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This paper presents an industrial program-
mable controller which includes adaptive control.
from the hardware point of view the controller
has been designed to ke compatible with most cur
rent commercial regulatcrs. Nevertheless it also
allows the implemencation of new contrsl methods.
The controller has the possibility of being used
as a s‘";~e unic controller within a distributsd
zontrel ucturs.

tocturs of the digital
entzd, Thers exists two
irst one reads-writas and
igrnals of the controller,
the sscond one calculates or modifiss ths comtrol
value. The software been designed 0 allow
all innqu-Outou:s control Zfuncticns be ax-
ternail coafigu:eu means ©f a programming ga
a2l included ia che trollsz. -

sy
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As it is vary well kac he introduection
9f the microprocessors in ¢ L insgraments is
:hang‘nq the control proces Xet. Many indus-
trial applicacions have mad ransition from
aralog *o digita 1 on. Microprocessors
provide che camaut4 g power this evolution.

Among :ne main contributions they previde to pro
cess control are:

- Maxzing more versat rollers in the
sensa rh Lty by means gof pr ng, the same re
gulator can be uszed in man: rant srocsasses,

of the control
aual¢carxon of

real processes.,
- Incre ty of largs svs-
tems through distributed concrsl.
- Shrinking the size and cost of many com-
Puter control systems, sc that smallar processes

can use computsr control.

Most
=d for use on
use different
i3 mainly dus

gene:al purpose control systems design
large numbesr of processes svstenms
kinds of DID algorlt s (1), That
o the fact that, as the sxperience
has shown, for most _ndus::;al processeas good
control performance can be achieved by properly
tuned PID controllers Howevar, the computing po-
wer of microprocessors is hslping to red te the
2xlsting gap between theory and practice in Auto
macic Contrel. Thus, thers have also bean devel=
opad qeneral Puracse control systems whicn usa

Tara somplex conzrellsrs (2), (3). Special 2f-
fort has besen devcted to getting adaptive commrol
lers, somecimes referred co as seli- -tuning con- "
crollsrs or seli-cptimizing concrollars.

although rZormance of PID

de Fisizca, Univ,
=énica de Cozunicacicnes. C.5.I.C. Madrid.

cmplutense., Madrid.

controllers is well known, in the world Of drag-
tical locads, cocntroller tuning can s 43¢ sule
and -‘ne~consun1ﬁg There:ore ths raaa use o7

makes PI D aarane*ers auto-tuning g ﬂ“da"e tal

task. Recently some general pursoss self-c
PIC controllers nave seen éeue_opea L) A3
The controller we present ia this paper is

an industrial programmabla controller bese: 1]
the 5309 microprocessor. The most importan: char
actaraistic of the goncroller is -ae ax":e wce 3
the adaptive mode, in addition of
manual, aucomatic, and aomputer
zive ﬂod as the process
LIS paﬁametsrs fan de modi
the process control ze meraved.
srogramming facility allows
coniigured aczording <o the DrDCEs;
zontrolled, The controller has been
be compatible with mest PID ﬁcn::s
nowadays; in that way, 1its in
tzol loop may be made by dire
one controllaer oy the other,

1. ZARDWARE SPECIFICATICNS
The controller is based on a 8-biss micra-
processcr and may ne divided into four basic
units (Fig. 1).
J1=Input-Output Enit
2 Len::al 3:ocess Unit
13- nd Displaving Unit
u4—s;;nal yundl:-aﬁl g Hadt

temn with the folliow-
ffarantial ana-
;nc:emencal in=

3 e

he analog and logic in-
75

3 ores et
{2 *
ot Al e

Lgvél.

Analog ocutputs: The three analog outputs
£ sach other. The; allow moni-
in addition

dre indesendsnt
Eoring

SwWo cnosan procass variablss
| the contcrol signal.

Although the systam is to be mono-

variabls, the four
lzg ouczpucs may be
& great E£laxibi
Incremental
associaced to the analog inn;: " oair of
them may be assigned o an analog input. They
ivartad atc low, poianting out sither an ia-

424



crement or decrement of their associatagd Variable,
The increment Or decrement jn the associated va-
riacle ig Proportional tgo the time interval that
the iaput signal has been activated,

Logic inputs: These logic Variables may be
elther fixed to & given valg by the user or
changed By the Process dynamie, They allow that
SVents external tq the process control change
the way the SYstem works,

Logic outputs: These Variables are used by
the svstem tg show Fixed aspects of the Process
contrel,

1.2 Central

This unit encloses an §-bie microp:ocessor,
the RAM and rom memory, the timing Circuits ang
a RS-232 interface, There are two SOrts of infgr
mation stored in RoM: ==

2) Data base: Parameters which configurate
the controller in jes cold stare;

5} Control Programs.

Process Unit

There are two diffarent arsas of
variables area; b} The data base., The latter ig
formea by those Parameters of the 0M data base
that may be modified by the user to definitely
configure the sSystem,

The Rs-232 interface

RAM: a) The

included in this unit
5ives the POssibility of using =he controller in
distributad control. It alse allows that 3 com=
Puter be able tg SXercise the contrg) action via
tle computer moda of Operation.
Xevboard ang Disolaving Unis

1.3

The systenm has an user fanel ang a Program-

2109 panel. The Main functions of the user panel
ire: a) g display the Set point, the controlled
7&riable and the control action; b) S0 modirfy

the mode of Operation (manual, automat;c,com;u:ar

adaptive); c) to modify the values of +he set
20int and the centrol action, fnis last possibi-
lity only in the manual operatign mede

The Programming Panel gives the Possibility
of configuring the System wich a desired stryc.
ture.

1.4 Signal

Sonditioninp Unit

The function o= this unic i3 Lo isolate the

sYstem frop 2Xternal Perturbations and to adapt
“he dnalsg Signals o the voltage fanges of the
ccnve:ters.

2, TUNCTIONAL DESCRIPTION: BAsSIC PROCESsES

The basic objective of including a regqulator
1 2 zontrol loop is that of génerating the con.
L signal. In order to achieve this goal it jig
i ¥, first of all, +q fit the Tegulator
Cr the Process which 15 going o centrol, +hat
Say, all its lnputs ang Qutputs, the con-
SIol law 2nd internal control jogic must be de-
~nad. all these actions "configu-
Tatien" of ehe requlator and i can be made
sArough a Specific keyhoard built up in the regu

the Tegulator hag been given 3 definita
! Provide initial va
The regulator picks =
49 these values frop Specific Memory registers

nd L the human

“Perator iz lecessary, lave call
. Az eRig Point the Tegulator js g Condition
77 Degin vp, control of the Pracess. It reads the
~hpue Signalg, makes scme cha:ac:arizations in
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order tg achieve linear behaviour o¢ the
Variables, makes Some tests tg determine
is a situation that needs an alarm to be
&d and conerg) action interrupted, calls the rou
tires that calculate a new control and sends this
control to the output. We have called this long
Process "regulacion® and it can be SPlit into twe
small cnes: 2 Process of "reading-logging—writmg"
and a process of "control calculation”,

intemal
1f there
‘trigger

2 N D¥NaMIC DESCRIPTION

the above
of pro-

From a dynamic Point of view, all
Processes canp be gathered in two kinds
cesses:

a) Non Cyclieg:

Configuratiop and Start-up
Drecedure,

b) cyelie P Reading/lcgqing/writing and
control calculation,

Nen cyelic Srocesses: The regulator goes in
to these Processes only under Very particular cir

cumstances, say, when firse 1nstalling, when the™
Parameters neeg t0 be changed or after a powar
failure,

Cyeclic Drocesses:
been configuragd and i+
frocedure, it goes intg
above mentioned, Sinca
Ccesses it ig AseCessary
them,

Once the regulator has
has completed the Start-up
the cyclic Processes
there ars tyg cyclic pre-
t0 share zhe time between

The time fonstants of whe industrial pro-
ceésses for wnich =he r2gqulator has been designed
48 guite large, It impliss thas the sample intex
vals will re at least of several seconds. In or-
der that the WONitoring of the input signals be
efficacious, the regulator MUSL 90 into the read
ing/lcggingxwriting (R/L/W) Process more frequenE
ly than inets the control Calculation Drocess,

Two differens time intervals will

= Treatment cycle time (TC) 2
two Consecuri

be defineg

Time between

78 processes gof R/L/W.
= Control Cycle time (CC): Time betwaen rwo
Sonsecutive centrol actions,

The lassar interval is ap integral multiple
of the former interval and it Corresponds +g the
sample interval that pIp'g foutines ang Other con
trol routines must take into account, -

Every TC the regulator epters the R/L/W pro-
cess and 8very CC it sends 2 naw contrg} to the
ouzout, This control has haen calculated ip the
time;ags betweaen the and apg the begining of two
Sonsecutive R/L/w Processes,

4. SOFTWARE ARCHITECTURE

Now we will
sStructures that
Scribed.
Cesses,

describe the Foutines and datz
Support the Processes above de-
Let us begin with the nonecyclic pro-

- Programmin Monitor: Thig is the
terface that 2llows che Tegulator tg he
ed through the Programming Reyboard, rn
figuration Procedurs the oPerator tells
gramming Moniter the structure he wants
gulater to have and the

human ip
configur
the con=
the Pro-
the ra-

defauls values of jtg pa
fameters. At tha Same time the ?rcgramminq Moni-
£ills a DATA Base where thea Structure is Le-
*ng implemented, The flexibility of the Tequla-
Sor is due to thisz data hase and to a set of lo-
gical Variables which 2re used to define the con
trol logic of the regulator Structure,



The Programming Monitor also permits to
display the state of the main variables of the
regqulator and change their values once the re-
gulation has started.

An important characteristic to notice is
that in the configuration the operator defines
the control law of the regulator. The way it is
done is by telling the Programming Monitor the
order in which some basic routines are linking
together and the logical variables which govern
their execution.

- Start-Up. The main function of this rou-
tine is to prepare the regulator to start the
process of regulation. This means that it must
transfer the values of the parameters of the re-
gulator to their corresponding variables and
give control to the routines that govern the cy-
clic process of regulation.

Let us continue with the routines and data
structures associated with the cyclic prccesses.

- Programtheque: This is the name of the
set of basic routines which are included in the
regulator. They are divided into primary rou-
tines, say, the control routines and their asso-
ciate bumpless routines which are used to define
the control law, and the secondary routines
which make the transference of variables among
the primary routines used in the control law
just defined.

- Table: This is a bidimensional array in
which it i1s implemented the sequence of basic
foutines of the Programtheque which defines the
control law of the regulator and che specific
actions the regulator does in =ach cperatin
mode. is divided in four blocks, one for each
mode. we consider a single block each row con
tains the ccde of two routines and 2 logical va~
riable whose state will decide which routine has
to be executed.

It
If

= Analvzer: This routine analyses the block
of the Table associated with the actual operating
mode and obtain the code of the routine which has
to be executed.

- Executive: This routine takes the code
given by the Analyzer and execute =he correspond
ing routine of the Programthegue.

Up to this point the routines associated
with the process of control calculation has been
considered.

- I/0 Monitor: This routine carries out the
process ot R/L/W as well as the contrgl of the
svnchronization between this process and the
control calculation process.

The routine that is running continously 1is
the Analyzer which is interrupted periodically
by the I/0 Monitor every CT. The Analyzer must
accomplish the analysis of the Table in a CC so
that the I/O Monitor be able to send a new con-
trol to the output in every CC.

The most remarkable characteristics of the
regulator are the following:

1. The existence of a DATA BASE which al-
lows the regulator to fit the peculiarities af a
specific process, There are facilities so that a
qualified operator be abls to implement the de-
sired structure on the data base.

2. The joining of all routines referring
the control action in a unigue structure named
Programtheque, and the definition of the control

to
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action for each operating mode in a bidimensiona!
array called Table which is completely Drogram-
mable. These two items make easier the change of
the control law and the substitution of the actiel

control routines for new improved versions Without

modifying the global structure of the regulator,
3. The inclussion of an Adaptive operating
mode .

In addition to the most usual industrial cen-

rol algorithms (PID, PID+Gap, Cascade, Override,
Ratio, Feedforward), the controller has an adap-
tive PID algorithm. When in the adaptive mode of
operation there is an automatic tuning of the pIp
parameters. The basic scheme consists of a PID
controller in parallel with an on=-line pattern re
cognition algorithm which adjusts the controller
tuning parameters.

The self-tuning algorithm is human
mode of operation.
the response of

like in its
The internal circuitry measures
the system under control follow.
ing a disturbance. The algorithm uses the

regis-
tered response information to compute the news
control coefficients. The method followed by the

algorithm is in scme aspects similar to that of
(4).

CONCLUSION

The computing power of Microprocessors makes
that the general purpose control systems designed
for use on large number of processes systams oe
increasing their complexity in this paper. An in-
dustrial programmable adaptive controller nas seen
considered.

Their functional and sc<twara structure
been discussed. The controller has four operation
modes: manual, automatic, computer, and adaptive,
The controller has been designed to be compatible
with most PID controllers existing nowadays; it
may be configured through a programming keyboard.
The analog signals and algorithms are given a fis
ted configuration to get the structure the oper-"
ator wants the controller to have. An adaptive
mode of operation has been included. In this mode
there is an automatic tuning of the PID parame-
ters.

has
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