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This report breifly describes the “expert controller” as it is envisioned at this
early stage in its development. The discussion concentrates on the predicted
requirements of the total system along with a preliminary evaluation of the TI
Scheme programming environment. An expert controller is a complex machine
and many possible difficulties will be unforeseen. Hence, the design of the system
is likely to evolve as development takes place. One crucial factor and likely
limitation lies in the intention to embed the expert controller in a “personal
computer” or microcomputer technology. While this places redttaints on the
power of the system the hope is to achieve a relatively inexpensive self-contained
unit that is an “Intelligent” supervisor for industrial process control.

What is an expert controller? Many algorithms exist for the purposes of sys-
tem modeling, identification, analysis and control law implementation. Many
present implementations of controllers employ a subset of these algorithms usu-
ally specifically adapted to the process involved. Heuristics are used primarily
for safety net situations and again are very specific to the task. An expert
controller employes a greater number of algorithms encompassing a much larger
variety of situations. “Artificial intelligence” methods, such as production rules,
are used to determine which algorithm(s) should be used and when. An expert
system program within the expert controller uses identification and analysis
algorithms to determine facts about the process to be controlled. Based on
this information the “best” control law algorithm is implemented and the re-
sults are monitored. If problems arise the expert system should take notice
and attempt to correct the situation by implementing more analysis procedures
and determining a new control law. When things are not running smoothly
in a conventional controller, normally a human operator will have to intervene
to diagnose and solve the problem. Also human operators are often required
to be directly involved during startup procedures in order to “tune” the sys-
tem to its normal on line state. The expert controller ultimately would handle
these responsibilities and more, allowing human intervention for the purposes of
monitoring the process control or perhaps changing the control law being imple-
mented. The advantages of this kind of system are many. Included is the ability
to control very complex multi-loop processes (perhaps an expert controller in
each loop with another overseeing the total picture) where each controller can



PI and PID, reduced observers, pole placement, adaptive algorithms as well as
robust start-up algorithms. In particular the adaptive control laws which in-
clude model reference, self oscillating, self-tuning and possibly gain scheduling
are of special interest. By definition, these algorithms adapt to a process with
unknown parameters and hence allow an expert controller to handle a more
general body of processes.

The third portion of the expert controller is the expert system itself. This
is perhaps the most interesting as it must monitor and control the other two
processes as well as doing the “thinking” which transforms this machine from
a simple controller with heuristics to an expert controller. The concept for the
implementation of this expert system is a single large program that runs in a
continuous loop. On each pass through this loop the program would perform
some or all of the following functions. First and foremost, alarms that indi-
cate undesirable or disastrous process behavior would be checked. If such an
alarm condition were found all other tasks would be suspended while produc-
tion rules (or some other methodology) were employed to determine the “best”
course of action. Other crucial indicators such as stability and ringing in the
process response curve would then be checked and acted upon accordingly. If
these steps are successfully accomplished the program ‘would thén next deter-
mine whether the present mode was process identification or process control.
Such indications would be stored in a “situation” table or list. Once the mode
has been determined, production rules can be applied to determine if a change
in algorithms is desired and what that change might be. Then the decision
is turned over to a special subroutine or procedure that knows how to com-
municate this information to the parallel process of ongoing control law (or
identification scheme) implementation. This communicator procedure might
also be responsible for monitoring the most recent parameter information from
the process and supplying this information back to the expert system. Finally
in the midst of all this, provision must be made for communicating with and
implementing the user interface described above. This is envisioned as a concur-
rently programmed process. Certainly, another parallel processor seems a bit
cumbersome for the purpose. A queue can be set up to store user commands
(or requests). On each pass through the loop this queue can be checked. If it
is not empty the first command in the queue is executed. In this way, only one
user interface process can absorb processor time on any pass through the loop.
Even more efficient, each possible user interface process could be divided into
equally timed subprocesses which will then be queued such that only one occurs
on each pass. Thus, the time spent on user interfacing is constant for each pass
and the ongoing process control proceeds without any significant interruption.
The rough diagram that follows this report gives a graphical representation of
this overall design. The diagram includes the process itself in the loop along
with other already mentioned portions of the expert controller. The process
may be actual or simulated but in order to actually test the expert controller a
“real time process” must eventually be made available and properly coupled to



the expert controller.

The programming language and environment, TI Scheme by Texas Instru-
ments, Inc. is the intended vehicle for the expert system. This language is a
dialect of LISP with several special features and improvements. With a LISP
type language, the ability to write programs that exhibit “artificial intelligence”
is facilitated. While this system may not require any new state of the art “artifi-
cial intelligence” methods the ability to process symbols in a dynamically scoped
environment will provide the means for the application of production rules to
tables or lists that describe each given situation. This language should readily
accomodate the core of the expert system program. The user interface also can
be handled quite nicely by Scheme. TI Scheme provides graphics applications
and hence visual aids such as graphs can be implemented. Also, a facility for
separating the screen output into windows is incorporated in the language. Even
more interesting, a structure called an “engine” is provided which will execute
a specified duration of time and can then be continued later from that same
point. This would seem to handle the difficulty of concurrent user interface op-
erations (discussed above) rather well. There are some foreseeable difficulties,
however. Although Scheme seems to perform some operations quite quickly, (es-
pecially for a LISP type language) it moves too slow for some of the algorithms
that must be applied in “real time”. Speed also seems to depend quite heavily
on available memory space which does get usee up quickly with a dynamically
scoped language. Also as space becomes scarce garbage collection routines are
automatically invoked more often, producing an ever more unpredictable timing
situation. Some of this can certainly be handled with good programming but
it seems the “real time” algorithms should be in a compiled language to insure
dependable execution times. This may not really present any direct difficulty
as these algorithms should be run on a parallel processor if possible and hence
Scheme need not be involved at all. Fortran or C would make good choices for
alternate programming languages for this purpose. Scheme does provide the
means to execute code compiled from other languages from within the Scheme
environment but this would only suffice as questionable option to a parallel mi-
croprocessor. Within the present design Scheme has one more difficulty. There
seems to be no means of directly accessing or partitioning memory. (Certainly
not a common feature with most programming languages anyway.) This fa-
cility, or something like it, is necessary for communication between the expert
system program and the control law implementation processor as discussed be-
fore. Nonetheless, TI Scheme seems to provide many of the necessary features
to implement the expert controller and will be used as the central programming
environment.

Many difficulties will arise in such a complex undertaking and conversely
some things that seemed hard will turn out to be easy (or easier than they
looked). As indicated in the opening paragraph, the objective is to put this
system in a compact affordable package that does the most possible for its size
and relative complexity.



ptonnlaer 10,

el imimary R

e enioe G

This report reidly desraibos
s envisioned  al bhis carly R
oy e o

il HCUSS 1 on concerntrates

total systen along wilh o prelimins
pocr ammd vy erey e oaumen 3
prachiing  and wmany i
blig cesigr of Lhe

T [SRURE

Lo by

il
T
Piespersl Ve :
supiar i sor for Industei el oo

Whal 15 @ e eyt corehe el e
s of

Taw tmplemerlbalion. Marry o

gt el 1 et

s b b

Al

morcderd iy, el b f
it impnd
et blanm nsual iy

cmpd ooy & stk

to the proc

o i ol ved
ions and agailn are

wooemploys a greator muamber
ot 1 o

et smitu

copitrol ]
Targer wvarld

ey

Uhyrld Fied ad

L LR

e
e R A LY IRt sheuld be used
within bthe experlt controller
algorithms to debermineg
Based on bthis information the "best .
tplemented and the results aero mond tored. TR k] e
expart  system should tabe volice and abtespl to
situation bay implemerting more analvels
determining & new  control fawe. When things
amoothly in a canventional controller, e mal by
will have Lo intervene to diagrnose and
Fuman operators are often reguired bo
procedures in order bo "tune® the
The & -l corlrolle
1itid o mow allowd
P O s aof  momitoaring the  prd
nging  the control law b impa Y amont o
this kind of system are many. Tricluded 15 bhe
very  comples multi-loop porooe (ppearbaps s s
i each  loop with anolber owver seeing the btolal )
conrlroller  can reacl Lo unususl osilosi i ariid
a ing 3 th woar DTy o Lot ral ey
crr sabellite where & conbtiral Py ey
nt.  Fowr s wmore conplete picture o
Lhe papers of F.J. fAstrom, JoJe o Anton and FoE. &rzen

arcd whieria T RN

e ddentific

alioat Lhio proce

Yoot e ol Taae @l

VEOR (e

fra

Tte

shartup
i Tin

vaca ] ool

PO i S
viedl

P

i et

gy peasy L




At} e by @l

hased on ihmir CUADEr S N

breaa b i oy Phan
o bealidg by . L A LR ¥

i i e e bt

conaplen as
ce Ao, This
cevtrol
Pl w1
rhaps most
= oof the
allow thie
cortrol
The
prast
ardar o
e ameler s g stability.
secberchal o of rﬁn1r71 1er implemented
: 'nf]v in effect. Graphical
o s and particularly  of
”hnnjd i o faem u1}ab}h via  the | user
ampliﬂg period eto. could
information base. The user
commarnd dedvern and guite lTikely
Tu [ This user inter face must
1lel process  as the
ion and zupert  syvstem
Corisuming

Phie tumyiw woosystom for eeper o conbroal s
{ T b

IR TR I ﬁiiﬂmpiﬁ L R A R R B R S ¢
by ooed b by e maid
Tribe s ey ot b Few b beaennl oy oot o
ter Phial croh
ot Lhe
bl
artvgey L oo

b EERTTROTER I Af s b

FIRTITEIE SR SNA R R B I TS BT 0T A S

T R T S BT T Thyes
i

! LTiepd e
RN

Prig e g b i sdeenad o

YLD

Pt arr INIEE N UIRE!

et ol 1
N coad Lelat e wmbhvoad o e i

vty i

PR

prven

Pt ey Feer ool ol e e e d

wuy il

i I
i b ] Ve dmplementat
gl g whiitle the relatively time
i s place.

AR IS T TS YA TR B AT &
IE D SRR
Thier parao oo
bl ]t'ufu":d lel pro
g e’ . Thoe

i

it : Ce
sortral law implementation must be &
Th algorithms must be implemented in
maling process of the internal  expert
: Hould not interfere  with

" when  the expert system
neaded,  the control  1aw
= and changed.,  Otherwise it
. i wently of the rest of the expert
oty ol oer This  wumii,  which may take the form of & dedicated
M3 O o oy wemal o wl implensnt identification and analysis
Typer algord thms : th\m for control  laws. & ‘crucial
ctens an bhis 0 Fow  communication between  the
5 gt sy sl aryed llel process of contraol law
implementation is bo fa ed. A serial storage uwiit such
as  a  disk drive would qu]tm 11km1y e to slow for data flow.
However, it  should be noted that disk storage would prabably be-
ded az & means of relaining all  the potential @\ecutab}p
"ol and ddentification algorithms. Nevertheless, i
{(parameter values, bkl and yLk1) may have to be aﬁgomplls
a  common memory direcli]ly accessable by both processes. ﬁy
rumber  of  algorithms may be employed but likely to be included
are the following. For identification and analysis: the methmd of
least  sguares for self-tuning regulators  and Ze:gler—Nlcho]s'.
auto-tuning regulataor. Contral 1aws: F1  and PID.,*f reduced
observers, pole ey stive algorithms as well as)| rohuai,
sleart-up  algorithms,  In parlticular the adaptive Lmntrql 1aws
whii ol dnclude model L e e, ITf-oscillating, self-tuning and
prossi bl sy gain ooof special interest. By definition,

3.

Prisi (]
i intbe
purt 1o

dv*mrmlnﬁ
hw}(mwn%
sl




IR SIS RY TR I ETTTRPRRETS IWINE g U urireoer paremebers and

Gt el bow sy e b o conby ol ber Lo Maondlo aomore gernor al body of

PR R e PN

S B
Phoen  Uhire o e By wf Lhe
TITI  B: C a Plodme da pron boajs

et b i v oeacby ol Ui wal by

el

e tThe

it TRy

wo e s )
datng the

bopaes J41 L

B FEETI IS N ATV I NI Flodwe e i o a
SERTIR R RNIVE B I ST Thie:

for e
APCHE RO @i

though this loop the
following  function
i i e L3
chroan al arm
cryclend w1 e
] o g
al indic
S (LA W

(RIS U PR FYNIRTEIN -2 B WA -4

RN RTI = IRRAPER S Wl

Ploat ygs 0 e oo

4
Gt g el o
dafiid :

¢
RN

[

BRNRTETS B I N TR LAGE ab b brer

TR TR N I T sy b by etk ¢

e
wien ] ol

G

PR D L.
ChosiaZy gid b TR

Lenii

covp ae of aclion. (1
Povidmgineg dn bhe jrone

a0

IO S
I+ the
Lhiery v

et 0 b0 slued Yhie progeam wo

vt gt { ey vt mrece

Codib il s Shoa b g

friviides i

o ey ot
i algorithons i=s
= turned over to
Ml © a
1 [r ritrol Jaw
i T emend towie This communicator
sibile for  monitoring the most
the process and supplying this
Gie Fine i the midst of
dirg  with  and
albiove. This is
proeprammed process. Certainly,
s a0 il cumbersoms for the
sel up o store  user  commands (or
Phw ough thie loop this  guews  can be
Cocommand in the gueuwe 1S
rface process can absorb
o the loop. Evenn more
rface process could be divided
which will then be queuwed such
Thus, the time spent on user
and the ongoing process
sowi Lhoub any sigrnificent dinterruption. The rough
diagr am Lhat follon s report gives o graphical representation
of this overall design. The diagram includes the process itself
i the  Joop alang wilth other already mentioned portions of ‘the
grapert corntrol 1o The process may be actual or sionulated but in
crder to aclually  test the @xpért controller a ‘Yreal time
3 ! arbually be made available and properly coupled
bo the experl conbraller. -
The progresmeing language and envivonment, TI Scheme by Texas
Trsle umaribs oo, ig the intended vehicle for the expert  system.
: of LISF wibh seve zcia] features
Pancpuagoe, Lhe ability Lo write

s gl e

wdghih Leaw Then Lhe
Lt

[T S N

{he

”
¥

it
Foso bhee csrpert

i it 3 o

[HIERE:R N

¥

e
Lhat only one ocours o e

ity facing i comist and

canitr ol e g

jar e mush oy

o (11 @l e

Thie  Tagua 3
With e LT

XL LS I NTVT AF ol WA It




[ESR R EER RO T BRI U A 5 R Ay |

e
i b By e

ficvy e

..... "

T ERT B I RYPRINIEY

{ IJ},H'H [BRL I R

S gi“i:l_“ i}
L et dnii.
G deeapndded epadibe el

REYRIR B R O

shiene,

arect bvior i os

aoFaci il st
e aboad dn Ul ey
F1ed
Pkl ems

AN NIRRT I i

1"

'
Pt il Jrid s

iy i bl

i e e . i
b Ui arwd coarn bhen e
Prit. Thed w vl of Lo harnddl e

(ILI}.Hf"i alionsm o 1"1 1ECE

[

TRERTATSE N R SYITY:

Lainly
time"
’U‘Hddhl&
Ay direct
e o o & parallel
el mu+ e invalved  at

gy sl bternate
Ay vyl e
it

eI N RV ERTR TS|

ithms  showdd e in @ gl 1 Targua Do dmsare de

aul 1::. o bimes,
dv Ficulty as
[ LA 6 ule
all. r or tran  or

langue

algor i tlhuns

ardd b
sl meak

for bhis G

gl Lead Froom olbier

wivonmernl bt this
i a1l

o mor e i FF

L i ondng memor

Cannnd g 1t

4 is 1

arvid ot

i it

ri means of
& I
H:J‘“« fa(ﬂ}]%(..
commard catiorn
law implemerntalion
Boheme  seems Lo
implemert  the
PO aummd g ey et

Many difficull cowi ]l arise in osuch a compl
and  conversely somes thingﬁ thalt «
EABY (or easier than they lookedd. As indiceted in the opening
paragraph, lthe objective is to put t h il system in compact
atfordable package thel does the must possible for its size and
relative complanity.

g

ANYWaEYy .« )
LAl Y £ o
corntral

MR H

M@y

wal e and will

¢ undertaling
Al Fardd will o turn out to  bhe

e




\V

- uL k)] wl) T Aratec 1500 & < tommums |9 [ A —= D 14.LK]
9:& @ll\w%« > ToP An s Expraur sl | | &J;EL.\ %
S ,
]

VAL <L aT e

or  LonTmns \\mq%uw_‘

y-{k]

/ P el | Sl Ce
\_ “ “_‘ ]Wr T T T L n I L T - P v — 4—
. S . A _ 4
m J..“f \‘_.V %X«vﬂﬁ\_l H.\ﬁ,%lm e,\?*._q?,_r: 3 L J
) - ~-- T..'.Tﬂ { a L‘m i ~ DMV
\7 i | - SYSTEM — Contugn e A -
i _ ﬁ?\§31nﬂn 1 \ ’ o+ pere Al .
— 1z Yruwnet TAck m
- Y |
Whetl.,  an DfCwe Wiy . Y
A T prso To M To Cotel Tl
" ,A:\T ateon ST ! A}Zo whY .h
_ ~e AM?)\TL Cehen ' fog \KEC, :&y ] Z - xc\::;.J u . J\
! B ) . R LT e g ]
A 'S Qﬂ:nm_ - :ﬁ\ Tﬂ‘w: I IF T 0f MU AT o0 ~ L f
me*?)m ~.§)&+ rn.l N?\\,_,q% — NEW ScHr v 7 ﬁ \
0ut, 71 W PO Rt o4 —= 0L SCHeun N LA Z
w Thie blak m o 1o Gris? LA | Mam Mo <y
M ;M‘ earalle]  Compater 1P CowteoL ST = DMarms *\CH_AIAIL
1 ceper nehrotans ~ New SuHenk? = Vib| Shnks m u
msﬁrwr al for ,::Jr mJ\v o =~ 0Ly Sittawe | N : Y
nd /r montter ‘:/ 3/,71 | ] < .,\v_:dcw.w
97, oﬂL " ' $ . [
[ _D#.? ..;f K- -
Vi — C\hor(C I 45\?...4,ﬁ«m.\ﬁ /w. N>~M 1< ‘\m P Cmmﬁ ”—M/ r_m.
b.\ﬁ * N ~ Gewe of . /ﬂ
i ;DL - Corncoerent o PARMLEL — Coommmen s
| i,
e Crriinger ba2 We SItane U Fm& /»_wﬁ
. ~& P
\ =Thi  wnids  Jude 4 Fhon rems | < < 9
o re. | e a ny desired \ﬁ
\ . Lont ‘y \ 6 ~L«)+_%_«\(+;) Q\Qsl‘w\\ .@.@12\9.~ Ind > ,V > )
2w e /
S USER TNTEPeFACE ZNZC ﬁﬁ_.fo) @Neia?ﬂj\ v ¥
S w[id] | H.,w.. A Concunewrpr 33 nberpefer o coppher bﬁ_& —
” AN Procics Grapheal , <lordeal , ,
; ) T _Zmo ‘cmxﬁnc#mn m.c:::?Ln__ : gAwlu/
> > > N > = = e

(4

B i o o LU



