_DEFN pulse_off_level =
{
INTEGER,
6,
BLACK,WHITE,IWHITE,GREY,
0,0, o
ll_ FF: Il'
&pulse_vars.pa.off_level,
check_off_level,
NULL
K

int  check_trigger_level(int);
EDIT_DEFN pulse_trigger_level =

{

INTEGER,

6,
BLACK,WHITE,IWHITE,GREY,
0,0,

“Trigger Level (mV): ",
&pulse_vars.pa.trigger_level,
check_trigger_level,

NULL

N
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-+15 * w t hout apparent | osses or gains within the limtation of

" quanti zi ng " errors.-ln an actual electronic circuit realisation to
give effect to the solution of the second order differential
“equation, the use of real capacitors with | osses, for exanple, would
result in Weopisege essive 5 decay or growth of the out’(f,ilAUSl/@mm
However, with the above descri bed -ary angenent because the solution is
bei ng contlnually cal cul ated, there IS no apparent decay, nor any
unstable growth | eading to saturation. This represents a substanti al

|rrproverrent over {

B e o & {he Q; ccgred éltﬁ?anal ogue conput ers. 10 - Fig

ggmyabletobeconpiled in
nt of the present invention. It

accordance with t e T

will be seen from Fi g. 16 k four Fast Fourier Transforns, siXx

different signal generatorsg, numeri c di splays, bar charts, four reference
vol t ages, four 40dB/ decadeB'f_Abke;pﬁ ) - " }q_nder t he curve" cal cul ator
15 and nunerous conpar at orgg rrultllr-ﬁl ers, and the like are all provided.
Because the results, such &g gte_e)vxﬁaveforrrs illustrated in Fig. 6, are

stored in nenory, the user&b@seapgrgpi& geplay these stored real tine
results. Furthernore, vari s Qdyetlons 'of the results are able to be
extracted for any specificnggLpose and even fed back into the apparatus
20 using a "fromdisc” icopn. This allows the signal processing to be
adapted so that a desired feature of the input signal will be detected.
Al 'so the stored rgsul tchéepew@ingoNnt i nual ly replayed in real time, or

faster or sl ower Emggm gide ;,,ngain klewlky, initial. conditions can be
est abl i shed by using the p[ew ously stored result of a first array, as

25 the initial input condi UNSIGNED_INTEGERNd array. " Furthernore,
because the results are stfired, the stored data is able to be edited
and exported to spreadsheeBSACKH/WHITEIWHITESGREY,Sti CS utility prograns
such as EXCEL, LOTUS 123, @od the I'i ke. This enabl es the graphi cal

results of experiments to iStewc@iNins®d, with text describing 30 the nature
of the experl ments and t hekpaseuvas.pdsiéwhe concl usi ons.
check_slew,
NULL
k :

int check_mode(int);

EDIT_DEFN pulse_trigger_mode =
{
CHAR,
MAX_TRIG_MODE,
BLACK,WHITE, IWHII‘E GREY,

« 0,0,

"Mode (SINGLE SWEEP, NORMAL): "
&pulse_vars.pa.trigger_mode,
check_mode, -
NULL
IR

[* R Sheet Region Definitions. HEREEE ]
SCREEN_REGION pulse_sheet_regions{] = '

{
EDIT_CLASS,



The wi ndows such as those indicated in Fig. 8 for exanple, are al so
. conpatible with nulti nmedia standards for the | BM PC. The i
- specification for the window icon can be set up to be "PAL" which _
recei ves a conventional signal froma video camera, convert and then 35
di spl ays the video signal on the screen. If desired, this video signal
can be frameWQrRMS® to pi xel video data yhich is able to RE/AVR/WFG n

the conputer menmory. |f desired the convéhfional video canera signal can
al so be stored on a VCR at the sane tinme. This stored video data can be

WO 92/ 15959 - : PCT/ AU92/ 00076
- 16 - repl ayed i n-thg nner as any other waveform captured by
t he apparatus. In tht}‘splfsgr&j‘m\?l Geo picture correlation with other

si gnal wavef orns canghgraghiq@ued. The tinme stanp placed on the
conventional VCR Vi dgg dgpe | S, in this enbodinent, synchronised
with the signal data bz t;grogdle t he apparatus and stored therein.
This arrangenent is pclrtl' urarly advant ageous since it enables the
el ectrical results to be le identified wwth the optical record
of the events which creat Edos']o the results. The provision
of icon specification neans m;gigfftlb_@elappar atus is 10 particularly
adaptive. For éxanpl e, an array can be formed with a view to

carrying out an analysis of gpipiciesgdpl e, the el ectrical voltages
produced by the human heart4jbpoas a result of the-analysis of the

&pulse_trigger: level,

EDIT_CLASS,
12,12,0,0,
&pulse_trigger_edge,

EDIT_CLASS,
12,14,0,0,
&pulse_trigger_slew,
EDIT_CLASS,
4,17,0,0,
&pulse_trigger_mode

#define NR_REGIONS (sizeof(pulse_sheet_regions) /
sizcof(SCREEN__REGION)) '

/*  #######  PULSE Sheet Window Definition. &y
* / :
AMWINIDOWpulse_sheet_window{] =
{ )
0,0,0,0,
(VIRTUAL_MAX_X/2), (VIRTUAL_MAX_Y /2),
WINDOW_WIDTH, WINDOW_HEIGHT,
0,0,
BLACK,WHITE,
NULL,
NULL,
NULL,
&pulse_sheet_title,



results of these experinments, it is thought that a particular drug may .
,produce sone beneficial effect, then the array itself need not be changed
15 in order to permt the same neasurenent to be carried out on arat to
whi ch t he drug has been administered. Al that is required to be changed

is the specification of those icons which are used, for exanple. as a
ref erence.woeor/isosanpl e, the actual voltage |evel and thgq’ﬁ%%fg?%@ can

be adjusted in order to account for th@saifferent el ectrical outputs (eg
20 voltage levels and different pulse rates) between humans and rats.
" Furthernore, the ability ull QRdeE cAiopYS at will means that the

apparatus is able to neas fifhe assocl ati on or independence between
signals and so add a furt Rgr Gf@l@b@& {Heert BEoksesul ts able to be
achi eved. For exanple, a heart rate can be correlated with, or 25

-nultiplied by, a respiration rate of a patient to give a.third signal

which can be regpar dequagmae Si gnat UEGoSiiekaks, " PN gfepldng g result of
significance to ERRORSAEG MBNYpuldCedt elBRNIS =-(even of mixed units, can be
associated in this mannerg i f gecessary scal ed appropriately, and.-then

conpar ed agai nst past dat paNcaHE eHRDR, MENOrYy. 30 It will be
apparent to thosepygkiDuta8en ERoi\RMQTRE Pulse\hat 't he above : descri bed
system has i rit egpadafich sphdifiddip GivhRDG\nlVERd rafgeds fréil Uit 65535 Smpas”, anal og
wor kstation. Hitherto, there has not been a conpletely integrated

system Instead a plethora of partkml functions existed. In
particular the foll owi ng RRNMGE_ERRORE conponent parts of the 35

i ntegrated whol e of the suDNStad LevelBitorivThe OGN stdie\ pref erred enbodi nent .
1 A mul tipl e Jevel prsifiedtor thef pulze is InvalidNid Vaid Ranke! ie-10000ab 10000
i nput s/ out puts dinyi*t al and anal-og signals and ot her functions.

/* 2 */

RANGE_ERROR, _ o

“OFF State Level Error\n\nThe OFF state \
level specified for the pulse is Invalid.\n\nValid Range is -10000 to 10000
mV.", i
* 3 */
RANGE_ERROR,
"Trigger Level Error\n\nThe Trigger\
level specified is Invalid.\n\nValid Range is -10000 to 10000 mV.",

* 4 */
RANGE_ERROR,
"Edge Error\n\nThe Trigger Edge\
specified is Invalid.\n\nValid Edges are + or -.",.
o5 ¥
RANGE_ERROR, . .
"Trigger Mode Error\n\nThe Mode \
specified is Invalid\n\nValid Modes are SINGLE SWEEP or NORMAL.",

r* 6 */
RANGE_ERROR,
“Slew Rate Error\na\nThe Slew \
rate specified is Invalid\n\nValid Range is 0 to 10000 mV/mS." };



WO 92/ 15959 PCT/ AU92/ 00076
- 17 - 2 A "real time" video, both in PAL or picture form at
t he sane time and waveform di splays in up to 40 wi ndows on one screen
-are avai l abl e. The oscill oscopic displays (one kind of display

met hodol ogy) are able to display sanple rates of the order of 25KHz
or betterwo92/15959 3 Si gnal processing is not corrm'ow%a()m a prose
style (von Neurmran) sequential ly gyntactic "line |language” but by a

si mpl y under st ood and readily used parallel graphic conpiler which is
able to be used by non progranmers. 4 Wavef ornms and
.-graphic arrays i"h pictorial formare readily 10 transorted to existing
-'PC tool s such ag OrtproCessor S Ot eatonNuer S g o g | he" anal ysis
software for reifHt ene?%@ﬁf‘?’é@&ﬁﬂgmbt C. vol atile
storage can .be { o4 LR o M Ra o Ak G Sk v i o (S AR 1 - M i R burce" data
ck into an array for ot her results. Al so

that is to be f
~correlating a orm t enpl a"éf‘ v?f‘f""ér'ed on di sc, agai nst 15 any incom ng

" waveformto achi eve shape det ﬁt gn vai | abl e. (Tenpl ate mat chi ng) .

6 Net wor k compat abi | i ty +WA%% able to have ist various
functions distributed over "i‘”pThat is, storage can be perforned
~at the PCin an office, Fﬁ‘-cfé‘f’%f can be sourced on one PC to be
20 di spl ayed on anot her. AI so't he program and data can be transported over
the network to hlesr Areao \p AREN o |nstr /mant emul ator for

anal ysis. The dgfo ig\ gﬁh%deaf’ ke ®Whd ar'e "bundl ed" .for network
transm ssi on. i preterred form the systemtakes the form
of a signal 2ﬁ.,pmcﬁ.s,smg*.d,ey.r..ca...cmmumm*mmamupwmam\mar e and
sof tware whi ch kS cont a'ﬂ?ﬁ?&ﬂﬁe M PC with data acquisition
anplifiers positioned in oppy nacel | es and processor PCBs and

real tinme vi deo*aaur.l.&*ii*tgmdm..m*m&o"mﬂfm*smmm,husm;rmmdevi ce in one
configurati‘on ceptains an extra 2 ordinary General purpose processors

and a further 2gge@Pal  «puise sheer handleyGLOBAL_VARS  *global)
{

5y

/* preset the global variables static */
global_variables = global;

return( sheet_handler( global, USER_X_SIZE, USER_Y_SIZE,
: NR_REGIONS, &puise_sheet, pulse_sheet_regions ) );

/ _ e E, e 3¢ 3k 25 ok e 2 e e ale ale ke e sic 2k e 2l e 2 e e 3k dle ake 2 ofe 3 ok
* " Check Duration  (0)

* * sl cole sk e oe ek * ook
*/

int checkeduration(int checkpoint)

return( check_rangeu( checkpoint, &pulse_vars.pa.duration,
MAX_UNSIGNED, 1,0));

etc...



30 processors. These conbi ned processors are programmed by the use of a
graphi cal conpiler on the VGA screen in such a way that the PC host
(operating at say three mllion instructions per second) views the

resi dent device subsystem (operating say at fifteen mllion instructions
per second) as an extension of its nenory. Al the other processors al so
35 see tHOIYLFE? as extensions of thejr own nenory. | RETHUSZAMRRGG t he
mul titasking software can manage nul figl e processors with each task on

t he vari ous processors communi cat i ggpeMpitchyst he ot her task(s) and/ or
processor(s) by passing pointers to shared nenory. Thus no speci al
conmuni cat i ons CGranpilevciiements software is required. The graphical conpiler
uhich CONPI | €S 3% R5ibhHR oBaedPhPEampRYP e QombifdPeib s ek 76t atiiRiea! oM

PCT/ AU2/ 00076 PUise eneraor:- | . 18 - al | ows
the rigorous USmeliBlhaiRiee bbb se i 06 858 00+ 50+ Liasiusdsy T 0

simulate real time with all neceggRigin RoReSRHIOVERyf Or med during a
ke bk e Doe sbc )

SI NGl € SANPI € taed Bkttt et e e kb ik YAl po b uhetdiconak adequacy of
‘the progranm ngysystem of 5 the graphic conpiler, the progranm ng
system using | giRfkdd S CQidiomuct ed in such a way that conpiled icons
can thensel ves ghengonposediinis si npl e .icons. This allows nathenatical
construction t gipRRdAPP! &shpiler.H"Wo types of data streans involved
wi th the procesmcige "libfaenof these types of data streans is the
"acqui red dat aggihean’ Féamshe” anal ogue to digital 10 inter-conversion
process and t h@inglber t Ypfisepdnt® "trigger streant. A trigger stream
IS SONME Si gnal e emriesaaav @y Sas R s k0@ @A ick oBHF* BN Ehok ek ok
' * " Local Definitions

*/ ) ) )

void init_trigger_params(PULSE_ICON_PARAM *);

* - |

N i e e s e et I i

HHE Pulse Process '

e s s e

*f K '

#define NR_PULSE_INPUTS 1

ftdefine NR_PULSE_OUTPUTS 1

/* }/O Buffer Lists. */
unsigned int  pulse_input_ids{NR_PULSE_INPUTS]={1};
unsigned nt pulse_output_ids[NR_PULSE_OUTPUTS] = {0};

/* Cell Parameters. */
struct PULSE_struct pulse_param;

/* Processes in this Icon. */

struct proc_type pulse_proc =
{
NULL, /* the next process defined */
PULSE., /* the cell required */
pulse_input_ids, /* array of input buffer numbers */

pulse_output_ids,  /* array of output buffer numbers */
&pulse_param,/* array of the initial values of the cells parameters */



wi th which ot her signals which are desired to be displayed in tine
.relationship, or is created by a timebase established in the array. Mst
often the trigger streamis created by a processing function wherein 15
" processing on one or many channels creates a signal which is intended to
trigger displays, trigger processing such as averagin er, \
storage.whm/osseral it is the conplex trigger capabil ?WAE)]?“;’H?ggsyst em
sinply represented by the graphical- soapiler, which allows the

accunul ati on of paraneters which characterise various wavefornms or epochs

20 of waveforns. his allo thelr sel ection by.-experts tQ,establish an
"exanpl e set". INDUS\1,Y§thﬁ\L ﬁ\l—”ﬁ’ﬁ“(fﬁ varigbles ﬁ)’”hlsctﬁﬁ'ue cost

effectiveness of tHe apparatus of the preferred embodi ment can be
consi dered fro;nthe fol l owi ng. The apparatus can function as any 25 one
of the foll ow f the follow ng devices -
(or multiples LT anged [oge her " into an array. DEVI CE
COST A% ; Hz/ channel)

10, 000 ) anal' yser , max 512 points, 200 anal yses
sec.) 13 30 3 Foygter (0.91% accuracy, 0.01 Hz -
10 WHz) zﬁg‘% 1, 000 Nﬂ: %{ﬁgﬁg Genergtor (Sl ne, square, ranp,
and triangl é vvavefNers 8

5, 000 5 pe- edy)

’ * R ilpB0 hedifida Qx%s

4,000 6 ni t af@d i nputs)

4000 357" Bnanl Ttrngin'él gﬁt&%ﬁgﬂ& SERINPURSAiA

3,500 8 Tﬁhg&{,ﬁ@mm%&lmghg,gl «Monitor (ECG EEG EM5 ERP)

20, 000 unsigned | ein?-bo bh@iBidNREFRIGUER OUaPDTs] L i) a cost of
approxi mately 0, 500, however, fhe retail price of a scientific

i nstrunent emj,l*atorrng e,pamm@m@cc:qrdance with the preferred enbodi ment and
abl e to emul at gkt / truct trig_params;

I* Process Descriptor.  */
struct proc_type trigger_proc =
i

&pulse_proc, -  /* the next process defined */
THRESH, /* the cell id required */
trig_input_ids, [/* array of input buffer numbers */
trig_output_ids, /* array of output buffer numbers */
&trig_params, [* array of the initial values of the cells
" parameters */
0 /* the base xdram address of variables for this
cell */
15
* - . :
R R R R R R R AR R .
#HHH PULSEGEN CONFIGURATION
R AR R R R R R R R
*/

unsigned int *int_interconnect_ids[] =
{ -
&trig_output_ids[0],
&pulse_input_ids{0]
k



WO 92/ 15959

RCT/ AU92/ 00076 functions is in the vicinity of A$15, 000 (assum ng
t he user has an appropri ate personal conputer to both receive the
necessary hardware and- run the necessary software). .
Furthernore, the | arge nunber of parallel inputs in the integrated 5
system'i s ‘Q8¥1598%i ted to the study and-analysis of par BFFAUVEIWE s such

- as ecosystens, biosystens, machine sysjgens, etc. The foregoing
descri bes only one enbodi nent of the present i nventi on and

- nodi fications, obvious to those skilled in the art, can be made

thereto wit hout#ds8sar t i NYREPGIEROMINECIp DD sizesfbinginessronpect ikt i on. 10
COPYRI GHT NOTI CE The program | $izeofHesisnedint W ned i n Appendi ces

-1V are the subject. . ot cqperght owned by the applicant and are not
to be reproduceisigpedany int  *exigiPuhiigsthiut t he express prior witten
authority of the applicant. 15 20 :

&trig_input_ids[0]
K

#define NR_EXT_INPUT_IDS (sizeof(ext_input_ids) /
sizeof(unsigned int *))
unsigned  int *ext_output_ids[] =
{ _
&pulse_output_ids{0]
#define NR_EXT_OUTPUT_IDS (sizeof(ext_output_ids) /
. sizeof(unsigned int *))

r* PULSEGEN Dsp System Configuration.  */
ICON_CONFIG pulse_config =
{ _

2, _ /> nr_processes */
&trigger_proc, /¥  processlist */
0, _ 1 nr_raw *f
NULL, . I* raw list */
0, I* nr_screen */
NULL, /* screen list */
0, i nr_virmal *f
NULL, . /* virtual st */

NR_INTERCONNECT_IDS,/* number of int interconnect ID's.*/

int_interconnect_ids,

NR_EXT_INPUT_IDS, /* number of external input ID's.*/

ext_inplit_ids, .

NR_EXT_OUTPUT_IDS, /* number of external output ID's.*/
* ext_output_ids, '

NULL, /* Overlay Struct */
NULL, /* Icon parameter key */
NULL, I* next_proc */
NULL, /* next_raw *f
NULL, /* next_scrn *f
NULL, ' 1* next_vir */

NULL ); P next_icon */
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/***#t*t**qg**:_* 2 -
* o S Request Block Size
ek b . *»
*/ _
unsigned int  mem_block_size=0;
/ 5 2 e e * sk de ke 2 o ke e e . de sk *
* ~ Pulsegen Descriptor Handler
Neak Nk ] L ] e e afe sle akc sl sie aje 3¢ e 3k 2k 2k
*
void *pulsegen(GLOBAL_VARS *gv, void *mem_block, ICON_PARAM
*ip) .
{
PULSE_ICON_PARAM  *pip;
/* Check for memory block request. */
if (mem_block == NULL)
return(&mem_block_size);

/* Index pulse icon-parameters. */
pip = (PULSE_ICON_PARAM *) &ip[1];
/*!  Setthe pulse state levels.  */
pulse_param.WIDTPU = pip->duration;
pulse_param. HIGHPU = calc_AD_val(pip->on_level);
pulse_param.LOW_PU = calc_AD_val(pip->off_level);
/*Set the Trigger Cell Variables.  */
init_trigger_params(pip);
/* Rewurn Configuration Pointer.  */
return(&pulse_config);
} .
)**lll**#**#**#************ a6 e 3ic e 2e 2 . e e e e ¢ 3fc 3e 3k 3k e 3k
*. Init Trigger Params

e 3 2e ¢ ke e ke 3} 2 e aje 2 e ke 396 2 25 3k e ke 3fe a3k ake e 3k ke ake 3 ake 3k ake 2k 2l ok 3k she 3 3k 3 3k 2k afe e 3 ajc 3 3k o afe afe o 3¢ o
*/

void init_trigger_params(PULSE_ICON_PARAM *pip)
{

/* Transfer the level parameter. */
trig_params.THRETH = calc_AD_val(pip->trigger_level};

Iad Preset trigger width. */



*

APPENDI X | Code for Sheets. The follow ng code is Qsed to

define a sheet in which the user speC|f| es the paraneters for a -

tri ggered pul se generator: AMLAB - Associ ative

Measur enent Labor atory * * PULSE | con Overl ay

Sheet #i ncl ude <stdi o. h> #i ncl ude <stdlib. h>

#incl ude W§t9241ﬁ§9h> #include <dir.h> PETHY (8076
“l'ibrary.h" #i ncl ude "pul segeBsl k" * W ndow

D nensi on Constants *| #defi ne W NDOW W DTH

55 #define W NDOW HEI GHT 21 #define

USER X _SI ZE trig_parampy. NIRRT TH #defi ne USER Y_SI ZE

(W NDOW HEI GHT- 1) /* PULSE Sheet Paraneter

Definition * Tmpsfcr the Slew Parameter. */
. trig_params.SLEWTH = pip->slew;

/* Preset Dead Period.*/
rig_params.DEADTH = 0;

/* Transfer the Trigger Edge Setting. */
if (pip->edge[0] = POSITIVE_EDGE)
wrig_params.POSTTH = FLAG_POS_EDGE;.
else
trig_params.POSTTH = FLAG_NEG_EDGE;

/* Transfer the One Shot Status. ¥/

if (stricmp(pip->trigger_mode, SINGLE_SWEEP_TRIGGER) == 0)
trig_params.ONESTH = FLAG_ONE_SHOT; -

else :

trig_params.ONESTH = FLAG_CONTINUOUS;
} .



typédef struct ({ - | CON_PARAM I p;

sPULSE_| CON_PARAM pa; - } PULSESHEET;
PUL SESHEET pul se_var s= { { | CON_PARAMETER REC,
1, sizeof (PULSE_SHEET), {0}, sizeof (PULSE | CONPARAM)}, - {1000,
MAX_STATE LEVEL, M N_STATE_LEVEL, O, { POSI TI VE_EDGE, 01, O,
NORVAL TR WO 92/ 15959 ;

— . CT/AU92/00076
PCT/ AU92/ 000V°%/159%9 S gy 21 - i 4
PULSE Sheet - W NDOW Definition */ * PULSE
sheet Vari abl es APPENDIX ITI

Cell Code

The following code is used to implement the Pulse Generator on the DSP
chip. It is written in TMS320  assembler code.

*

* , Cell :- PULSE

she ke 30 e sk e 2k b e 3 00 e 3 3 39 3 3 3 30 39 2 290k 3 de e o abe a4 e 2 o 36 2 3k ke e a0 e 2k e ke o 3k 3k e e 24 e 3¢ o ke o 3 20 3k ke 2k ok e ok
. .

* " Synopsis

* This cell generates a pulse once every time a trigger occurs.

* 1t has one input which is a trigger stream.

* It has one output which is the pulse train produced.
*

: The cell has the following functioning :-
read in the trigger buffer
for each point in the buffer:-
if waiting for thc. trigger .t'o go high:-
if trigger ’15 high:-

change state to 1.
reset pulse width counter.

else if trigger is low
change to state 0
if(count>0)

count--;
output = high

else output = low.

-finish the cell

® X X X R XX X X X E X N X X X ¥ X F X X F X ¥

et et el s i e ok el e Ak R e e s ok e e e A ek e ok o ok S
&k

IDT ‘'PULSE'

COPY WHERELIB



».

*/ /* Local string Arrays. */ char tilte[] = "PULSE

*GENERATOR SHEET" ; [* ####### Sheet Title Definition ###H#AH#HEH

*/ TI TLE pul se_sheet _title = {

NULL, -1,

BLACK, WHI TE, tilte,

NULL WO 92/15959 }; PCT/Austrbsg### Sheet

Control Definition #HpHaHsr */ CONTROL pul se_sheet control =
. - 33 ~

NULL, -1,

| WHI TE, GREY, - LQGO,

0,0, * . 0, NULL,

O’ 0’ O_’ O’ * 2e dleale ale ke S dle e dle 3¢ afe ale ke ahe ale sfe 3¢ kc dc ake abe Me 2k 2he 2l 3k de ae e 2k e 2k sl ---ur*v,—u, (Vi ) k . } ,

/* #H##H#H# * Edit Region Structure Definitions. ######## */

int check_dur &ti on$Y$TBEM VARIABLEEDI T_DEFN pul se_duration =
%

a3k 2 0 e 3¢ ke e e e e ke ke ke e s 3 a3k a3k abe e afc e ek e abe s a ae abe abe ke e ok s a3k abe s afc o o e 0 o e ofe ke e 3 il ol s o o o ke ke ke
*

REF RG1  WORKING REGISTERS

REF RG2
REF RG3
REF ONE THE NUMBER ONE
REF BUFSIZ  THE SIZE OF BUFFERS
REF 1 A COMMONLY USED LOOP COUNTER
REF FREESH  THE ALLOC_BASE_PTR
REF ZERO ZERO
* .
3 3 3k sle sie ke ake e ok *
* SYSTEM CALLS
* Mook ’ > > s e e e Hekeok Heke
REF ENDCEL THE END OF THIS CELL
%
i Sic % ol 3 %K k » e oje ac e
%
* LIBRARY ROUTINES
. R
2k ale ke sl e 3¢ 3k a2k ., '_ 2 k **************:&*#*#*****
A%
REF READCH READ IN A CHANNEL
. :
*******ilt********.********I Neaje b 3 ek e ake ok *
x*
* THIS CELLS VARIABLES

* -
32 e e e e e 2k e e b o e de 3 2 3 3 ke abe sk 6 b e e ke b ae e b s 3 ake e ke e e ke sk s 3 s ke ae 3k 3 xe sk o b e e e e ke ke ok ofe sk dbe e e ke
* .

REF TRIGPU INPUT. THE CELLS TRIGGER
*- INPUT.
REF OUTSPU OUTPUT. THE CELLS OUTPUT.
REF BUFFPU TEMP ARRAY. USED TO BUFFER
* POINTS.
‘ REF STATPU STATIC. STATE OF TRIGGER
* DETECTION.

REF WIDTPU PARAM. WIDTH OF PULSE.



UNSI GNEDI NTECER,
0,0, WD 92/ 15959
PCT/ AU92/ 00076

State Duration (Sanples):",
check _durati on,

EDI T_DEFjoRYisee0n_I evel = {
BLACK, WHI TE, | WHI TE, GREY, -

(mv) - ON ",

REF HIGHPU
REF LOWSPU
REF COUNPU

BLACK, VHI TE, | WHI TE, GREY,

- 22 -
&pul se_vars. pa. durati on,

I nt check_on_Il evel (int);
| NTEGER, PCT/AU92/00076 6, 1
0,0, "Pul se State Levels

- 34’_

PARAM. HIGH PULSE LEVEL.
PARAM.LOW PULSELEVEL.
STATIC. THE NUMBER OF POINTS

"Pul se ON

*
E

LEFT IN THE PULSE

sl 2 e 2 e e ake 2 2k b 2 A e a0 3be e 2 k¢ dhe 2 e ke 306 2 e 2k v e 20 e ke abc 20 ske ak s 3 sbe abe e 2k b e 2k abe afe ke abe e e o e ake e e e 30 ke e e e e Kk

*
*
*

S ke e 2k ke agc 3k 2k abe b afe 2kc ale e de 3 2l ke

%

*®

3

CONSTANTS

Seaje sk

26 e je 3ic e e

COPY CASPDEF

sk afic ale 3¢ 2k 3¢ afc 2 2k e 2k

X K X O£ X X X X

e aje e e ¥

PULSE.
INPUTS’
TRIGPU

OUTPUTS
OuUTsPU

ake 2k djc-ake alc 2 2k ok

afe e 3 e 2 e e 3k ale 3k o 3 e e e e ok

e teiehe s btk et o

*

%

DEF PULSE

PULSE
%

E 3
*

%
%k

read in the trigger buffer

LARK ARI1,BUFFPU
LAC TRIGPU
SACL RGI

CALL READCH

for each point in the buffer:-

* for(i=0;1i<buf_size ; i++)

* .

LAR AROBUFSIZ
LARK AR1,BUFFPU
LAC OUTSPU
ADD ONE,|
SACL RGI
SXRAM

LINE UP WITH DATA

RGI1



+

&ul se_vars. pa. on_| evel , check_on_I evel , NULL

}; I nt check off _level (int); EDI T_DEFN puI se off level = {
| NTEGER, 6, BLACK, WHI TE, | WHI TE, GREY,
0,0 "- OFF ", _ &pul se_yars. pa. off _level,
check_off _| evel , NULL };
check tri'gWem®2({16%8| (int): . ED T _DEFN pul se_trigger |Pg;'é4U92/0{1076
| NTEGER, 6, -BI3$\GK WH TE, | WHI TE, GREY,
0, 0, "Trigger Level (nV):
&ul se_vars. pa. trjgger_level,. check_trigger_|Ievel,
NULL PLﬁ.sm " BANZ PULSCI
* .
B ENDCEL
PULSC]
* ) -
* if trigger is high:-
* ~
*
* READ IN THE TRIGGER
*
LARP AR1
LAC *+,0,AR0
BZ ELSE!
*
* if waiting for the trigger to go high:-
* ) .
LAC STATPU
BNZ DOOUT
*
* change state to 1.
* reset pulse width counter,
&
LAC ONE
SACL STATPU
LAC WIDTPU
SACL COUNPU
B DOOUT
%
* else change to state 0
*
ELSE1ZAC
SACL STATPU
* ‘- .
* if(count > Q) .

*

DOCUT LAC COUNPU
"BLEZ ELSE2

count--;
output = high

* ¥ Kk ¥

SUB ONE
SACL COUNPU



-

WO 92/ 15959 PCT/ AU92/ 00076

-*23 - . int check_edge(int); EDI T_DEFN
pul se_trigger _edge = { CHAR,
1, . ' BLACK, WHI TE, | WHI TE, GREY, 0, 0,
"Edge (+,-): ", &pul se_vars. paedge,
checkedge, NULL }; i nt
check_slew(int); EDI T_DEFN pul se_trigger_slew =
UNSI GNED | NTEGER, 5,
BLACK, VHI TE, | o s 0.0, PCT/AU92/00076
- 36 -

WXDRAM. HIGHPU
B PULSF1

*

else output = low.
%*

'NOP
ELSE2WXDRAM LOWSPU
B PULSFI

*

* finish the cell

%

END



"Slew (nv/ nS): ", &pul se_vars. pa. sl ew,

check_sl ew, NULL }; i nt
check_node(int); EDI T_DEFN pul se_trigger_node =

{ CHAR, MAX_TRI G_MODE,

BLACK, WHI TE, | WHI TE, GREY, e 0,0, . : "Mode
(SI NGLE SWRER/1SSRVAL) : ", . ' PCT/AU92/00076

&oul se_vars. pa.trigger_node .- check_node,

NULL . }s AP é* #H##### Sheet Regi on
Def i r_1_i tions. . #H###H#HH */ ENREG ON pul se_sheet _regions[]

— DSP Systeny Code EDI T_CLASS,

The following code implements the system used by the DSP's in an AMLAB
environment:- . -

*

* MODULE:- SYSTEM

*

desk ek * 3l ale 2e 2 2l e aje e 3k of¢ 3k ’ L
* .
* ~ SYNOPSIS

*

* DUE TO THE PERFORMANCE REQUIREMENTS OF THE TMS320 IT
* IS NECESSARY TO IMPLEMENT EACH PROCESSING ELEMENT AS

* A CELL IN A INTERPRETER TYPE SITUATION. AN EXPLAINATION
* OF THIS INTERPRETER FOLLOWS. NO ATTEMPT TO EXPLAIN

“* WHY THINGS ARE DONE THE WAY THEY ARE IS GIVEN HERE AS

* THESE CAN BE FOUND IN THE ACCOMPANYING

* SPECIFICATIONS.

%

* DEFINITION OF TERMS

%*

*CELL | A PROCESSING ELEMENT. THE TOTAL

* - PROCESSING TO BE DONE IS

* BROKEN DOWN INTO MODULES THAT ARE

* EASY TO IMPLEMENT.

¥

* EVENT AN EVENT IS SOMETHING THAT HAPPENS. IT

*

MAYBE INTERNAL TO THE SYSTEM SUCH AS A
BEAT IS PROCESSED TO A CERTAIN LEVEL OR
EXTERNAL SUCH AS AN INTERRUPT. THIS
EXECUTIVE IS AN EVENT DRIVEN ONE, IN
THAT IT IS EVENTS WHICH ULTIMATELY

- DETERMINE WHICH SEQUENCES ARE RUN AND
IN WHAT ORDER.

SEQUENCE A PRE-DETERMINED ORDER IN WHICH CELLS
ARE RUN. ’

ACTIVE THE ACTIVE CELL IS THE CELL CURRENTLY
BEING EXECUTED OR ABOUT TO BE
EXECUTED

O X X X R X K ¥ X K X X X ¥

CCB A CELL CONTROL BLOCK. THIS CONTAINS ALL THE



WD 92/ 15959 _
- 24 - : 4,2,
EDI TCLASS, ‘ 4,
EDI T_CLASS, _ 2
EDI T_CLASS, 4
&pul se_trigger |evel,
12,12, 0, @YO 2/15959

EDI T_CLASS,

&pul se_trigger_slew,

4,17,0,0,

&pul se_trigger edge,
12, 14,0307

BY THE SYSTEM.

£k X X % % |

*

* DESCRIPTION OF THE SYSTEM

*

EDI T_CLASS,

~ EDIT_CLASS,
RELEVARY TRROR M AG96 AMRAPr A CELL NEEDED

PCT/ AU92/ 00076
&pul se_durati on,
&pul se_on_| evel
pul se_of f | evel,

PCT/AU92/00076

ENDSCEL THE ROUTINE WHICH TIDIES UP AFTER A CELL
RELINQUISHES CONTROL, FINDS THE NEXT CELL IN
THE SEQUENCE, AND INSTALLS THAT CELL.

* THE SYSTEM COULD IN BROAD TERMS BE DESCRIBED AS AN
* INTERPRETER. CELL 0 IS THE HIGHEST LEVEL OF PROCESSING

* IN THE SYSTEM. IT DETERMINES WHICH SEQUENCES

* WILL BE RUN BASED ON THE INFORMATION CONTAINED IN THE -
- * STATUS. SEQUENCES IN TURN ARE COMPOSED OF CELLS. CELL

* 0 RUNS A SEQUENCE. THE SYSTEM TAKES THAT SEQUENCE

* AND RUNS EACH CELL IN TURN. INDIVIDUAL CELLS CAN

* CHANGE THE STATUS TO INDICATE TO CELL 0 WHAT IS THE

* RESULTS OF ITS PROCESSING. FURTHER MORE CELLS ARE ABLE

* TO ABORT THE CURRENT SEQUENCE WHICH RETURNS

* CONTROL TO THE CELL 0. CELL 0 IS DIFFERENT TO THE OTHER

* CELLS IN THAT IT ALWAYS SAVES A RETURN ADDRESS BEFORE

* RELINQUISHING CONTROL. THIS IS BECAUSE CELL 0 IS NEVER
* COMPLETED, RELINQUISHING CONTROL FREQUENTLY, AND

* RESTARTING WHERE IT LEFT OFF THIS ALLOWS US TO :
* IMPLEMENT A MACRO LEVEL PROGRAM IN CELL 0, COMPOSED
* OF SEQUENCES WHICH IN TURN ARE COMPOSED OF CELLS.

%*

* SEQUENCES ARE REFERENCED BY THE SEQUENCE REFERENCE
* LIST , WHICH, FOR EASE OF PROGRAMMING EXISTS AT THE

* BOTTOM OF EXTERNAL DATA RAM. EACH MEMBER IN

* THIS LIST POINTS TO A SEQUENCE LIST. EACH SEQUENCE LIST
* MEMBER IS A POINTER TO CELL CONTROL BLOCK. EVERY

* SEQUENCE HAS A SEQUENCE LIST. EACH CONSECUTIVE

* CELL IN A SEQUENCE IS POINTED TO BY A CONSECUTIVE

* MEMBER IN THE SEQUENCE LIST

*

* A CELL IS RESTORED BY LOADING INTERNAL DATA MEMORY

* WITH THE CELLS STATIC VARIABLES. THESE ARE POINTED TO

* BY A MEMBER OF THE CCB. THE CELLS START ADDRESS IS

* ACCESSED BY USING THE CELLID, ANOTHER MEMBER OF THE

* CCB, AS AN OFFSET TO A LOOK UP TABLE STORED IN PROGRAM
* MEMORY CALLED THE CSASB. A CELL IS SAVED BY THE :
* REVERSE PROCESS. THE FINAL ELEMENT OF ACCB IS A

* CONSTANT. A CONSTANT IS A STATIC VARIABLE THAT DOES



LS

#defi ne NRREG ONS (si zeof (pul se_sheet _regions) /

si‘zeof ( SCREEN_REG ON)) [* HUBHHBHH PULSE Sheet W ndow
Definition. ######H# AMN NOWul se_sheet _wi ndowWf] = {
0,0,0,0, (VI RTUAL_MAX X/'2), (VIRTUAL_MAX Y / 2),
W NDOW W DTH, W NDOW HEI GHT, : 0, 0, :
BLACK, WHI TE, WO 92/15959 .NULL, NUL L PCT/AU92/00076
NULL, &oul se_sheet titke3o - - WO 92/ 15959
PCT/ AU92/ 00076 : - 25 -
&pul se_sheet _control, - : 0, NULL

* NOT CHANGE ITS VALUE AND HENCE DOES NOT NEED TO BE

* STORED AWAY.

* .

ke ok ) ek e 3k e 2fe 3kc 3k .n 3le 3¢ e 2l 3je de 3k de vk ale 3k ok ok

%

IDT "'SYSTEM'
. COPY WHERELIB

* .

e e e ke ok 2k i< 2 sfe 3k 3 e ke % e de k¢ } e 3k 2l ke 2k sk ak 3k 3¢ 3 3¢ e ke ofe ok

*

. STATIC VARIABLES USED BY THE SYSTEM

*
e 2 3k 5 e dke e 2k 2k 2 dfe afe 3¢ 3 o 20 3 3 akc 3 2 a2l ¢ o e e o 3k abe 3k e 2e e e ke e 3 she ke 3k abe b ake e abe ke dbe e 3l dfe e 2l ok e ke afe o ke de ke sk
® .

- REF CCBSPT A POINTER TO THE CURRENTLY ACTIVE
* CCB

REF CURSSQ A POINTER TO THE CURRENTLY ACTIVE
* SEQUENCE -
- REF ONE
REF TABLE A POINTER TO THE VARIABLES TABLE
* IN IORAM
REF RGI1,RG2

REF CSAS$B 'I'HE CELL ADDRESS BLOCK

DEF ABORT LET OUTSIDE TASKS KNOW ABOUT THE

* ROUTINES
DEF ABORTI
DEF ENDCEL
DEF RUN
%
o ke ok ake ke e 3 k o e ke o fc 3fe e ke e 3 e e o a2 ke ale ok e ake o ok e o ok o ke ke ook

*  CONSTANTS USED BY THE SYSTEM

%
sl 3 e ok ke ke e 3fe e ke ke . e 2jc o o e e e e e e 2k 2k e s e ke o 2k S 2 2 Hede ke
*

REF CELVAR  THE START OF A CELLS VARIABLES IN
* INTERNAL RAM
REF COCCB THE ADDRESS OF CELLO CCB.

*
ke ke b ke e S 2k ke 3 ok e 2 ¢ 3k e e ke e 26 e e e ahe 3k 2 e 3 3k ok ke ke 3k s ok abe e ke ok ok ok afe o ok 3k ok 3 she e e e ke sk 3¢ 3 e e 3k ke e ake Skl
%

* THE SYSTEM ENTRY POINT. THIS IS ONLY USED ON START
* UP. '



LY

NR_REQ ONS, pul se_sheet _regions

“HHHHHHHY

Error Messages.

pul se_sheet _errors[] ={
"Pul se Duration Error.\n\nThe Pul se \

Duration specified is Invalid.\n\nValid range is from1 to 65535 sanpl es”,
I*  1wo 92715049

RANGE ERROCR,

"ON State Level

/* 2

"OFF State Let¥el

*/

H#tH#HAHE ¥/

Error.\n\nThe ON statg )\
pul se is Invalid.\n\nValid Range is -10000 to 10000

Error.\n\nThe OFF st at e\

| : [ *
ERRORMSG
/* 0 *

RANGE_ERROR,  pcr/ausz/eo076 ' ¢

| evel specified for the
RANGE ERROR,

| evel specified for the

pul se i s | nvaFra* AP RANY S 1S+ GO0 O B+ T OB Ok kskakkkkkenk )/ "

[* 3 */
Level

* RANGE_ERROR,
Error. \ n\ nTHEFr SY§EEM

Range is -10000 t @SEGO00 nV. ",

RANGE_ERRCR,
"specified is

SYSTEM B ABORT!

| evel

"Trigger
specified is Invalid.\n\nVvalid
[* 4 *]

"HEJEMENGRY PRINT he Tri gger Edge \

fnvalid.\n\nvalid Edges are + or -.",

e 2k 3k 2k 3le 2 3k e 2 3¢ 3fc 3¢ 2bc afe 3k afe e ake ale 3k afe e 3k 3¢ 2k ale sl e s e 3k dke e 3k

*®

*

3¢ 3k 3 e afe 3 s ke 3¢ 3k e a3 afe 3 ke a2k e afe s e ale sk b a2k ake ke ok ok

ek Sl 2 3k e 25c e afe e 2k ke e

* SAVE THE ENVIROMENT OF THE CURRENT CELL

*

SAVE RXDRAM
RXDRAM

RG2,CCBSPT
TABLE

&k

RXDRAM RGI

%

RXDRAM RGl1

LAR ARQORGI

LAR' ARI1,CELVAR

SXRAM TABLE
LARP 0O
BANZ SAVELP
*
B SAVRET
*
SAVELP -
LARP 1
WXDRAM  *+,ARO
*
BANZ SAVELP
%
SAVRET
RET

*

READ IN THE CELL ID
READ IN THE CURRENT
CELLS VARIABLE TABLE.
READ IN THE NUMBER OF
INSTALLED VARIABLES
READ IN THE NUMBER OF
STORED VARIABLES

SET UP THE POINTER TO
THE VARIABLES

ARP=0

IF THERE ARE ANY MORE
VARIABLES SAVE THEM

WRITE OUT THE NEXT
VARIABLE
ARE THERE ANY MORE

3 3 3o o 26 e 3 3 3k ke ke e e e e e ke ke e e dbe sk 3 s 3 e e e e ke o ks e ok o e e e b o e af ok e ke s o afe ok e ke ke o e s b ke ke o ke 3

*

* RESTORE THE ENVIROMENT OF THE CURRENT CELL



/* 5‘ */ RANGE_ERROR, "Trigger
Mbde Error.\n\nThe Mbde\ specified is Invalid.\n\nValid Mdes aré
SI NGLE SWEEP or NORMAL. ", /* 6 */

RANGE- ERROR, "Slew Rate Error.\n\nThe Slew \
rate speC|f|ed |s Invalid.\n\nValid Range is 0 to 10000 mv/nSS." };

VO 92/ 159540 92 . PCT/AU92/00076
PCT/ AU92/ 00076 -41- - 26 -
PULSE Sheet Definition */ SHEET
pul se_sheet = ' pul-se_sheet _w ndow,
&pL” S e_var S. | p S e e e ke s e e s ok ks e e e e ok o ek &Ul§9u§mglugu*9£§=
%*
_ RESTOR _
RXDRAM RG2,CCBSPT READ IN THE CELL ID
RXDRAM TABLE READ IN THE CURRENT
* CELLS VARIABLE TABLE
* ADDR.
RXDRAM RGI READ IN THE NUMBER OF
* VARIABLES
*
LAR ARORGI
%¥
TAR ARI1,CELVAR SET UP THE POINTER TO
* THE VARIABLES
SXRAM TABLE . .
LARP 0 ‘ ARP=0 _
BANZ RESTLP IF THERE ARE ANY MORE
* VARIABLES SAVE THEM
B RESRET
,,, )
RESTLP
LARP 1
RXDRAM  *+,AR0 WRITE OUT THE NEXT
* VARIABLE
BANZ RESTLP ARE THERE ANY MQRE?.
E 3
RESRET
_ LACKB C3$ASB FIND THE RETURN
* ADDRESS FROM THE CSASB
ADD RG2 THE CELLSID .
TBLR RG1 READ IN THE RETURN
* ADDRESS
LAC RGI . '
PUSH PUSH IT ONTO THE STACK
RET AND GO THERE



-

/* Local Save Area of d obal Variable Pointer. */

1, -
GLOBAL_VARS *gl obal _vari abl es; * PULSE Sheet
Handl er * */ SHEET -
*pul se_sheet _handl er (GLOBAL_VARS *gl obal ) { /*
preset the global variables static */ gl obal _variables =
gl obal ; return( sheet handl er( gl obal, USER X SI ZE,
USER_Y_SI ZEWO 92/15959 . NRREGONS, &pul se_she®CI7AU2/00076 '
pul se_sheet regions)); *. - 42 - ' Check Duration
(0) */ i nt check_duration(int checkpoint) -
return( check_r aRngaulssGRaGkpe ki SR bl i® Sl il s o wa bbbk bod w@ Ry sk s e

- MAX_UNSI GNED, 1, «0)); etc...

* ABORT THE CURRENTLY ACTIVE SEQUENCE AND RETURN TO
* CELL 0 THIS ROUTINE SHOULD BE BRANCHED TO.

*

*************.#******#**** e 3je ade afe e 2fe e e 3fe e ke e 3k 2k ok af ok o ake sk a3k afe 2 ok she ok ok
*
ABORT .
CALL SAVE SAVE THE ENVIROMENT OF THE
. CURRENTLY ACTIVE CELL.
ABORT]
LACKB COCCB SET THE CCB POINTER TO CELLO
* CCB
SACL CCBSPT :
%*
B RESTOR - ANDRESTORE CELL 0
. o

e o S je e ok alk ke 3¢ ok ke 3k sk ake sle 2 ) 2l 3k 2e 3k e Sfe 2k o e e 2k o 3k

* END THIS CELL AND INSTALL THE NEXT ONE IN THE
* SEQUENCE THIS ROUTINE SHOULD BE BRANCHED TO.
*

ke sk e ke ok e ek e ek ' ok Aok Aok
. .
ENDCEL

CALL SAVE ) SAVE THE ENVIROMENT OF THE .
* LAST CELL .

* FIND THE ADDRESS OF THE NEXT CELL IN THE SEQ.

%*

RXDRAM  CCBSPT,CURSSQ
. .
LAC CURSSQ INCREMENT THE SEQ POINTER
ADD._ONE
SACL CURSSQ

B RESTOR INSTALL THE NEXT CELL



-

WO '92/ 15959 -
- BCT/ AU92/ 00076 | - 27 -

APPENDI X 11 : Conpi | er El enents The follow ng code is an
exanpl e of the conpiler elenment used for a triggered pul se

ener at on: w092/15959 * Pul segepk Iler
%/erl ay */ ‘#i ncl ude - 43<stdi 0. h> p&éﬁﬁ%’?@%
<stdlib. h> #i ncl ude "conpiler.h" #include "library. h"
#i ncl ude "conms86. h" ~ #i ncl ude pulsegen h" *
Local Defi niti ongkssexsss o eyt Rk ok ok

init_trigger_parans(PULSE | CON_PARAM *);
* THIS ROUTINE IS ONLY EVER CALLED BY CELL 0. IT
* STARTS OFF A NEW SEQUENCE.
« _
e e e e e e ke 3 e she 2 she 2k 2 e 2 e 3 e 3c 2K o2k ok » ;*********#****

%

RUI\ RXDRAM CURSSQ RGIRG1 CONTAINS THE SEQUENCE

| NUMBER WHICH IS A
* DIRECT OFFSET TO THE
* | SEQUENCE POINTER.
POP GET THE RETURN ADDRESS
SACL RG2 : :
LACKB  CSASB AND WRITE IT OUT TO THE FIRST
* LOCATION IN THE
TBLWRG2 CSASB
* - .
B ENDCEL AND PERFORM ENDCEL WHICH
* WILL SAVE THE ENVIROMENT OF

* CELL 0 AND THEN INSTALL THE FIRST CELL IN THE SEQUENCE
Bk . ’
Seokooke ke sk ’ ek e o s e o ek *

¥
i

PEND

%*



Pul e Process */ #def i ne NRPULSE | NPUTS

il #defi ne NRPULSE_OUPUTS 1 [* 110
Buf fer Lists. */ unsi gned i nt pul se_i npyt _i ds[ NR_PULSE_| NPUTS]
= (1); ~unsigned int pul se_out put _i ds[ NR: Flmﬂmﬂmﬁm" “TIII 0);
[* Cell Paranmeters. */ struct PULSE struct pul /*
Processes in this Icon. */ struct 4proc_type ﬁhlée prod =
NULL, ClAIMS/* t he next process defined */ PUL SE,

~/* the cell required */ pul se_i nput _i ds, /* array of input

~ buffer nunbers */ 1. A SCW"“ﬂCplﬂ%“'ﬂﬁﬂtpﬂﬁmi , compr 1 shing a§omgE tasmRANS
buf f er nunberﬁn’t‘.iluding memory means &ﬁdﬂas:e]_da&tali%*pr%téﬁbr@f ahhenpuB/duitpdt val ues

of the cells Fﬁ%ﬁ?&“ﬁ sf@na{ module having at least one analogue signal input with

5 digitising means connected thereto and at least one output, a video
display screen and a video display generator connected therewith, a
library program stored in said memory and including a plurality of
instrumentation units each able to be displayed on said screen and each
having a predetermined signal processing function, a set-up program

10 stored in said memory and usable by the operator to interconnect said
instrumentation units to form an array of interconnected instrumentation
units, the output of said array being connected to at least one of said
video display generator, said analogue signal module and said_ memory
means, and a compiler program stored in said memory and executable by one

15 or more of said processors on completion of said set-up program to create
a program to carry out the overall signal processing function determined
both by the nature of said selected instrumentation units and the nature
of said array, whereby'following operation oﬁ said compiler program, an
input signal applied to said input analogue signal module is processed by

20 one or more of said processors in accordance with said overall signal
processing function of said array and the output is generated in real
time and displayed on sald video display screen in real time, and/or
stored in said memory means, and/or output by said analogue signal module
in real time. |

25 2. An emulator as claimed in claim 1 wherein said instrumentation
units are each represented by a corresponding icon which is able to be
displayed on said video display screen during the operation of said
set-up program whereby each desired instrumentation unit can be selected,
located in, and interconnected with other instrumentation units in, said

30 array.

3. An emulator as claimed in claim 1 wherein the or each output
of said analogue signal module 1s available as a real time electric
signal able to operate, or trigger, other items of hardware.

4. An emulator as claimed in claim 3, wherein said analogue

35 signal module has both analogue and digital outputs.

5. An emulator as claimed in claim 4 wherein the data stored in
said memory means is available for .subsequent graphical manipu1at10n
and/or tabulation by said computer means.



VO 92/ 15959 o | T

(|:)>CT/ AU92/ OO?ZGt he base xdram address of vari abI e I"’"HMI”&””H””"

}; /* Tri Lgoer Pr oce%s L
#defi ne NR_ TRI GGER_I NPUTS #defl ne

NR_TRI GGER QJTPUIGS An emulator as ]tlagned in clallm thhtgeqwad Qf?ﬂtogﬁpmput
speC|f|cat|ons

trig_input_i ﬂ@PF\P‘?F&Eﬁ?q PPGFQ} d-'tg(bi)sing means at a predeterpinad SAPHNS | D
speci ficati orete, *dnd the time paried Getdeen sudtéssive pairs of samples is

trig_out put —é\%ﬂM?eTﬂr%%ﬁ%g% gﬂﬁil%ve’raﬂ signal pro{:essin%fxﬁdtg&?r

par aneters.
| * Pr odesUtPRt cprEnspending to the earTtegsample of E"U’ of is3mRieSpr oc =
7&pulss eonpidetion method fohaeneratimy objest abdé itoctinpiément

{
;I'rH:?ES:—|n Ut t e mathezif1cafl@?gﬁ?|6rdc@s§1‘ﬁ9“ﬁﬁ1€ﬂon an el ctrical circult
Lrigout put | é;"ct'onﬁ PP REIRI AR BERSthane dpput g}igw ap output thereof,
said method comprising the steps of representing said function as a
10 sequence of elemental mathematical steps each of which is ftself directly
representable in sald object code, and arranging the object code steps in
sald sequence for Sequential execution commencing with said input(s).

8. A method as claimed in claim 7 wherein a parameter of saild
functional block is able to be specified. _

15 9. A compilation method for generating object code to implement
the mathematical/signal processing function of an electrical circuit
having at least one tnput and at least one output and formed by
interconnection of a plurality of functional blocks each of which has a
mathematical/signal processing function for which an object code has been

20 compiled in accordance with claim 7 or 8, said method comprising the
steps of representing the electrical circuit mathematical/signal
processing function as a sequence of events each of which is
representable in said object code, and arranging said object code events
in said sequence for sequential execution commencing with said input(s).

25 10. A method as claimed in claim 9 wherein said electrical circuit
includes at least one feedback loop in which the output of one of said
functional blocks is connected to form the input of said one, or another
of, said functional blocks , and the initial result of a corresponding
one of said sequence of executable events is utilized in a repeated .

" 30 execution of an earlier executable event to generate a modified result of
said one executable event.

11. A method as claimed in claim 9 or 10 wherein the input of said
electrical circuit comprises an analogue'signal which is sampled at a
predetermined sampling rate, and the time period bétween successive pairs

35 of samples is available for execution of said events to calculate said
output of said circuit corresponding to the earlier sample of saild pair
of samples.



>

&'ri g_parans, /[* array of the initial values OF_?E€~EETT§T____"‘__‘
“paranmeters */ 0 /* the HﬂEmm,m’mmﬂrs of
vari ables for this : - U : _
}; Hitt# PULSEGEN CONFI GURATI ON uhsiYned * int,
*Intinterconnect ids[]= "4%ITig_output ids[OLi '

&ul se_i nput _i ddgo] A scientific instrument for measuringrmhre@uyding electrical

PCT/ AU92/ OQid¥éforms, said instrument comprising a computer having 29central #def i ne

o1 Zeof (unsiARers)Ig vbyh 4RE'creBbronfl, SRR REns, i claneg vitnin,» pesstpo.
said housing including provision for at least one floppy disc nacelle;

5 and a plurality of electrical connectors accommodated in the space
allocated for said one floppy disc nacelle, sald electrical connectors
being connected to said memory means.

13. An instrument as claimed in claim 12, wherein said waveforms
are digitally encoded.

10 14. An instrument as claimed in claim 12, whereih said waveforms
are analogue and an analogue to digital converter means 1s connected
between at least some of said connectors and said memory means.

15. An instfument as claimed in claim 14, and including sampling
means operable at a predetermined rate to sample said waveforms.

15 16. An instrument as claimed in claim 15, and including at least
one processing unit in addition to said central processing unit and
further memory means in addition to said electronic memory means, wherein
all said processing units share:said electronic memory means and said
further memory means.

20 17. An instrument as claimed in claim 16, wherein said sampling
means is connected to said additional processing unit and controlied
thereby to select saild rate.

18. An instrument as claimed in ¢laim 16, including a video
processing circuit connected with said connectors and arranged to receive

25 a video signal thereby, and connected with a visual display unit of said
computer for display thereon of a video image corresponding to said video
signal. '

19. An instrument as claimed in claim 18, wherein said video
processing circuit includes one of 'said additional processing units.

30 20. An instrument as claimed in claim 12, wherein said computer is
a personal computer.

35



& i g_i nput _i ds[ 0] : }: #defi ne

"NR_EXT _| NPUT _| DS (si zeof (ext si nput,.ids) /

si zeof (unsi gned int *)) unsi gned int’  *ext _output_ids[] =

&pul se_out put _i ds[ 0] ; #defi ne

NR_EXT_QUTPUT_I DS  (sizeof (ext_output_ids) / ,

si zeof (unsigned int *)) [* PULSEGEN Dsp System Confi guration.

*/ . | CONCONFI G pul se_config = _ { 2, .
/* nr processes */ ‘&t riggerqproc, /* process |ist */
0, : /* nr_raw - NULL, /*

raw | i st 0, ABSTEACT nr_screen */

NULL, /* screen i st */ _ 0, :

/[* = nr_virtual */ NULL, o virtual |ist
*/ NR | NTERCONNECT I DS,/ * nunber of int interconnect ID s.*/

I nt _interconnect _ids, T T /[ * nunber of
external input 1D s.*/ ext _I nput _I ds,

NR_EXT QUTPUT_IDS, /* nunber of external output ID s.*/

ext _out put _ids, A scientific instrument emulator is disciosed and comprises a

computer (1) including a memory (3) and at least two processors (2,9).
An analogue I/0 module (6) is configured within the computer (1) and
connects via & bus (11) thereby permitting conversion of analogue signals
5 into digital signals for processing by the.processors (9). The module
(6) permits connection to monitoring and/or sampling devices such as
transducers which permit analysis and recording of physical phenomena.
The emulator is programmable via a library of processing functions stored
in the memory (3) to adapt the processors (9) to emulate the operation of
10 a plurality of scientific instruments thereby permitting display of
monitored events on a VDU (10> in real-time and/or storage of data
relating to the events in the memory (3). Data can also be recorded in
analogue'format using one or more tape recoders connhectable to the
module (6)..

Fig. 1



WH‘-’" /* Overlay Struct */ NULL,

/* lcon paraneter key */ NULL, - /*

next _proc */ . . NULL, /* next raw
x| NULL, S A next scrn */

NULL, /* next virt */ NULL );

> next _is4@2/15950/ WO 92/ 15959 PCT/AU92/00076

PCT/ AU92/ 00076 - ' /15 - 30 - v
RO b S b b R S I b I R R S I R b R b S b I R Rk I
*ok kK kX * , - Request Bl ock Size */
unsi gned i nt mem bl ock_size = 0; : *

Pul segen Descri ptor Handl er */ void *pul segen( GLOBAL_VARS

*gv, void *menbl ock. | CON_PARAM *ip)

"

7
{ . /IBM
‘ - PC-AT
ANALOGUE . : ol
5: MODULE 6 ] /
9 9
= Pt
—pcs /4 PCB .P;s /é PjB
D | . C
L'ﬂ"J le"] Lf"J
C ' T
—] “
CPU |MEMORY
2 3
10 F/@ ./
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I?ULSE’_T CON_PARAM *pip; [* Check for nenory bl ock request.

> i f (mem_bl ock = NULL) ret urn( &rem bl ocksi ze);
/* I ndex pul se icon paraneters. - */ pip = (PULSE_I CON_PARAM *)
& p[1]; /* Set the pulse state |evels. */ -
pul se_p PU = pi p->duration; pul se_para
cal c ADa‘(R/'gI )é\%'%-;mn_l evel )+ puI se_param LON PUrpg'Jij}Ag_g'E)}&ﬂ0-"6
cal c_AD val (pi p->off_level); /2/1%et the Trigger Cell Variables.
*/ init_trigger_parans(pip); /* Return Configuration
Pointer. */ _ ret urn(&pul se_comfig); _ * lnit
_Trigger Parans : voi d - .
init_trigger_par. ams(PULSE | CON_PARAM-* pi p) { [* .. Transfer
the 1 evel ar %fr;"m er.] */ trig_parans. THRETH =
cal c_AD va = >t r i pget—teveti -/ * Preset tri r wwdth. */
AV R veve = L. 33 0 ¥
Yo 2 ' ! / 54 £
N ] MPL
> 27 —\RELAY- 2 oo [
2x 31 1 17__
| N ] SAMPLE| _
anazosus 1] [IREAY s Hoo| | p| [
INPUTS - s L%
' 1 7 [—ireLar tworp (15| D
.S/!;;_’LJE RI37
. , 11
AN:_ ;euz ~— ok - DIGITAL CONTROLLER
4/ 2 ADDRESS DECODER &
OUTPUTS
22 __%}.—. Dl : AJD - DJA SEQUENCER
FREQ |23 11 329
COUNTER . COUNTER sl ls:
INPUT 22 Al g
cLocK 7| 18
ouTPUT =l |
124. £ N
8 Brr : f é:
DIGITAL ) o1 IR
INPUT I g DIGITAL CK
25 \wPvr/ e
8 8IT oUTPUT 13 SLX. 3
. DIGITAL “#+3 \ Bus
ovrpur 46 7
SV REF | 4 .
g N—27
SLAVE
SYNCH
Wi
2 | FIG. 2
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WO 92/ 15959

PCT/ AU92/ 00076 ' -31 -
tri_parans. WNSTH = 1; [* Transfer the Slew Paraneter. . */
trig_parans. SLEWH = pi p->sl ew, ' /* Preset Dead Period. */ o
trlg par ans. DEADTH = 0, [* Transfer the Tri Edge Setti ng.
* WO 92/1595¢ pi p- >edge[ 0] = POSI Tl VE_EDGE) T/AUS2/0076
trig_paranms. POSTTH = FLAG POS- EDGE; 3/15 el se
trig_params. POSTTH = FLAG NEG EDGE, / /* Transfer the One Shot
Status. */ T if (stricnp(pip->trigger_node, SINGLE SWEEP TRI GGER) =
0) trig_paranms. ONESTH = FLAG_ONE_SHOT; el se
2o e

1

e

—

_ a \]
é ' L/—ss
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* The.vcel | has the foll ow ng functioni ng * * read i.n

thetrlgger buf fer * for each point in the buffer:-
if waiting for the trigger to go high: - *

* i f trlgger is high:- .
" change state to 1. : reset pul se width
count er . w092/15959* * else if tri gggpr'f“ég R90P76

* change to state 0.  s/5 *. i f(
count > 0) * * count -; *

out put = high X . el se out put = | ow. *
* finish the cell | * * | DT ' PULSE'

COPY VWHERELI B /50

/

VGA CONNECTOR

VGA DATA ﬁ VGA .
8 8ITS DISABLE

Holvo|g
s e I
v |0 e
VIDEO c _c K
GENERATION | |
4
; 50
= > _ /
COMPARATOR —
. : S RAM
4
LINE COU.NT' L0 G_IC
_ ARRAY | .
H \ v
R ] R
A ( A
M 53 S M
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* " REF ENDCEL THE END OF THI S CELL *

LI BRARY RClJTI NES * REF READCH READ I N A CHANNEL
_ : THI' S CELLS VARI ABLES * REF
TRI GPU | NPUT. THE CELLS TRI GGER | NPUT. . ..
REF OQUTSPU QUTPUT. THE CELLS QOUTPUT. REF BUFFPU
TEMP ARRAY.' WRERS1398 BUFFER L 715 PO RTEH/AU92/00076 REF
STATPU STATI C. STATE OF TRI GGER S
DETECTI ON. EFE_\\W DTRLI PARAM-LDTH _OF PULSE.
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WO 927 15959 PCT/ AU92/ 00076

- 34 - REF H GHPU PARAM HI GH PULSE LEVEL.
REF LOWSPU PARAM LOW PULSE LEVEL. REF  COUNPU
STATIC. THE NUMBER OF POINTS . = y LEFT IN THE -~
PULSE 1 o ghsmse CONSTANTS b * - coPY
CASPDEF * -+ *  PULSE. * RGGpAN92/00076
TRI GPU * * QUTPUTS * § QUTSPU §
S S
K N S Q
D D) .9
Q o 0 . W
W X h2] X
3 g & &
Q 2 > S
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/00 My LPF
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e DEF PULSE * PULSE * * read in the

“strigger buffer * . LARK AR1, BUFFPU ' LAC TRI GPU
SACL RGL ' CALL READCH * * for each point in the
buffer:- *for(i = 0; i < buf_size; i++) . ¥ LAR -
ARO, BUFSI Z LARK AR1, BUFFPU LAC QUT ADD
ONE 1 ' WO92/1595NE UP W TH DATA 9/15 SACL RG beE Rz o

N

X
N
q
s
o
t
)
Q
N

BANDPASS FILTER ouTFur (IV/DI)

LOW PASS FILTER ovTPur (1V/]DIV)
HIGH PASS FILTER ouTPur(IV/Div)

v N O W w&»l'*"-NQN‘#"""NQ‘\I‘l'P“NQN‘I
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) 92/15959  PCT/ AU92/ 00076

- 35 - PULSF1 BANZ PUTLSCl * B ENDCEL
PUL SCI * * if trigger is high:- * *
* READ IN THE TRI GGER * LARP ARI LAC -
*+, 0, AROWO 92/15959 BZ  ELSEl * PCT/AU92/00076f Wai ti ng
for the trigger to go high’- 10/15| AC STATPU BNZ DOOQUT
* * change state to 1. *
reset pulse width counter. ' * LAC ONE SACL
STATPU . LAC WDTPU . -
45 .
SHz SINE WAVE 4o |
V) aAY xQ
' 50
/47 : 55 54
/ .
My < C %!93 |
SAMPLING H AT H @
FREQUENCY 7. 58 S
(2oHz) 53 >
. - 60
/43 56 Pi% §7 .@7 .
% J@%— g B D% 5z
0+f voLr - F 59
RAMP- Z20Hz
. FI&. 10
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FIG. 2
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.SACL "COUNPU B DOOUT * *x el se change to
*

State O * ELSE1ZAC SACL STATPU *
if( count > 0) * DOOUT LAC COUNPU BLEZ ELSE2
* count -; * out put = high * -
SUB ONE . SACL COUNPU 11/18 :
WO 92/15959 ) - PCT/AU92/00076

1oms o |

10ms ) DIV

FIG. {f

1] L1 1 i 1 []

+ —ABOVE SIGNAL SAMPLED AT Z0MHz
+ —LINEAR INTERPOLATION OF SIGNAL

4 —3 Hz SINE WAVE
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WO 92/ 15959 PCT/ AU92/ 00076

'-36- - WKDRAM HI GHPU B PUL SFI *
el se output = | ow. NOP ELSEZV\XDRAM LOWSPU
B ' PULSFI * finish the cell END- ..
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,DSP Syst em Code The fol | ow ng code i rrpl errents the system used by

t.he DSP's in an AMLAB envi ronnent : * MODULE: -
SYSTEM * * * . SYNOPSI S *
* DUE TO THE PERFORVMANCE REQUI REMENTS OF THE TMS320 I T * | S -

- NECESSARWOI21sp48L EVENT EACH PROCESSI NG ELEMENT AS peT/Aud/biatd | N A

| NTERPRETER TYPE S| TUATI ON.” AN EXPLAI I\Iﬁl'/l:‘_azlIY * OF TH' S | NTERPRETER
FOLLOWS. NO ATTEMPT TO EXPLAI N THI NGS ARE DONE THE WAY THEY

ARE |'S G VEN HERE AS * THESE CAN BE FOUND I N THE ACCOVPANYI NG

* SPECI FI CATI ONS. * DEFI NLTI ON O: TERMS * CELL

A PROCESSI.NG ELEMENT. THE TOTAL PR@ESSI NG TO BE DONE
'S * o BROKEN DOPWN | NTO MODULES THAT ARE .

EASY TO | MPLEMENT. * * EVENT, AN EVENT | S SOVETHI NG THAT
HAPPENS. |IT * _ MAYBE | NTERNAL TO THE SYSTEM SUCH AS A

* BEAT | S PROCESSED TO A CERTA N LEVEL OR

EXTERNAL SUCH AS AN | NTERRUPT. T| N é\ql EXECUTI VE | S AN
EVENT DRI VEN ONE, IN * ) P :

FIG. /4
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x0T THAT I T I'S EVENTS VWH CH ULTI MATELY *

i'DETERM NE VWH CH SEQUENCES ARE RUN AND * I N WHAT ORDER
* SEQJENCE A PRE- DETERM NED ORDER | N WHI CH CELLS *
* ACTIVE ~ THE ACTIVE CELL IS THE CELL CURRENTLY

ARE RUN.

* : BEI NG EXECUTED OR ABOUT TO BE * EXECUTED

* CCB ~ WAXHSSSYOONTROL BLOOK. THI'S GOMIAINS ALL THE  pcr/aussggeréViO 92/ 15959
. - 38 -

PCT/ AU92/ 00076

RELEVANT | NFQ DH BY |ﬁE‘SYﬂ_IEI\/I
* ENDSCEL THH ARTER A\CELL _ *
RELI NQUI SHES II--I‘Jg\ I N '
o
O
Y
l%
N
n R
'Y o
3 :
N <
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# ' THE SEQUENCE, AND | NSTALLS THAT CELL. * * DESCRI PTI ON
OF THE SYSTEM * * THE SYSTEM COULD | N BROAD TERMS BE DESCRI BED
AS AN * | NTERPRETER. CELL 0 |'S THE HI GHEST LEVEL OF PROCESSI NG

* |N THE SYSTEM | T DETERM NES WH CH SEQUENCES * WLL BE RUN BASED ON
THE | NFORMATI ON CONTAI NED | N THE * STATUS. SEQUENCES | N TURN ARE '
COVPOSED (o aRsbsg- CELL - *0 RUNS A SEQUENCE. THE SQ%@:%T S THAT
SEQUENCE *“AND RUNS EACH CELL | NLSPwRN. | NDI VI DUAL *
CHANGE THE STATUS TO | NDI CATE TO CELL 0 WHAT IS THE. * RESULTS OF I TS
PROCESSI NG, FURTHER[MORE CELLS ARE ABLH *, TO ABORT THE—GURRENT
SEQUENCE WHI CH RETU D

TO THE OTHER

* RELI NQUI SHI NG CONF: LL * COMPLETED,
RELI NQUI SHI NG CONTRG * RE | T LEFT OFF
TH'S ALLOAS US TO A MACRO LEVEL 1IN CELL o,
COMPOSED * OF TURN -ARE ED LS. *
SEQUENCES ARE REFEF REFERENCE T. WH CH FOR
EASE OF PROGRAMM NG S AT THE * BOTTOM OF E DATA RAM EACH
MEMBER IN - * THI u-g; PO NTY TG A SEQUENCE LI EINCH| SHQUENCE LI ST
* MEMBER |'S A PO NTER[TOIGELL EVERY 1] * $EQUENCE HAS A
SEQUENCE LI ST. EACH CPNSHAQUTI VE 1 ina SEQUENCE—ES POl NTED TO BY
A . CONSECUTI VE F UvENBER | N CE LI ST AN * A CELL
| S RESTORED BY LOAD[REEENTERNAL DA ,-9?
= AT M=
}_- . . ——
Lo / .
Pl | e
; | i . i -t
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ac] | X)X
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* WTH THE_ CELLS STATI C VARI ABLES. THESE ARE PO NTED TO * BY AndivBERS
JH THE CCB. THE CELLS START ADDRESS | S * ACCESSED BY USI NG THE

LI D, ANOTHER MEMBER OF THE;, ° * CCB, AS AN OFFSET TO A LOOX UP TABLE
- STORED I N PROGRAM * MEMORY CALLED THE CSASB. A CELL |S SAVED BY THE
* REVERSE PROCESS. THE FI NAL ELEMENT OF A CCB IS A * CONSTANT. A
CONSTANT IS A STATI C VARI ABLE THAT DOES WO 92/ 15959
PCT/ AU92/ 00076 ) /15 39 - * NOT CHANGE | TS
VALUE AND HENCE DOES NOT NEED TO BE * STORED AWAY. *
| DT ' SYSTEM . COPY WHERELI B *

y

7
' . /BM
: . PC-AT
5

ANALOGUE | N
MODULE

resl / |pes /_Pcs AR

/4 2
D (> B A
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x * * STATI C VARI ABLES USED BY THE SYSTEM * - *

REF CCBSPT A PO NTER TO THE CURRENTLY ACTI VE * CcCB
RE- CUR$SQ A PO NTER TO THE CURRENTLY ACTI VE *
SEQUENCE REF ONE REF TABLE A PO NTER TO THE VARLABLES
TABLE * | Nl ORAM REF RGL, R® REF
C$A$B THE CELL ADDRESS BLOCK * DEF ABQ_?_T LET OUTSI DE
- TASKS KNOW ABOUT THE o - ROUTI NES | DEF ABORT1
DEF ENDCEL DEF RUN s * CONSTANTS USED BY
THE SYSTEM * * R4 CELVAR THE START OF A CELLS
VARI ABLES I N * | NTERNAL RAM REF COCCB
THE ADDRESS OF CELLO CCB. *
4x
NALOGUE 33 35
A s/
s . 3
N SAMPLE
S—Z Hﬁmv Shme) T
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* o THE SYSTEM ENTRY PO NT. THIS IS ONLY USED ON START * UP.

WO 92/ 15959 . PCT/ Au92/ 00076
- 540 - * DEF SYSTEM . PSEG SYSTEM B
ABORT1 SYSTEM ENTRY PO NT * * * SAVE THE ENVI ROVENT OF
THE CURRENT .CELL * * SAVE RXDRAM RG&2, CCB$PT READ | N THE
CELL I D
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T Z0 ~ - = = = -
1
]
®
T * 34
hY
/[ .
) 32 - L—SS
r
Fl&. 3
REPLACEMENT SHEET

29 JUL 199




SET UP THE
BANZ

*

READ | N THE NUMBER OF
'RXDRAM  RGL
STORED VARI ABLES

*
ARP = 0

*

LAR AR1, CELVAR
THE VARI ABLES

4/15

| E_THERE ARE ANY MORE
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WO 92/ 15959 PCT/ AU92/ 00076
- 41 - * RESTOR RXDRAM RG2, CCBSPT
CELL ID RXDRAM TABLE READ | N THE CURRENT *
CELLS VAR ABLE TABLE * . ADDR.
RXDRAM RGL READ | N THE NUVBER OF * :
VAR ABLES * LAR ARO, RGL * ~ LAR ARL, CELVAR
SET UP THE PO NTER TO * : THE VARl ABLES
SXRAM TABLE LARP 0 ARP = 0 BANZ
RESTLP | F THERE ARE ANY MORE /15
VARl ABLES SAVE THEM B . RESRET
50
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VGA CONNECTOR /
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* * ABORT THE CURRENTLY ACTI VE SEQUENCE AND RETURN TO * CELL O

THI' S ROUTI NE SHOULD BE BRANCHED TO. * ABORT CALL SAVE
SAVE THE ENVI ROVENT OF THE * : CURRENTLY ACTI VE
CELL. ABCORT1 LACKB COCCB  SET THE CCB PO NTER TO CELLO

* ' CCB SACL CCB$PT . B

RESTOR AND RESTORE CELL O - *  END TH'S CELL AND

| NSTALL THE NEXT ONE I N THE * SEQJE”% THI' S ROUTI NE SHOULD BE BRANCHED
TO * * ENDCEL LL SAVE SAVE THE -

ENVI ROVMENT OF THE : LAST CELL * FIND THE
ADDRESS OF THE NEXT [CELL IN THE SEQ. M CCB$PTCUR$SQ *

@ IKHz

bl 28
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CAC CUR$SQ | NCREMENT THE SEQ PO NTER ADD_ONE SACL

CUR$SQ * B RESTOR | NSTALL THE NEXT CELL *
YO 92/ 15959 PCT/ AU92/ 00076
*  THI'S ROUTINE |'S ONLY EVER CALLED BY CELL 0. IT *
STARTS OFF A NEW SEQUENCE. RUN RXDRAM
CURSSQ RGLRGL CONTAI NS THE SEQJENCE 8/15 * | NUVBER
WHICH IS A DI RECT OFFSET TO THE *
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2 N S
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o 9 v g
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POP GET THE RETURN ADDRESS SACL R&2

LACKB  CSA$B AND WRITE IT QUT TO THE FI RST _ *

L*OCATI ON I N THE TBLWRGX2 C3ASB _ B
ENDCEL AND PERFORM ENDCEL WHI CH - ' - WLL
SAVE THE ENVI ROVENT OF *CELL O AND THEN I NSTALL THE FI RST CELL IN
THE SEQUENCE * * PEND X _

- 44 - CLAI M5 1.. A scientisfisc i nstrument enul ator conprising
conput er means i ncluding nenory nmeans and at |east two processors, an

I nput / out put anal ogue signal nodul e having at | east one anal ogue signal
input wwth 5 digitising nmeans connected thereto and at | east one output, a
vi deo di splay screen and a vi deo di splay generator connected therewth,
a |'ibrary program'stor In sard nmefrdry and incILgrng a pluralfity of

I nstrumentatipn uni{s each|abl e_to be difspl ayed.aon dal toen- arjd each

Vco ourpur (1v/ow )

+ N O N3

il

m

HIGH PASS FILTER ourPur(1v/ow’)

[~LOW PASS FILTER ouTPur (1V]OIV)

—ANALOG INPUT (1V [DIV)

L

lllllllllllllll
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REPLACEMENT SHEET|
29 JUL 99%

LECTR AL



havi ng a predeterm ned signal processing function, a set-up program 10
stored in said nenory and usable by the operator to interconnect said
tnstrunmentation units to forman array of interconnected instrunmentation
units, the output of said array being connected to at |east one of said

vi deo di splay generator, said anal ogue signal nodule and said nenory
means, and a conpiler programstored in said menory and executabl e by one
15 or nore of said-processors on conpj gti on of said set-up programto
Create a programto carry out the overall si gnal processing function

det erm ned both by the nature of said selected instrunentation units and
the nature of said array, whereby follow ng operation of said conpiler
program an nput signal applied to said input anal ogue signal nodule is
processed by one or nore of said processors in accordance with said

overal | signél .BﬁwdﬁeSSWMQET%%Lin on of said array put is
generated i eal I'splayed on said vi deq 7 creen in rea
time, and/ qtofed n dJard nenory neans, and/or ¢ut put i d anal ogue

si gnal nodul inreal tijne. 25 2. An enul alor as cl ai in claim
1 wherein said ijnstrung éﬁ; gtion units are each sepresented by a
corresponding i don wgi'CH ils able to be salisplay¥€d|on said video display

screen duning.tke chi ign of said sft-up pr gr5n1mherebv each desired
i nstrument ati on n Qe seledted, ( Icca_ﬁg‘in and irné§connected

Wi th other inst Eﬂﬁﬂ$ on_uni tigin andT30 Vi N ~  An
emul at or as claﬂ f%ﬂ; |n11 \he ei 4¥ﬂ: or arl but put ;ald

anal ogue S|gnal %gﬁ avail as a reg i trlc ‘glgnal able _ _

t o-operate, - Or-4 ot her-' I e ef—hardya §< ~ 4—" An enul-at or
as claimed in clfaim. et-A—sat-d ana!c“a B5N s gh !P/@adu has bot h
anal ogue and di git outplt§$ 55 &n enul ptfo din claim

4 wherein the datd 2d fi @ TEroTy gl Fs—avai | abf ¢4 or
subsequent graphi d -nlpulat|-¢ tehil ati on by sai d conputer

nmeans. o-7 voLr 59
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- 45 - 6. An emul ator as clainmed in claim1l wherein an anal ogue
input . signal is sanpled by said digitising neans at a predeterm ned
sanpl i ng rate, and the tine period between successive pairs of sanples
i s’ avai l abl e for calculation of said overall signal processing function
5 output corresponding to the earlier sanple of said pair of sanples.
7. A conpil ation nethod for generating object code to inplenent t he
mat hemat i cal / si gnal processing func¥¥n of an electrical circuit
functional block having at |east one input to forman output ihereof,
said nethod cpmprising twe|sfeps of representijng said functfort as a 10
sequence of e|enental nmat\henpdi cal steps each [o§ which is /tsdlf directly
represent abl el §n sai d objle¢t| Sode, and| arrangilng the obje€t cdde steps in
sai d sequence} Wor sequent/i j conmefc]i kg with gaid irfput(s).
8. A nethod asép[ained [ wherein a par f said}] . functiona
bl ock is able|to be spefif 9. ation netfhod for
generating ob t he nptlhemajA cal / si gnal| psacessi ng
function of anh el ect cal havi ng fpt| | edst one input] and at | east
one out put -and for terconnection pff a/plurality of [fupgtional
bl ocks each of mat hemat i cal / s{ dn processi ng flun&¢i on for
whi ch an obj egt conpi l ed i nf gcdordance with cIalhy? or 8,
sai d net hod cp eps of repreggnt\ng the electrjiical circuit
mat hemat i cal / kifgnal pr of g function ap |a sgquence of events each of
which is represent abl e ject code,| arrangi ng qai d object
_code events [ |\in said seqyence for sequenti ion commgncing with
“Isakd input(s)f\~. T T S N S -

DY
o))
>

B

+ — ABOVE SIGNAL SAMPLED AT Z0Hz

+ —LINEAR INTERPOLATION .OF SIGNAL

+ —3 Hz SINE WAVE

8
4
0.
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55 10. A nethod as clainmed in claim9 wherein said electrical

circuit i ncludes at | east one feedback | oop in which the output of one
of said functional blocks is connected to formthe input of said one, or
and the initial result of a

anot her of , said functional blocks ,
correspondi ng one of said sequence of executable events is utilized in a

repeated 30 execution of an earlier executable event to generate a nodified
result of sai d one execut abl e event. 11. A-nmethod as clained in
claim9 or 10 wherein the input of saidns electrical circuit conprises an
~-anal ogue signal which is sanpled at a predeterm ned sanpling rate, and
the tinme period between successive.pairs 35 of sanples is available for
execution of said events to calculate said out put of said circuit

correspondi ng sanpl e sal d paifr Q;‘Sanples
- 46 - : i fic jaStrunment flof 2measul ng and [ecording
el ectrical ild i mtrument conpr{& ng a fonputer| having a
central pr el ectronic ne 'Q nmeans| positiohed within a
housi ng, S di ng provision|fpR at | ejast one {fl oppy disc
nacelle; 5 of \el ectrical copngectors accommod edoin t he
space al | oppy disc hacelle, slaid el edtrisal
connectors * N nmenory ans. 3. An
~instrunment as in shijd wavef dr s dqreW@igitally
encoded. 10 aijrgd in cldim12, vhetEin sai d
wavef or s
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‘are anal ogue and an anal ogue to digital converter neans is connected
bet ween at | east sone of said connectors and said nenory neans.

s15. An instrunment as clainmed in claim14, and including sanpling . nmeans
operable at a predetermned rate to sanple said waveforns. 15 16. An
instrunent as clained in claim15, and including at |east one processing
unit in addition to said central processing unit and further nenory
means in addition to said electronic nenory neans, wherein all said
processing units share said electroqjﬁjnennry means and said further
menory neans. 20 17. An instrunment as clainmed in claim 16, wherein
sai d sanpling nmeans i s connected to said additional processing unit and
control |l ed thereby to select said rate. 18. An instrunent as

clainmed in claim16, includingla video processing circuit connected with
sai d connectors and arranged t¢ receive [25 a video signal thereby, and
connected with a visual display unit of {said conputer for display

t hereon of a video i mage corregspondi ng tlo sai d video si gnal .

19. An instrument as clainmed iph claim 1§, wherepp said video  processing

circuit includes one of said agd(ti I ocesgfng units. 30 20. An

instrument as clainmed in clain 12} er ei n)gai conputerﬁ@; a persona
~

conputer. 35
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