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anq hence can'only be qggntifieq in tefms of g particg1qr qpp]icgtione
In this particular application a high trace is obtained'With Pﬁ, while
a f]owf'trace is obtained when the parameters have conVQrgeq and the -
system is under the‘correct'contr01 (cf.*sec£1cn 3.4). 1In the tfackr
ing problem (changing‘system dyhamics) considered traces which are

too high will allow small -errors to cause dwamatic tuning transiéhts,
whilst traces that are too Tow will keep the parameters steady while
the dymanics'of the system change, unt11'system errors are so Jarge
that fetuning has to take piace with‘a severe transient. The correct
tracking reshbnse is one of sde] retuning transients at éach ;ma11
chahge‘in system dynamics. This is achieved by keépihg the inform§~

tion content of the self-tuner balanced as explained in section 3.s.

The Sampling Interval

Altho&gh a discrete-time model is used, the underiying process is
continuous time, and the choice of sampling 1nteﬁva1 is important
and must be made with due regard to the natural time scales of the
process'responsé; ‘Unlike the digital implementation of a 3-term
controller, where a fast sample rate (at 1eést up to the Nyguist
frequancy) produces a more accurate representation, se|f-tuning
experiments indicate a sampling rate surprisingly Tow 1in re]dtion :
to the physics of the system (typically 10% of the dominant plant

Lima sonstant),

“Small changes in sampling interval have minimal effect, large changes

“may be necessary if the inftial guess was poor and this may be indi-

cated by the tailoring polynomial which gives the best results., If

good reponses are obtained with very slow closed-Toop poles (eg.
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"tl = 0,95) then -the sampling is probably t0o fast, Conversely, a

tailoring polynomial with t, = 0.3 giving the best resuits‘wauﬂd

indicate the need for the faster sampling.

Control objectives, p]ant'cansiderations“and‘COmputationaﬂ capabilities
might fix the sampling interval, hence preciuding on-line trimming.

In the particualr experiments performed only the above ideas were

verified, and therefore the sampling rate was fixed for each individual

run. The selection of the 'best! sampling rate, in view of the f] e
Titerature available, remains one of the least clear decisions in |

se]f-tuning.

~(411) Tailoring polynomial (T(z"*))

The tailoring po1ynomia1 affects the shape of the system step respohses
and aiso the form of the control signal, as was discussec in Chapter 4,

Closed-loop pole positions can, therefore, be adjustéd,to fshapef the

step responSés. ‘However closed-Toop zero positions are not specified,
this is the reason why sometimes the‘Step‘responses might look rather
odd. |

Changing T(Z“l) onFTine requires re-tuniig of the estimator, and hence
this should only be performed when the trace of the P matrix is Tow,

that is when the parameter estimates are nearly correct. o

In (11) above includes some resuits regarding the trade-off betwesy
the choice offT(Z"l) and sampling interval, It is also important to
~add that first-order tailoring polynomials are adequate, and increasing

its order rarely helps. Most errors obtained regarwing incorrect step
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responses are due to an incorrect system mode) order, and for these

reasons on-line trimming of T(z~*) was therefore avoided. | g

Care must be taken when specifying‘the closed-Toop resinse, S0 %hat,
as in.conventional c]assica} control strategies, the user must make
sure that the request is achievable with abceptabWe contro] effort,
This is the particuTar problem associated with the minimum variance

Taw developed by Astrom |3].

The ﬁéin aim of this chapter is to document the experiences encountered
when running the self-tuner on the actual physica] plant. This dictates
how the self-tuner can cope with actuator non-linearities, sensor initial

dead band znd bther'inaccuracies in the modelling process. kInyéection 6.4

this is discussed in detail, in particular, a comparison between the robust-

ness of the se?fétuner'and the more conventional three-term control laws
included,. Obviously the Jatter strategies do not cope with a changing‘pWant,

but cope remarkably well with the non-linearities mentioned above.

The self-tuner could be attached to the plant and set into operation with

some initial guesses of the various parameters, as is done 1in the simulations
(cf. Chapter 4). llowever, it is more appropriate to use the following three-

stage process; i | | R e

(a) Close the Toop with a conventional strategy and simply monitof input/
output data. |

(b) Start Teast-squares estimation and observe the trace of the P matrix
oy the number of samples. |

(¢) When this trace or the number of samples compares with some user-defined

threshold the conventional strategy is replaced by'the self-tuner, i“‘ o
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The conventional strategy cap be éitber'a c?aésiCa} three-term law or the

~following which gave very good results. Thé butput is fujﬂ%on:unt11~the ok

measurement exceeds the demanded set-points, and then full-off until the
measurement is below the set—pOiht. This being repeated a number of times.
‘A furtheP advantage of this strategy is that the cross~over-points in:the
reéponse and set-point lines can be used to ascertain an appropriate
sampling interval.  Both these strategies were used in addition to the

initia1 use of the self-tuner. The results are documented subsequently.

In concﬂuéion, any self-tuner requires the user to have a adequate knowledge
of the physical plant to be controlled, and of the identification and
controller algorithms. The latter is,'obvious1y, dependent upon the freedom

of choice of parameters the particular suite gives the user. The more

general the particular self-tuner, the more complex and the'more know]edgé
the user is required to have. Since the main objective of this work was to
develop and test a particular brand of self-tuner the user (see Chapter 5)

is required to work at a fairly Tow Tevel of absnractioh. ~Appropriate

comments concerning future recommendations on this topic are given in the

next chapter, B | ‘ ~ | ; | .i ‘ﬁ




6.3, EXPERIMENTAL RESULTS

In this section the experimental work in using the self-tuner a’gorithm
described in Chapters 3 & 4 bn~line with the flow rig described in Chapter

2 is presented.

It is important to note that the experience accumulated by running the
simulator and doing off-1ine plani step tests was invaluable in providing

the necessary insight into the correct choice of parameters.

Numerous experiments werererfbkmed in order to investigate the effect
of the'various,identffication and contro11ef~parameters and wodel order
on the self-tuner behaviour. A1l the concepts discussed in sections 3.5
and 4.5 are still applicable. The next section describes in more’detai1
the practitai;prob1ems encountered in applying the self-tuner on~1ihe

with the plant.
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GRAPH 6

EXPERIMENTAL RESULTS

PARAMETERS :

Initial guesses : ey = -1
By T 1 900
Memory*?ength : EO'= 600 * R
R = 1E-4

(This choice of R has the effect of reducing the estimator
sensitivity to measurement noise, however, it decreases the

parameter adaptability capabilities).

Tailoring polynomial : ti = -0,85 for both loops

| Initialisation‘stagé ! §-1 0@P secs
TEST CONDITIONS :
At 1 888 -~ Plant modified

At 3330 - Plant modified

At 3 609 - Plant modified
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6.4.  DISCUSSION

It might‘be argued that,conventiona? PID laws will gﬁve acceptable
results on processes such as the one under consideration, particularly ‘
if the methods outlined by Owens 17| & |29] or Porter |30| are used.
However even then severe changes in interaction will not be accomodated.
Satisfactory control will only be achieved if the controller parameters
are periodically retuhad\ by the operatdr. The self-tuner considered

is a vyiable and stable alternative to periodic manual retuning.. Self~
tuning controllers are‘as robust (hbt sensitivé to the unkndwn dynamics)
as the ones obtained using the above strategies but provide better

performance under varying dynamical situations,

Self~tuners are, therefore, intended £o give superior contro1 performance
and hence their integrity is of great importance. A well designed self- |
tuner is one in which there is a‘robust control algorithm and diagnostic
routinés,to ensure,reliabTe'estimation,ksuch that it is relatively in-

sensitive to incorrect parameter estimates,

With regards to controller integrity, the pOWe—assignment lav used is
thought to be the most reliable, trading robustness for optimality as
was previously discussed (c¢f..Chapter 4). In the implemented self-tuner

there is a simple classical back-up controller.

There are many causes of estimator failure, and since bad estimates lead

to bad control, these must be dealt with. Section 3.5 discusses in

detail the parameters involved from which conclusions about remedies on

failure can be made. Some remedies modify the estimator while retaining
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estimation, others simply freeze the updating of‘parameters thus fiXing
the control law, in the'worst case, as ih,the proﬁoséd scheme, a default
controller is inplemented and the tuning restarted from scratch. In the
Vpraposed system the short periods of poor controi during the re~tuning

transients can be tolerated as shown in the last section,

To yier its best performance, a ¢elf~tuner needs to be 'tunéd’ by the
‘appvopriate choice of parameterss' Most of these parameters depend on
the particular identification and contrel strategies employed which were
already discussed in Chapters 3 and 45respective]y. Ihtuﬁtive engineer-
1ng‘judgem3nts concerning sample rate, rate-limiting of set-point changes,

ciosedwimop pole set Tocations are part of the choices left for the user.

In particular experience has shown that the choice of initial estimates

and of the cavariance of the measurements have a marked effect on the

final control configuration attained. The tailorinn poTynomia1 is also

of great importance, it should be chosen with Sysiom capabi]ities in

mind {ie. pumping and draining capacity).

On- & wheiw the results show that the‘particu1ar~cqnfiguration attained,
yields good performance in terms of the specifications included in Section
C4.b. 1t must be stressed, however, that depending on the initial parameter
rstimates various (d?ffarent) and still adequaté control configubatiOns

may be acnieved, and in this respect the self-tuner is very robust,

in the practical implementation of the self-tuner only the two foljowing
problems existed, Firstly the identification program had to be optimized

te save nomputer calculation (delay) time, hence precluding the need to
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extend the B(z™*) polynomial to take account of this. Secondly, the

s1ightly oscillatory response is due to sensor noise which was, in fact,

quite‘severe. Its effect was partially neutralised by taking the average

of various readings.

It'must also be noted that‘the,variabie forgetting factor extension te

the normal recursiVe Teast-squares a]gorﬁthm affected dramatically the
raie df conVergence.of the parameters. Several experiments were performed
with a constant forgetting factor - ~and the convergence was totally
inadequate, making it i%possib}e'ta track time varying dynamics‘with‘

reasonab®e 'tuning® transients.

As a final remark attention is drawn to the fact that the limited capacity

~of the top tanks in the coupled tanks system (cf. Fig. 2.1) warranted an
upper bound on the maximum flow rate to prevent overflows of these tanks.

This, obviously also degraded somewhat response times.
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CHAPTER 7
CONCLUSION
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Existing se]feadaptive algorithms operate well on processes with
constant but unknown parameters and were designed to solve the
regulator problem [3|. Most industrial processes, in particular

in the chemical/minera)'industry, exhibit time varying and non-=linear

dynamics. - The main objective of this research was o0 extend one ¢f

the existing multivariable algorithms to accomodate the above and

to incorporate set-point tracking capabilities. This dissertation

documents the theoretical developments and the,significahce,‘and

%

limitations of the experiénce acquired in applying the algorithm

to a pyhsical system.

The recursive least-squares éstimator is able to adjust its parameter
estimates in order to‘fo1]ow the’system time varying dyhamics. This

is achieved by preventing the estimator from converging by introduc-

ing a forgetting factor, Thisfforgetting factor is calculated ‘on-
‘1inef to ensQre a balance of information in the eétimator.f Hence at
each sample the amount of fdrgetting is equal to the émount of new
~information in the Jatest measurehehﬁ,‘estimatibn<is therefore a]ways

based on the same amount of information.

The self-adaptive error-actuated controller uses a classical pole-

assignment technique which s non-optimal but robust. The control
objective is to move the closed-loop pole set to user-prespecified i 1  3
'positions, which define the required response. This method is
therefore intuitivelly more appealing and more géneraW]y applied
than the optimal Taws, however the complexity of the required comp-

utational effort is greater.
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The algorithm was extensivé]y tested in an actual physical system and also

on a computer simulation. The various results are documented at the end
of each Chapter. The'foilowing table, nevertheless summarizes the most

typica1yma1fun¢tions and the appropriate actions to nulify them.

SYMPTOM DIAGNOSIS ACTIO
a) Traces Jevelling off  Too WittTeyinformation ~ Inject set-point changes
to a high level on sys- entering the estimator ~and/or disturbances

~ tem without noise

b) Traces Tevelling off  Self-tuner canhot‘tuneh .. .1. Change controller order
to a high value on sys-  System order probably 2. Change samp]ing4interva1
tem with noise incorrect

c) Traces ]ow but con- Self-tuner hasyconverged 1. Inject set-point changes
trol unsatisfactory | ~ toa SUboptima1‘config~' and/or disturbances
(self-tuner accommodates — ypration : 2. Use random walks

this automatica11y!)v | < 3. Decrease forgetting factor
d) Unsatisfactory control , S Change (decrease) T(Z7%)

but correct parameters and

traces

The :dimplemented self-tuner deals adequate]ly with the plant non-linearities
ie. operating-point and actuator/sensor non-linearities. The former is

dealt with as time-varying parameters, since a change in operating conditions

W e
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~induces a corresponding variation in the locally linearised transfer

function. Actuator non~linearities require supervisory software (ie.

rate 1imits) to protect the basic algorithm.

- The developed algorithm in addition to being an adaptive control method,

can be regarded as a,pOWerfu1,on—1ine controller design tool. The fact
that 1t provides a direct 1ink between identification results and digital
controller design is its main advantage. it‘is-evident from this diss-
ertation that a: substantial amount of adjustmeiit before an experiment

is required by the self-tuner algorithm,

This research has indicated a number of associated areas where further

work is required,
Expansion of the suite to include other (optimal) control laws

The behaviour of the algorithm in the presence of a time (trans-
port) delay. Theory indicates that this can be accomodated by
~ extending the model order |21] & |22].

Convergence properties of the algorithm. The se1f~tuner dfscussed
was‘found to converge in a variety of cases. Neverthel . it is
fe]t that a more ana1yticaﬁ approach 1is required especially in- |
~volving the effect of the injtial ‘se1f~tuher’parameterf choices
upon the rate of convergence and the finaTyachievab1e controller

. configuration.

+  Although the structure of the .suite is modular, enabling easy
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modifications, these have to be done to the particular
subrontines involved. The suite could be made more user-

friendly, especially as far as the simulator is concerned.
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Considering the following second-order Laplace domain transfer function,

two possible z-domain equivalents arise:

G(s) = Ts+aJ (s+b) : o (A.1:1)
(n ‘Mode111ngythe samp1e‘+ hold as a first order function plus A

deTay,

D
: 1 ,
(571Y Brz ~ + Baz CERia
Gz %) = T+ a1z7% qpz™2 ‘ o (Al1.z)

]
=
o
1
d
wn
w
R
oo
P amn
o

B1 =

K -lab)T, -aT, BT, AT, BT,

| S
spmrgr—(%e T e Srple (- S))+~f~-§-(e

B%

iRt

(2)U Mode11ing the sample + hold as a pure delay of half the sampling

internal,

O T gzt ‘ | S
G(Z‘ ) R R + 0pZ72 ; (A.1.3)

where

oy and ap are as for (1)

and,

g
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APPENDIX 2

SOFTWARE EXPLANATORY LISTING
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Hh%k

PROGRAM - ADAFT
wkk

VA.M.P.Férreira
NOV~1983

ok ok R &k K K

* MAIN TASK ¥
X & ok k& ko

PURPOSE: DESIGN OF A SOFTWARE PACKAGE TO IMPLEMENT THE FOLLOWING
© FIVE MODES OF OPERATTON.
 1- SELF TUNER CONTROL
2- CLASSICAL PID CONTROL
3- MANUAL CONTROL |
4= NON-LINEAR T~DOMAIN SIMULATOR
5~ RECURSIVE LEASI~SQUARES ESTIMATOR

PROCEDURE: THE FOLLOWING TEST PACKAGE IS DIVIDED INTO FOUR
| MODULES, WHOSE FUNCITONAL AND DATA TRANSFER XISIICS
ARE EXPLAINED SUBSQUENTLY. | |
MODULE 1: USER INITIALIZATION ROUTINE
MODULE 2: SIMULATION ROUTINE
MODULE 3: ESTIMATOR ROUTINE
MODULE 4: CONTROLLER SYNTHESIS ROUTINE

PARAMETER DESCRIPTION: ;
| ALFI : Value of alfas' initial estimates
AM i X-Sectional area of mixing tanks
AT em " of top tanks

ve

BETI : Value of betas' initial estimates
€OVl : Initial varlance of alfa estimates

s
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w . " Of bata . Y}

(1] of " @

cov2 ; ,
FFO 3 Value of the memory length
FF. : Memory length factor
H : Integration (t-incremental) step
IEND i Termination flag ; ‘
INT . interval for data output
ISEED: Initial seed for random generator
ITN ¢ Initialization flag |
LL & Lower bound on minimum level
' Q''H : Upper bound on input '' flow rate
Q'L waer " on " r " "
Q1 s FPlow(l) at time t
Q2 " (2) 4t "t
Q3 ¢ " (l)yat " ot=-l
Q4 ¢ " (2) at " =l
Q5 : " (1) at " =2
Q6 "o(2) at " g2
R : Expected variance in level measurmt
SP + Required set—points
T H Iime‘
THIA : Vector of estimated parameteis
TK  : Vector of tanké"discharge coeffs.
TLP : Talloring poiynomial
TRAC : Trac of confidence matrix
TSP : Sampling time interval
TSP1 : Time interval for changes in inputl:
TSp2 ¢ 0" b " . in input2
UL ¢ Upper bound on state variables
XQ'' : Random flow [0,1] for input *'!
Q' s " SN T2 7 IR ST
X(1) : Level of’topwtank 1
X(2) "oof " "2 :
X(3) :+ " of miming-tank 1 at time t
X(4) ¢+ " of " "9 at " ot
X(5) + " of " " lat " og-l
X(6) + " of "ot 2ar M ot-l
X(7) + " of " "l at " t-2
X(8) 2 at " =2

T

i S i e
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REMARKS: E ‘ | | R
_ SUBROUTINES USED: | i
1. BND t Saturation. routine
2. DIAGN : Diagnostic routine:
3. ESTMI : Recursive plant estimator
4. INPT : Input routine ;
3. INIG :‘T~domain plant simulator
6. NXIM Next-time calculation routine

7. OUTPT : Qutput routine

Q. 0O O O O

QO O .o 6

aQ o

8. PLASS : Pole-asgignment controller'

e i

L

R S
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K kokod ok XK Kok N AKX
% MODULE 1 *

% USER INTTIALIZATION *
ok ok ok ok ok Kk Kk ok ok k%

PURPOSE: USER INITIALIZATION BLOCK
PROCEDURE: USER PROVIDES ALL NECESSARY PARAMETERS AT THE CONSOLE

PARAMETER DESCRIPTION:
INTERNAL PARAMETERS: NONE

EXTERNAL PARAMETERS:
IGEN : Random number generator flag
INFLG: Initialisation flag

0 := Initialise with PID control

L i= " " SELF~TUNER

2 g “ " other method
ISIM : Simulation flag

0 := On-line with plant

1 := On-line with simulator
TTUNE: Controller flag

0 := PID control

1= SELF&TUNER control

R
*
*

SUBROUTINE DIAGN
T

PURPOSE: MONITOR THE LEVELS TO ENSURE THAT ANY FAULTY OPERATION
IS CLEARED BY REMOVING IN~FLOWS AND REVERI'ING TO MANUAL

MODE OPERATION.

PARAMETER DESCRIPTION:

i
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c INTERNAL PARAMETERS: NONE
: ff*' ; c. D | :
B c  EXTERNAL PARAMETERS:
c | ~ IEND
e G QL
e G Q2
| c X
, . c |
. C
$:» : C kN
| O SUBRQUTINE INPT
i Q k% e .
2 |
c PURPOSE: SAMPLE PLANT AND INPUT LEVELS
f c ‘ |
'C PROCEDURE: HP2240 MEASUREMENT & CONTROL PROCESSOR APPLICATION
. c SOFIWARE IS USED.
| c REF: HP2240A |
c 1- USERS MANUAL
c 2~ INSTALLATION MANUAL |
c Library Index Number: 2240A.005.02240-93001
- c 1978 |
. c -
G PARAMETER DESCRIPTION: |
c INTERNAL PARAMETERS: NONE
;f c ‘
c EXTERNAL PARAMBTERS :
: ¢ ' X
: .
C
< C ek

SUBROUTINE NXTM

#

C

c ;

G - PURPOSE: CALCULATION OF THE TIME TO SAMPLE THE PLANT
c

C

PROCEDURE: USE OF HP1000 EXECULIVE (REAL-TIME) FACILITIES.
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PARAMETER DESCRIPTION: |
INTERNAL PARAMETERS: NONE

EXTERNAT -PARAMETERS &
TSP

. Xk
T T SUBROUTINE OUTPT
- o Rk

O

J'URPOSE: OUTPUT REQUIRED FLOW-RATES TO THE PLANT.

PROCEDURE: USE OF HP2240 SOFTWARE FACILITIES AS FOR INPT ROUTINE.

* PARAMETER DESCRIPTION:
| INTERNAL PARAMETERS: NONE

EXTERNAL PARAMETERS :

QL
Q2

Q o o0 0 0. 0 0 0o 0 00
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Ak ok % Kk %k k ok E kK
* MODULE 2 *
#* T-DOMAIN SIMULATION *
* Kk ok ok K ok ok ok ok W kN

a o QG o o O o 0 0

*;k*
SUBROUTINE INTG
ok

e

PURPOSE: NON-LINEAR TIME~DOMAIN PLANT SIMULATION IMPLEMENT AT ION

PROCEDURE: FLOW IS INTEGRATED OVER ONE SAMPLE INTERVAL.
A 4TH ORDER RUNGE~KUTTA ROUTINE PERFORMS THIS
INTEGRATION IN 'NSTP' INTEGRATION STEPS.

PARAMETER DESCRIPTION: ‘
EXTERNAL PARAMETERS : , | R E

: o ‘ i

|

O O 0 O O 0 OO0 G o o o o o

O QG O .
3
w
2]

INTERNAL PARAMEDERS :

D : Vector of states

time~derivatives

NSTP: No. intgr. staps

~ RES : Measmt. resolution ‘? ' :
SIOR: Storage registers e i

REMARKS:
SUBROUTINES USED:
1+ RGKT

Q.0 Q-0 . O G0 O . O
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4 b
'@ SURROUTINE RGKT
i G K&k
! c
3 ,? cC PURPOSE: IMPLEMENTATION OF A 4TH ORDER RUNGE-KUITA ALGORITHM
1 ! ¢ TO INTEGRATE OVER ONE COMMUNTGATION INTERVAL.
; o
d: S C  PROCEDURE:
E c THIS SUBROUTINE IS ENTERED FOUR TIMES FOR EACH
; c INTEGRATION STEP , AT THE SECOND & FOURTH ENTRANCES
¢ “pv BEING INCREMENTED BY "H/2". | .
[ AT A PRE-SPECIFIED FREQUENCY THE OUTPUTS ARE
¢ CONTAMINATED WITH NOISE WITH A VARIANCE OF THE SAME
¢ ORDER AS THAT PREDICTED FOR THE LEVEL MEASUREMENT.
c THEORY REF: "BASIC NUMERICAL METHODS"
c T.J.YPMA § PP.269-235 ;
: c | !
¢ PARAMETER DESCRIPTION: f
c INTERNAL PARAMETERS: ?
C K ¢ Vector Runge-Kutta
C | 4=point functions
o X8 s Vector of states
C | at previous step ' s
c EXTERNAL PARAMELERS : n : |
¢ it
¢ i
© X
c |
c REMARKS 1
; ¢ ' SUBROUTINES USED:
| c 1. SDER
¢
c
G k&%
SUBROUTINE SDER
, C kAR
/
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PURPOSE: IMPLEMENTATION OF PLANT DYNAMIC MODEL.
TIME-DERIVATIVES OF THE STATES ARE CALCULATED.

PROCEDURE: THE PLANT STATE EQUATIONS ARE USED TO CALCULATE
’ THE TIME-DERIVATIVES OF THE STATES AND THE RESULT IS
STORED IN D~VECTOR. THE INTEGRATION ROUTINES ARE THEN
USED TO CALCULATE THE CORRESPONDING STATE VALUES.

PARAMETER DESCRIPTION:

INTERNAL PARAMETERS:
' U : Flow-Level non-linear
transfer function
EXTERNAL PARAMETERS : |
D
STOR
.
X

REMARKS:

Kk

Fokk

SUBROUTINE USED:
1. BND

‘TFUNCTION BND(X,UL,LL)

PURPOSE: SIMULATION OF A SATURATION NON LINEARITY

PARAMETER DESCRIPTION: ‘
INTERNAL PARAMETERS: NOWE
EXTERNAL PARAMETERS : |
LL : Lower Limit
UL : Upper Timdt
X ¢ Input/Output value
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G
¢ ;
¢ Kok ok ok Rk Kk K ok kK Kk K
C *  MODULE 3 ok
C * LEASI-SQUARES ESTIMATOR *
o ok kX K Ak R R Rk Rk ok ok A R
C
c
Q kA
SUBROUIINE ESTME
G Rk | L : =
. | ;
C PURPOSE : MULTIVARIABLE LEAST*;SQUARES TDENTIFYCATION ROUTINE Ij
¢ : ‘ ' , S
c PROCEDURE: A RECURSIVE LEAST~SQUARES ALGORITHM IS USED TO IDENIIFY | j;
c © THE PARAMETERS OF A SUITABLE PLANT MODEL. USE IS MADE 7
c OF A VARIABLE FORGEITING FACTOR TO WEIGHL FRESH DATA :
c ACCORDING TO TTS TNFORMATION CONLENT. ; !
c THEORY REF: " SYSTEM IDENTIFICATION = A SURVEY" ;l
¢ K J.ASTROM & P.EYKHOFF . | i
c AUTOMATICA = VOL.7 = 1971 | | 1
¢ ‘ }
C - PARAMETER DESCRIPILON: : ’
C INTERNAL PARAMETERS: ’
G CL ¢ Work array
G c2 " " ;
¢ €3 : Estimator levels
C C4 :+ Error warlance
o} 6 ¢ Correction firctor
c for estimates
¢ ,‘ G7 ¢« Work array
¢ | g ¢ v
¢ C10 : Corxrection facterx
c ; for covariance
¢ ; ; FFA : Loopl e**2/varnce
¢ ‘ FPB ¢ Loop2 * " "
C ; TNt Asymptotic memory
C length
5
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FFl : (ffa+ffb)=dim(out)

GAMA: Gamma matrix
PHY : Estimator gain

. TERR: Error transpose

EXTERNAL PARAMETERS :
' ALFT -

BETL
Covi
cov2
COV : Covariance matrix

ERR : Error im estimates

b

v

FEL v Forgetting Ffactor
?SYf: heasurement vector
R

THRAY Vector estimatbes
~TPSY: Transpose of PSY
TRAC: Trace COV matrix

REMARKS ¢ :
SUB*UTINES USED:
1. BuD

2. FRSH : Formation of wmeasuremt vector

ke

SUBROUTINE FRSH
Fekok

PURPOSE: FORMATION OF THE MEASUREMENT FROM IN/OUT DALA

PROCEDURE: PRESENT & LAST TWO SAMPLES OF DATA ARE ARRANGED
ACCORDING TO PRESPEGIFIED PATTERN. THIS PATTERN
DEPENDS ON THE POSTTION OF THE CORRESPONDING
ELEMENTS IN THE 'VECTOR OF BSIIMATES'.

PARAMETER DESCRIPTION: ,
' INTERNAL PARAMETERS: NONE
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EXTERNAL PARAMETERS:
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kof ko ko k ok R Kk ok ok ok kK & ko %
* MODULE 4 *

* POLE~ASSIGNMENT:  CONTROLLER #
ok ok ok ko k k Kk ok Kk ok & % %k

SUBROUTINE PLASS

PURPOSE: IMPLEMENTATION OF A 'CLASSICAL' POLE-ASSIGNMENT
* CONTROLLER SYNTHESLS ROUTINE.

PROCEDURE: THE THEORELICAL CONCEPTS DISCUSSED IN CHAPTER 3 ARE
| IMPLEMENTED TO OBTAIN AN ON-LINE ERROR ACTUATED
CONTROLLER. |

PARAMETER DESCRIPTION:
EXTERNAL PARAMETERS :

INT

: Q' 'H
Q'L
QL

o
Q3
Q4
sp
T
THI A
TL.P

INTERNAL PARAMETERS $
Fl : Controller matrix
GO ' " a8

%
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Gl : ‘ " "
All other matrices are

work arrays.

REMARKS:

SUBROUTINES USED: ;
| 1. XINV : Matrix inversion
2+ XMLT -2 " multiplication

1 e T R T R L AL 23 s Y I R AR b o K S €, AR R B DA e PR B e

O o000 aoo0o0o0an

*kk

(@]

R

'SUBROUTINE XINV(A,N)
R

PURPOSE: MATRIX INVERSION
PROCEDURE: THE GAUSS—JORDAN METHOD WITH COMPLETE PIVOTING IS USED.

PARAMETER DESCRIPTION:

INTERNAL PARAMETERS:
B - : Work array

EXTERNAL PARAMETERS : | :
A : Result ;

N : Matrix order

REMARKS :
' THEORY REF: "FORTRAN WITH ENGINEERING APPLICATIONS"
D.D. McCRACKEN |
J. WILEY(1967)

c 00 0006000000000 o000

o a.a

Kk

SUBROUTINE XMLT(A,B,C,L,M,N)
Q ks o k

PURPOSE: MATRIX MULTTPLICATION

(]
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PARAMETER DESCRIPTION:
INTERNAL PARAMETERS: NONE

EXTERNAT, PARAMETERS:

Left-hand matrix
Right- " "
B Resy‘ult

T3

No. rows of A

»e

No. colmns of A

Z EoH oW

T

No. colmns of B

a0 o0 Qo0 .0 0 0 o0

ot i e

y
%




157

wy

APPENDIX 3

USER INITIAL DIALOGUE
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ENTER VALUE OF SIMULATION FLAG:
ENTER VALUE OF SELF-TUNNING FLAG:
ENTER PLANT INITIALILSATION FLAG:

ENTER VALUE OF INITIAL FLOW RATE FOR BOTH MOTOR PUMPS:

SAMPLING iMERVAi.,H & LU:

ENTER VALUE OF INITIAL ESTIMATES ,UNCERTAINTY 8 ’MEM’OR‘Y’ kLENG?m':
‘0OV. OF LEVELS & MENORY LENGTH FACTOR:

ENTER INTERVAL FOR DATA OUTPUT:

ENTER REQUIRED SETL POINTS:

ENTER INITYAL TUNNING*IN TIME & TIME OFFSET:

ENTER TAYLORING POLYNOMIAL FOR LOOP(L):

ENTER TAYIORING POLYNOMIAL FOR LOOP(2):
ENTER FLOW BOUNDS FOR LOOP(1):

ENTER FLOW BOUNDS FOR LOOP(2):

¥
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E C  DATA STORAGE EXPLANATORY LISTING :
I ¢ LOADR COMMAND TO PERFORM THE FOLLOWING !
] ¢ | :
. SFILES(12,12)
, ; ;
c OPENING OF REQUIRED UNITS
C ‘ ~ ,
L OPEN(FILE='DAT1',UNIT=17 ,STATUS="NEN")
; 'f OPEN(FILE='DKT2',UNITwlB,STAmUS=3NEw')
e OPEN(FILE='DAT10" ,UNIT=19, STATUS="NEW')
S OPEN(FILE='DAT11',UNIT=20,STATUS='NEW')
e OPEN(FILE='DAT30' ,UNIT=21, STATUS='NEW')
. OPEN(FILE='DAT20' ,UNIT=23,STATUS="N"')
! OPEN(FILE='DAT21',UNIT=24,STATUS='NEW")
5 OPEN(FILE='DAT12' ,UNIT=25,STATUS="NEW") ) |
N OPEN(FILE='DAT22' ,UNIT=26 ,STATUS="NEW') - | ;
i OPEN(FILE='DAT50' ,UNIT=27 ,STATUS="NEW") e 3
b OPEN(FLLE='DATSL',UNIT=28 , STATUS='NEW')
| OPEN(FILE='DAT52',UNIT=29 , STATUS="NEW')
?é . c STORAGE OF IN/OUT DATA , , | , : ; ,V“ ﬁ
| WRITE(L7,5000)T ,X(3),5P(1),Q1 o
:f WRITE(18,5000)T,X(4),8P(2),0Q2 ; , ~ j '~Q
L5 5000 FORMAT(2X,16,2X,G13.6,2X,G13.6,2X,613.6) .
¢ |
i G STORAGE OF ESTIMATOR ROUTINE DATA
C ; !
;g WRITE(19,5000)T ,FFI,THTA(L,1),THIA(3,1) :
1 WRILE(20,5005)T ,THEA(5, 1), THTA(7,1) ,THEA(9, 1), THTA(11,1) | i )
’ “j WRITE(21,5000>T,TRAcE,GAMA(l,l),GAMA(z,Z) ‘ f |
i 5005 FORMAT (2X,T6,2X,613.6,2X,G13.6,2X,G13.6,2X,613.6)
f WRITE(23,5000)T ,FFI,THTA{2,1),THTA(4,1)
i WRITE(24,5005)T ,THTA(6,1) , THTA(8,1) ,THTAC10,1) , THTA(L2,1) :
A
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*; WRITE(25,5010)T ,ERR¢1,1) ,THTA(9,1)
g  WRITE(26,5010)T ,ERR(2,1),THTA(10,1)
i 5010 TORMAT(2X,I6,2X,G12.6,2X,G12.6,2X,612.6)
L C  STORAGE OF CONTROLLER ROUTINE DATA
4 WRITE(27,4000)T,60(1,1),60(2,1),60(1,2),60(2,2) | | e
| WRITE(28,4000)T,61(¢1,1),61(2,1),61(1,2),61(2,2) , .
‘! WRITE(29,4000)T,F1(1,1),FL(2,1),F1(1,2),F1(2,2) | |
. 4000 FORMAT(2X,16,2X,G13.6,2%,G13.6,2K,613.6,2X,G13.6)
i ¢ e ”
C CLOSING OF THE UNITS (only performed at end of run)-
- ¢ ‘ (fe. when TEND=1 )
o c ’
EER | CLOSE(17)
o CLOSE(18)
§ ~ GLOSE(19)
] CLOSE(20)
S CLOSE(21)
b CLOSE(22)
¢ CLOSE(24)
: CLOSE(25)
 GLOSE(26)
: CLOSE(27)
A CLOSE(28)
s CLOSE(29)
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APPENDIX 5

ON-LINE USER INTERACTIVE‘DIALOGUE
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c
| G *kk
PROGRAM SETPT
E‘ G kxR '
*7 c PURPOSE: ON-LINE SEf-~POINT & OPERATIONAL MODE MODIFICATION.
G PROCEDURE; SYSTEM COMMON BLOCK AREA 1S UPDATED ON CORREGY
¢ COMPLETION OF THE REQUIRED UPDALTING.
. o
e PARAMETER DESCRIPIION: |
j c | INTERNAL PARAMETERS: NONE
¢ IXTERNAL PARAMETERS :
g THD , ,
¢ TGEN | | |
C LNFLG ' '
c ISIM ’
o ITUNR %
o 8P ‘ e : S
¢ : :
ENTER NEW SET POINTS TN ORDER!
k 0,00 - 0.00
i
[ ENTER TERMINATION FLAG:
it ENTER NEW MODE OF OPERATTON (0=NO CHANGE):
I ; IS DATA GORRECT (0=NO3I1=YBS}2=N0 CHANGE):
i q
\
|
|
|
(
;
|
o

s St Ny
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