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BEsöK pÃ crmERAL ELEcTRIc cRD

20 - 23 mars 1984

K J Ãströrn och Leif Andersson

SA,MMA}'IFATTNING

Denna rapport redogör för ett besök på General Electrics centrala forsknings-

laboratorium för att ta del av GE:s erfarenheter av våra programpaket Simnon

och ldpac.

INNEH.Ã,LL

1. INLEDNING

2. ERFARENHETER AV SIMNON OCH IDPAC

3. DET FEDERERADE SYSTEMET

4. GE:s CACSD PLANER

5. öVRIGT

6. SLUTSATSER

Appendix A - Agenda

Appendix B - Program för kurser i Datorstödd reglerteknik vid RPI

Appendix C - The federated CACSD system

Appendix D - Syntax för linjärisering av Simnon system

Appendix E - Estimation and filtering charter

Appendix F - Expert system architecture for computer-aided control

system design
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1. lnledning

Den centrala forsknings- och utvecklingsavdelningen (CRD) vid General Electric i

Schenectady förvärvade våra programpaket Simnon och ldpac i kållkod 1981.

Programmen har av CRD anpassats och distribuerats till olika divisioner på GE.

Representanter för GE har också vid olika tillfällen besökt institutionen för att

diskutera paketen och deras användning. lnom GE hade man nu en omfattande

erfarenhet av användning av våra och andras paket för CACSD (Computer Aided

Control System Design). Avsikten med besöket var att göra en samlad genomgång

av erfarenheter med programvaren bl.a. med tanke på det planerade CACE

projektet.

Agendan för vårt besök framgår av Appendix A. I avsnitt 2 ges en

sammanfattande diskussion av GE:s erfarenheter av våra paket. Avsnitt 3

beskriver det s.k. "federated system" som GE har byggt upp kring våra och

andras paket. Några av GE:s framtida planer för CACSD beskrivs i avsnitt 4. Vi

diskuterade också några reglertekniska spörsmål utöver paketen. En

sammanfattande diskussion av detta ges i avsnitt 5. En sammanfattning av

slutsatsen från besöket ges i avsnitt 6. Kopior på stordia och annat material från

olika presentationer ges i Appendices.

2. Erlatenheter av Simnon och ldpac

GE förvärvade programpaketen ldpac och Simnon i källkodsform 1981.

Programmen har inlemmats i ett s.k. "federated system". Där finns också CLADP,

ett paket för flervariabel syntes från England och ett paket för analys och

dimensionering av system på tillståndsform. Det "federerade systemet" var

uppbyggt med hjälp av Intrac med tillägg av några kommandon. Program-

utvecklingen utfördes av den centrala forsknings- och utvecklingsavdelningen

(CRD). Programmen distribuerades sedan ut till de olika operativa avdelningarna

vid GE. Den utvecklingsinsats om gjorts har väsentligen bestått av system-

integration, dokumentation och utbildning. Speciella simnonsystem, fortransystem

och macron hade också tagits fram i samband med spridningen. Programmen

används nu rutinmässigt på den centrala utvecklingsavdelningen och på ca. 10
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andra avdelningar inom GE.

Erfarenheterna från användning av paketen var genomgående goda och positiva.

Sirnnon och ldpac nyttjades i ungefär samma omfattning. Det var också intressant

att notera att det "federerade systemet" baserades på Intrac. Vi fick också det

trevliga beskedet att programvarukvaliteten var avsevärt högre på paketen från

Lund än t.ex. paketen från England. På fötjande sidor ges en sammafattning av

olika tillämpningar och en bedömning av paketen Simnon och ldpac.
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Utbildning

GE har lagt ned möda på att utbilda representanter för olika divisioner ¡

användning av programpaketen. I utbildningsmomenten har man samarbetat med

RPI (Rensselaer Polytechnic Institute). På detta sätt har rnan också på RPI snabbt

fått tillgång titl nya kurser och ny kunskap. I Appendix B ges kursplaner för två

kurser

Computer-Aided System Hodeling and Control

System ldentification and Self-tuning Control

som utvecklats på detta sätt. Vid diskussionen redogjorde vi för de externkurser

som utvecklats vid LTH.

Sammanfattningsvis kunde det konstateras att det tog lång tid och stora resurser

att genomföra utbildningen. Det gäller dels utbildning i reglerteknisk metodik och

dels utbildning i användning av paketen. Användare vill ha mycket av båda. En

bra modell har varit att se till att det på varje avdelning finns åtminstone en

kunnig person som kan sprida kunskapen lokalt.
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Speciella problem

Vi diskutei ade speciella problem med olika personer som anvånt paketen. Bland

sådana specialprobler¡ fanns: simulering av glapp och friktion, organisering av

modellbibliotek.

3. Det Federerade Systemet

Som nämndes i avsnitt 2 har man på GE varit intresserad av att köra flera olika

programpaket i en gemensam rniljö. Till att börja med det engelska paketet CLADP

och våra paket ldpac och Simnon. På GE hade man funnit Intrac vara ett utmärkt

hjälpmedel för att integrera olika programpaket. Intrac kan ju ses som ett

hjälpmedel för att göra en uppsättning Fortran-subrutiner till ett interaktivt

system. Projektet är intressant för det visar att programpaket av olika ursprung

kan fogas samman till en enhet med måttlig ansträngning. En beskrivning av

systemet ges i Appendix C. Programmet fungerar så att paket som ldpac och

Simnon kan köras som tidigare oberoende av varandra men att det också går lätt

att kornmunicera mellan olika paket.

4. GE:s CACSD Planer

Erfarenheterna av datorstödd konstruktion av reglersystem har varit mycket

positiva. Framförallt har man fått en drastisk reduktion av den mantid som gått åt

för att genomföra projekt. Typiska siffror var reduktion i mantid med en faktor

fyra och en motsvarande reduktion i total projekttid. Projekt som tidigare gjorts

på 4 månader kunde nu göras på 1 månad. Dessa siffror stämmer vãl med våra

egna erfarenheter. Man såg därför CACSD som en viktig produktionshöjande

faktor.
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Mindre proiekt

I de framtida planerna för CACSD fanns dels marginella utvidgningar av

existerande paket. I denna kategori finns t.ex. Simnon kommandon för beräkning

av stationära värden och linjärisering. Se Appendix D.

Större proiekt

Bland mer ambitiösa projekt fanns ett projekt för att införa avancerad filtrering

och parameterskattning i Simnon. Detta projekt drevs på ett intressant sätt. Man

hade bildat en grupp av GE-ingenjörer från många olika avdelningar, Re-entry

systems operation, military electronics, corporate research and development,

space systems operation, electronics lab. aerospace electronics and control,

ordnance systems. Denna grupp skulle tjäna som en länk mellan de olika

avdelningarna och som en länk med omvärlden för att diskutera filtrerings-

problem, kanalisera erfarenheter och utveckla projekt av gemensamt intresse för

de olika avdelningarna. Gruppen hade definierat en utvidgning av Simnon för att

lösa och simulera filtrerings- och skattningsproblem. En sammanfattning av

gruppens aktiviteter ges i Appendix E.

Grafik

Man hade också funnit ett stort intresse för att arbeta med grafik.

synpunkter sammanfattas på stordian på nästa sida. Vi diskuterade

konsekvenser av att arbetsstationer blir tillgängliga i större omfattning.

Några

också
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Användning av expertsvstem

Man har experimenterat med att använda expertsystem för dimensionering av

reglersystem. Ett experimentsystem som baserats på GE:s system DELTA

(Diesel-Etectric Locomotive Troubleshooting A,id) hade utvecklats för syntes av

fasavancerande kompenseringsnät. Se appendix F.

En vidare ram

Vi förde också en diskussion som betonade att problemet att dimensionera ett

reglersystem ses i ett vidare sammanhang. Siffror från flera olika projekt visade

att regulatordimensionering ofta utgör mindre än 2Ùo/o av totala projekten.

Modeltbygge och parameterskattning är ofta mer omfattande. Ur denna synpunkt

har vårt CACE-projekt rätt inriktning ty i detta finns det stort utrymme för

modellbygge, identifiering och simulering. Möjlieheterna att integrera

implementeringsdelen diskuterades också. Man skulle t.ex. kunna tänka sig att ha

programmoduler för kodgenerering för specialprocessorer anslutna till syntes-

paketen.

5. övrigt

Flera andra reglertekniska problem diskuterades också. Se Appendix A. Bl.a. gav

jag en översiktlig presentation av forskning och undervisning i reglerteknik vid

LTH. Speciellt presenterade jag våra ideer om CACE projektet. Vi fick också se

flera av laboratorierna, bl.a. ett mycket intressant projekt där en svetsrobot

styrdes med ett bildbaserat system. Bland de frågor som diskuterades märktes

Adaptiv reglering
Automatinstä1 lning
0Iinjära system

Reglerproblem för industrirobotar
Reglering av system med mekaniska resonanser

Skräddarsydda signalprocessorer för reglering

L2



Blandning av reglering och logisk styrning
Rea I t idsprogrammer ing

Integration av bil.dbehandling och reglering

Bland de mer intressanta projekten var en speciell VLSI-krets för reglering och

logisk styrning. Kretsen som kallas CPAC (Concurent Processor Architecture for

Control) har två processorelement, ett som tar hand om reglerfunktioner CPE

(Continuous Processing Element) och ett som tar hand ottr logikstyrning och

sekvensering DPE (Discrete Processing Element).

6. Slutsatser

Besöket var myeket givande. Vi fick en god inbtick i hur man på GE använder

våra prograrnpaket. Vi fick också goda uppslag för fortsatt arbete på kort och

lång sikt. Vi fick också styrkt att våra planer på det nya CACE projektet är

riktiga. Vi kom också överens om att fortsätta vårt samarbete med utbyte av

idéer och erfarenheter. Stordiabilderna på nãsta sidor sammanfattar de områden

där ett fortsatt samarbete bedöms intressant.
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FUTURES

POORLY l.tODEtED PROCESSES

ET-IT]TÀTE "HUT,IAN OPERATOR"

o DISTRIBUTED COI4PUTER CONTROLS

o INTEGRÀTION I{ITH VISION AND COMTROT

o CACSD 4 IUPLEMENTATION

o
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1
2
3

,A,nnendix A

Agenda for Lund Visit

Control Theory Branch Overview (Cassidy)
Lund Overview (Astrom)
Conputer Aided Design for Control
a) GE Experience with CACSD especially l,und packages
b) cE cAcsD

Federated System (discussion and demo) (Spang)
ExPert SYstems (TaYlor)

c) Lund update and discussion (Astrorn)
d) Control Engineer's workbench (Sutherland)

Hierarchical Cont'rol System Emulator
Sequential Translator
Software Engineering Tools

e) Future Directions
ExPert Systems
ImPlementation Tools
2222?2

Discussion on Future of Control. Is Control Dead?
Where is it going? f¡ühat are the issues?

Review of R.obotics Projects (Sweet)
Hardr,¡are Architectures for Control

Concurrent Processor Architecture for Control (CPAC)

Lund Projects
Adaptive Control
Picture Processing
Other

4

5
6

( SPang )

7.
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Appendix B

COÌ.{PUTER-AIDED SYSTET.{ I,TODELING AND CO}TTROL

The course will be directed towards the study of
interactive computer-aided analysis and design algorithns
for dynanic systen modeling and control.!îany practical
aspects of experinentaL data analysis and computer-aided
control system design wilI be discussed.The published literature
rePresenting applications of computer-aided rnodel development
and control in aerospacg and chenical processes wiIl be revier¿ed.
The course will include "hands-on" experience with
the identification software rIDPAC"and the nonlinear si¡nulation
software 'srlt{NoNn developed at Lund rnstitute of Technology
in Sweden.

The course will require a control design project for each participant.
The course description is summerized in the following.
1 Basic Àpproach to Parameter Estirnation

-Least squares algorithm
-General characteristics of estimators
-Mean sguare and minimum variance estimator
-Principle of maximum liketihood

( 3 T{EEKS )

2 Introduction to ldentification of Dynamic Models

-Autoregressive and moving average Mode1s
-MeÈhod of least-squares
-Problem of correlated residuals and biased estimates
-maximum likelihood algorithm

( 2 wEEKs )

3 Principles of IDPAC Software

-Interactive structure of IDPAC
-Review of IDPAC Êommands
-Examples of model identificaÈion with maximum likelihood
-Comparison with least-squares models
-Conputation of systen frequency response
-Autocorrelation function and power spectral density
-Statistical tests of residuals
-Practical aspects of fdentification

3 IfEEKS )

L7



4 Introduction to SI!{NON

5 Review of self-tuning r

Enrol.lment in
and

-Interaction principles
-Discrete and*contiiruous system simulationSi¡nulation of a .orpoi"i control system

egulator

( 2 I{EEKS )

( 3 TÍEEKS )

-Basic structure of self-tuning regulator-llininun variance control
-si¡nulation of setf-tuning control with simnon
6 Cornputer-aided Control Systen Desi gn Applications

-A generarized chemicar processing model for digital control-Experience wirh fruidizãd. bed ;ãã"Ë;;-modering and conrrol-Experimentar resurts in tt¡ã-moããiil;-and contror ofa small furnace
-rmplemenlation of self-tuning controrler for DC drive-case srudies in Airciãri-roàñtiil;;ri;n ( 3 erEEKs )
COREQUISITES

"stochastic Signals and Systems"rsystem 
. 
enalysís tect n iqü'es "or eguivalent backgrou¡id.

18



5'elf- {r^'i1¡.r¡
System fdentification andl r,Á-¡r+{r'a Cont¡ol

Î!¡e course ¡rill be directed to study Èl¡e basic epproaches of
the nodel building and paraneter €sLi.naÈion of dynanic systerns
using experimental data. tlany resul.ts from probability theory
and statistics will. be used to ðevelop t}re b¡sic esti¡ration
algorithms, The published lÍteratu¡e repreaentíng Êtâte-of-tÌ¡e-
¡rt of identification netboôe to practical pnoblems sill be
reviewed.

?he ær¡rse description is ¡¡¡marized in the folloriag:
1. Linear and Nonlinear D¡rnanic t¡ode].E

Fundamentals of the model. building, classification of models
based on linearity of parameters, input-output description,
auto regressive moving average models, state-sPace cannonical
models, Volterra series representation.

2. Least-squares and Normal Theory

Develo¡xnent of least-squares algorithm. Properties of best
linear- unbiased estirnator ¡nd minimr¡¡r variance ¡esti¡nator.

"litrrnerical eolution of noloal equatioas using tl¡e Eousettol'der'transfor¡¡a¿ion,

3. .Ftaximum Likelihood Estimation

4

The Likelihood function and tbe maximun likelihood estirnator.
Properties of the l{L estimator.

Estimation of Linear Dynamic }lodels

Development of the least-squares algorithn.
Cornparison with correl,ation ¡nethods.
Protlem of eorrelated residuals anil biased estimates.
Generalized Ìeast-sguares.
InsÈrurnental variable Det"boô.
prediction error fomulation and ¡axi-nrsr .l,ihelihood estimation.

5. Parameter Estimation with lest Signals

Impulse, Etep and sinusoidal. test inputs.
Pseudorandom binary input aeçJuences.
Time domain design of oplimrmr input signals.

19



C. On-Llne ter Estloetfon
Sccur¡ft¡e lcest-tqurrct.
Îi¡¡e-varyJ.ng Prr.Deters r¡¡d cx¡tot¡cntial rindon-
Àpptication of lalnan filter lcthod.
Àpproxinetc -'axi¡rua llÌelLhood.
Stoch¡stic Àpproxi¡n¡tion ålgorltlu.

7. DesiEn of Aelf-Îr¡¡riaq ßcsul¡tor¡
g¡¡ic ataucturc of tbe 3qt¡[_+¡níçrg Ognrbtar.
üinLsr¡r grriracc æatúof'.
GonvcrgeDce gropertics of the ¡clf-tuai¡g rþorlth.
ßevic¡r of tno¡m r¡rylieagio¡-

8. lfon-linear Syste¡n fdenti fic¡ti.o¡¡

Correlation-Regression method for bili¡lear system identification.
EEti¡nation of Volterra kernels using pseudorandom test 3egueDees-

9. ÀppJication of fdentification l{etþoils

Hodeling and identification of a nuclear reactor.
Experimãnta1 ¡esults in tÌ¡e n¡oôeling ¡nd eontrol of a snall
f¡¡ra¡ce.

G. C. €ooôr¡i¡ anô R. t. Payne, 'Dlrnanic Systen ldentific¡tion:
.rrperiroental Design ¡nd Daia Ánafyaisr' ecaac¡nlc ?rees . l977 -

Library References

1. P. Eykhoff, 'system fðentification, Parameter and SÈ¡te
nstimation', John $iley anô Sons, 1974.

2. R.N. trlehra and D.G. tainiotis, 'system lde¡tification: âdvances
¡nd Cese Studies', Acade¡nic Prcss' 19?6'

3. G. E. P. 3ox lnð G. tt. Je¡rtins, 'line €srics ânalysis: Ibre-
ctÊtitìg at¡d Gontrolr' Ëolden-Day, 8t?6'
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Appendix C

THE FEDERATED CO!.TPUTER-AIDED
.CONTROL DESIGN SYSTEI'i

H. Austin Spangr III
GE Research and Developnent Center

Schenectady, NY I2345

The advent of the nicroprocessor has changed the econornicsof applying modern control tËeory iã-u- variety-õi i'ao"triutp:::::::s_providirg 3t _ opporrunilv for sisniiicãnt-perrormancelmprovements. The challenge is t,he selecËion unã räouction topracrice of rhg.mog! approþriate coniiôr uigõriih*-io, aparticular applicaÈion. A cost effeciive approach to controrsystem design requires computer-aided-à.Àiõñ-lo;i;. withoutthese tools, the cost of eiploring ãitårnaãirr"sr-ãi answering the'rl3r ir". quesrions,. elg señerariñg ãna c"ÀIirõ'rñ; conrrorsoftware becomes prohibitive.
fn this report, the structure and operation of the Federatedconputer-Aided contror Design systeln *irr be discussed. Thesystem is termed oFederatedõ to- indicáie that it consists ofseverar independently developed suu-yÀiems. tied together by aunified dara base. rn this *"nnãir-é;; rakes aaváñÈage ofexisting software. while providinõ-lnã-'ü"er with a unified systemthat spans rhe enrire coitror aeÃiõn-piobremi- *õ¿ãïing, design,sinulat,ion and imprementation. -wñil-"-iuro"roos 

computer_Aidedcontror_Design packages exisÈ trl,-mõsË ur" focused on aparticular aspect of the design iriouiãr. The Federated systern isunique in the way it ties aivãrsä-pãõräg"" together into aunified system.

1.0 Federated Approach

ïn creating a contror system design, the engineer mustconstruca *o9:* I:r_the process to be controrled, analyze theirbehavior, design an approþriate contiol strategy and evaluate itsoverall performance. nveñtualry, tã-rirr impiémenË-trr. design inappropriate hardware such as a iricropiõ""s"or. A briefnon-inclusive. summary of ttr"- ã"äi;;-ã;;""dure and some of thecurrent techniques which might ue-usäã-is 
"tor' in-iîgure t. Thegoal of the Federated systeln to provià" ur engineer wÍth a broadspectrum of alternarive-design 

"þlioãðt.".
The control dgsisn software shown in Table 1 are the initialmajor subsystems within the rederateã--slructure. As indicated inFigure 1, these_subsystems provide ¡nosi of the åesiied designcapabilitv: rDpAc for modei+"g, -cr,eõp 

and ssDp roi-Ànatysis anddesign, and STMNoN for non-tinãär-"i*ofätiorr. rt is expectedthat subsystems for non-linear -aãsigä-ãna adaptive contror wirlbe added. rn addirion, the r"aÀiãIËä ãy"t", incrudes programs ro
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go from one subsystem to another, These include Iinearization of
the SIMNON non-Iinear modelr and generation of pararneter
dependent non-linear control algorithns. Ae will be discussed in
more detail in Section 3, the Federated eystem allowe additional
software to be added on-line. Thusr the user can cuetomize the
system to meet his specialized requirementg wlth, for example,
additional graphic display programs or specialized design
algorithms.

The structure of the Federated System is designed to meet
the following objectives:

Each subsystem can be operated as a stand-alone program.

Subsystens and other programs can be added to the system
easily.

Subsystems or programs can be modified without affecting
other parts of the systen.

I
2

3

4 Federating adds a minímum amount of overhead to each
subsystem.

5. User commands can be addecì easily and are valid for specified
subsystems.

To meet these objectives, the Federated System is organized
in a hierarchical structure of stand-alone subsysterns connected
by a supervisory program. A block diagrarn of the systen is shown
in Figure 2. The supervisor prinarily E¡erves as an operating
systen interface translating user commands int,o the names of
programs that will be run. It also passes initialization and
file information to allow that program to startup correctly.
Once a subsystem is entered, control is not returned to the
supervisor until the user enters a command that is handled by
another subsystem. Thus the federating of the subsystens
generates no overhead except during the transition from one
subsystem to another.

It should be recognized that any subsystem may also be
organized as a series of stand-alone programs connected by a
supervisory program. This approach further enhances the
modularity and maintainability of the system. Both the Cambridge
Linear Analysis and Design Package and the state space Design
Package have been organized in this manner.

2.0 Data Base Management

One of the major problems in tying several subsystems
together is to provide a conmon unified data base which describes
the userts plant and his associated control system. The user
must be able to enter a description of his plant in many vrays,
either from measurement data or linear or non-Iinear models.
Once entered, the user must be able to go from one subsystem to
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another without having to reenter any of the previously entered
or generated information.

Each subsystemrhowever, has its own way of handling the
information it-needs. Since each subsystem has been developed
independently of the others, the way data is handled reflects the
developer t s insight into the problem and tradeoffs determined by
his computer aystem. Generally, this data handling is integral
to the subsystèm. Any atternpt to force a conmon data base
structure wõuld resul:, essentially, in a cornplete rewrite of
that subsystem.

In the Federated Systen, this problern of data exchange is
handled in one of two ways. The first takes advantage of the
similarity of the informãtion and is shown in Figure 3. This
approach is useful in those situations ¡¿here the information
required is the same but the format is different. A common set
of files forms the data base. Each subsystem reads that
information through a set of subroutines forming a tdata base
managerr for that subsystem. These subroutines read the
infoirnation in the standard format and pass it on in the forn
required by that subsystem. Thus the change in the form of the
data base ls invisible to the subsystem. This approach is
particularly useful for those subsystems requiring the same
matrices.

The second approach to data exchange is by direct data
conversion programs. The supervisor calls a conversion Program
before executing the next subsystem. A block diagran of this
approach is sho*n in Figure 4. The conversion process maybe
iãvisible to the user or may interact to determine which files
should be converted. The advantage of this approach is that it
can handle widely diverse forms of information. The interaction
between SII-{NON and the other subsystens is handled in this
manner. For example, a conversion routine generates linear
rnodels from the non-linear nodels. Another takes the feedback
designs from CLADP or SSDP and generates SIMNON code blocks for
non-linear simulation.

A block diagrarn of the necessary data conversions between
the initial subsystems of the Federated system is shown in Figure
5. The straight lines indicate that no conversion is necessary.
The primary conversions are those between SIMNON and the design
subsystems. The rest are basically format changes.

3.0 Qrrnerwi srrr

The supervisor primarily serves as an interface between the
operating system and the user. For each user commandr the
supervisor will pass initiization information and run a sequence
of programs. A more detailed block diagram of the interaction
between the supervisor and a typical subsysten is shown in Figure
6. ãt the time a subsysten is installed in the Federated systemt
the user defines one or more 'known global commands' which are
ueqd to execute that subsystem. The user also indicates other
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subsystems which should recognize or know about these commands.
Thesè command names are stored in the supervisorts "known global
conmand' file as well as information on the sequence of
conversion and subsysten programs to be run to execute that
command. Due to its potentlal slzer the infornation to
initialize these programs is stored in a separate random access
''PASS" file. The supervisor does not directly send the
initialization infor¡nation but rather sends pointers to the
Location of this informat,ion in tbe PASS file.

Each subsystem has its oh'n 'known global command" file
containing the names of the global commands that wÍll be
recognized by that subsyst,en providing an extended set of
commands beyond those nornally recognized by the subsystem. hlhen
the user issues a command string, the known global comnands are
searched first for a possible rnatch so the user has the
capability of redefining any subsystem command by defining a
corresponding global command. When a global command is foundt
control is passed back to the supervisor to initiate the sequence
of programs associated with that command.

3.1 Supervi-sor Commands

To facilitate the installation of user commands and
subsystems, the supervísor provides a set of commands which are
described in this section.

INSTALL {<com¡nand nane)} [(fornal arguernent) I

(del imiter) | (ternination narker) I * { <subsystern) } *

The command name is inserted into the known global command
file for the supervisor. The first subsystem name indicates the
subsystem that handles the comnand. It nust be given. If other
subsystems are specifiedr the name is also inserted in that
subsystemt s known global command file. The supervisor inserts
the subsystem name in its SYSTEM table and creates a known global
command file if the subsystem has previously not been specified.

To maintain on-line self documentation, the .supervisor
returns a "IIELP>" prompt message and waits for input immediately
after the install command Ís entered. The user must supply at
least two non-blank lines. The first is a one line summary of
what the command does. It is typed whenever the HELP command is
given. The second line is the start of a more detailed
discussion which will be typed when the command HELP (command
name) is given. Additional lines of text can be given. The
sequence is terminated if a line is given containing only a [CR].

The install command is followed optionally by one or more
COIÍV, PASS t ot RUN commands. Previously defined user commands or
file names may also be included. If a command is not a
supervisor command or a previously defined user command, the
command is assumed to be a file name for a macro containing
additional commands. The install command sequence is ended by an
END command.
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In a manner siniliar to INTRAC macros, formal arguments canbe specified and used in subsequent comnand lines. when iseuingthe commandr the uE¡er providee values which are substituted forthe fornal arguments $rherever they occur.

The install command can also be used to add a previously
defined command to a subsystem. rn this case the iñsta1l coinnandconsists of the single command rine and is not fortowed by the
end command. An attempt to instarl a previous command in-a
subsysten which already knows about that command result,s in angrlgr message. _ Following an install command for a previously
defined command with additional information also results in ãnerror.

END

rndicates the end of an install sequence. rt implies that
the supervisor will return to the previous command sequence orpronpts the user for more comnands.

If the user issues the end command, control returns to the
supervisor which will abort all previous command sequences and
prompt the user for more comnands.

COI{V {<f ilenane)} {AsKlosrl<f itena¡ne)}
{ASKlOgrl(filename)}

{(to subsystem)}

converts data files from one subsystem to another. The
conversion program given by the first filenane is run. The
supervisor passes to that progran the remaining arguements.
These define what input/output files should be-used:

ASK - Conversion program should ask the
name.

DEF - Conversion program uses a default
define the file names.

filename - conversion program uses this
input or output files. This name
formal parameters included in the
definition.

user for the file
convention to

name for the
maybe one of t,he
command

PASS {(string> I (filenane>} *

The PASS command provides a means of conveying informationto a program. _The given string or filename is þassed to theprogram defined by the subsequent COtiIV or RUN cómmand. pass
commands defined prior to the coM/ command are sent to theconversion program. Those defined after the colw command aresent to the program defined by the RUN command. If more than one
PAss command is given, the strings are passed in the orderdefined. strings can consist of any atþha-numeric Ascrrcharacters except commas. Formal pãrameters are replaced bytheir values, provided the parametèrs are separated-from th-e restof the string by commas. othen¡ise the supeivisor does notinterpret these strings. The format and ¡neaning of the data
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depends on the subsYstem.

RUN {<filename)i

DefÍnes the prograÍì to be run in order to execute the
command. If more than one run command is presentr the programs
are executed in the order given.

(filename) [paraneters I delimiters] *

If the filename is not a supervisor or previously defined
user command, the supervisor will read the next commands from the
specified file. FuIl INTRAC macro capability is available.

REMOVE {<command hane)} [subsysten] *

The command name and its associated data structure is
removed for¡n the supervisor known global command file. The name
is also removed fron all subsystem known global command files and
the help file. If a subsystem name is given, the command name is
removed from that subsystemr s known global command fi1e. In this
case, the associated data structure and help file information is
not removed until the command is removed fro¡n the supervisor
known global command file.
LIST [ef,f, l fuf,f, l <subsystem name>] *

List the commands in the supervisor known command file. If
a subsystem name is given, it lists the names in that subsystemrs
known gtoUat command file. If the option AtL is givenr all of
the supervisor and subsystem commands are listed. The option
FULL is used to list, the associated data structure of each of the
supervisor known commands.

EELP [(command name)]

Lists the help information associated with that command. If.
a command name is not given, all of the commands in the
supervisor known global comrnand file and a one line summary of
each command is listed.
DEV {rrv lPRr lsHor{}

Changes the device used by the help and list commands:

TTY - Ouput goes to the users terminal. (default)
PRI Output goes to the printer fiLe-
SHOW - Prints at the userts terminal the current, device.
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DEFAULT {<varaible)=}* (argument)

The indicated assignment is ¡nade only if
is nunassigned' through a formal parameter or
statement.

the naned variable
previous assignment

3.2 S¡¡Be¡:¿iS-AJt DatA Structure

The data structure used in the supervisor is shown in Figure
7. The known global command table hotds the names of all the
commands known to the Federated system. Corresponding to each
entry in the known gtobal command table are three other entries:
a su-bsystem designation word, a pointer to the start of that
commanäts Install Sequence Table entry, and the number of entries
in the sequence table associated with this command. The
subsystern-designation word contains a bÍt for each subsysten
whicñ has this command in its own Knonn Global Command tab1e.
The name of the subsystem corresponding to each bit is kept in
the SySTE!1 table. This designation word is used by the REI{OVEI
HELP, and LIST commands.

The rnstall sequence Table contains an integer enfry
corresponding to eadh command line rnaking up the definition of
the usèr command as given in the INSTALL command. The integer
entry is used to branch to the supervisor code to perform that
supeivisor command line. For each entlyr there is also an entry
in the file table. The entry in the file table contains the name
of the macro file to be read or the name of the file containing
the executable code for the RUN and COIW commands.

Due to its potential size, the infor¡¡ation contained in the
PASS command string'is kept in a random access file. The entry
in the file table is a pointer to the information on t,his random
access fite. These pointers are sent to the subsysten executing
the RUN or coNV command. The subsystem reads the random access
file to obtain the passed infor¡nation. If the entry in the file
table is a file name, the name is passed to the subsystem
indicating a separate Pass file.
4.0 Subsystem rnterface

The subsystem interface to the federated system consists of
two subroutinés: an initialization subroutine and a command
search subroutine. These are linked through a common area
containing that subsystemts known 91oba1 commands. The
initializãtion subroutine is called i¡nmediately after the
subsystem is initiated. It first reads the supervisor mailbox.
If tñere is no message, the subroutine assumes that the subsystem
as been started stand-alone and sets a flag to avoid searching
the known global commands. If a message is receivedr the-
subroutine-reads in the known global commands for that subsystem
and tlie PASS file information. It then initials the subsystem
based on the Passed information.
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The command search subroutine searche
command table each tine a user com¡nand is
command is found in the known com¡nand tabl
returns control to the supervisor by sendi

s the known global
given. If the given
e, the subrout,ine
ng the user cornmand
terminating execution
le that the global
terpretation. This
equences some of which

st,ring through the supervisor ¡nailbox and
of the subsystem. It is generally desirab
search be done before the local command in
allows the user to custorn design command s
may have the same names as a local command.

5,0 Overview g¡f Operation

In this section, a summary of how the Federated Systen
operates is given. To use the Federated system, the user first
runs the supervisor. The supervisor initializes its known global
command table and associated data tables from it known global
command file. A mailbox with a name known to all subsystens is
also created. It then sends a prornpt to the users ter¡ninaI. The
user is now able to issue any supervisor command or any
previously defined user command. Assume that a user command is
issued. The supervisor locates the command in its known global
command table. Using the associated pointer and number of
entries, the entry in the Install Sequence Table is located. For
each ent,ry in the Install Sequence Table, the supervisor branches
to code to execute that, command. A summary follows:

PASS - Supervisor writes the pass file pointer to the
nailbox.

CO[{V - Supervisor writes the convert arguments to the
nailbox and runs the progra¡n designated by the
f ilename.

RUN - Supervisor runs the progra¡n designated by the
f ilename.

When the supervisor initiates a program, it goes to I sleep'
waiting for a message to be written to the mailbox.

lithen the subsystem is initiated, the initialization
subroutine is called. This subroutine first attempts to read the
supervisor mailbox. If there is no message for this subsystem, a
flag to prevent global command searching is set and the
subroutine returns to the maín part of the subsystem. If a
message exists, the subroutine reads the pass file using the
pointers sent through the mailbox. This information is then used
to initialize the subsystem. The format of the information in
t,he pass file and its effect depend courpletely on the subsystem.
The initialization subroutine also reads that subsystemr s known
global command file. !Íhen a user command is found in the known
global command table, the command search routine writes the
command string to the supervisor mailbox and exits the subsystem.

The writing of the nessage in the nailbox by the subsystem,
causes the supervísor to be reactivated. If the user command
string indicates a Lerrnination of the subsystem with the commands
EXIT, STOP or FED, the supervisôr continues the execution the
current command sequence. If the command END is given, the
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suPervisor aborts the current and aII previous command sequences.If a user command is given, the supervisor executes that ðomnand-before continuing with the previous sequence. At the ena or ãny
command sequence the-supervisor returns to the previous sequenceor prompts the user for more commandg.

6.0 Conclusion

The Federated Computer-Aided Control Design System providesa means.of providing a broad range of deeign téchniques. The
system is a loosely coupled set of programs with a ünified database. The basic modularity enhances tñe ¡naintainablity andexpandability of the systen. A happy result is that tñe user candefine on-line new commands custoniãéd to his apprication.
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Append.ix D

SIMN0N COÀ{I,,{AÌ,¡D SY,\TAX D. KASSOVER 3 JAi.¡ I983

Below is a table contalning the syntax for the new comr¡ands recently
edded to the SIM¡{ON prograin.

S.YS IN [ <VAR IABLE> .. . I-ADD] ]
SYSOUT T<VARIABLE>. .. T.AD)]1
SYSSTATE t<VARIABI.E>. .. t-ADD ]]

SYSlr,l specifies input variabLes to be consÍdered when finJirrg
equi J.ibrium or I inearizing

SYSOUT specifies output variables to be considered when rinding
equi I ibr j.urn or L inearizing

SYSS'|ATE specifies state variables to be considered when fin.Jing
equilibrium or linearizin<¡

If a system name is specifieC (e.q. tliREACl) then all of the
apprcpriate variables associated with that system are included.
if -ADD is specified' the specified variab¡Le(s) are appended
to the Iist of variables specified by previous comilands, if any,
otherwise, the list is reset befcre adCing the specifiecl vsriaole(s)
to the list.
If no variabLe or sy.stem is specified, then the list ls reset' wlth
no entries.
If no SYSSTATE comnand is specified, then the
invoked, will use ALL of the states in ALL of

Examples:

LINEAR commancj, when
the systems.

SYSIN UITSYSI] the input list is reset, and the variable
Ul associated with system SYSI is entered
on' i.t.

SYSi.'¡ TSYSI] the input list ls reset, and all the input
variables associated with system SYSI are
enterecl on it.

JYSiN U3tSYS2] -ADD the variable UJ associated with
is entered on the input list

system SYS2

Requests that an equilibrium point be calculated. The inputs
specified iry the previous sysin command are ilisconnected fron
the ir drivi ng functions. Equil ibriurn is caLcul. ated at time f'
or at tlrne 0. if T is not specifle,l

EOUIL IT]

Exanc le s:

EOU IL

EOUIL 1.234

DEL <VÂRIABLE>: (<I.¡.JMBER>: <VARIABLE>)

Calculate an equi librir.¡nr poi.nt at time = O.

CalcuLate an equiJ.ibrit¡¡n point at time = 1.234.
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sets the delta to be usecr by the rinearization process for thevariable specifieci. If a variabLe is specifiecr as tsyirEMl. tnenaLl' the variabi'es associaterl wlth that system wilL have t,heir deltasset to the vaLue specifiecj. During Lineãrization, lf the deltahas not been set explÍcitly, a defáult is "rrù"ãc.
Ëxamples:

DEL XltSYSll:.34 the delta associated with variable Xl in
systern SySl is set to .34

DEL [SYS2l:.O2 the deltas for alI variables associated with
system SYS2 are set to .O2

DEL x5tsYS3l:ul tsYSl l the deLta for variable x5 in system sys3 i.sset to the cu rrent va.L..¡e of thó variabl. eUl in system SySl

LINEAR <FILE.\¡A¡,1E> T-{AUTO,MAN) ]

DI SP

ExampIe-s:

DISP XITSYS I]

DISP tSYS I]

DISP AECD

DISP EOUI

DISP LËRR

dfspl.ays variable Xl associated with
system SYSI

dis¡>Iays alL variables asscciated wlth
system SYSI

Requests that the current system as de¡ined by the sysl¡,,r, sysoljT,and SYSSTATE conrnands be linearized. l- ILENA),{Ê is the name of af ile into vrhich the results_are placecr . if it i; not speðifi".l ,it is prompted for. If -AUT0 is speciried, or nr optioir isspecifiec' the deltas are a.ljusted to minimize truncation orroun<ioff error in the Iir'¡earization calcuLation. t; -u¡t¡ ilspecifiec, the <Jeltas are usecJ exactly as founc in the table.sYSI¡¡ ancl sYSour are required to have been invoked prevÍously.If SYSSTATE has not been invoked, then the linearization wiliinvoLve ALL cf the states in ALL of the systems.-

I<DEVICE SPEC> ] (<VARIABLE>. .. : ABCDi EOUI !LERR)

displays, on the device chosen by <DEVICE SPEC>, either thespeci.fiecl variables, the current LinearÍzation resuJ.ts,the current equÍlibriurn cc¡nditlons, or the current Iinearlzationerrors. If <VARIA3LE> fs specified as Isystem], then alLvariaoLes associated with that system are dispLayerl.
<DEVIcE SPEc> is one of the currently supporteJ iIt¡rlrl¡¡ devices.

tsf

L.

1

clis¡.llays the current contents cf the A, B.C. D matrices ( linearizeC system)

displays the current equi Iibrium conditions
,cisplays the current linearizatlon s¡¡e¡5(that is, the c{ifference between the slopeor the function at +/- deLta and +/- 2*deLta
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Appendlx E

ËSTIMATION AND FILTERING PANEL CHARTER

. FILTERING AND PREDICTION

- REAL TIME DATA PROCESSING

. SMOOTHING

POST EXPERIMENT/FLIGHT DATA PROCESSING

IDENTIFICATION

- STATE AND PARAMETER

APPLICATIONS

. TRACKING

. NAVIGATION

. ATTITUDE DETERMINATION

. SENS0R CALIBRATI0N

. PARAMETER ESTIMATION AND IDENTIFICATION

. PRE EXPERIMENT/FLIGHT PLANNING

r P0ST EXPERIMENT/FLIGHT ANALYSIS

. FAULT DETECTION

I t'IAINTENANCE ASSESSMENT

o ADAPTIVE BEAMFORMING

I IMAGE ENHANCEMENT

4L



I}ITERACTIVE TALilAII FILTER âIIâLYSIS AIID DESICII PñCXAGE

ÍIBJECTIVT(PHASTI):

DEVILOP BASIC CAPABILITIIS Ttl AI{ALYsIS, I}ESIG}I

A}II} SIITULATE EXTTNDTD-KAL}IAN FILÏERs

APPRÍIACH :

- UsE INTIRACTIVE CAPABILITY {]F SIIII{ÍIN

- UsE BIIR}IAN ESTIIIAÏIf}I{ SUBRÍIUTIHE LIBRARY

È
I\)



I II{¡DËL DEFIIIITIÍIII ôIID IIIITIâIIZâTIITI

- col¡Tllru0us TIilE ltftilLllrEâR SySTEll

- DISCNTTE I{OI{.II{TAR IIEASUNEilE}ITS

+

Y (tr ) b ( x(tr),t¡) + Y(tr) t 7¡Lo

I
å* ¡*' f Cx(t),t) G ç{) l^j (t)

IilITIAL C(IHDITIfl}IS x (t") P C"t -|.r")
,

N0I5E STATISTICS P (t I R(r)
t

- UsE SIItilflN LAilGUAGT T{l DTFIHT STSTTII }IflDEL

È(,
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LIISâR TIIU-IIIUâRIâIIT DYIIfrIIC IIODEL

d

I(trl = c, x(tu)

A x(t) *- r-^.

E

tt )xcr) ß

+

+ D Wttl
cJb

+ Y ttr. )

STPARATE SET f¡F I}IPUÏ HÍII}ULTS

RTAD ITTAURT}III¡Ts FRÍ}II DATA FILT



2

3

I
5

6

7

t

NASICCAPA8ILITIES 3 (PHåSEI }

1 IIIII}EL DTFI}IITIÍIII A}ID IIIITIALIZATIOI{

LINEARIZATIflI{

Cfl}ITI}¡UflUS TO DISCRTTE TRAilSFtlRIIATIflH

IIEASURE}IIHT UPI}ATT ALGÍ}RITHH

TIIIE UPI}ATT ALGIIRITHII

ÍIPTII{AL UPI}ATE AI'II} CÍIVARIAI{CE CIIIIPUTATIflH

FREOUTNCY RESP(IHST {]F THT KALIIA}I FILTER

È
UI



USE SIIIIIO}I CAPåEILITIES FÍIR

}IÍIII UHTFÍIRII SAIIPLIHG flF ;ITASUREIIEIITS

I}IFFERTNT START TII.IES AI{D I}URATIIII{ FOR EâCH SE}¡SflR

SCALIilG tlF IIEASURTIIEI{Ts A}ID ÍIUTPUTS

RTSTT f}F FILTTR DURIilG RUII TIIIT

PRIHTING AI{D PL(ITTII{G flF KEY STATES AilD }IATRICES

Èol
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2, LI}IEffiIZATIOil

- fl}I LII{E LII¡EARIZATIÍIII flF }IO}¡LII{EAR IIÍIDEL âEOUT

CURRTilT STATE ESTI}IATE

- USTR DTFINID PARTIAL DTRIVATIVTS ( JACÍIBIA}¡ IIATRICIS )

ANALYTICAL FÍ}RIIULA

I{UIITRICAL VALUT5

È\¡



3. CO}ITI}IUOUS TO DISCRETE TRA}ISFORIIâTIO}I

. UsE SÍIFTHART FRflII 55DP FtlR LII{EAR TIIIE-IilI,ARIâiIT IIODEL

- ilET SÍIFTIIART FflR LIilTAR TIITI-VARYIilG DYI{AIIIC SYSTEIi

AND CIIVARIAIICT IIATRICTS

1 IITASURTI{TNT AI{D TIIII UPI}ATI ALG(]RITHII

- U D FACTÍ}RIZATI(Iil

- USE BITRIIA}I'S ESÏIIIAÏIÍIII SUBRIIUTII{I LIBRARY

Èo
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6. ÍIPTIIIâL ESTIIIâTE AIID CIIVâRIâilCE CfI}PUTâTIfilI

(UsE SPECIAL STRUCTURE OF KALIIAN EOUâTIO}IS}

- U D FACTÍIRS Ttl C(IIIPUTE fIPTII{AL GAINS

- SHUR'S IITTHÍID Tfl CÍIIIPUTE STTADY STATE CâIIIS

- USER SUPPLIED GAI}IS FflR SU8 ÍIPTI}IAL FILTER I}ESIGII

7 FRTOUT}ICY RESPII}IST flF KALIIAI{ FILTER

INÏTRFACE IIITH CLADP T(l GTilERATE ABCD }IÍIIIEL flF

KALIIA}I FILÏTR AT GIVE}I ÏIIIE

- I}ETIR}II{E FILÏTR BA}IDUII}TH

È
ro



lfiÊ.Â E*r-"tion S,,uroutine Lror'r,
Drectory Summary'

U-D Krlm¡n Filter Belrted Sub¡outioes

colored noise gmoothing subroutines
cov¡riance/tl- D cooversions
dirgonalnt jrret conrersions
K-a i¡noretions tæt
nrpping of U array vi[h oovarisnce output
gmoolher gein relaled eguation eolyers, P*Y = V
reul-l U-D modification
PHITU subroutines
U-D m¿hi¡ o decomposilion
colored x¡iee time update of U array
U-D fator tneesurement updales
compuües o's from U-D f¡cüors
Generali¡ed Gram-Schmid[ time propagation

SRIF IêrBt Seurree Rel¡ted Subrouliues

cNs/cNSx
cov2uD^rD2cov
mvNzD
nnrÏsT
MAPU
PiNVB/PTNVEK
RANKl/RNKl
sF u /sI'PHru /?Hru /T"FIIU
SCDCMP
UCOL
ucoN^rDoPT^TMEAS
U2SIG
wcsc

covzRr/RI2CÐV
INF2R
RA
RCOLRD/TRCOL
RTNCON^tTIr.W^TTIROW
RiNZ
Ri¿RU/RU2RL
RTMSX
sINtst
THHCTI'DHHT/TTHH

c2c
covcoR
HHPOST
MNPRNTTfRIMAT
PERMUT
R2A
RUDR
TZERO
WXY2U

oov¡riaucelSRlF Brrsy c'onversions
Informafion m¡ùri¡ to SzuF ¡rr¡)¡ conversion
RtÀ SRIF deLerminbùic rnap
SRIF colored noise time updating
upper lriangular m¡tri¡ inversioûs
eqrntion solver R*Y = Z
oopt ¡n upper triangular suberrey
evslr¡ele RfX
SRIF K-a innovaLions !es!
Hq¡seholder ma[rir triangulari¡aLion

Miacell¡neous fG€oe¡¡l Purpæeì Subroutines

reonder rous ¡nd columns of cov¡riance matrir
com¡xrte conelstion mgkix from the covariance
Hougeholder covariance square-root ùriangulari¡ation
M¡ki¡ prioting roulioes
reorder cdumns of r reclanguler ms[rir
reorder c,'olurnns of e triangular matrir
R !o U-D snd U-D to R conversion
Triragular matri¡ rov reroing
cophs h¡XY rnaki¡ into corresponding WXY
loc¡tions.

r rs of 3/01/ô2
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Appendlx F

EXPERT SYSTEM ARCH I TECTURE FOR

COMPUTER-AIDED CONTROL SYSTEM DES IGN

DR. JR¡¡es H. Tayron
Co¡¡rRol TEcHruor-oGY BRANcH

Pnor. DEAN K. FRTOERICT
DEpRntuErut oF ElecrnrcAL,

CoplpuTER, AND Svsreus Erua I NEER I NG
RrrussEt-RER PolyrEcHN I c l¡rsr trurE

EIEcTR I cAL, CoMPUTER, a SvsreMs DePRRTI¡E¡¡r Seu I NAR

23 FEenunnv 1984

cAcsD-l I l-1

51



OVERV I EW

* 
I NTRODUCT ION AI{D MOT I VAT ION

* EXPERT SYSTEMS CONCEPTS FOR THIRD-GENERATION CACSD

* EXPERT SYSTEMS OVERVIEhJ (DKF)

* SESSION ILLUSTRATION (DKF)

* STATUS, g[JltrlgApy, Al,lD C0NCLUSIONS

cAcsD- I 1 t-2
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INTRODUCTION s MOTIVATION

r CACSD IS A VERY BROAD PROBLEM:

TOf,LIHEAR
HODET

HPUl/OUTPUT
0tTt

PLAXT/SrITEil
NEtPOTTE

P[rÀltT/SYSTEt
BEHTUIOi

GIIARACTERIZATIOT

. , . ADD Rl60R0us VALTDATI0N At\¡D IMPLEI'ENTATION At¡D , . r

cAcsD-t I ¡-3

t

TOFTWA

þEtn-
HGANOil

t0DE¡.tilÊ
LtfEu

0uAsr-
üNEAR-

¡ZER

E0ultr-
¡hun
SOLUER

PLAXT/ST8ÏET
TODET OATT IAtE:

x0xLnEAl"
Llil[An,

0uAsruxt¡R

ux
¡ZER

rxttr$t

tuLtTo

UTETR DESI8H
lGLtDP, EtoPt

GO]ITROttER
DTEITT
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I I NTRODUCT I ON e MOT I VAT I ON ( CONT 
,D 

)

* SEC0ND-GENERATI0N CACSD SoFTWARE ¡S PoI{ERFUL BUT ...

> L0l^l LEVEL

> UNSUPPORTIVE

> DIFFICULT TO USE

* TH I S S ITUAT lON l^l ILL GET WORSE

cAcsD-t r t-4
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rvOT IVAT ION & INTRODUCT ION ( CONT.D )

* PRESENT PROBLEMS:

> PACKAGES I^JITH INCOMPLETE SCOPE

> LOW-LEVEL ENVIRONMENT:

SIMU ø 1øø .1 /RUNI

R00T: CA: Ø.: ø.

> L ITTLE OR NO GU IDAIICE A¡¡D SUPPORT

lS THE PR0BLEM I^JELL-P0SED?

WHAT DES I GN IVETHOD ( S ) ARE BEST?

WHAT NEXT?

> LITTLE OR NO USEFUL DOCUMENTATION

DES IGN JUST IF ICAT ION

VALIDATION

* THE FUTURE:

> NEW APPROACHES ADD I NG TO THE BURDEN

L I NEAR

NONL I NEAR

> fvlORE OF THE .TOTAL PROBLEM' BE ING CONS IDERED

IN CACSD - 8.G., IMPLEIY1ENTATION

cAcsD-t I t-5
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CACSD-III - hII-IAT CAN BE DONE?

PROVIDE A HIGHER-LEVEL, MORE SUPPORTIVE ENVIRONMENT

U'I ITH BU ILT- IN EXPERT ISE FOR:

> MODEL DEVELOPIYIENT

> PROBLEM FORIvIULATION

> DESIGN APPROACH SELECTION

> TRADEOFF AIIALYS IS

> VALIDATION

> I MPLEMENTAT ION

> KEEPING TRACK OF TH¡NGS

> USING CACSD SOFTWARE EFFECTIVELY

CACSD-I I I-6
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A CENÏRAL CONCEPT - THE PROBLEM FORMULATION

(A 'L I ST 0F FACTS ' 0R 'FRAlvlE ' )

MODEL CHARACTERISTICS

* HOl/{l NONL I NEAR* POLE LOCATIONS* ZERO LOCATIONS* RESONANCES* CONTROLLABILITY &
OBSERVABILITY* ETC.

SPEC IF ICAT IONS

R ISE T IME
BAf\Dt^ll TH

OVERSHOOT
ETC.
SENSITIVITY
ROBUSTNESS

CONSTRAI NTS

* A / D IMPLEIVENTATION* A: ORDER* D: SAMPL ING T ¡ME* DECENTRALIZATIONI ETC.

*
*
*
*
*
*

cAcsD-t I l-7
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..:

EXPERT I SE

THE CONTROLS EXPERT . . .

* FORMULATES THE FRAfvE

* DEBUGS ÏHE FRAI\E

> COMPLETENESS

> CONSISTENCY

> WORKABILITY

I ASSESSES ITS DIFFICULTY

* DETERM INES NEEDS ( BASED ON FRAIvE )

* MATCHES THESE NEEDS I^JITH AVAILABLE DES¡GN

PROCEDURES (DPs)

* EXECUTES APPROPRIATE DPs

* PERFORMS TRADE-OFFS IF NECESSARY

* VALIDATES THE DESIGN

* DOCUMENTS THE DESIGN

* IMPLEMENTS THE DESIGN

cAcsD-t I l-8
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THE INITIAL CONDITION

,)

cAcsD-l I l-9

CHARACTER¡STICS

PLANT

CONSTRAI NTS

PERFORIvIANCE

REOU I REMENTS

DES I GN

ENG I NEER

59



EXPERT SYSTEMS SUPPORT FOR PROBLEM FORMULATION

aa¡

EXPERT

SYSTEM

PLAI{T

PERF.
REQTS.

CONSTR.

PLAI\T
MODELS

DES I GN
ENGR.

AP1

EOUI-
LIBRIUM

AP2

LINE-
ARIZE

AP 14

0-L
POLE

CENTRO I D

RULES:

RB1

RB2

RULES

AP3

POLES

P
RF
OR
BA
LM
EE
M

MODEL

SPECS

CONSTR

AP 15

ROOT
LOCUS

AP4

EROES

KEY:

|rl =
frl =

AP
RB

AnRr-vsrs PRocEDURE N

RUI-E BNSE N

CACSD-I I I-1Ø
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C¡CSO-| I I : COI'?LEIE FU¡f,TIONAL STRUCTTJRE

CONSTR

PI.AI{T

Pt¡¡fr
l,00EL(

RBI

RII.ES:

RTJLES:

R82

F
R
A
Irt
E

SPECS

irm-

CONSTR

AI{ÁLYStS

PROCEIIJRES

Â¡|åLYS tS

PROCETI.JRES

RTJLES

R83

RIJLES ¡

RB5

I
ts
t0
IL
IU
ITil
t0
IN

STAIUS

0ïlfR

I€EDS
F
R
A
il
E

æstGil

PROCEU.JRIS

RIIfS:

RB4

Rt'-ES

EXPERT SYSÏE{

cAcso-t I I

cÂcso-t I t-il
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CACSD-Ill: RULE BASE FUNCTI0NS

RB 1 - PROV ¡ DES SUPPORT I N fYODEL DEVELOPIvENT; WR I TES ALL

REOU IRED PLAI¡T DATA INTO THE KNOhILEDGE BASE

RBz - GUIDES THE USER IN DEVELOPING SPECIFICATIONS (CHECKS

FOR CONSISTENCY, COMPLETENESS, AI\D REALISM)

RB3 - LOOKS AT THE SPECIFICATIONS, CONSTRAINTS, AI\D PLANT

CHARACTERISTICS A¡ID DECIDES WHAT NEEDS TO BE DONE

RB4 - SELECTS DESIGN PROCEDURES

RB5 - UPDATES THE SOLUTION FRAIVIE TO REFLECT THE EXECUTION

0F DES IGN PROCEDURES; SUPERV ISES TRADE0FF AI.IALYS lS

RB6 GOVERNS FINAL CONTROL SYSTEM VALIDATION A¡¡D

REDUCT ION TO PRACT ICAL IMPLEMENTAT ION

cAcsD-lll-12
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EXPERT SYSTEI'1S

lnprRE¡lce

Erue r ruE

Kruoy¡r-Eoe e

BnsE
/

/
/

/
Rules

\
\
\
\

FRcrs
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FACTS

I og¡ecr ATTRIBUTE vALUE ]

ExAt'tplEs:

t GAI N-MARG I N VALUE ADJUSTED ]

t LEAD SUAl'lT ITY 0l'lE l
t BA¡,¡D^JIDTH VALLE 4<. ..<5-RPS I

t DES I GN-FACTS VALI,ES ALL-ENTERED ]

64



RULES

PnEN{tse ( sltuntloH REcoGNtrtoN )

CONDITION ON STATE OF KNOWLEDGE BASE

Conclus lo¡¡ ( act lon )

- CHANGES TO BE MADE IN KNOWLEDGE BASE

a
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EXPERT SYSTEMS - I''IHAT ARE THEY? (C0NT'D)

\ULE ø1Ø6 ( WNNT TO ENTER [4NX RE PART SPEC; ALREADY ASSIGNED )

F t SPEC-C-L-POLE MAX-REAL-PART REOUESTED ]
( UsEn HAS nsrgo ro e¡ren MAX-REAL-PART )

È MC-nËAL-PART- vALUE + l
t n ïn[u'i rs CunnËruruV Ass IGNED )

I'HEN:"'-öùR t spEc-c-L-p0LE MAX-REAL-PARI_ REoUESTED I _( RrsEr çLEAR THE rn|î iHnr rnleeÈnEo THIS RULE )

DlSpLAy[+++]( YOU WANT TO ENTER A VALUE FOR THE MAX¡¡¡UI'I-).
( RERI- pART oF THE pcilË.sl-eur-Á vn[ug HAS BEEN )

ASKÌ,'iùilgHER-lÞãH+"frbó¡rl -yåLqF l.( Do you y\¡ tsH ro nrpún'cE rùicÚnnenr vtue? tY on Nl )

ìULE Ø1Ø8 ( CUNNEHT VALUE OF I.I4RX RT PART ¡S TO BE REPLACED )

IF:
' ' 'EO t MAX-REAL-PART IYOD I FY VALUE I -( USEN WANTS TO MOD ITY HÈ CUñNTNT VALUE )

IHEN:" ''öiR t MAX-REAL-PART [loD IFY VALUE 1

( REsEr SLEAB_THE ÉaEr THAT TRIGGERED THIS RULE )

cLR' r''MÃl-mnt-:Pnnr vALUE . + l--"( -DËLÊrÈ-rHr qLD_vAL.uE )_
hrR tTE r spËci-ö[-Þõ[r'^FtÃl-nrn--PART UNASS IGNED. ]

( REsEr PAVE IHE wnY iõl-A-ryEU ASS lcNl¡EII ì
WR tÌE"Ï"3prc-b[]Þor-Ë- IIAX-REALTpART- REoUESTED ]

( TRIGGER rHE RULE ro'nÊõÚEsr ÈnrnV-õr-ÑEw vALUE )

EO

EO

CACSD-I ¡ I.16
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EXPERT SYSTEMS - l,lHAT ARE THEY? (CONT'D)

LIST OF FACTS AFTER A DIAGNOSE AI{D SPECIFY SESSION

FACT

PLAl.lT
PLAI\T

I'0DEL N0NL INEAR
-NL-MODEL FNAI'I EX0REACT
-NL-MODEL TIME-TYPE CONTINUOUS
-NL-MODEL STATE-TYPE CONTINUOU
-NL.IVIODEL ORDER 2

S

EXORNDATA

BASIS

UsEn-asrEo
UsEn-RsrEo
I nrenngo
I rurrRnEo
I nrenREo
I rurEnREo
I rurennEo
I HrERRro
I rurenRro
I nrrnnEo
I nrrRREo
I HrrRnEo
I rurERReo
I rurERnEo
I nrERRro
UsEn-nsrEo
UsER-RsrEo
UsEn-nsrEo
UsEn-Rsreo
UseR-Rsrco
I HrEnnEn
I HTERREo
UsER-nsrEo
UsER-¡srco
UsEn-nsreo
UsER-asrEo
UsER-Rsreo
UsEn-asrEo
Usen-asrEo
I rurEnREo
I rurERReo
I nrERREo
I nrERReo

PLAII
PLAI\
PLAII

T
T
T

PLAI'IT-NL-MODEL INPUTS 2
PLANT-NL-N4ODEL OUTPUTS 2
PLA¡IT-NL-MODEL D I AGN-DATA-FNAJYE
PLANT-NL-N/ODEL NL-BEHAV IOR M ItD
PLANT-L-MODEL FNAIvE EXOREACTL
PLANT-L-IvIODEL STABLE NO
PLANT-L-MODEL CONTROLLABLE YES
PLA¡¡T-L-IvIODEL OBSERVABLE YES
PLAIIT-L-MODEL MINIMUM-PHASE YES
MODEL DIAGNOSIS DONE
SENSOR TIME-TYPE CONTINUOUS
CONTROLLER TIME-TYPE CONTINUOUS
CONTROLLER STRUCTURE D IAG-DOM lNAI'¡T
CONTROLLER CHANNELl- IN Ul
CONTROLLER CHA¡,INEL1-OUT Y1
CONTROLLER CHAI\NELz- IN U2
CONTROLLER CHAÍINEL2-OUT Y2
MAX-STEP-SS-ERR CHl-VALUE Ø,øø5
MAX-REAL-PART CHI-VALUE -1 .4
M I N-DAMP I NG-RAT IO CH 1 -VALUE 1 ,Ø
MAX-STEP-SS-ERR CHz-VALUE -Ø,ØØ5
MAX-REAL-PART CHz-VALUE -1 .4
fll I N-DAIvtp I NG-RAT t0 CHz-VALUE 1 ,ø
CONTINUOUS-SPEC ENTRY DoNE
CONTINUOUS-SPEC ENTRY REAL ISTIC
CONTINUOUS-SPEC ENTRY COMPLETE
CONTINUOUS-SPEC ENTRY CONS ISTENT
SPEC-SESS ION TERM I NATION NORTVIAL
EHo or FAcrs.

CACSD-t I t-17
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CHANGES IN THE FACTS

Ru¡-es

0rHen PRoGRAMS

Usen

STARTUP

FACTS

FACTS

68



CACSD- I I I - A SAMPLE TRA}ISACT ION

Welcoue ro CACSD- I I I

REsEfi I TIs : Fncrs, RULEs

SUESTION: ts THE MoDEu LINEAR on NONLINEAR tL on NL]

CONTROLLER DES IGN FOR A NONL INEAR PLAI\¡T þ0DEL

EruTEn FILENAME oF PLANT MoDEL FILE

E¡¡TEn SIMULATE on DIAGNOSE tS on D]

EnrEn DESTRED opERATtNG vALUE oF u, uØ

E¡¡rEn AppRoxtI4ATE EoutLtBRtuM, xØ

EHrEn AppRox tNpur RANGE, + DU (DU = u - uØ)

,.¡ ENTER, NL

... ENTERÉYOPEACT

... ENTER, Þ
,.. ENTER zSO,r33,8

... ENTERz lS,, .fS'

.,, ENTER2 3,, ?,

cAcsD- il t -19
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CACSD-III - A SAMPLE TRAT\¡SACTION (CONT'D)

. 
D IAGNOS IS OF NONL INEAR PLAI.¡T EXOREACT:

I . SuanrtrATtvE RESULTS :

A. EoUILIBRIUM coRREsPoNDING To SPEcIFIED UØz

xØ = 9.98, 49,ø1

B. FounIER ANALYsIS RESULTs FoR INPUT DU * sIN (2,T):

MAXIMUM PERCENT SECOND HARMONIc: ø,ø

MAX IMUM PERCENT TH IRD HARMON Ic : 3 ,2

c. LI¡¡EnnIzED MoDEL EIGENvALUEs AT Uø, XØz

23¿
23¿

L¡HEIRtzED MoDEL DtsroRTtoN ANALysts REsuLTs
FOR STEP INPUTS OF AMPLITUDE DU:

:
56
56

ø
ø

l.
1.

D

MAX IMUM PERCENT RMS D ISTORT ION: 1 ,36

cAcsD- n t -2ø
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CACSD-III - A SAIIPLE TRAI,¡SACTION (CONT'D)

I l. SuattrATtvE RESULTS:

A. THe EXOREACT SYsTEM MoDEL HAs No DIscoNTINUoUs
NONLINEARITIES OVER THE INPUT RANGE SPECIFIED.

B. Tue EXOREACT sysrEM MoDEL ts oNLy MtLDLy
NONLINEAR OVER THE INPUT RANGE SPECIFIED.

C. THE I.INEARIZED MODEL IS OUITE ACCURATE OVER THE
INPUT RANGE SPECIFIED.

D. THE EXOREACT SYSTEM LINEARIIED MoDEL Is UNSTABLE.

E. TUE EX0REACT svsrEu LtNEARtzED MoDEL ts MINtMUM-pHAsE.

F. THE EXOREACT sYSTEM LINEARIZED MoDEL Is
CONTROLLABLE AND OBSERVABLE.

END OF DIAGNOSIS.

cAcsD- il t -21
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CACSD-III - A SAI\4PLE TRAI{SACTION (CONT'D)

THE I.INEARIzED MoDEL HAs BEEN l,¡RITTEN To FIIe EXOREACTL.DAT

OUESTION: Do you ytlsH FURTHER DIAGNOSTICS tY ON N]

HELP FAcILITY: EHTER ITEM NUMBER E.G. I.A

BoTH THE NONLINEAR MODEL AND THE LINEARIZED MODEL HAVE
BEEN s¡MULATED ylrrH srEp rNpurs oF AMpLtruDE DU. THE
LINEARIZED MODEL IS JUDGED TO BE ADEOUATELY ACCURATE AS
A BASIS FOR CONTROLLER DESIGN IF THE MAXIMUM PERCENT
RMs DISToRTIoN (IIHE¡R VERSUS NONL¡NEAR STEP RESPONSE)
Is LESS THAN 5 ,/,, RULE ø414.

SUESTION: Do vou wISH FURTHER DIAGNOST¡CS tY ON N]

ErurEn CONSTRAIN on SPECIFY tC ON S]

WARNING: },lIIHOUT CONSTRAINTS THE DESIGN YOU REALIZE
MAY BE IDEALISTIC.

MENUS TO ENTER SPECIFICATIONS

MEHU ron SENSOR TYPE

1 . CoHrl Nuous-TlME.
2. Dl scRerE-TtME.
3, Mlxeo
4. RETURru TO PRECEDING MENU.

... ENTER , Wl+Y

... ENTER, T,C

... ENTER, N

.,. ENTERT S

... SELECT, I
CACSD-lll-22
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CACSD-III - A SAT'trLE TRAI'ISACTION (CONT'D)

MENu Ton coNTRoLLER TYPE:

1

2
3
4

Co¡rr r NUous-T tME.
D I scRErE-T I ME .
Mrxeo
TEnUTNATE sESstoN. .. t SELECT: T

ME¡ru roR coNTRoL sysrEM srRUcruRE

I . DEcoupleo (olaeoHR¡_ DoMtNANT).2, DEcEHIRRL tzED coNTRoLLER
3, HIeRaRcH IcAL4. UncorustRAtNED
5. REruRn ro pREcEDtNG MENU. .. I SELECT: I

MEHU FoR DEFINING I/O PAIRs

1. DtnEcr usER sELEcr.
?, UsEn sELEcr AFTER sEEtNG Nyoutsr ARRAy.
?. ÇAÇSD-I I I ADVtcE (eRsgo oN DTAGoNAL DoMtNANcE).
{. EACSD-l I I DIAGoNAL DoMtNANcE ALGoRITHM.5, Rerunru To pREcEDtNG MENU.

EHrEn FTRST l/0 paln

SEcono I /0 pA I R fu7 ,r7l I NFERRED.

... SELECT: I

... ENTERtUI,Yj

cAcsD- I I t-23

73



CACSD-III - A SAMPLE TRA¡¡SACTION (CONT'D)

SPEC I F I CAT ION DEVELOPI'ENT FOR F I RST I /O CHAI.¡NEL

MeHu FoR TypE oF coNTtNUous-TtME spEc

1. LocRrIoNs oF PoLEs IN S-PLANE.
?, T rt'4E RESPoNSE .
3, FRrougncy RESpoNsE.
4, No uonE sPEcs ro ENTER.
5, Rerunn ro pREcEDtNG MENU.

MEHU ron ryPE oF s-pLANE spEc

... SELECT: I
1 . lvlRx l¡'tutut REAL PART oF s.
2, Ml¡¡IMUM DAMPTNG RAT|o.
3 , Vtur oF DoM I NANT PoLE [Rr, l¡,r] .
l. Qnuetrue RATto & NATURAL FREo. oF DoM|NANT poLEs , )5, RETURH To PRECEDING MENU. ItI SELECT: 1

E¡¡rEn MAXTMUM REAL pART oF cLosED Loop poLES ... ENTER: -S.O
WARNING: Youn sPEc FOR MAX REAL-PART oF cLosED-LooP PoLEs Is

NoT REASoNABLE. lT sHouLD Nor BE LEss rHAN - 1.4

OUESTION: Do vou wtsH ro MoDlrv? tY on Nl ENTER: WHYaaa

A poIE-PLAcEMENT ALGoRTTHM HAs BEEN AppLtED To rHE LTNEAR¡zED
MODEL OF THE PLANT, AND IT HAS BEEN UNABLE TO PLACE THE POLES
TO THE LEFT OF -1.4 WITHOUT EXCEEDING THE PLANT INPUT oPERATING
RANGE YOU SPECIFIED.
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CACSD-III - A SA¡4PLE TRAT,ISACTION (CONT'D)

GI.JESTION¡ Do You Í{IsH To MoDIFY? tY on N]

Enren MAxIMUM REAL pART oF cLosED Loop poLEs

.,. ENTER: Y

.,. ENTER -1,4

t.. SELECT: 1

¡
THls spEctFtcATtoN ts REALtsrtc.

II'IETTU FoR TYPE oF coNTINUoUS-TIME sPEc

f. locartoNs oF poLEs tN s-pLANE.
?, IruE REspoNsE.
?, FnEouE¡¡cv nEsÈoNsE.
!. $rnucruRAL, 

-E,6. , ¡¡0. oF LEADS.
, , [o uone sprci 

- 
io' El¡rER.6. RErunn ro pREcEDtNG uÈñu.

MEnu FoR TYPE oF s-PLANE sPEc

-1 . lttnx IMUM REAL eART oF s,
?. Mln¡uur"r oÀuplne narlo.
?, lrue oF DoM tñÀnr por-È [RE, lr¡] .I. QauptNG RATIo ¿ NATURAL-ÊñEo.'-or5, ReruRH ro pnecÈDtNG r{Eñu.

EHrEn MtN DAMpING RATto o,F' c.L. poLEs

DOMINANT POLES.
taa

taa

SELECT:

ENTER:

2
l,o

4-

O.2S

Txls spEctFtcATtoN ts REALtsrtc.

MEnu FoR TYPE oF coNTINUoUs-TIME sPEc

-1 , locnr toNs oF poLEs I t{ s-pLANE.2, T¡uE REspoNsE.
?, Eneoue¡¡cy REspoNsE,
!. $rnucruRAL,-E.6.,-ñ0. oF LEADS.,, No MoRE spEcd To ENTER.6, RErunn ro PREcEDTNG r'rÈ¡¡u. ,, ¡ sELEcr

lvlenu FoR TYPE oF TIME REsPoNsE sPEc

I. RIsE TIME
?, PencE¡¡r ovERsHoor
?, Serrulna rtuel. Sremy-srnrE-Ennon
5.: Rerunx ro pngõÊô¡na MENU, .,, SELECT

Youn sysrEu ts rypE zERo.

EnrER pERcENT srEADy-srATE postrton ERRoR .,, ENTER:
You xave ilo'' ENTERED A sET oF sPEcIFIcATIoNs roR CHannET 1" THAT APPEARS rO SE-CO'IPLETE, Córr5¡SïENT, AND REALISTIC.
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CACSD-III - A SAIVPLE TRAI{SACTION (CONT'D)

OUE$TION: Do vou t,llsH To MoDIFY oR ADD SPEcs? tY on N] ... ENTER:You i.r¡v ENrER sEÞÀnnie sÞEcs Èôn'Íue-'sEõõño-i/õ''chaNNEL, oRusE THE sAME spEcs As ENTERED FoR CÈnññÈu-1. 
" -

SUESTION: Do vou WANT NEl,l sPEcs poR CHaTHEI 2? tY on N] ... ENTER:

YOU HAVE NOhI ENTERED A SET oF sPEcIFIcATIoNs roR CHRII¡IEI2
THAT APPEARS TO BE COMPLETE, CONSISTENT, AÑD NÈNT-ISTIC.

Enren CONSTRAIN on DESIGN TC on DI I.. ENTER:

I,'IARN ING : }'t I rnout coNsrRA r NTs rHE DEs r GN you REAL r zE
MAY BE IDEALISTIC.

Youn s?F.ç!TIcATIoNs sUGGEsT UsING THE HIGH-FREoUENcY
AL IGN (HFA) ALgoR trHM To ENsURE o l¡dorul oou ¡ñÀñõE Ar H tGH
FREoUENc I Es. RecoþTMeNDED FREoUEñcV- I S 5 .6ø','

AUESTION: Do vou wIsH To UsE HFA? tY on N] ..I ENTER:

EnrEn HFA rneouENcy ,.. ENTER:

HFA coupENsAToR DEstGN coMpLETED.

SuEST!0N: Do vou t{rsH To sEE HFA cor"rpEr'¡satoR? ty on Nl ... ENTER:

HFA @ 5.ø RPS - PREcoMPENSAToR GAIN MATRIX:

525 .91ø1 -ø .5913171

15g.ggøg 1øø,79ø4

SPecIFIcATIoNs HAVE NoT BEEN MET coMPLETELY. HFA ncnIEVED:

HFA @ 5.ø RPS - CL PoLES:

N

N

D

Y
5,o

Y

4
9

926ø2
ø3øø1

-4
-5

HFA @ 5.ø RPS - STEnov-sTATE ERROR:

a

-2.91ø562 r4,137923 I
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CACSD-III - A SA},IPLE TRAI{SACTION (CONT'D)

Ret'lAINING REoUIREMENTS 9UGGEST UsING THE APPRoxIMATELY
coUMUTATtvE coNTRoLLER (ACC) 0estGN ALGoRtrHM ro oEsia¡¡
A LAG cOMP To REDUcE STEADY-STATE ERROR. BRsED oN THE
CHARACTERISTIC LOCI, THE RECOMMENOEO ACC FREOUENCY IS Ø.85.

OUESTION: Do vou tttsH ro usE ACC? tY on Nl

E¡ITER ACC TneoUENcY

lH oRDER To MEET THE srEADy-srATE ERRoR spEc, tr ts
RECOMMENDED THAT A LAG COMPENSATOR BE DESIGNED, WITH
LOlr FREoUENcY GAIN 1Ø.Ø aHo cENTER FREoUENcY Ø,3Ø,

Enren l¡e coMpENsAToR cENTER FREouENcy

AppRoxtMATELy coMMUTATtvE coNTRoLLER DEs tGN coMpLETED.

... ENTER:

t.. ENTER:

SPEcIFIcATIoNS HAVE BEEN MET coMPLETELY. HFA + ACC IcHIEVED:

HFA G 5.ø RPS, ACC @ 
.|. 

RPS - CL pol,Es:

,3ø175ø
.389294
,634995
,83Ø161

HFA O 5.ø RPS, ACC @ I. RPS - SreRov-sTATE ERROR:

-ø.281Ø56 r
ø.413792 r

OUESTlOl,l: Do you trtsH To sEE srEp REsp plors? ty on Nl ENTER: f

Y
l.o

-1
-t
-3
-3

aaa

aal

ENTER, 0,3

cAcsD- t I t-?7
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CACSD-III - OTHER CONSIDERATIONS

* L I SP OR FORTH ENV I RONMENT

> RUNNING EXTERNAL PROCESSES

> NUMER I CS

* STEERABILITY

> SUGGESTIONS - NO FORCE

> SUPPORTED BY'þ'lHY' FACILITY

> D I RECT FACT-h¡R IT I N6 :

IvIAX-STEP-SS-ERR CH 1 -VALUE ø .ØØ5
MAX-REAL-PART CH 1 -VALUE - ] .4 -
M¡N-DAMPIruE-RRT IO CHl-VALUE 1,Ø

> DIRECT ENTRY INTO COMIVIAND MODE (CLADP, ETC. )

CACSD- I I l-3Ø
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CACSD-I I I - PROJECT STATUS

* FUNCTIONS A¡¡D FUNCTIONAL REOUIREMENTS

DEFINED IN DETAIL

* SOFTI^IARE FOR NONLINEAR SYSTEM DIAGN0S|S

DEVELOPED (SOME ROUGH)

* SOFTI^IARE FOR L INEAR SYSTEM E IGENVALUE D |AGN0S tS

DEVELOPED

* RB FOR SPECIFICATION ENTRY UNDERWAY; IDEAS

FOR DIAGNOSING SPECS PARTIALLY FOR!4ULATED.

* ALGOR ITHM Al,lD RB FOR LEAD/LAG COMPENSATOR DONE
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CACSD-I I I - SUMM¡RY

* ORIGINS IN DISCUSSIONS WITH A. G. J. fi{ac FnnInI¡E

* STILL IN CONCEPT DEVELOPIVIENT

* ,V IS ION' I S OU ITE TAI\G I BLE

* AT THE FOREFRONT OF THE TECHNOLOGY

* VERY FORTUNATE:

> DELTA INFERENCE ENGINE

> PIERO BONISSONE'S HELP

> Lr COI JOHN JAI'ES. llJORK

> NEAL LASS I NGER, RALPH OUAI\¡

--> ABLE TO 60 I,€LL BEYOND 'IVIOCK-UP'
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CACSD-I I I CONCLUSIONS

* EXPERT / KNOhJLEDGE-BASED SYSTEMS CONCEPTS SHOt^l

GREAT POTENTIAL FOR PROV¡DING THE BASIS FOR A

VASTLY I MPROVED MAN/MACH I NE I NTERFACE FOR CACSD.

* NO EXPERT SYSTEM l^l I LL BE ÆLE TO SOLVE 'ALL PROBLEMS 
tI --

OUR GOAL IS TO AUTOMATE CONTROLLER DESIGN I,{HERE POSSIBLE,

Al,¡D PR0V IDE ALL THE SUPPORT l4E CAN OTHER}rJ lSE.

* CONSIDERABLE CARE MUST BE TAKEN TO MAKE SUCH A SYSTEM

PALATABLE TO ENGINEERS:

> SELF-JUSTIFYING

> STEERABLE

> CREDIBLE

* A "SYSTEMS APPR0ACH" PR0VIDES A PO!,IERFUL lllAY T0 CREATE

THE FRAIVEI¡.IORK ('ARCHITECTURE") OF AII EXPERT SYSTEM:

> cAcsD-t I I

> FOR ENGINEERING DESIGN IN GENERAL

* DEVELOP I NG 'SMPLE TRA}¡SACT IONS ' I S ALSO A

VALUABLE EXERC I SE.

* DEVELOP ING AI\ EXPERT SYSTEM CONCEPT REOU IRES A NEW

LOOK AT THE PROBLEM --> VALUABLE INSIGHTS AT{D EVEN

I MPROVEI'ENTS I N UNDERLY I NG "EXPERT I sE' A¡,tD SOFTì^JARE.
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PLAIIS FOR THE FUTURE

1. FULL LISP IMPLEIVIENTATION - þrlITH NUMERICS a CAPABILITY

TO RUN CONVENTIONAL CACSD SOFTWARE

2 , IvORE EFFORT IN AUTOMAT I C DES I GN

> POLE PLACEMENT

> 'BRITISH SCHOOL' APPROACHES

> MODERN CONTROL ( ATHAI\S, SUADRAT )

3, DEVELOP A PROTOTYPE OR BENCHMARK 'REAL SYSTEM- - linlITH

CAPABILITY TO SOLVE 'REAL PROBLEMS'
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