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This invention relates to a process control device which
controls the process, and in particular to the process control
device which has function to automatically adjust control
constant such as proportlonal constant (P) and integral constant
iI) to an optimum value. This invention relates in still more
detail to the process control device having a process model
internally to estimate the dynamic characteristic of the process
to be controlled, wherein PI operation parameters are

detetermined based upon the estimate result by the process model.

Description of the Prior Art.

In order to control the process'to an optimum condition, it
is necessary to search the dynamic characteristic of the process
and to calculate the control operation parameters (constants) for
calculation of the manipulated variable. An_open loop type, a
limit sensitivity type, a response waveform type, an adoptive
control type, a type equipped with process model are known for
these process control devices. )

Figs. 1 to 5 are block diagrams which show the configuration

of the conventional apparatus.

Fig. 1 shows the conventional process contrel device of the

°Pen loop type. In normal control state, switch 1 is connected to
Ontrol operation means 2 side. Both set value SV and process

iriable PV are inputted to deviation operation means 3 in which



al ' ' - B
mpdel internally to estimate a dynam c characteristic of the process to.be :
controll ed, wherein Pt operation paraneters are determ ned based :upon the
estimate result by the process nodel (self-adaptive controller).
Description of the Prior Art In order to control a process to an optinum
condition it is necessary to search the dynam c characteristic of the
process and to calculate the control operation paraneters (constants) for

Calcm‘ﬂﬁﬁgl&%vfi%ﬁéﬁ”ﬁé%%égﬁxkﬂggéab&ﬁpué@ is calculated. The dev1ation¢

sxgnal is inputted to control operation means 2 in whlch

manipulated variable is calculated by using PID operation
parameter, and the obtained manipulated variable is outputted to
process 4. .

Switch 1 is connected to identification signal generator 5
side periodically or when the deviation becomes large, and a step
signal like a pulse siéhal is outputted from identification
signal generator 5 to process 4 as an i1dentification signal.
Based upon the response from process 4, control operation
parameters are calculated in accordance with Ziegler-Nichols
method etc. and set to control operation means 2.

Fig. 2 shows the conventional process control device of the
limit sensitivity type. A deviation signal from deviation
operation'means 3 is applied to control operation means 2 and
limit cycle generator 6. Adding means 7 adds outputs of control
operation means 2 and limit cycle generator 6, and generates an
output signal to process 4 as a manipulated variable.

Limit cycle generator 6 functions to change the manipulated
variable outputted to process 4 to a maximum vﬁlue and to a
minimum value periodically. Based upon the 1limit cycle—or limit
sensitivity at that time, the control operation parameters are
calculated in accordance with Ziegler-Nichols method etc. and is
set to control operation means 2.

Fig. 3 shows the conventional process control device of the

response waveform type (for example, USP No.4,602,328). To
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open loop type, a limt sensitivity type, a response maveforn1type. an
adaptive control type, a type equi pped with process nodel: are krigwi for
t hese process control devices. Figs. 1 to 5 are block diagrans whi ch show

the configuration of the conventional apparatus. Fig. | shows a
conventional process control device of the open |oop type. In normal
control state, a switch | is connected to control operation neans 2. Both

setvalw%é@bm@d maxéﬁﬁrmamﬁméeaaﬁxyfngnmddmw BQ(kWtaWKIh@p®Vﬂhﬁﬂ
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dev1atlon bV are applied Response waveform rule applylng means "8
is configured by such tuning rule as Fuzzy rule etc. The control
operation parameters are obtained by applying these rules to the
overshoot of the process quantity, the attenuation ratio, the
attenuation period, etc., and obtained parameters are set in
control operation means 2.

Fig. 4 shows the conventional process control device of the

adaptive control type. Adding means 10 adds outputs of control
operation means 2 and identification signal generator ¢, and
generates an output to process 4. Further, dynamic characteristic
identification means 11 receives process variable and the output
of adding means 10, estimates control operation parameters, and
P sets the estimated parameters in control operation means 2. That

is, very small disturbance is generated in identification signal
generator 9. The control operation parameter is obtained from the
dynamic characteristic of the process variable at that time and
the obtained result is set in control operation means 2.

Fig. 5 show the conventional process control device of the
type equipped with the process model (e.g., ISA Transaction Vol.
22; No. 3, p.50, 51, and USP No. 4,385,328). A signal from
control operation means 2 is outputted to process 4 and also

applied to process model 13 through high pass filter 12. Process’

model 13 modeling process 4 is so configured that its parameters
can be changed. Difference operation means 15 calculates the

difference between the signal applied from process 4 through high
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means 3 in which the deviation between these input sSignals .is calcul ated.
The deviation signal is inputted to the control operation nmeans 2:in which
the mani pul ated variable is cal culated by using PID operation paraneter and
t he obtai ned mani pul ated variable is outputted to a process 4. The switch 1
IS connected to an identification signal generator 5 periodically or when
the devi ati on becones large and a step signal like a pulse signal is

Ot Putg 28l FOTLHe 14T bRA Akl DNghp 970 %&%%EB&@% M Eeps 3,28 an
Model parameter search means 16 receives a dlfference-51gnal from
difference operation means 15, and searches parameters that
makes the difference signal minimum. The searched parameters are
set as the parameters of process model 13. And based on the
parameters searched by model parameter search means 16, control
operation parameters are obtained, and the obtained control
éperation parameters are éet in control operation means 2.

The above explained conventional process control device has
following problems.

That is, the open loop type and the adoptive control type
apparatus must give the identification signals to the process,

and the limit sensitivity type apparatus must generate persistent

oscillation. In these types, disturbance is applied to the

process, and therefore, in case when we would obtain the control
constant while the process control device is in operation, there
occurs many restrictions.

Further, in the responsive waveform type, several times of
F waveform observation are necessary until the control operation

parameters are settled, and therefore, it needs a certain time.

Accordingly, either of these control devices could.not set
the control operation parameters freely.

Further, in the type equipped with the process model, the
calculation is carried out continuously at model parameter search
Means 16, and thus, the amount of calculation increases as the

%hole. As the result, it has such a drawback that the load of 2
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i dentificati-on signal. Based upon the response fromthe process 4, c¢ontrol
operation paraneters are calculated in accordance with [err] hethod etc.
and set to the control operation means 2. Fig. 2 shows a conventional:
process control device of the imt sensitivity type. A deviation signal
fromthe deviation operation nmeans 3 is applied to the control operation
Teans 2 and a limt cycle generator 6. Addi ng neans 7 adds out puts of
ontrol wpefels ee sesishbecands! hdalyCwien gener&mrctao@mbﬁueabhe%a% is
ufput signal to thé prdocess 4'as a - -

~ "=

executed in accordance with the program 1nstalled in tHe

O,

microprocessor.

SUMMARY OF THE INVENTION.

A main object of this invention is to provide a process
control device wherein control constant can be reset in a short
time without giving dlsturbance to process.

Other object of this invention is to provide a process

control device wherein the amount of calculation can be reduced
and the load of the microprocessor can be minimized.

BRIEF DESCRIPTION OF DRAWINGS.

Figs. 1 to 5 are block diagrams which show the structure of
conventional apparatus.

Fig. 6 is a structural diagram which shows one embodiment of
a process-‘control déviée in accordance with the invention.

Fig. 7 is.a flowchart to explain function of the apparatus
in Fig. 6.

Figs. 8 and 9 are diagrams of characteristic curves to
explain the function of the embodiment in Fig. 6.

Figs. 10 and 11 are diagrams which show respectively
configuration and function of other embodiment in accordance with
the invention.

Fig. 12 is a flowchart of search method which uses simplex
method.

Fig. 13 is a block diagram which shows a main_part of other

embodiment in accordance with the invention.
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mani pul ated variable. The linit cycle generator 6 functlons to ehange the
mani pul ated variable outputted to the process 4 to a maximum val ue and to a
M ni mum val ue periodically. Based upon the limt cycle or limt sensitivity
?t that tinme, the control operation paraneters are cal culated in accordance
M th-Ziegler-Nichols nmethod etc. and is set to the control operation neans
2. Fig. 3 shows a conventional process control device of the response
mavefountyﬁég(fé4e%§nﬁlQaW§§q¥m GQEEIZm which shows the Change of -

-, ">

process variable when a step like manlpulated varlable is appllea
to process.

Fig. 15 is a flowchart which shows the function of the
apparatus in Fig. 13.

Fig. 18 is a waveform diagram which shows the change of

process variable in other case when the step like manipulated
variable is applied to the process. ’

Fig. 17 1s a structural block diagram of still other
embodiment in accordance with the invention.

Fig. 18 is a flowchart which shows function of the apparatus
in Fig. 17.

Fig. 19 is a waveform diagram which shows the change of the
process variable when a step like signal is applied to the
manipulating signal.

Fig. 20 is a structural block diagram which shows still
other embodiment in accordance with the invention.

Fig. 21 1is a flowchart which shows tuning action in the
embodiment in Fig. 20.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS.

Fig. 6 is a structural block diagram which shows one
embodiment of the process control device in accordance with the
invention. In Fig. 6, 20 is control operation means, to which set
value SV as a desired value and process variable PV which is the
output of process 21 .are inputted. In control operation means 20,

Such operation as proportional operation, integral operation, or

!
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To-response waveformrul e applying neans 8, set value SV and devi.ati.on DV
are applied. The response waveformrul e applying nmeans 8 is cenfigured by
such a-tuning rule as Fuzzy rule etc. The control operation paraneters are
obt ai ned by applying these rules to the overshoot of the process quantity,
the attenuation ratio, the attenuation period, etc., and obtained
paraneters are set in control operation neans 2. Fig. 4 shows a

convent iddrfgle renddeads “ampata i ordeys Cappflibﬁe t@dat;he v@iﬁmtémd:et yaeweéﬂdls@g;
neans 10 adds outputs-” Ty s
value SV and process variable PV so as to obtain manlpulated

variable MV.

Manipulated variable MV which is the output of control
operation means 20, is applied to.process 21 to be controlled,
and from process 21, process variable PV is outputted.

22 is data gathering means, wherein manipulated variable MV

and process variable PV are inputted and these data are held as

time series data for a predetermined period.

23 is modeling means in which preprocessing means 231,
process model 232, internal parameter adjusting means 233 and
comparing means 234 are provided. Preprocessing such as filtering
is applied, at preprocessing means 231, to the outputs of data
gathering means 22. Then, manipulated variable MV is inputted to
process model 232 and process variable PV 1s inputted to
comparing means 234. Process model 232 simulates process 21. The
output of process model 232 is inputted to comparing means 234,
and compared with process variable PV separately applied. This
comparison result is inputted to internal parameter adjusting
means 233 which functions to adjust the internal parameter in
process model 232 so that the output of process model. 232 may
match the output of process 21.

24 is estimation accuracy operating means, wherein the
output of modeling means 23 is inputted so as to calculate
accuracy of process model 232. 25 is control operation-parameter

Operating means, wherein the outputs of internal parameter
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q!of the control operation neans 2 and an identification signal generator 9,

'} and_generates an output to the process 4. Further, dynam c characteristic

i dentification neans 11 receives the process variable and the out put: af the
addi ng -neans 10, estinmates control operation parameters, and sets the"

- estimated paraneters in control operation neans 2. That is, a very snall

i. di sturbance is generated in the identification signal generator 9. The

% control operation paraneter is obtained fromthe dynam c characteristic of

: the pr ocedg;usatnablm@aars e anms ea;rtdmtalt&oanbtma:mdaa;esubbras;m@t mémi§1624

{ . are inputted and the control parameters calculated baSed upon tﬁea
' output thereof are set in control operation means 20. Control
operation means 20 calculates manipulated variable MV based upon
this new control parameter.

26 1s calculation instruction means, wherein process
variable PV and manipulated variable MV are inputted and the
éutput is generated to ﬁanipulate switches 27 - 30 when the
changes of the inputs exceed a predetermined wvalue. Based upon
this, a calculation instruction signal is applied to modeling
means 23 so as to cause modeling means 23 to start its operation.

The function of this embodiment is explained in the
following. |

Fig. 7 is a flowchart which shows one example of the
function ‘of this embodiment. Data gathering means 22 gathers
manipulated wvariable MV and pfocess variable PV as time series
data at a predetermined period without any relation to this
modeling operation. In Fig. 7, calculation instruction means 26

reads process variable (PV) and manipulated variable (MV) every

predetermined period and functions to judge whethe} those changes
are larger than the predetermined wvalue. If the change. is 1less

than the predetermined value, the operation ends without giving

any calculation instruction.
For example, this judgment is derived from such calculation,
as shown in Fig. 8, that the area (slash part) is calculated by

integrating the deviation of the process wvariable and the

“ﬁfiiiiﬂiiilﬁiﬂ“ iii




control operation neans 2. Fig. 5 shows the conventional process -coptrol
device of the type equi pped with a process nodel 13 (e.g., |SA Trahsaction
Vol 22. No. 3, p, So, 51, and US-A-4.385,6326). A signal fromthe control
operation nmeans 2 is outputted to the process 4 and also applied to the
process nodel 13 through a high pass filter 12. The process nodel 13

nodel ing the process 4 is so configured that its paraneters can be changed
D'fferemaalppiaabdonauﬁabse15romlcabahe$1VhesteadY states

—.'._ -

- - - s

When the change is large, modeling means 23 ‘reads tlme
series data {éV} concerning process variable PV and time series
data {MV} concerning manipulated variable MV gathered by data
gathering means 22. Preprocessing means 231 serves to eliminate
the DC component and noise component thereof by filtering.

This filteriﬁg is given by following equation (1), where

PVF: the time series data of the process variable, PVO: the DC or

noise components, and oK. filtering constant.

PVF=(1-0()*PVF+ O(*(PV-PVO) - - - (1)

Filtered time series data PVF, MVF concerﬁing the process
variable and the manipulated variable respectively are applied to
process model 232 in which calculation of model output is carried
out.

Though this calculation is different by the process model,
assumed that the n time model output is On, the above calculation
is given by following equation (2), where Ky: gain of process
model, Ly: dead time of process model, /3Mh first order lag
coefficient of process model, MVF(n - LM): this is done by
calculation by the use of a value MVp before time iM'

/3IW * 0p_ 1 + (1 - KQM)* Ky * MVg(n - Ly} - — (2)

This calculation is repeated until the repetition number

reaches the maximum value, or until output Oﬁ of the process

model becomes sufficiently close to time series data PVF
concerning the process variable.

When the repetition number does not reach the maximum value,
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difference between the signal applied fromthe proceSs 4 through a high
pass filter 14 and the signal applied fromthe process nodal 13. Nbge!
parameter search means 16 receives a difference signal fromdifference
operation neans 15, and searches paraneters that nakes the difference
signal mninmum The searched paraneters are set as the paraneters of the
process nodel 13, Based on the parameters searched by the nndeh par anet er
sear ch pRaRs ed theO Rt rle raRReable®eRA BIRHEES 027 B£OPFBLASY: n8AY; .
obta[negﬁgéhfrblnoperdt1on paraneters_areﬁsetupn {hg cong[ofrgﬁégggz a?%‘

time series data PVy concerning the process variable is not small

as shown in Fig. 9, gain Ky, dead time Ly, and first order lag
coefficient K?M are adjusted so that this difference becomes
small (that 1is, to cause the curve of output 0, to move to the
direction of an arrow), and then process model 232 is re-started.

When the repetition reaches the maximum number, or when the

difference between output Op of process model 232 and time series

data PV concerning process variable becomes enough small,
accuracy K of process model 232 is calculated by estimation
accuracy operating means 24. This accuracy K is calculated, for
example, by following equation (3) or (4).

K=1 - [Z{PVp(i) - 0(1)}% /ZPVR(1)2] = - - - (3)

K= Z{PVp(1)}2 /5{0(1)}2 - - - (4)
where PVF(i): time series data of the process Yariable at time i,
0(i): output of process model 232 at time i.

When this estimation accuracy is higher than a predetermined
value, control operation-parameter operating means 25 calculates
proportion/integration/differentiation constants, that is,

control operation parameters, by using Ziegler-Nichols method,

based upon obtained process-model 232 of the first order lag
Process model.

Control operation means 20 calculates manipulated variable
MV by using this control operation parameter newly obtained.

By the way, the process model is not necessarily such a

first order system as shown by equation (2). Further, when there
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ati-on neans 2. The above expl ai ned conventional process control deviee has
foll ow ng probl ens. - o .o

exists such measurable disturbance as load fluctuatlon 1n process_
21, this disturbance can be used for the model calculétion o

In the embodiment shown in Fig. 6, calculation must be done
repeatedly with respect to the whole internal parameters of
process mddel 232, that is, gain Ky, dead time Ly, first order
lag coefficient /3M' by changing slightly these vélues, and

therefore, it takes a lot of times for calculation. The following

embodiment can overcome this problem. In this embodiment, gain Ky

is calculated based upon the integration ratio of the process
variable and the output of the process model wﬁen the process
gain is made 1, and dead time Ly and first order lag coefficient
ﬁn,are obtained by the repetition search method.

Fig. 10 shows the structure of this embodiment. In this
figure, other portions than the modeling means and data gathering
means 22 -are omitted since these portions are the same as shown
in Fig. 6.

In Fig. 10, 31 is modeling means which has similar function
to modeling means 23 in Fig. 6. 311 is preprocessing means which
has similar function to preprocessing means 231 in Fig. 6.
Namely, process variable PV and manipulated variabie MV stored in
data gathering means 22 are filtered so as to eliminate the DC
component and the noise component.

312 is process model which simulates the real process like
process model 232. To this process model, the manipulated
variable preprocessed by preprocessing means 311 is inputted. 313

is gain operation means, wherein the output of process model 312

11
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That is, the open | oop type and the adaptive control type apparatus nust
give the identification signals to the process. and the limt sensifivity
type apparatus nust generate a persistent oscillation. In these types, a
di sturbance is applied to the process and therefore, in case when we woul d
obtain the control constant while the pr.ocess control device is in
operation, there occur many restrictions. Further, in the responsive

waveformtype, several tines of waveform observati are .necess i |
t he coft$ ¥H§ prqﬁ%s§_variable are inputted_ané %Re galq'gif%ﬁ%égg#-

e * -

model 312 is calculated.

314 is comparing means for comparing the output of.process
model 312 and the process variable. 315 is internal adjusting
means, wherein the output of comparing means 314 and the output
of gain operation means 313 are inputted and the internal
parameters are changed so that the difference between the output
;f process model 312 ana the process variable may be enough
small.

The output of internal parameter adjusting means 315 1is
applied both to estimation accuracy operating means 24 and
control operation-parameter operating means 25 in Fig. 6 so as
to obtain the control operation parameters of control operation
means 20. Switches 27, 28, 34 and 35 are controlled bY
calculation instruction means 26. Function of this embodiment is
explained in the following.

Fig. 11 is a flowchart which shows the function of this
embodiment. Calculation instruction means 26 shown in Fig. 8
rsads periodically manipulated variable MV and process variable

P

F7, and only when those fluctuations become large,.the following
STéps are executed. -

That is, at preprocessing means 311, time series data {pv}
azd {MV} concerning the manipulated variable and the process
Viriable respectively are filtered so as to eliminate the DC

ccaponent and the noise component, and then the output of the

PTocess model is calculated by process model 312.
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operation paranmeters are settled, and therefore, it needs a certain ftine.
Accordi ngly, either of these control devices could not set freely the:
control operation paranmeters. Further, in the type equipped wth the -
prqcess nodel, the calculation is carried out continuously at nodel

par anmeter search nmeans 16, and thus, the anount of cal culation increases as
the whole. As the result. it has such a drawback that the | ead of a
rncroproceSSQhl¥ﬁ¥§méameaiﬁﬁMBHnEBFoEuegﬂgx&&fKeaqg m%&eli e&%&“fﬂe'“

accordance with t
calculation is carried out by following equation (5).

0y = '/3M *O0pp ¢ (L= By ) o MVR(n - Ly) - - - (5)

where respective coefficients have the same meaning as in

’ <

equation (2).

Next, at gain operation means 313, process gain Kym is
calculated by use of following equation (8).

Ky = [Z{0(n)*PVg(n)}1/{Z0(n)?} R ()

where 0(n): the value obtained by the above equation (5), that

is, the output of process model 312 when process gain KM is made

1.

These calculations are carried out repeatedly until the
repetition number reaches the maximum numbers, or until the
product of output 0, of process model 312 and process gain Km
calculated by gain operation means 313 becomes sufficiently close
to time series-data PVgp of the process variable.

When all conditions in the above are not satisfied, dead
time Ly of process model 312 and first order lag coefficient
/3M are adjusted so as to minimize the above difference. Then,
process model 312 is restarted, and such operatidﬁs are carried
out, that the output is calculated in accordapce with—equation
(5) and that process gain Ky is calculated in accordance with
equation (8).

When the whole conditions are satisfied, accuracy K of

process model 312 is calculated. When this estimation accuracy is

less than a predetermined value, control operation-parameter
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rograminstalled in the mcroprocessor. Prior art docunent .GB-A-2 .086 082
escribes a process control wherein a controller is response to a set point
ignal to control a process and a nodel of this process. A sequencer
garries out a cycle in which step changes are nmade in the desired set point
or t-he process, by a predeterm ned val ue, above and bel ow t he desired set
oint. A paraneter identifier nodifies the paraneters at the process nodel
nd Mhn¢mﬁtanm%ﬂm@anSIn23nscpﬂ@n&§¢@@ntpm09Qrmuon/ integration/

_0)

differentiation constant, that is,. control operation j parameters.
by using Ziegler-Nichols method, based upon obtained process
model 312 of the first order lag process model.

€ontrol operation means 20 calculates the manipulated
variable by using this control operation parameter newly
obtained. Further, internal parameter adjusting means 315
_ éalculates dead time Ly ;nd first order lag coefficient /3M by

! the repetition search method which uses simplex method.
'—' Further, 1if process gain KM becomes necessary at the
beginning of repetition, the last time process gain Ky 1s used
for this. In this embodiment, process gain KM is automatically
determined when dead time KM and first order lag coefficient
/3M are determined, and thus, the numbgrs of repetition search
can be reduced.

For example, simplex method can be used for a method in case
when internal parameter adjusting means 315 searches the internal
parameter of process model 312. By the simplex method, some
points having geometrical arrangement on R"™ are chosen, and
search is cafried out by comparing the values Bf the object
function at these points. This method 1is disclosed on—p.284 -
287, "Non-linear Programming” by Hiroshi Imano énd Hiroshi
Yamashita, published from "Nippon Kagaku Gijustu Rengou”.

However, the I/0 data of the usual simplex method are

discrete values in principle. Therefore, such problem occurs,

that since the object function enters into the space of the
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cycle is repeated until ‘the change in the values of the paraneters: between
adj’acent cycles is less than a predeternm ned about whereupon it is -~

term nat-ed. In prior art docunment ADAPTIVE CONTROL K. J. Astrom & 8.
Wttemark May 1989, Addi son-Wesley publishing Conpany, pp. 443 to 458, it

i s described that in an adaptive control with an estimator the value of the
changes of a control signal and a process output can be used as criteria

f or decdﬂsqgeﬂheWhémeEheqnﬁnnhnbesomésa mmnﬂssmhi%onFurther there is

such restriction that parameters such as time constant and dea&a
time must be positive numbers.

Fig. 12 shows procedure of the simplex method, in which the
above mentioned restrictions are eliminated. In this figure,
assumed that the process data gathered by data gathering means 22
corresponds to geometrical points x on R®, and that the object

function corresponds to function f( ) of at this geometrical

point. The search is carried out by comparing the values of the
object function f( ). Further, assumed that among points x, a
point where object function f( ) takes the maximum value, Iis
x, that among points X, a point where object function f( ) takes
the second magnitude value, is xS, that among points x, a point
where object function f{ ) takes the minimum value, 1is xl, and
that a centroid of the graphic pat‘m':ern whic]:; has points x as
summits, is x®. Further, the following points are defined as
follows:

Reflection plane: xF = (1 + X)) » x® - XxI

X >0
Expansion: X8 = f« xF + (1 -§f)» x™
£>1 —
Contraction: x¢ =/3* P+ (1 -/3)* xm
/3 € (0.1) -
Reduction: The whole summits are reduced to the

direction of xl.

In Fig. 12, after initialization, (n + 1) affine independent
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venient or not. Finally, prior art document- DATABASE | NSPEC:. Oper at'i;ons
Research Society of Anerica 4lst annual neeting, New Ol eans, USA; 26-28
April 1972. K A FEGEY J. F. BURNS. R M HOLLIS Process identification
via mathe- matical programm ng, discloses that it is known to use the
sinmplex nethod in order to determ ne a mathematical nodel of a process.

convex,hu%lg SpuRn are. generated. by a first simplex Next the;

above xI, xS, xi

and x™ are decided, and judgment as to whether
it can be converged is carried out. This judgment is conducted in
a way whether the following equation can be satisfied.

Sexh) - ™2/(n + 1) €
where £M = S f(xi)/(n + 1).

When the convergence condition 1is satisfied and if the

convergence is the first time, simplex is generated at this

point, and the operation repeats from the step that xh, xS, xl,

x® were decided in the above. The operation ends when the
convergence is accomplished more than two times.

When it is not converged, x¥ and f(xF) are calculated, and
judgment is carried out whether the following equation is
satisfied. |

£(xF) < £(x5)

When this-condition is not satisfied, judgment is carried

out as to whether the following equation is satisfied.

£(xF)< £(xh)

h r

When the above equation is satisfied, x* is replaced by x".

" Whén the above equation is not satisfied, x© and f(x®) are
obtained, by leaving the equation as it is, and judgment is
carried out whether the following equation is satisfied.

£(xS)< f£(x)

h

When the above equation is satisfied, x® is replaced by x°.

When the above equation is not satisfied, 1 is replaced by (xi +

[ 1

Xl)/z. and the operation returns to the step that xh X, x: and
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FAARY OF THE | NVENTI ON A mai n object of this-invention is to prQV|de a
pnacess control device (self-adaptive controller) wherein control const ant

h be reset in a short tinme without giving disturbance to process. Another
obf ect of this invention is to provide a process control device

anfl the | oad of the mcroprocessor can be mnim zed.
: xU. were decided.- e e e - I .-

On the other hand, when the equation f(xfiéf(xs)' f;
satisfied, judgment as to whether the following equation 1is
satisfied, is conducted.

£(x7)> £(xh)

When the above equation is not satisfied, x® and f(x®) are
obtained, and judgment as to whether the following equation is
_ ;atisfied, is carried out:

- £(x®)<f(x1)

h js replaced by x©.

When the above equation is satisfied, x
When the above equation is not satisfied and when f(xr)gf(xl) is
satisfied, xP is replaced by xF, and the operation returns to the
step that x, x5, x! and x™ were decided.

In contrast to the usual simplex method, in this. embodiment,
when the -convergence is the first time, simplex is generated at
this point, and the simplex method is carried out once again.

Therefore, such a disadvantage that the object function enters

into the subspace can be avoided, and negative number can be used
for such parameters.

By the way, in this embodiment, although the length of each
coﬁponent side which composes an initial polygon is made longer
than sampling period and although the initial polygon is remade
at least once, it is also possible that eifhér of these two
conditions is satisfied.

Fig. 13 shows a still other embodiment. In the

embodiment in Fig. 6, initial values for proportional constant,
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wig. 6
cont rol

_;ﬁsolve this object the-present invention provides a self-ada

| er as speC|f|ed |n claim1. BRI EF DESCRI PTI ON OF DRAMYN#@

Is a structural diagram which shows one enbodi nent of a pro
device in accordance with the invention.

intégral conséént and differential -eonstant, and sampling period«
must be set prior to the control operation. If these values are

not set properly, automatic adjustment of the control operation

parameters can not be done properly, and as the result, the control

characteristic becomes worse. In the embodiment shown in Fig. 13,
in order to eliminate these situations, both the control

operation parameters and the sampling period are previously

.tuned. In this embodiment, the same reference nunerals are

attached to the same components as in Fig. 6 and the explanation
for these components is omitted.

In Fig. 13, 40 is step input generating means which applies
step like manipulated variable to process 21. By this input of
the manipulated variable, the process increases gradually as
shown in Fig. 14. 41 is first monitoring means which monitors fhe
process variable of process 21. Namely, after application of the
step like manipulated variable from step input generating means
40, time width t; (first time width) until the process variable
reaches a first predetermined value, for example, 1% of full
scale, is measured. _ .

42 is sampling period calculating means, wherein the first
tihe width measured by the first monitoring means 41 is inputted
and based upon this, sampling period of data gathering means 22
is calculated. 43 is a second monitoring means which monitors the
process variable from process 21. Namely, after application of
the step 1like manipulated variable from step input generating

means 40, time width to (second time width) until the process
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Fig. 7 is a flowhart to explain function of the apparatus |n Fvg :6.; Fi gs.
3 and 9 are diagrams of characteristic curves to explain the functi-on of

t he enbodi nent of Fig. 6. Figs. 10 and 11 are di agrans whi ch show
respectively configuration and function of another enbodi nent in ac-
coidance with the invention. Fig. 12 is a flowhart of search nethod which
usgs si npl ex net hod.

variabte reaches a second- Ppredetermined -value largar .than the-
first predetermined value, for example, 2% of full scale, is
measured.

44 1s sampling period correcting means, wherein the second
time width measured by the second monitoring means 43 is inputted
and the sampling period calculated by sampling period calculating
means 42 is corrected.

45 is a switch whichmcomposes a sampler. In the first place,
! this switch is made ON every period calculated by sampling period
calculating means 42, and later, is made ON every period
corrected by sampling period correcting means 44. And, in
accordance with these sampling periods, the process data 1is

introduced into data gathering méans 22. The gathered data 1is

inputted to modeling means 23, and its internal parameters are

adjusted,as explained in the embodiment of Fig. 6, until the
output of process model 232 may coincide with the process
variable. Based upon this internal parameters, control constant
are calculated.

Next, the function of this embodiment is explained in
aécordance with a flowchart shown in Fig. 15. The operation is
eiecuted at a predetermined period at the initial stage of
control. In the first place, the condition of start is judged
Whether it is initial state or not. When it is judged as an
initial start, a step like manipulated variable is applied to

Process 21.

On the other hand, when the start is not an initial one,
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13 is a bl ock diagram whi ch shows a main: part. of  another enbodi-nent in
cordance with the invention. Fig. 14 is a maveforn1d|agran1mh|ch shpms
“the change of process variable when a step |ike mani pul ated variable-is
-applied to process. Fig. 15 is a flowhart whi ch shows the function of the
‘apparatus in Fig. 13. Fig. 16 is a waveform di agram whi ch shows the change
of process variable in other case when the step |ike

Judgmert as. to -whether . the.process .corresponds to elthen rof the.

following. three steps, is judged. If the process does hot

-

correspond to any of these steps, the operation ends without

doing anything.

(1) When process variable PV exceeds 1 % of full scale.

(2} When process variable PV exceeds 2 % of full scale.

(3) When process variable PV is settled to a fixed value or
it becomes inte;er times of the sampling period

;‘!’? obtained by sampling period correcting means 44.

When the process variable corresponds to the above step (1),
elapsed time tl after application of the step 1like manipulated
variable to the process, that is, the first time width is
measured, and one to integer number of this time t; is used as
sampling time ts. For example, sampling time ts is made as
follows:
tg = t1/4°
When the process variable corresponds to the above step (2),
Jt elapsed time t, after application of the step like manipulated
variable to the process, that is, the second time width is
measured, and judged as to whether this time width ty is larger
than the twice of time width t; obtained by step (1). When time
width t, is larger than the twice of T, sampling time is made as
follows:

tg = ty/4

In this case, interpolation is applied to previously

gathered data so as to use these data as the data for new
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_gulated variable is applied to the process Fig. 17 is a structural
K diagramof still other enbodiment in accordance with the invention.
13 is a flowhart which shows function at the apparatus in Fig. 17.
19 is a waveform di agram whi ch shows t he change of the process

able when a step like signal is applied to the mani pul ating signal .

~ e - -, "a

sampling periSﬁwts. T T e el e -

When the process variable corresponds to the above step (33;

data gathering operation of the process variable terminates, and
arrangement of time series data {PV} and {MV} with respect to
the process variable and the manipulated variable, stored in déta
gathering means 22, is carried out. Based upon these time series
data, the internal parameters of procéss model is adjusted by
modeling means 23, and coﬁtrol constants are obtained.
4*‘ The obtained control constants are used as an initial value.
Then, data gathering is carried out by sampling period tg, and
the control parameters are caiculated in accordance with the
procedure explained in Fig. 7.

In this embodimept, the step 1like manipulated variable is
applied once at the beginning of control. In case of the non-
integral type process, process variable PV can_settle by one time
application of the step like manipulated variable as shown in

Fig. 16(a).

However, in case of the integral type process, offset
remains as shown in Fig. 16(b). Accordingly, in this case, after
the process variable is settled, a step like signai is applied to
opbosite direction so as to eliminate the above offset, and then,
sampling of the process data goes on. If change of the process
variable exceeds a fixed tolerance, the step like signal is
applied to opposite direction even though the process variable

has not been settled yet, so that the process variable may not

become tooc much large. Further, it is possible to judge the
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4320 is a structural block diagram which shows still other enb
¥0rdance with the invention. Fig. 21 is a f1 owchart which showsz
gion in the enbodinent in Fig. 20.

-

process whether it is integral type "or -nat -from the é@ppnguof the.~
offset. i o

Applied period T of the step like manipulated variable ig
set to a fixed time or a time until the process variable reaches
/) pmax,

Further, though in the above embodiments, the control
constants ére derived from the internal parameters of the
modeling means by use of Ziegler-Nichols method, least square
method or maximum likelihood degree method can be used.

In the above mentioned embodiments, process data is gathered
by the data gathering means and the modeling means is started so
as to correct the interﬁal parameters'of the process model only
when the change occurs in the process data. Then, estimation
accuracy of the process model is calculated, and the control
constants are calculated. Therefore, in this embodiments,
identification signals are unnecessary, and thus, these
embodiments have such advantage that extra disturbances are not
applied to the process.

Further, since calculation for the estimatign accuracy of
thé process model 1s carried out, if the model 1s judged to be
inédequate, the adjustment of the control constant is stopped or
reduced, and therefore, such uncontrollable state in the process
control device such as shutdown, overshooting, etc. can be
avoided.

Further, since calculation of the process model is carried

out while the data gathering means is gathering the process data,
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di agr am whi ch shows one enbodi nent of.the process contr ol

device in
dance with the invention. In Fig. 6, 20'is control .operation mgans,

to

whigch set value SV as a desired value and process variable PV which'is t he
oulput of process 21 are inputted. In control operation nmeans 20. such
opgration, as proportional

the "time for data gathering -is unmecessary .- I ORI

-

PO - s

- .

Further, since the process gain is calculated from the
process variable and the output of the process model, the search
time can be shortened.

Further, such a disadvantage that the object function enters
into the subspace can be avoided since simplex method is used as
the search method and since simplex is regenerated when the
éonvergence is the first éime.

Further, since at the beginning of control, a step like
manipulated variable is applied to the process and since initial
values of the sampling period and the control constant are
derived from the change of the process variable at that time,
optimum control can be accomplished.

Fig. 17 shows a structural block diagram of a still other
embodiment in accordance with this inventioq. In this embodiment,
estimation acéuracy operating means 24 shown in Fig. 6 is
omitted. In place of this, manual instruction means 50 and step
signal generating means 51 are provided, wherein step signal
generating means 51 generates a step like pulse signal to process
Zl.based upon the instruction applied from instruction means 50.

| Fig. 18 is a flowchart which shows tuning operation for
calculating the control operation parameters, started at a
predetermined period in the embodiment in Fig. 17.

In the first place, judgment as to whether instruction for

fenerating the step signal (the instruction from imnstruction

eans 50) exists, is conducted (step 1). When this instruction
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weration,

* §rani pul ated variable M. Manipul ated variable W which is the output: of
gontrol operation means 20, is applied to process 21 to be control |l ed, and

B

freans,
hind t-hese

§romprocess 21, process variable PV is outputted. 22 is data gatherlng
wherei n mani pul ated vari able MV and process variable PV are inputted

-

exists, a. step "signal having a fixed width-is generated -from stqp*
signal generating means 51 and is applied to manlpulated variable
MV in control operation means 20 (step 2). When the 1instruction
does not exist, step 2 is skipped.

Fig. 19 is a waveform diagram of manipulated variable MV and
process variable PV, wherein the change of the process variable
PV is shown when the step like signal is applied to manipulated
variable MV.

When the manipulated variable changing step-like as shown in
{(a) 1is applie¢ to process variable PV, process variable PV
responds in such a manner as shown in (b) in accordance with its
dynamic characteristic.

Data gathering means 22 receives manipulated variable MV and
process variable PV, and holds these data as time series data
for a predetermined period (step 3).

Calculation instruction means 26 reads manipulated variable
MV and process variable PV, and monitofs, at every identification
Period, whether the fluctuation of these signals exceeds a
Predetermined value (step 5). When the fluctuqtion of these
Siénals is less than the predetermined value, it is judged that
thé control is satisfactory state, and the operation ferminates
wWithout generating a trigger signal. As shown in Fig. 8, the
above judgment is done based upon the size of areas (slash parts)
Calculated by integrating the deviation of process variable PV
from its steady state and the deviation of manipulated variable

MV from its steady state for a fixed time. e |
Sheet Has Been RT laced
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g%fe held as tine series data for a predeterm ned-period. 23 is
¥l i ng means in which preprocessing neans 231, process nodel 232; _--
anal par anet er adj usti ng means 233 and conparing nmeans 234 are provi-ded.

t hejout puts of data gathering neans 22. Then, manipul ated variable W is
i np@tted to process nodel 232 and process variable PV is inputted to
daring neans 234. Process, npbdet 232 sinulates process 21. The out put of

- - At- step Zs-when the step signal is applied. ard when both .
manipulated variable MV and process variable PV béggme lafgéfu
calculation instruction TRG is generated. Modeling means 23, when
it receives calculation instruction TRG, functions to estimate
the dynamic characteristic of process 21 by using the change of
manipulated variable MV and the response waveform of process
variable PV from process 21, based upon the data applied, for a
i éredetermined time, from data gathering means (steps 6 to 9).

"h' At step 8, when the difference of the model becomes small,
| that is, when output MO of process model 232 coincides with
process variable PV, control operation means 20 calculates, based
upon the obtained parameters of process model 232, proportion
(PB}/ integration(TI)/ differentiation(Tﬁ) parameters in
accordance with following equation (7), for example, by use of
Ziegler-Nichols method, and the obtained opera?ion parameters are
set in control ‘operation means 25 (steps 10 and 11).

(PB/Ky) = ally/ Gy)? + blLy/By) + ¢
# (TL/ By) = dLy/ By)? + eLy/ By) + £

TD = 0.2aTI - - =-(7

Control operation means 20 calculates manipuiated signal MV
by‘using newly set operation parameters. T

Step signal generating means 51 applies a pulse signal in
place of the step signal when the process is integral type
Process.

In this embodiment, PI operation parameter can be set to an

optimum value arbitrarily, if necessary, by applying a step like

25 This Sheet Has Been Reﬂlaced

AW




"procgss nodel 232 is inputted to comparing means 234. and conpared w th
procgss variable PV separately applied. This conparison result is’jnputted
to igternal paranmeter adjusting neans 233 which functions to adjust the

i ntegnal paraneter in process nodel 232 so that the output of process nodel
232 fray match the output of process 21. 24 is estinmation accuracy operating
¢ -wherein the output of nodeling means 23 is inputted so as to

cal c#l ate accuracy of-.process nodel 232. 25 is control operation-paraneter
3t i ngigiahsta.vitiee alanimel otéduear fbiatiar redtomatic control.state, ir

accordance with the instruction signal. And therefore,

operability of this embodiment can be improved sufficiently.
Further, since the calculation to obtain the process model

output at modeling means 23 or the calculatioﬁ to search the

parameters is conducted in accordance with the calculatioq

instruction signal applied from the calculation instruction

means, the amount of calculation can be reduced as the whole.

( Fig. 20 is a structural block diagram which shows a still
other embodiment in accordance with the invention. By this
embodiment, drawbacks of the prior art shown in_Fig. 5 are
overcome. In the conventional technique shown Fig. 5, the signal
to process model 13 is applied from control operation means 2
through high pass filter 12. By this structure, DC and noise
components can be eliminated from the signal and it has such
feature that calculation in the process model 5ecomes
comparatively simple. However, this prior art has following
_‘ drawbacks.

(a) The signal applied to the process mode% is preferably
tﬁe same as a signal to be applied to real process. However,
since the signal passes through the high pass filter, the signal
level of this signal becomes small or the waveform of the signal
is changed, and thus, calculating accuracy in the process model
is degraded.

(b) Toward difference operation means 15, the signal from

control operation means 2, 1in the real process side, flows in
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Pnet er adj usting neans 232 and estimation accuracy operating neans 24
@ i nputted and the control paraneters cal cul ated based. upon the ouf put
& eof are set in control operation means 20. Control operation neans 20
ul at es mani pul ated vari abl e W based upon this new control paraneter.
s calculation instruction neans, wherein process variable PV and
 pul ated variable MV are inputted and the output is generated to
pul ate swi tches 27 - 30 when the changes of the inputs exceed a

pruoetern1ned val ue.™

such order as - real process 4 ‘to --high pass--filter-14 to;
difference. operation means 15, and in the process éodel siﬁe,
flows in such order as high pass filter 12 to process model 13 to
difference operation means 15. That is, in the process model
side, the order of high pass filter 12 1is different from the
real process side.

Thus, it is necessary that process model 13 is a linear
characteristic type so tﬁ;t model parameter search means 16 may
search accurately the parameters which reduce the difference
signal applied from difference operation means 15. Therefore, it
is impossible to set high-low-limit in the output and also to use
a nonlinear characteristic type model for the process model.

The embodiment shown in Fig. 20 overcomes these problems,
wherein the amount of calculation in the process model or in
searching”/the parameters can be reduced, the calculation in the
process model can be done accurately corresponding to the real
process, and non-linear characteristic type model can be uséd for
the process model.

Signal MV from control operation means 20 }s applied to
précess model 232 through data gathering means 22. Signal MO from
précess model 232 is applied to a first band pass filter so as to
eliminate the DC and noise components. Signal PV from process 21
is applied to a second band pass filter 238 ﬁaving the same
characteristic as that of first band pass filter 235, through
data gathering means 22.

These Tirst and second band pass filters 235, 238 conduct
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fherlng,

I's, a calculation instruction signal is applied to nodeling

_23 so as to cause npdeling nmeans 23 to start Rs operation. The

ion of this enbodinment is explained in the following. Fig. 7 is a
hart whi ch shows one exanple of the functionof this enbodi nment.
means 22 gathers mani pul ated vari able MW and process vari able PV
§time series data at a predetermined period without any relation

Dat a

such 'fIlterir-l‘.g‘;'“ ctalculation- as. shown -in. the foliowing-.equation;
(8). ) )

PVF = (1 -(X)*PVF + a*(PV - PVo) - - - (8)
where PVF: applied time series data, PVo: DC and noise
components, (X : filter constant. Calculation instruction means 26
receives signal PV from process 21 and signal PVF from second
band pass filter 236, and when either of these signals changes,
calculation instruction signal TRG is generated.

Model parameter search means 233 receives signal MOF from
first band pass filter 235 and signal PVF from second band pass
filter 236, and based upon calculation instruction signal TRG
from calculation instruction means 26, searches parameters that
make the difference of the signals applied from the first and
second band pass filters minimum. And the parameters of procéss
model 232 is varied based upon searched parameters.

Control 6beration-parameter operating means 25 calculates
operation-parameters of control operation means 20 and sets these
values in control operation means 20.

Calculation instruction signal TRG from calculation
inétruction means 26 1s applied, in addition to model parameter
seérch means 23, to process model 232, first band pass filter 235
and control operation parameter operating means 25
simultaneously, which start <calculation based upon the
calculation instruction signal. In the following, the function of
this embodiment is explained.

Fig. 21 is a flowchart which shows tuning action for control

10
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B ocess variabl e (PV) and mani pul ated vari abl-e (M) every

rm

m ned period and functions to judge whther those changes are | arger

fiie predeter- nmined value. If the change is |ess than the
#rm ned val ue, the operation ends w thout giving any cal cul ati on

lon. For exanple, this judgnent is derived fromsuch cal cul ation
in Fig. 8, that the area (slash part) is cal-

operation.- paraméter, started at’a'predetermined"pézggd;hSecond:
band pass -fllter 236 receives process variable PV f?om prode;g
z;, and conducts such filtering calculation as shown by equation
(8) (step 1)}.

Calculation instruction means 26 reads the time series data
concerning process variable PV and output time series data PVF of
second band pass filter 236, and monitors, at every
identification period, whether the change of these data is
larger than a predetermined value (step 4).

When the change of these data is less than the fixed value,
it is judged that the control is in good condition, and the
operation ends without generating the calculation instruction
signal.

When the change of PV or PVF exceeds the fixed value,
calculation instruction means 26 generates calculation
instruction siénal TRG. Process model 232 which receives this
calculation instruction signal TRG, reads the time series data of
manipulated variable MV gathered at step 2 (the same signal as
the manipulated variable applied to process 21),'§nd calculates
moael output MO in accordance with equation (5) (step 5).

| Output MO of process model 232 is applied to firstigénd pass
filter 235 in which filtering calculation is carried out in
accordance with equation (8) (step l6). By. the filtering
operation, the DC and noise components included in model output
MO are eliminated.

Model parameter search means 233 receives time series data

29 is Sheet Has Been RTlaced
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I*ed by integrating the deviation of the process varlable and the,
~‘aulated variable fromrespective steady states. \Wen t he chaﬁgé S
e, nodeling nmeans 23 reads tine series data {PV} concerning process

: 'néte the DC component and n0|se conponent thereof by filtering. This
ferl

ﬁés% %ﬁc{ gf;jérb% ;l?%xlbcf %/%gf'ﬁ]%xg rhég' )d.n&’n te { e P%Frietshedg,éarze P\?Fertl‘resm:-
second band pass filter 236, and conducts calculation f;;
searching optimum parameters for process model 232.

By this calculation, for example, gain Ky and evaluation

function CRIT in the following equation (9) are obtained.
Ky = 3 {MOF(n)+PVF(n)}/>{MOF(n)}
CRIT = 1 - X {MOF(n)+PVF(n)}2/3 {MOF(n)2s*>PVF(n)2}

- - - (9
Further, parameter search means 23 functions to search the
best combination of time constant Ty and dead time Ly of the
model, by which evaluation function CRIT is made minimum.

That 1is, gain Ky of process model 232, dead time Ly, and
first order lag coefficient/QM are corrected respectively until
the output of process model 232 becomes sufficiently close to the
output of process 21 (i.e., the difference of process model
becomes less than a fixed value), by repeating the operation from
step 5 to step 9.

At step 8, if it is judged that the difference of the model
is small, that is, if it is judged that output MOF from first
bénd pass filter 235 is nearly equal to output PVF from second
bahd pass filter 238, control operation-parameter operating means
25 calculates, based upon the obtained parameters of process
model 232, proportion (PB)/ integration(TI)/ differentiation(TD)
parameters in accordance with equation (7), for example, by use
of Ziegler-Nichols method, and the obtained operation parameters

are set in control operation means 20 (steps 10 and 11).
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N0 se conponents, and c filtering constant. PVF = (1 - a)* PVF + a *
; (1) Filtered tinme series data PVFp MVF
¥Nni ng the process variable and the mani pul ated vari abl e respectively
ppl i ed to process nodel 232 in which cal culation of nodel output is
#2d out. Though this calculation is different by the process nodel,

ed that the n tine nodel output is O, the above

s

- Control’-operation weans 20 calculates manipulated -variable -

MV by using newly set operation parameters.

Process model 232 is not necessarily first order lag type
system. Further, when measurable disturbance such as load
fluctuation exists 1in process 21, this disturbance can be used
for the model calculation.

In order to pbtaig the proceés model, calculation 1is

conducted in such manner that  as to the whole internal

é‘.' parameters, i.e., gain Ky, dead time Ly, and first order lag
coefficient/ﬁm. the calculation is done repeatedly by changing
slightly the value of each internal parameter.

For example, gain Ky 1s determined by totalizing ratio of
the process variable and the output of the pfocess model when the
gain of process model is made 1. Then, dead time Ly and first
order lag coefficientjgm are determined by using repetition
search method.

This embodiment has following advantages in comparison with
i*. the conventional apparatus shown in Fig. 5.

(a) It is so configured that the same manipulated variable
as.one applied to real process 21 is applied to process model 232
simultaneously. Therefore, in the process model, acéﬁracy of
model output calculation can be improved.

(b) In the signal route from control operaéion means 20 to

model parameter search means 233, the signal from control
operation means 20 flows like the process(process model) to the

high pass filter in both the real process side and the process
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'xi,fulation i s given by following equation (2), where Km .gain of process
dfel , LM dead tinme of process nodel. OM first order | ag coef fi€ient. of

gicess nodel, MVF(n - LM: this is done by calculation by the use of a

gl ue WF beforetlrre LM O O- P. (I -)'" KM.WP(n LM

% This calculation is repeated until the repetition nunberreaches the

i I munrval ue, or until output O of the process
- mbdel'sidefrTﬁErefore,-it is possible..to -set high—lowglimit in -

the output, and also possible to use a non-linear chéfacterigtic
type model for the process model.

(c) Since the calculation to search the parameters jg
conducted in accordance with the calculation instruction signaj
applied from the calculation instruction means, the amount of

calculation can be reduced as the whole.
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! becones sufficiently close to tinme series data PVF concerning the
#iss variable. Wien the repetition nunber does not reach the nmaxi num

e e e e et e ot et o oL P N TR IR

in Fgg, 9, gain KA. dead time Lm and first order |ag*coefféci*vents OV are

adj u§

ol
232

iLs re-sfarfed. - .- . - e e e

- -

WHAT IS CLAIMED IS:

1. A process control device, comprising:

control operation means wherein process variable and set
value are inputted and based upon these inputs, manipulated
variable to be applied to procesé is calculated;

data gathering means which gathers said manipulated variable
and said process variable for a predetermined period;

modeling means including a process model internally, wherein

said manipulated variable gathered by said data gathering'means

is inputted and internal parameters thereof are corrected so
that an output of said process model may well match with said
process varlable;

estimation accuracy operating means whiéh calculates
accuracy of the process model; and —

wherein said modeling means is started when changes of said
manipulated variable and said process variable become larger than
a fixed value and control operation parameters of said control

operation means are obtained based upon outputs of said

modeling means and estimation accuracy operating means.
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proce§3°control-device of claim 1,- wherein deadmtime and-

* Tire

gt order 1lag coefficient of said process model are calculated
t

sed u
figﬂe when gain constant which is one of said internal

pon the output of said process model and said process

pameters of said process model, is made 1.
The process control device of claim 1, wherein simplex method
ysed to adjust each internal parameter of said pfpcess model,
f which length of compbnent side which composes an initial
glygon 1s made longer than sampling period in sald data
.therlng means.
The process control device of claim 1, wherein simplex method
g used to adjust each internal parameter of sald process model,
*4n which an initial polygon is remade at least once at the
riginal coordinate when sald internal parameters are séttled by
i #lrst simplex method.
. A process control device, comprising:

control operation means wherein process variable and set
dlue are inputted and based upon these inputs, manipulated
ariable to be applied to process is calculated; .
| data gathering means which gathers said manipulated variable
" said process variable for a predetermined period;

step input generating means which applies a step input to
321d process;
first monitoring means which monitors first time width until
 saiq pProcess variable changes to a first fixed level;

sampling period calculating means, wherein sampling period

This Sheet Has Been Replac

2 T




gV\hen the repetition reaches the maxi num nunber, or when the difference
;@een out put O 1 of process nodel 232 and tine series ng
ig§ess variabl e becones enough small, accuracy K of proiﬂlmlmmﬂ "E ml
qul ated by estimation accuracy operatlng means 24. Thi ¢ aécuracy <
Julated, for exanple, by follow ng equation (3) or (4).

is-_made somethivided value of sald first time wid@h,agd said -
process variable is sampled by said data gathering meé;s at éaia
sampling period;

second monitoring means which monitors second time width
until said process variable changes to a second fixed level
higher than said first fixed level;

sampling periqd correcting means which corrects, based upon
said first time width aﬁd said second time width, sampling
period calculated by said sampling period calculating means;

modeling means which based upon process data gathered by
sald data gathering means, calculates control parameters by use
of said process model; and

wherein at the beginning of control, a step like manipulated
process variable is applied to the process by said step input
generating means and control operation parameters are calculated
by said modeling means based upon time series data at this time.
6. A process control device, comprising:

control operation means wherein, at least, proportional(P)
operation and integral (I) operation are applieq to deviation
siénal between. process variable from process and target control
vaiue and an obtained manipulated varigble is outputted to said
process;

data gathering means which gathers said manipulated variable
and said process variable for a predetermined period;

modeling means including a process model internally, wherein

said process variable and said manipulated variable gathered by

3 This Sheet Has Been Replaced
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e

J‘ol
frtlonllntegratlon/dlfferentlaton constants, that is, control operation

(PVF(i) 0(i)) 1 zZPVF(i) 1 . (3) K=zf PV -
: (4) where PVF(i): tlne serles data

process variable at tinme i, O(i): output of pro

When this estimation accuracy is higher than a ?ﬂf ue

oper at i on- par anet er operating neans 25 calculates

parsﬁ-Iers, by using Ziegler-

said data . gathering means are -inputted and ptocess dynamic-
characteristic is estimated based upon response waveform thereof

control operation-parameter operating means wherein control
operation parameters are calculated based upon estimated resuit
of said process dynamic characteristic obtained by said modeling
means and these parameters are set in said control operation
means;

step input generating means wherein, at automatic control
state, a step like signal having a fixed time width is applied
to the output of said control operation means according to
instruction applied from outside;

calculation instruction means wherein said process variable
from process and said manipulated variable from said control
operation means-are inputted and calculation instruction is
generated when change of each signal exceeds a predetermined
value; and

wherein said data gathering means applies gathered data to
modeling means in accordance with the calculation imstruction
from said calculation instruction means and said.modeling means
and said control operation-parameter operating means are started
in accordance with the calculation instruction from said
calculation Instruction means.
7. A control device, comprising:

control operation means wherein, at least, proportional(P)
operation and integral(I) operation are applied to deviation

signal between process variable from process and target control

This Sheet Has Been RTlaced
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% way, the process nodel is not necessarily such a fi
] by equation (2). Further, when there exists such
g'ur bance as load fluctuation in process 21, this dlsturbance can be Used
1 t he nodel

POl s met hod, based upon obt ai ned process nodel 232 of the first order
“process nDdeI Control operation means 20 cal cul ates mani pul at ed
Fable MV by using this control operation paramneter nemdm obt ai ned. By

it i) HHII?

éalﬁé-ﬁhd»an~gﬁtained manipulated variable is outputfeécto said;
process; ) )

process model simulating sald process to which the output
signal of said control operation means is applied, wherein
internal parameters are made cahngeable;

first band pass filter to which a signal from said process
model is applied; |

second band pass filter having the same characteristic as
that of éaid first band pass filter, to which a signal from said
proceés is applied;

calculation instruction means to which a signal from said
process and a signal from said second band pass. filter are
applied, wherein search for parameters by which the difference
between signals from said first and second band pass filters are
made minimum, is conducted in response to the calculation
instruction of said calculation instruction means and the
parameters of said process model are made changeable based upon
the search result;

control operation-parameter operating means which calculates
cohtrol operation parameters based upon the search result by said
précess model parameter search means and sets these paréﬁéters in
said control operation means; and

wherein sald process model, said first band pass filter,
said model parameter search means and control operation-parameter
operating means are started in accordance with calculation

instruction applied from said calculation instructlon means.
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232%

33

§ulation. In the enbodi nent shown in Fig. 6, cal cul ati on nust be done
repgatedly with respect to the whole internal
that is, gain Km dead time LuMfirst order lag coefficient OM by

param eters of process-:nodel

chaflging slightly these values, and therefore, it takes a lot of tines for

caIS
errbi

qul ation. The follow ng enbodi nent can overcone this problem In this
di ment, gain KMis cal cul ated based upon the integration ratio of the

prodess variabl e and t-he output of the

ABSTRACT OF “THE DISCLOSURE - e et T .

Manipulated variable to be applied to process, and process
variable are gathered by data gathering means. In modeling means
whiqh includes a process model internally, internal parameters
thereof are adjusted so that an output of said process model may
@atch with said process variable. Accuracy of the process model
1s calculated by estimation accuracy operating means. Said
modeling means is started when said manipulated variable or said
process variable changes larger than a fixed value, and control
constants are derived from outputs of said modeling means and
said estimation accuracy operating means. Gain constant of said
process model is determined by the output of said process model
and said process variable. For search method of said internal
parameters, simplex method is used wherein length of component
side which cohposes an initial polygon is made longer than
sampling period of said data gathering means and simplex is
remade at least once at the original coordinate when said
parameters are settled by one time simplex method. At the
beéinning of control, step like manipulated variable is applied
to.process, and based upon the response of said process variable
at this time, initial values of sampling period and control

constants are obtained.
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preocess nodel when the process gain is nade J, and,. dgeaqd tl,ms Lmand first 7Z
order | ag coefficient P1,4 are obtai nerﬂ)rz toﬁe-re eti td? ong sgar¢h :regh’dd (
Fig. 10 shows the structure of this e ment 3 In,.t'l'u Tigure: ‘ot’het :
portions than the nodeling means and data gat herl ng means 22 are omtted

since these portions are the sanme as showmn in Fig. 6. In Fig. 10, 31 is

nodel i ng neans which has simlar function to nodeling neans 23 in Fig. 6.

311 is preprocessing -
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1e@s which has similar function to preprocessing neans 231 in Fig. 6.
fely, process variable PV and nanlﬁugﬁﬁzd"varmabLﬁ Nv.std?ed"ln data

gaﬁherlng nmeans 22 are filtered so ag |ULnate'tEe"$G ooaponent and t he
noifse com ponent 312 is process nodel whict stimul ates**t he Teat* process

| i e process nodel 232. To this process nodel, the manip- ulated variable

pr dprocessed by preprocessing neans 311 is inputted. 313 is gain operation
nmedns, wherein the output
A
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d“xk ocess nodel 312 and the process variable are inputted and the gain of
progess nodel 312 is calcul ated. 314 J s .conpariig nsans for..conparing the
outgut of process nodel 312 and the pre gari.apte:+335 tgiinterna

of é-in operation neans 313 are inputted and the internal paraneters are
charjged so that the difference between the output of process nodel 312 and
t he fprocess variable nmay be enough small.
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it put of internal parameter adjusting neans 315 i-s applied both to
Bt i on accuracy operating means 24 and contkol eperati g pay amet er
t| ng neans 25 In Fig. 6 so as to: eb&e&z he cqnt-r'ol ope,r'qt ison

et ers of control operation neans: 20 s 27, .28, 34*and 35 are

ol l ed by cal culation instruction neans 26. Funct i on of this enbodi nent
@ plained in the followwng. Fig. 11 is a flowhart which shoMs the

ion of this enbodi ment. Calcul ation instru@t®on means 26 shown in
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6 reads periodically manipul ated yari, &bl'é’:brv"and‘.protfesS'.var| abl e PVYM
only when those fluctuations beche +ﬁg§ ihQ ﬁob+OMAﬂq‘sbeps are
gquted. That is, at preprocessing neaﬁ? Br=tint seties*data {PV} and
3 concerning the mani pul ated variable and the process variable
gectively are filtered so as to elinm nate the DC conponent and the noise

flonent, and then the output of the process nodel is calculated by
gess nodel 312. . .. -
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§i s cal cul ation,

b process nodel
Prried out by foI | om ng equation (5).3

(S) wher e@
Next, at '

: § neaning as in equation (2).

gain Kl\/ll;s magde.l. and the ca.lquation

O =AM *.D14- 3R (3 oM )

ese ¢

ecx-we' coeff iLgi ent.s * have the
operation neans 313, process

{ gain KMis calculated by use of follow ng equation (6), Km=
(n) *PVF(n)) Y(ZO(n)2 (6)
Fig.©
20 51
Set C Manipulated § Cgﬁcﬁ‘f’s
value [Confrol | varigble = MV avse
sy operation > Process . >
» means PV
T 522 Data
Y Y ) gathering
! Calculation means
instruction i T
| 26”|means | ;
Comparing
‘means
234

Calculation
Instruction

27—/‘\% 28/\? i

231J'Preprocessmgtneans

E?———J ;232
Process model

N\

Control L
operation Internal parameter
L_|—parameter <_“°\°J adjusting means
operating | f D\
means o 233
29 307 %

J

Estimation accuracy
operating means

24)

T




Ea—

fp O(n): the value obtained by the above equation (5), that is, the
fit of process nodel 312 when processiuedel:"gai' [t KM'i:3 rade "1: “These
f | ations are carried out repeatedly unt'AZ:t le repétict PUn® nUidber: reaches
B nexi num nunbers, or until the product $fZ4utpdt 0,:" of® procest nodel
& and process nodel gain KM cal cul ated by gain operation neans 313

Fig.7

C Start at a predefermined perloD
¥

Calculation Instruction means 26 reads process
' , variable (PV) and manipulated variable (MV).

Changes of PV ana
MV are large?

DC and noise components are eliminated from
time serles data {PV}L{MV} by filtering.

l ﬁi, PVeMVE

Repetition Calculation for model output.
times

]
1 <_Maximum repetition times;
Correction of

KMvLM'ﬁM SO No
as to minimize

Q the difference | PVe—0, | Is enough
between mall?
PVF Gnd On. Yes
f
Calculation of estimation accuracy.
No Estimation accuracy
[s high?
_ Yes
Calculation of control constant by use of the
obtained model. :
]

= i




i 1997 beconmes sufficiently close to tinme series data PVF of the
RS variable. Wen ail conditions in ithé apoye are:Mpt 'sati *8fi%8d, dead
@ LM of process nodel 312 and first or.§7@2/fa.q.cqéf‘ft.gtent s el
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e adjusted so as to mnimze the above difference. Then, process nodel
I's restarted, and such operations ared.cdrretfout’? thatthe ot is

Ul ated in accordance with equation ( nd that.pﬁpcesg nodeE g in KM
al cul ated in accordance with equati Y. Vel t hewhtl e Gondrtlons

Y4 sati sfied, accuracy K of process nDdeI 312 is calcul ated. Wen this
fmat i on accuracy is |less than a predeterm ned val ue, control
e¢f ati on-paranmeter aperating nmeans 25 cal cul ates proportion/

- - - e —
wo. .

A
g
// =
'ﬁ. /
i S /
; \_7/
/
/
0)) /
: {
o \
L >
o \
\
\
\
\
\
\
\
\
<
i - O
o -
=
=
c
o
=]
=
This Sheet Has Been R,

R




gration/differentiation constant, that is. r.oni.r.ol Qpesation ..

et ers, by using Ziegler-Nchols net Hbd,- béséd -qpogn g)E)t ai_ngds br pcess
312 of the first order I ag process &el ..Com'rof.‘t)p.erat|.0h‘.|3Eans 20
gul at es the nani pul ated variabl e by l/gﬁz Ahis control operation

gnet er new y obtained. Further, internal parameter adjusting nmeans 315

Fig.10

f Maniputated Process
variable MV variable PV

——————————————— i
|
]

22
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—————f——— _—
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Preprocessing means _\‘\-
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312~J/_\ Process
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her, it process nodel gain KM beconmes necegsassys at «t hgebegisnni-ng of
ition, the last time process gain K¥-i : dﬁ for A IS L3t st

di ment, process nodel gain Kmis autdmati cakl Retlet’essmi-nbd when-dead LM

tiy and first order lag coefficient AMare determ ned, and thus, the

nug ers of repetition search can be reduced. For exanple, sinplex method

caigbe used for a nethod in case when intgg ﬁggameter adj usti ng neans
sfsearches the internal parameter of prioc 3 el 312. By the sinplex
‘9od, sone points having geonetrical - ar-"- "= - . e I iy
Start at a predetermined perlod )

¥

Calculatlon Instruction means 26 reads process
variable (PV) and manipulated variable (MV).

Changes of PV and
MV are large?

DC and noise components are eliminated from
q time serles data {PV}LIMV} by filtering.
| >"LPV;.MVF
Calculation for model outfput.
v
Calculation for model gain Ky.
Repetition
times
*-+4\-1 <Maximum repetition time
Correction of No
LM’BM SO
as to minimize | PVE—Ky * O |
the difference Is enough smatl?
' between
PVe and Ky°O,.

Calculation of estimation accuracy.

No

Estimation accuracy
is high?

Yes

Calculation of control constant by use of the
obtained model.
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—_—
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erent on R are chosen, and search is, carriad.o.ut' hy camparing.the

s of the obj ect function at these pdidus. : TRi s.net hodl ks dlﬁtlpsed on
%_A - 2S7, 'Non-linear Progranm ng by MMJ,. P[mno'and..Hl ras

gshita, publ i shed from' N ppon Kagaku GIJUS'[U Rengou' . However, the |0
g of the usual sinplex nethod are discrete values in principle.

gefore, such probl em occur s, —hat—si-Ree—the—obj-ect—Functi-on—enters—iato
gspace of the discrete valugs, search becones inpossible_ Further, the
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guch restriction that paraneters such as tine const ant , and dead time

e o0eo

B be positive nunbers. Fig. 12 shows 9 rdcegl’uge of rhe'srrrpt exs mgt hod,
@ the above nentioned restrictions/@{R%I tritnaetis EntXHi s;sBgére,
¥ned that the process data gathered By data’gatherifg feans 22

# esponds to geonetrical points x on RF, and that the object function
§ esponds to function fO of at this georretri cal point The search s
¥ied out by corrpau ng the val ues of the object function to ) Further,

fred that “anong points x, a point where objeect” function -:- A
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ts X.

L akes the maxi num val ue, .
fct function f( ) takes the second nmagni tude,vglye; js x, that among

I's xh, that anobng points x, a -potfea

a point where object function tid.%akés:t he m‘n::rum vel g€ e s x1,

hat a centroid of the graphic patte/;h’eh@lcn mas p0| aty¥ex arS'sumTlts

t
:gn. Further, the followi ng points are d
e e

X

ed as follTows: REfIECtion
=( +a * Xm' - cxh cM0

bo
£
—
<
P
[ ]
@)
L = &
— J¥S

Process
varlable
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° L

12, after initialization, (n + 1) affi epandent convex

are generat ed by a first sinplex. Next, ﬁw‘gﬁwve xh ,.xs- xq“and xm
pci ded, and judgnment as to whether it can be oehv.erge'd $sttar r'-feli but .

udgrrent i's conducted in a way whether the follow ng equatlon'tar'r'be
led. ste(fxi) - t"#)2/(n + t)5S a where fti = I1f(xi)/(n + 1).

e Fig.16 (@)

Non— lm‘egrat Type process T

4

Process

Manipulated f

f— —

variable
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S ———

=

—————

Time

Fig.16 (b)

Integral type process

Process | PV

variable )/
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Time _
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LRA

<% the convergence condition is satisfkied afds i the gpiyerdencd is the

L J

time, sinplex is generated at thié}j&/ﬁ: , sangl *thel gperatton yepeats
the step that 1d, xs. xlI, xmwere decided®in"the “above. The *bperation

endd wher the convergence is acconplished nore than two tinmes. Wien it is

onverged, x' and |I(x4) are calculated, and judgnent is carried. out

Bher the fol | owi ng equatior is satisfied.
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W .5 tax'} Wien this condition is nqt 3{ red, -uplg'nent sts,eearried
#as to whether the follow ng equation 'I ntsf’l.ed: :'(.x.).<‘.l.1:>< 3 \Wen
:._ _bove_ equation is satisfied, xh is r-epFace-d by xt*«vhen the- ‘abete

C Start (Control cycle) )

Step2 | Step signal output

e
Y
* Step3 | Gathering of MV,PV data
Step4
Identification period?
; | Yes

StepS MV,.PV exceed

a predetermined value?

Step9 Step6
Correction Calculation of preocess model output MO
of model ¥
parameters Search for process model parameter
a KurburB Step7
No Difference

of the model

is small? Step8

SteplO | Calculation of PI operatlon—parameter

v
Stepll Setting of Pl operation—parameter
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and J udgnent as to whet her théz} '/B\gﬁ ng equanan ?.S.satl sfied,
f(x )<f(x') Wien the abp?e dquaredn To’sal’i sfells *xh is

When the above equation is not satisfied and when |
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Step] Filtering operation of PV by use of #2
P band—pass filter

[}

Step2 Data gathering of output PVF from #2
P2 iband—pass fitter and manipulated output MV

Identification period?

Yes

‘ Step3

Change of

Stepd
PV,PVF Is large?

Stepd
Calculation of preocess model output MO
Step6 y
\ Filtering operatfion of model output MO
' Correctlon |by use of #1band—pass filter
( of model
parameters U |
KiesLu» Bu Search for process model parameter
Step9 —..Step7

Difference of

No
the model is small?

Step8

SteplO | calculation of PI1 (D) operation—parameter
v
Steptl Setting of PI (D) operation—parameter
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TITLE - Process Control Device P Abstract  :page pag

BACKGROUND OF THE INVENTION. DATE OF RECEIPT .20 .......

Field of Invention.
This invention relates to a process control device which
controls the prpcesé. gnd in particular to the process control

device which has function to automatically adjust control

" constant such as proportional constant (P) and integral constant

(I) to an optimum value. This invention relates in still more
detail to the process control device having a process model
internally to éstimate the pynamic characteristic of the pfocess
to be controlled, wherein PI operation parameters are

detetermined based upon the estimate result by the process model.

Description of the Prior Art.

In order to control the process to an optimum condition, it

"is necessdry to search the dynamic characteristic of the process

and to calculate the control operation parameters {constants) for

calculation of the manipulated variable. An open loop typé. a

1imit sensitivity type, a response waveform type, an adoptive

control type, a type equipped with process model are known for
these process control devices.

Figs. 1 to 5 are block diagrams which show the configuration
of the conventional apparatus.

Fig. 1 shows the conventional process control device of the
open loop type. In normal control state, switch 1 is connected to

control operation means 2 side. Both set wvalue SV and process

‘variable PV are inputted to deviation operation means 3 in which
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is made | onger than sanpling period and al though t he[{#H;t < e[ LemmylS
remade at | east once, it is also possible that eithef ﬁJ%ﬁ-@ {dﬁiiii
conditions is satisfied. Fig. 13 shows a still other ebbodinent I n tihe
enbodinment in Fig. 6. initial values for proportional icogskaMM? gopt dgrial
constant and differential constant, and s&anpling peri%d must be set {pni or
to the control operation. It these values are not sgt properry, mgtic
adj ustment of the control operation paraneters can be_done properliy,

and as the result,

the deviation between these 1inputs i1s calculated. The deviation

signal 1s inputted to control operation means 2 1in which

manipulated variable is calculated by using PID operation

parameter, and the obtained manipulated variable 1is outputted to

process 4.

Switch 1 is connected to identification signal generator 5

" side periodically or when the deviation becomes large, and a step

signal like a pulse signal 1is outputted from identification

signal generator 5 to process 4 aé an identificaf&og signal.

Based upon the response from process 4, control operation

parameters are calculated in accordance with Ziegler-Nichols

method etc. and set to control operation means 2.

Fig. 2 shows the conventional process control device of the

iimit sensitivity type. A deviation signal from deviation

operationfmeans 3 1is applied to control operation means 2

and

limit cycle generator 6. Adding means 7 adds outputs of control

operation means 2 and 11@if cycle generator 6, and generates an

output signal to process 4 as a manipulated variable.

Limit cycle generator 6 functions to change the manipulated

variable outputted to process 4 to a maximum value and to a

minimum value periodically. Based upon the limit cycle or 1limit

sensitivity at that time, the control operation parameters

are

calculated in accordance with Ziegler-Nichols method etc. and is

et to control operation means 2.

Fig. 3 shows the conventional process control device of the

response waveform type (for example, USP No.4,8602, 326)

To
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the control characteristic becones worse. In the enbodi ment shown in Fig.
13, in order to elimnate these situations, both the control operation

paranmeters and the sanpling period are previously tuﬁgPPLAQE} Sh*if
enbodi ment, the sane reference nunerals are attachedjt¢t sofpopent s
as in Fig. 6 and the explanation for thesé conponent$ i{s onitted. InjFfg.
13, 40 is step input generating nmeans which applies st pﬂli&ﬁﬂﬁé?fﬁpu at ed
variable to process 21. By this

response waveform rule applying means 8, set value 8V and
deviation DV are applied. Response waveform rule applying means 8
is qonfigured by such tuning rule as Fuzzy rule etc. The control
operatioh parameters are obtained by applying these rules to the
overshoot of the process quantity, the attenuation ratio, the
attenuation-period, etc., and obtained parameters are set in
control operation means 2.

Fig. 4 shows the conventional process control device of the
adaptive control type. Adding means 10 adds outputg,of control
operation'means 2 and identification signal generator 9, and
generates an output to process 4. Further, dynamic characteristic
identification means 11 receives process variable and the output
of adding means 10, estimates control operation parameters, and
sets the estimated parﬁmeters in control operation means 2. That
is, very small disturbance is generated in identification signal
generatof 9. The control operation parameter is obtained from the
dynamic characteristic of the process variable at that time and
the obtained result is set in control operation means 2.

Fig. 5 show the conventional process control device of the
type equipped with the process model (e.g., ISA Transaction Vol.
22, No. 3, p.50, 51, and USP No. 4,385,328). A signal from
control operétion means 2 1s outputted to process 4 and also
applied to process model. 13 through high pass filter 12. Process
model 13 modeling process 4 1is so configured that its parameters
can be changed. Difference operation means 15 calculates the

difference between the signal applied from process 4 through high

This Sheet Has Been Re, ﬂ
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I nput of the manipul ated variable, the process increases gradually as shown

in Fig. 14. 41 is first nonitoring nmeans whi ch noni

ors..the process

vari abl e of process 21. Nanely, after application o
mani pul ated variable fromstep i nput generating nea
(first time width) until the process vari#ble reach
val ue, for exanple, 1% of full scale, is neasured 4
cal cul ati ng neans, wherein the first time width nea
nonitoring neans 41

RE

%@MQ@T'& ‘;’5# tt

oY

psj a fifrst redé
P | s Os3MAR 1997 pd

t dr m ned
ritod

sured by the fir

St

pass filter 14 and the signal applied from process model 13, -
Model parameter search means 16 receives a difference signal from
di{ference operation means 15, and searches parameters that
mékés the difference signal minimum. The searched parameters are
set as the parameters of process model 13. And based on the

parameters searched by model parameter search means 18, control

operation parameters are obtained, and the obtained control

operation parameters are set in control operation means 2.
_ The above explained coﬁventional process contro}t device has
following problems.
That is, the open loop type and the adoptive control type
apparatus mus; give the identification signals to the process,
and the limit sensitivity type apparatus must generate persistent

oscillation. In these types, disturbance is applied to the

process, dnd therefore, in case when we would obtain the control

constant while the process control device is in operation, there
occurs many restrictioms. -

Further, in the responsive waveform type, several times of
waveform observation are necessary until the control operation
parameters are settled, and therefore, it needs a certain time.

Accordingly, either of these control devices could not set
the control operation parameters freely.

Further, in the type equipped with the process model, the
calculation is carried out -continuously at model parameter search

means 16, and thus, the amount of calculation increases as the

whole. As the result, it has such a drawback that the load of a

This Sheet Has Been R
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I's inputted and based upon this, sanpling period of data gathering neans 22
I's calculated. 43 is a second nonitoring nmeans whi nDnltors the process
variable from process 21. Nanely, after applicati oK

mani pul ated variable fromstep input generating v . FEUA
(second tinme width) until the process variable repches a second
predeterm ned val ue larger than the firstgpredeterm nQdSMQJwg;?f dr jexanpl e,
2% of full scale, is nmeasured. 44 is sanpling perjod_correcting

microprocessor becomes heavy when the function of each part is
executed in accordance with the program installed in ‘the
microprocessor.

SUMMARY OF THE INVENTION.

A main obiect of this invention is to provide a process
control device wherein control constant can be resef in a short
" time without giving disturbance to process.
Other object of this invention is to provide a process
control device wherein the amount of calculation can be reduced
and the load of the microprocessor can Pe.minimized.

BRIFF DESCRIPTION OF DRAWINGS.

Figs. 1 to 5 are block diagrams which show the structure of
conventional apparatus.

Fig. 6 1s a structural diagram which shows one embodiment of
a .process‘control device in accordance with the invention.

Fig. 7 is a flowchart to explain function of the apparatus
in Fig. 6.

Figs. 8 and 9 are diagrams of characferistic curves to
explain the function of the embodiment in Fig. 6.

Figs. 10 and 11 are diagrams which show respectively
configuration and function of other embodiment in accordance with
the invention.

Fig. 12 is a flowchart of search method which uses simplex
method.

Fig. 13 1is a block d;agram which shows a main part of other

embodiment in accordance with the invention.
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43 is inputted and the sanpling oeriod calculated_by sanpl i ng perlod
calculating nmeans 42 is corrected. 45 is a switch wk Tpese. A
In the first place, this switch is made ON every pef#

sanpling period cal culating nmeans 42, and later, is
corrected by sanpling period correctlng means 44,
these sanpling periods, the process datag s i nt rody
means 22. The gathered data is inputted to nodeling
i nternal paraneters are adjusted, as explained in

Fig. 14 is a waveform diagram which shows the ch&ngg of
process variable when a step like manipulated variable is applied
to process. .

Fig. 15 is a flowchart which shows the function of the
apparatus in Fig. 13.

Fig. 16 is a waveform diagram which shows the change of
process variable in other case when the step like manipulated
variable 1s applied to the process.

Fig. 17 1s a structural block diagram of still other
embodiment in accordance with the invention.

Fig. 18 is a flowchart which shows function of the apparatus
in Fig. 17.

Fig. 19 is a waveform diagram which shows the change of the
process variable when a step like signal 1s applied to the
manipulating signal.

Fig. 20 1is a structurﬁl block diagram which shows still
other embodiment in accordance with the invention.

Fig. 21 is a flowchart which shows tuning action in the
embodiment in Fig. 20.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS.

Fig. 6 1is a strucéural block diagram which shows one
embodiment of the process control device in accordance with the
invention. In Fig. 6, 20 is control operation means, to which set
value SV as a desired value and process variable PV which is the
output of procesé 21 .are inputted. In control operation means 20,

such operation as proportional operation, integral operation, or

Has Been Replaced
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enbodi nent of Fig. 6, until the output of process nodel 232 may coincide
with the process variable. Based upon this intemal_paraneters.. control
constant are calculated. Next, the function of thpgn ( 'RTEXpl ai ned
in accordance with a flowhart shown in Fig. 15. gﬁ%&£§£@§@ﬁ?§3 Eaxgcuted
at a predeternined period at the initial stage of ¢ontrol. In the first

pl ace, the condition of start is judged whether iit{i S MARAIsthte or not.
When it is judged as an initial start, a step |likelmanipulated varjable is
applied to process

2,
DL

differential operation 1s applied to the difference between set
value SV and process variable PV so as to obtain manipula%ed
variaﬁle MV.

Manipulated variable MV which is the output of control
operation means 20, -is applied to process 21 to be controlled,
and from process 21, process variable PV is outputted.

22 is data gathering means, wherein manipulated variabie MV
and process variable PV are inputted and these data are held as
time serles data for a predetermined period. -

23 1s modeling means in which preprocessing means 231,
process model 232, internal parameter adjusting means 233 and
comparing means 234 are provided. Preprocessing such as filtering
is applied, at preprocessing meaﬁs 231, to the outputs of data
gathering means 22. Then, manipulated wvariable MV 1s inputted to
process model 232 and process variable PV 1s inputted to
comparing means 234. Process model 232 simulates process 21. The
‘output of proéess model 232 is 1nputfed to comparing means 234,
and compared with process variable PV separately applied.‘This
comparison result is inputted to internal parameter adjusting
means 233 which functions to adjust the internal parameter in
process model 232 so that the output of process model 232 may
match the output of process 21.

24 1s estimation accuracy operating means, wherein the
output of modeling means 23 1s 1inputted so as to calculate
accuracy of process model 232. 25 1s control operation-parameter

operating means, wherein.the outputs of internal parameter

This Sheet Has Been Re: (i
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21. On the other hand, when the start is not an initial one, judgnent as to

whet her the process corresponds to eithei O the fq | SEebs, is
judged. |If the process does not correspond to any bﬁéﬁ@g P& e F
operation ende w thout doing anything. (1) Wen pr abl e PV é&xceeds
| %of lull scale. . o SMVN"’W

ﬁdjusting means 232 and estimation accuracy operating means 24
are inputted and the control parameters calculated based upon the
output thereof are set in control operation means 20. Control
operation means 20 calculates manipulated variable MV based upon
this new control parameter.

26 1is calculation instruction means, whereln process
variable PV and manipulated variable MV are inputted and the
output is generated to manipulate switéhes 27 - 30 when the
changes of the inputs exceed a predetermined valu;: Based upon
this, a calculation instruction signal is applied to modeling
means ‘23 so as to cause modeling means 23 to start its operation.

The function of this embodiment is explained in the
following.

Fig. 7 is a flowchart which shows one example of the
function ‘of this embodiment. Data gathering means 22 gathers
manipﬁlated variable MV and péocess variable PV as time series
data at a predetermined period without any relation to this
modeling operation. In Fig. 7, calculation instruction means 26
reads process variable (PV) and manipulated variable (MV) every
predetermined period and functions to Judge whether those changes
are larger than the predetermined value. If the change is less
than the predétermined value, the operation ends without giving
any calculation instruction: '

For example, this judgment is derived from such calculation,
as shown in Flg. 8, that the area (slash part) is calculated by

integrating the deviation 6f the process variable and the

" This Sheet Has Been Reﬂlaced
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(2) Wen process variable PV exceeds 2 %of full scal&..3).Mhen process

variable PV is settled to a fixed value or it becomes REPLA@EM@!’}ZQHEET t he

sanpl i ng period obtainse by sanpling period correctin
0 3 M 197

manipulated variable from resbective steady states.

When the change is large, modeling means 23 reads time
series data {PV} concerning process variable PV and time ;eries
data {MV} concerning manipulated variable MV gathered by data
gathering means.zz. Preprocessing means 231 serves to eliminate
the DC component and noise component thereof by filtering.

This filtering is given by following equation (1), where
PVp: the time series data of the process variable, PV,: the DC or
noise components, and (X: filtering constant. .

PVp = (1 - X)* PVgp + X » (PV - PV; ) ---

Filtered time series data PV, MVF-concerﬁing the process
variable and the manipulated variable respectively are applied to
process model 232 in which calculation of model output is carried
out. _

Though this calculation 1is different by the process model,
assumed that the n time model.output is 0,, the above calculation
is given by following equation (2), where Ky: #aln of process
model, Ly: dead time of process model, /3M1 first order lag
coefficient of process model, MVF(nl- Ly): this 1§ done by
calculation by the use of a value MVp before time Ly.
| /3 M * Op-y + (1 - /9M)' Ky *» MVp(n - Ly) - - (2)

This calculation is repeated until the repetition number
réaches the maximum value, or until output 0, of the process
model becomes sufficiently close to time series data PVp
concerning the process variable.

When the repetition number does not reach the maximum value,

This Sheet Has Been Repla
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0 JUN 1997 -7- Wen the process variable corresponds to the above step (1),
elapsed line t, alter application of the step lik ble to
t he process, t hat is, the first time width is nea*EEEQAegMEN§u§§EBJ nt eger
nunber of this lime t,

0 3 MARQ 1997

10

or when the difference between output On of process model 232 and
time series data PVp concerning the process variable is not small
as shown in Fig. 9, gain Ky, dead time Ly- and first order lag
coefficient f?M are adjusted so that this difference becomes
small (that is, to cause the curve of output O, to move to the
direction of an arrow), and then process model 232 is re-started.

When the repetition reaches the maximum number, or'whén the
difference between output 0, of process model 232 and time series
data PVgp concerning process variable becomes enough small,
accuracy K of process model 232 is calculated b; estimation
accuracy operating means 24. This accuracy K 1is calculated, for
example, by following equation (3) or (4).

K=1 - [Z{PVg(1) - 0(1)}2 /ZPVp(1)2] - - - (3)

K= Z{PVE(1)}2 /£ (0(1)}2 - - - (@
where PVF(i): time series data of the process variable at time 1,
0(i): output of process model 232 at time i.

When this estimation aécuracy is higher than a predetermined
value, control operation-parameter operating means 25 calcqlates
proportion/integration/differentiation constants, that is,
control operation parameters, by using Ziegler-Nichols method,
based upon obtained process.model 232 of the first order lag
process model. .

Control operation means 20 calculates manipulated variable
MV by using this control operation parameter newly obtained.

By the way, the process model is not necessarily such a

first order system as shown by equation (2). Further, when there

This Sheet Has Been Reﬂlaced
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Is used as sanpling tine is. For exanple, sanpling.tine. lLs. iS—rade-—as
to = t114 Wien the process variable correggggﬂgﬂyﬁﬁﬁhéﬂﬁﬁ$/e step

(2). elapsed tinme 12 after application or the stepg I

variable to the process, that is, the second tine mﬁdth:ig q&ggtr

judged as to whether this time width t2 is |arger t HanOth&/ ¢

obtained by step (1). Wien tinexaidth t2 {i S

foll ows:

width |,

of t1,

d} and
fitinme
he tw ce

exists such measurable disturbance as load fluctuation in process
21, this disturbance can be used for the model calculation.

In the embodiment shown in Fig. 6, calculation must be done
repeatedly with respect to the whole internal parameters of
process model 232, that 1is, gain Ky dead time Ly, first order
lag coefficient /3M' by changing slightly these values, and
therefore, it takes a lot of times.for calculation. The following
embodiment can overcome this problem. In this embodiment, gain Ky
is calculated based upon the integration ratio of Ehe process
variable and the output of.the process model when the process
gain is made 1, and dead time Ly and first order lag coefficient
ﬁwlare obtained by the repetition search method.

Fig. 10 shows the structure of this embodiment. In this
figure, other portions than the modeling means and data gathering
means 22 -are omitted since these portions are the same as shown
in Fig. 6. .

In Fig. 10, 31 is modeling means which has similar function
to modeling means 23 in Fig. 6. 311 is preprocessing means which
has similar function to preprocessing means 231 in Fig. 6.
Namely, process variable PV and manipulated variable MV stored in
data gathering means 22 are filtered so as to eliminate the DC
component and the noilse component. ‘

312 is process model which simulates the real process like
process model 232. To this process model, the manipulated
variable preprocessed by preprocessing means 311 is inputted. 313

is gain operation means, wherein the output of process model 312

eet Has Been RTlaced
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sanpling time is made as follows: t= 1214 In this case, interpolation is
applied to previously gathered data so as to u : -Te data for
new sanpling period t. Wen the process variabﬁgggggﬁgg ﬂgsﬁgﬁT he above
step (3), data gathering operation of the procds vari abl e

0 3 MAR 1997

12

and the process variable are inputted and the gain of process
model 312 is calculated. '

314 1is comparing means for ¢omparing the output of'process
model 312 and the process variable. 315 is internal adjusting
means, whereiln phe output of comparing means 314 and the output
of gain operation means 313 are inputted and the internal
parameters are changed so that the difference between the output
of process model 312 and the process variable may be enough
small. -

The output of internal parameter adjusting means 315 is
applied both to estimation accuracy operating means 24 and
control operation-parameter operating means 25 in Fig. 6 so as
‘"to obtain the control operation parameters of control operation
means 20. Switches 27, 28, 34 and 35 are controlled by
calculation instruction means 26. Function of this embodiment is
explained in the following.

Fig. 11 1s a flowchaft which shows the function of this
embodiment. Calculation instruction means 26 shown in Fig. 6
reads periodically manipulated variable MV and process variable
PV, and only when those fluctuations become large, the following
steps are executed.

That is, at preprocessing means 311, time series data {PV}
and {MV} concerning the manipulated variable and the process
variable respectively are filtered so as to eliminate the DC
component and the noise component, and then the output of the

process model is calculated.by process model 312.

e

\\mﬁﬁiﬁ I \‘iﬁif °"




t er m nat es,

to the process variable and the nmani pul ated vari ab
gat hering neans 22, is carried out Based upon thes
i nternal paraneters of process nodel is adjusted b
control constants are obtai ned, The obtai ned contr

an initia

and the control parameters are cal cul ated in accordan

expl ai ned i

and arrangenent of tine series data (PV} and (MWI_w.lhkespect

TSR .

del i ng neaps {23, and

opsy MARS947 e juded as
val ue. Then, data gathering isyzarried out} by sanpling.deriiod t1
W th the procedure

n Fig. 7.

In this calculation, process gain KM is made 1, and the

calculation is carried out by following equation (5).

o, = /QM * 0p_q + (1 - f?M } » MVp(n - Ly) - - - (5)
where respective coefficients have the same meaning as in
equation (2).

Next, at gain opération-means 313, process gain Ky is
calculated by use of following equation (6).

Ky = [ Z{0(n)*PVg(n)}1/{Z0(n)?) - - - (8)
where O(n): the value obtained by the above equation (5), that
is, the output of process model 312 when process gain Ky is made
1.

These calculations are carried out repeatedly until the
repetition number reaches tﬁe maximum numbers, or until the
product of output On of process model 312 and process gain Ky
calcuiated by gain operation means 313 becomes sufficiently close
to time series data PVF of the process variable.

When all conditions in the above are not satisfied;'dead
time Ly of process model 312 and first order lag coefficient

/3M are adjusted so as to minimize the above difference. Then,

process model 312 1is restarted, and such operations are carried

out, that the output is calculated in accordance with equatioh
(5) and that process gain KM is calculated in accordance with
equation (6).

¥hen the whole conditions are satisfied, accuracy K of
process model 312 is calculated. When this estimatlon accuracy is

less than a predetermined value, control operation-parameter
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In this enbodinent, the step |ike mani pul ated variable is applied gnce at

the begi nning of control. In case of the non-intgg:a fi process
variable PV can settle by one tine application oﬁ?&%&%ﬁﬂ%ﬁﬁﬂ Eﬁﬁg I pul at ed
vari able as shown in Fig. 16(a). However, in case the i nt egral{ tlype

process, offset remains as shown inFig. 1 6(b). Kcfo rpg!{R/']?‘?if'n t i s case

after.the process variable is settled, a4step Iik |gnal is appll
opposite direction so as to elimnate the above o

operating means 25 calculates proportion/ integration/
differentiation constant, that is,. control operation parametérs,
by using Ziegler-Nichols method, based upon obtained process
model 312 of the first order lag process model. |

Control operation means 20 calculates the manipulated
variable by using this control operation parameter newly
obtained. Further, internal parameter adjusting means 315
calculates dead time Ly and firsf order lag coefficient K?M bf
the refetition search method which uses simplex method.

Further, if process gain KM becomes necessary at the
beginning of repetition, the last time process gain Ky is used
for this. In this embodiment, process gain Ky is automatically
determined when dead time KM and first order lag coefficient
/3M are determined, and thus, the .numbers of repetition search
can be reduced. _

For example, simplex method can be used for a method in case
when internal parameter apjusting means 315 searches the internal
parameter of process model 312..By the siﬁplex method, some
points having geometrical arrangement on R are chosen, and
search is carried out by comparing the values of the object
function at these points. This method is disclosed on p.284 -
287, "Non-linear Programming” by Hiroshi Imano and Hiroshi
Yamashita, published from "Nippon Kagaku Gijustu Rengou”.

However, the I/0 data of the usual simplex method are
discrete values in principle. Therefore, such problem occurs,

that since the object function enters into the space of the
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and then, sanpling of the process data goes on. If change of the process

vari abl e exceeds a fixed tolerance, the step lik

to

e gnal..is.applied
opposite direction even though the process varla&g&@@ﬁﬁﬂ@ﬁﬂ(ﬁé&ﬁﬁﬁkttled

yet, so that the process variable may not becone

it is possible to judge the process whether it is

rret--tar gE” rther,

not from
t he anobunt of the offset. Applied periodiBof the s e§q£$&¥£ﬁ§2ipulated

variable is set to a fixed time or a tine until thelprocess.varidblie

discrete values, search becomes impossible. Further, there 1is
such restriction that parameters such as time constant and dead
time must be positive numbers.

Fig. 12 shows procedure of the simplex method, in which the
above mentioneq restrictions are eliminated. In this figure,
assumed that the process data gathered by data gathering means 22
corresponds to geometrical points x on R®, and that the object
function corresponds to function f( ) of at this geometrical
point. The search is carried out by comparing the values of the
object function f( ). Further, assumed that among points x, a
point where object function f( ) takes the maximum value, is
xB, that among points x, a point where object function f( )} takes
the second magnitude value,-is x5, that among points x, a point
where object function f( ) takes the minimum value, is x%, and
that a centroid of the graphic pattern which has points x as

summits, is x®. Further, the following points are defined as

follows: o
Reflection plane: xF = (1+ X) »x®- XxIt
X ; 0 |

Expansion: X =% x¥ + (1 -1)» x®

f>1
Contraction: x€ =/5* o+ (1 —/3)* xm

'ﬁ € (0.1)
Reduction: The whole summits are reduced to the

direction of xl.

In Fig. 12, after initialization, (n + 1) affine independent
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reaches apex Further, though in the above enbodi nents, the control

constants are derived fromthe internal paraneters of the nodeling

use of Ziegler-N chols nethod, |east square nethod or_pn T e

degree nethod can be used. In the above mentioneg ,Aqgggﬁﬁﬁﬁs’ grocess data

I s gathered by the data gathering neans and the n%
16

convex hulls on R® are generated by a first simplex. Next, the
above xI', x5, x1 and x™ are decided, and judgment as to whether
it can be converged is carried out. This judgment is conducted in
a way whether the following equation can be satisfied.
Zeixt)y - ™M2/(n + g €

where f® = S f(x1)/(n + 1).

When the convergence condition is satisfied and if the
convergence is the first time, simplex is generated at. this

h 1

point, and the operation repeats from the step that x , xS, x*,

X",
x® were decided in the above. The operation ends when the
convergence is accomplished more than two times.

When it is not converged, xY¥ and f(x') are calculated, and
jﬁdgment is Earried out whether the following equa?ion is
satisfied. '

£(xF) g £(x5)

When this condition is not satisfied, judgment is éarried
out as to whether the fol;éWing equation is satisfied.

f(xF)< £(xB) :

When the above equation 1s satisfied, xh is replaced by xX.
When the above equation 1is not satisfied, x© and f(x®) are
obtained, by leaving the equation as it is, and judgment is
carried out whether the following equation is satisfied.

£(xC)< £(xP)

When the above equation is satisfied, xh is replaced by xC.
When the above equation is-'not satisfied, x* is replaced by (xi +

x1)/2, and the operation returns to the step that xP, xS, x! and
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means is started so as to correct the internal paraneters of the process

nodel only when the change occurs in the process da Hen on
accuracy of the process nmodel is cal cul ated, and tPEEBbACEEE%HbgﬂfET¢S are

cal cul ated. Therefore, in this enbodi nents, identif

I ¢atl on sy
unnecessary, and thus, these enbodi nents have suchjag
r
ri

di sturbances are not applied to the progess. Furthe s.%@iﬁﬁ?
the estinmation accuracy of the process nodel is caf -
I's judged to

—

x0 were decided.

On the other hand, when the equation f(xr)gf(xs)'

is

satisfied, Jjudgment as to whether the following equation is

satisfied, 1s conducted.
£(xT)> £(x1)

When the above equation is not satisfied, x® and f(x®) are

obtained, and judgment as to whether the following equation is

satisfied, 1s carried out.

£(x®)<f(x})

When the above equation is satisfied, x! is replaced by x©.

When the above equation is not satisfied and when f(xr)gf(xl) is

satisfied, xP

1

step that xB, x5, x! and x® were decided.

1s replaced by x¥, and the operation returns to the

In contrast to the usual simplex method, in this embodiment,

when the convergence 1s the first time, simplex is generated at

this point, and the simplex method is carried out once again.

Therefore, such a disadtantage that the object function enters

into the subspace can be avoided, and negative number can be used

for such parameters.

By the way, in this embodiment, although the length of each

component side which composes an initial polygon is made longer

than sampling period and although the initial polygon is remade

at least once, it 1Is also possible that either of these two

conditions is satisfled.

Fig. 13 shows ‘2 still other embodiment.

In the

embodiment in Fig. 6, 1initial values for proportional constant,
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be i nadequate, the adjustnent of the control constant is stopped or
reduced, and therefore, such uncontrollable state in the process control
devi ce such as shutdown, overshooting, etc. can be ided. Further, since
cal cul ation of the process nodel is carried out whi EEP @ﬁg§§§§¥ ng
means i s gathering the process data, the tine for V) HER]
unnecessary. Further, since the processigain is cal uj ated fromthg process
vari abl e and the out put of the process nodel, the 03 Mr2 957

d,

integral constant and differential constant, and sampling-period
must be set prior to the control operation. If these values are

not set properly, automatic adjustment of the control operation
parameters can not be done properly, and as the result, the control
characteristic becomes worse. In the embodiment shown in Fig. 13,

in order to eliminate these situations, both the control
operation parameters and the sampling period are previously
tuned. In this embodiment, the same réference numerals are
.attached to the same components as in Fig. 6 and the explanation

for these components is omitted.

In Fig. 13, 40 is step input generating means which applies
step like manipulated variable to.process 21. By this input of
the manipulated variable, the process increases gradually as

 shown in Fig. 14. 41 is first monitoring means which monitors the
process variable of process 21. Namely, after application of the
step like manipulated variable from step input generating means
40, time width t; (first: time width) until the process variable
reaches a first predetermined value, for example, 1% of full
scale, 1s measured.

42 is sampling period calculating means, wherein the first
time width measured by the first monitoring means 41 is inputted
and based upon thils, sampling period of data gathering means -22
is calculated. 43 is a second monitoring means which monitors the
process variable from process 21. Namely, after application of
the step like manipulated variable from step input generating

means 40, time width t, (second time width) until the process
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search time can be shortened. Further, such a di sadvf Tt ﬁ@%&ﬂgﬁﬁﬁﬁpjeCt
function enters into the subspace can be avoi ded sin Ugﬁﬁaﬁ S

used as the search nethod and since sinplex is regeneriated when the

convergence is the first tine. Further, since at thej begmiMaR g&7cqgntirol ,

a step |ike nanipulated variable is applied to the pyocess and since
initial values of the sanpling period andgthe contro
fromthe change of the process variable at that ting]

variable reaches a second predetermined value larger than the
first predetermined value, for example, 2% of full scale, is
measured.

44 is sampling perlod correcting means, wherein the second
time width measured by the second monitoring means 43 is inputted
and the sampling period calculated by sampling period calculating
means 42 is corrected. '

45 is a switch which composes a s#mpler; In the first plage.
this switch is made ON every period calculated by sampling period
calculating ﬁeans 42, and later, 1s made ON every period
corrected by sampling period correcting means 44. And, in
accordance with these sampling periods, the process data is
introduced into data gathering means 22. The gathered data is
inputted to modeling means 23, and its internal parameters are
adjusted,’as explained in -the embodiment of Fig. 6, uﬁtil the
output of process model 232 may coincide with the process
variable. Based upon this internal parameters, control constant
are calculated.

Next, the function of this embodiment is explained in
accordance with a flowchart shown in Fig. 15. The operation is
executed at a predetermined period at the initial stage of
control. In the first place, the condition of start is judged
whether it is - initial state or not. When it is judged as an
initial start, a step like manipulated variable 1is applied to
process 21. |

On the other hand, when- the start is not an initial one,
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optimum control can be acconplished. ‘"Fig. 17 shows a structural bl ock
diagram of a still other enbodi ment in accordance p-t-h—tht-s—+Avent+qn. | n
thig enbodi ment, estination accuracy operating ne %MC‘EWNT@HEETQ. 6 is
omtted. In place of this, manual instruction neans pU and step siignal
generating nmeans 51 are provided, wherein step signal gggmﬁﬁgg medqns 51
generates a step |like pulse signal to pragess 21 basied nstiructi on
applied frominstruction neans 50.

Judgment as to whether the process corresponds to either -of the
following three steps, 1s judged. If the process does not
correspond to any of these steps, the operation ends without
doing anything.

(1) When process variable PV exceeds 1 % of full scale.

(2) VWhen process variable PV exceeds 2 % of full scale.

{8) When pfocess variable PV is settled to a fixed value or

it becomes integer times of the sampling périod
obtained by sampling period correcting means 44.

When the process variable corresponds to-the above step (1),
elapsed time tl after application of the step like manipulated
variable to the process, that is, the first time width is
measured, and one to integer number of this time t; is used as
sampling time ts. For example, sampling time ts is made as
follows: /

tg = tq/4

When the process variable corresponds to the above step (2),
elapsed time t, after application of the step like manipulated
variable to the process, that is, the second time width is
measured, and Jjudged as to whether this time width t, 1s larger
than the twice of time width t; obtained by step (1). When tiﬁe
width ty is larger than the twice of tl, sampling time is made as
follows:

tg = ty/4

In this case, interpolation 1s applied to previously

gathered data so as to use-these data as the data for new
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Fig. 18 is a flowchart which shows tuning operation for calculating the
control operation paraneters, started at a predetern1ned perlod in the
enbodi ment in Fig. 17. In the first place, judgneffads o
instruction for generating the step signal (the ijASHiudiiMomy
I nstruction neans 50) exists, is conducted (step {1)i Vﬁen this tiructi on
exists, a step signal having a fixed wwdgh is generats(g MAR 1997

sampling period tg.

When the process variable corresponds to the above steﬁ (3),
data gathering operation of the process variable terminates, and
arrangement of time series data {PV} and {MV} with respect to ‘
the process variable and the manipulated variable, stored in data
gathering means 22, is carried out. Based upon these time seriles
data, the internal parameters of process model is adjusted by
modeling means 23, and control constants are obtained.

The obtained control constants are u;ed as an initial value.
Then, data gathering is carried out by sampling period ts; and
the control parameters are caiculated in accordance with the
procedure explained in Fig. 7.

In this embodiment, the step like manipulated variable is
applied once at the beginning of control. In case of the non-
integral type process, process variable PV can settle by one time
application of the step like manipulated variable as 'shown in
Fig. 16(a).

However, in case of the integral type process, offset
remains as shown in Fig. 16(b). Accordingly, in this case, after
the process variable is settled, a step l;ke signal is applied to'

" opposite direction so as to eliminate the above offset, and ;hen.
sampling of the process data goes on. If change of the process
variable exéeeds a fixed tolerance, the step like signal is
applied to opposite direction even though the process variable
has not been settled yet, "so thaf the process variable may not

become too much large. Further, 1t 1is possible to Judge the
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REPLACEMENT SR1 ETT O 7JUN 1997] Irom step signal generating neans 51 and
Is applied to mani pul ated variable MV in control operation nmeans 20 (step

REPLACEMENT SHEET
22 0 3 MAR 1957

process whether it is integral type or not from the amount-of the
offset.

Applied period T of the step like manipulated variable is
set to a fixed time or a time until the process variable reaches
/\ plax, '

Further, though in the above embodiments, the control
constdnts are derived from the internal parameters of the
modeling means by use of Ziegler-Nichols method, least square
method or maximum likelihood degree method can be usé&d.

In the above mentioned embodiments, process data is gathered
by the data gathering means and the modeling means is started so
as to correct the internal parameters of the process model only
when the change occurs in the process data. Then, estimation
accuracy of the process model is calculated, and the control
constants are calculated. Therefore, in this embodiments,
identification signals are unnecessary, and thus, these
embodiments have such advantage that extra disturbances are not
applied to the process.

Further, since calculation for the estimation accuracy of
the process model 1s carried out, 1f the model 1s judged to be
inadequate, the adjustment of the control constant is stopped or
reduced, and therefore, such uncontrollaﬁle state in the process
control device such as shutdown, overshooting, etc. can be
avoided.

Further, since calculation of the process model is carried

out while the data gatheniné means 1s gathering the process data,
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2). Wien the instruction does not exist, step 2 is skipped. Fig. 19 is a
wavef or m di agram of mani pul ated vari able M and process vari able PV, '

wherein the change of the process variable PV is shg ik £ P i ke
signal is applied to manipul ated variable M/. Wen tW&g g MS%& i abl e
changi ng step-like as shown in (a) is applied . to procgss variable Py
process variable PV responds in such a nggner as showhp ih3(MARIPGACEO[ dance
with its dynam c characteristic.

the time for data gathering 1s unnecessary. -

Further, since the process gain 1is calculated from the
process variable and the output of the process model, the search
time can be shortened.

Further, such a disadvantage that the object function enters
into the subspace can be avoided since simplex method is used as
the search method and since simplex is regenerated when the
convergence is the first time.

Further, since at the beginning of control, & step like
manipulated variable is applied to the process and since initial
values of the sampling period and the control constant are
derived from the change of the process variable at that time,
optimum control can be accomplished.

. Fig. 17 shows a structural block diagram of ‘a still other
embodiment in accordance with this invention. In this embodiment,

estimation accuracy operating means 24 shown in Fig. 6 is
omitted. In place of thig,’mﬁnual instruction means S50 and.step-
signal generating means 51 are provided, wherein step signal
generating means 51 generates a step like pulse signal to process
21 based upon the instruction applied from instruction means 50.

Fig. 18 is a flowchart which shows tuning operation for
calculating the control 6peration parameters, started at a
predetermined period in the embodiment in Fig. 17.

In the first place, judgment as to whether instruction for
generating the step signal (thg instruction from instruction

means 50) exlists, 1s conducted (step 1). When thils instruction
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Dat a gat hering nmeans 22 receives mani pui ated variable W ahd process

vari abl e PV and holds these data as tine series data f

period (step 3). Calculation instruction means 26 read

vari able MW and process- variable PV, and nonitors,

period, whether the fluctuation of these signals exces

value (step 5). Wien the fluc- tuation of4these signal

predeterm ned value, it is judged that the control

and the

the time for data gathering is unnecessary.

at
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Further, since the process gain is calculated from the

process variable and the output of the process model, the search

time can be shortened.

Fﬁrther. such a disadvantage that the object function enters

into the subspace can be avoided since simplex method 1s used as

the search method and since simplex is regenerated when the

convergence is the first time.

Further, since at the beginning of control,

a step like

manipulated variable is applied to the process and since initial

values of the sampling period and the control constant are

derived from the change of the process variable at that time,

optimum control can be accomplished.

Fig. 17 shows a structural block diagram of -a still other

embodiment in accordance with this invention. In this embodiment,

estimation accuracy operating means 24 shown in Fig. 6 is

on

omitted. In place of this, ‘manual instruction means 50 and step-

signal generating means 51 are provided, wherein step signal

generating means 51 generates a step like pulse signal to process

21 based upon the instruction applied from instruction means 50.

Fig. 18 is a flowchart which shows tuning operation for

calculating the control operation parameters, started at a

predetermined period in the embodiment in Fig. 17.

In the first place, judgment as to whether instructidn for

generating the step signal (the instruction from instruction

means 50) exists,

is conducted (step 1).

When this instruction

ll

|l
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operation term nates w thout generating a trlgger S|gnal As shown.in Fig
8S the above judgnent is done based upon the size g# - "]~ 3
cal cul ated by integrating the deviation of process
steady state and the deviation of manipul ated vari g
state for a fixed tine. At step 2, when the step siig algu§wa&ﬁﬁﬁéd and when
bot h mani pul at ed vari abl e Mvand process 2mri abl e PVpecone | arge, ..
calculation instruction TRG is generated. Modeling '
recei ves cal culation instruction TRG

exists, a step signal having a fixed width is generated from.step
signal generating means 51 and is applied to manipulated variable
MV in control operation means 20 (step 2). When the instruction
does not exist, step 2 is skipped.

Fig. 19 1s a waveform diagram of manipulated variable MV and
process variable PV, wherein the change of the process variable
PV is shown when the step like signal is applied to manipulated
variable MV. '

When the manipulated variable changing step—likeras shown in
(a) is applied to process variable PV, process variable PV
responds in such a manner as shown in (b) in accordance with its
dynamic characteristic. _

Data gathering means 22. receives manipulated variable MV and
process variable PV, and holds these data as time series data
for a predetermined period (step 3). .

Calculation instruction means 26 reads manipulated variable
MV and brocess variable PV, and monitors, at every identification
period..whether the fluctuation of these signals exceeds a
predetermined value (step 5). When the fluctuation of these
signals is less than the predetermined value, it is judged that
the control is satisfactory state, and the operation terminates
without generating a trigger signal. As shown in Fig. 8, the
above Judgmeﬁt is done based upon the size of areas (slash parts)
calculated by integrating ‘the deviation of process variable PV

from its steady state and ‘the deviation of manipulated variable

MV from its steady state for a fixed time.  _ = __
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functions to estimate the dynami c characteristic ¢ &@ ﬁq @gtsing t he
change of manipul ated variable MW and the responsé frREyCess

vari able PV from process 21, based upon the data applied, for a
predetermined tine, fromdata gathering neans (stép3 6 GBOMARBIX $tep B,
when the difference of the nodel becones small, tHhatf is, when out put MO of
process nodel 232 coincides with processzgari abl e [PV;™Ccontrol operation
means 20 cal cul ates, based upon the obtained paraneters of_ pracess

At step 2, when the step signal is applied And when both-
manipulated variable MV and process variable PV become large,
calculation instruction TRG is generated. Modeling means 23, when
it receives calculation instruction TRG, functions to estimate
the dynamic characteristic .of process 21 by using the chaﬁge of
manipulated variable MV and the response waveform of process
variable PV from process 21, based upon the data applied, for a
predetermined time, from data gathering means (steps 6 to 9).

At step 8, when the difference of the model becomes small,
that is, wheﬂ output MO of process model 232 coincides with
process variable PV, control operation means 20 calculates, based
upon the obtained parameters of process model 232; proportion
(PB)/ integ;ation(TI)/ differentiation(Tﬁ) parameters in
accordance with following equation (7), for example, by use of
Ziegler-Nichols method, and the obtained operation parameters are
set in control operation means 25 (steps 10 and 11).

(PB/Ky) = ally/ By)2 +"blly/ By) + ©

(TI/ By) = dlly/ B)? + e(Ly/ By) + £

TD = 0.2+TI - - -7

Control operation means 20 calculates manipulated signal MV
by using newly set operation parameters.

Step signal generating means 51 applies a pulse signal in
place of the step signal when the process is integral type
process. -

In this embodiment, PI operation parameter can be set to an

optimum value arbitrarily, if necessary, by applying a step like
——

T



nodel 232, proportion(PS)l integration(Tl)/ differentlation(TD) paraneters

I n accordance with follow ng equation (7), for exd (B P o 1
Zi egl er-Nichol s method, and the obtai ned operati o %n y atl hf&t in
control operation neans 25 (steps 10-.and 11). (PBiKy) = a(LMIM2]+
b(LMPM + ¢ CTI/PM = d(LJ/fTM ' + e(LMpM + f 0 3 M2 1007

27

signal to the manipulated variable in automatic control state, in
accordance with the instruction signal. And 'therefore.
operability of this embodiment can be improved sufficiently.

‘ Further, since the calculation to obtain the process model
output at modeling means 23 or the calculation to search the
parameters is conducted in accordance with the calculation
instruction signal applied from the calculation instruction
means, the amount;of calculation can be reduced as the whole.

Fig. 20 is a structural block diagram which shows a still
other embodiment in accordance with the invention. By this
embodiment, drawbacks of ﬁhe prior art shown in Fig. 5§ are
overcome. In the conventional technique shown Fig. 5, the signal
to process model 13 is applied from control operation means 2
through high pass filter 12. By this structure, DC and noise
componenfs_can be eliminated from the signal and it has such
feature that calculation in the process model becomes
comparatively simple. However, this ﬁrior art has following
dfawbacks.

(a) The signal applied to the process model is preferably
the same as a signal to be applied to real process. However,
since the signal passes thrcugh the high pass filter, the signal
level of this signal becomes small of the waveform of the signal
i1s changed, and thus, calculating accuracy in the process model
1s degraded.

(b} Toward difference operation means 15, the signal from

control operation means 2,. in the real process side, flows in
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TD = 0.2*T1 (7) Control operation
means 20 cal cul ates mani pul ated signal W by using newy set operatlon
parameters. Step signal generating nmeans 51 applies I | ace
of the step signal when the process is integral type ' (EHE

enbodi nent, Pi operation paranmeter can be set to an ppfinum val ue
arbitrarily if necessary by applying 28 0 3 MAR 1997

such order as real process 4 to high pass filter-14 to.
difference operation means 15, and 1in the process model siﬁe.
‘flows 1in such order as high pass filter 12 to process model 13 to
difference operation means 15. That is, in the process model
side, the order of high pass filter 12 is different from the
real process side.

Thus, it is necessary that process model 13 is a linear
characteristic type so that model parameter search means 16 may
search accurately the parameters which reduce the difference
signal applied from difference operation means 15. Therefore.'it
is impossible to set high-low-limit in the output and also to use
a nonlinear characteristic type model for the process model:

The embodiment shown in Fig. 20 overcomes these problems,
wherein the amount of calculation in the process model or in
searching/the parameters can be reduced, the calculation in the
process model can be done accurately corresponding to the real
process, and non;linear chatacteristic type model can be used for
the procéss model.

Signal MV from control operation means 20 is applied to
process model 232 through data gathering means 22. Signal MO from
process model 232 is applied to a first band pass filter so as to
eliminate the DC and noise components. Signal PV from process 21
is applied to a second band pass filter.236 having the.same
characteristic as that of--first band pass filter 235, through
data gathering means 22.

These first and second ‘band pass filters 235, 236 conduct
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a step like signal to the mani pul ated variable in automatic control state,
I n accordance with the instruction signal. And there aperability of

this enbodi ment can be inproved sufficiently. Furthe Cq jat i on
to obtain the process nodel output at nodeling nmeansj 2 ;ﬁfon

' the cal cul gtijon
ctpdﬁ MAR4987 t|hd

to search the paranmeters is conducted in accordance
such filtering calculation as shown in the following equation

e

i nstruction signal applied fromthe cal c@leati on i nstyr
anount of cal cul ati on can be reduced as the whol e.

(8).

PVF = (1 -(X)+PVF + a«(PV - PVo) - - - (8)
where PVF: applied time series data, PVo: DC and noise
components, (X: filter constant. Calculation instruction means 26
receives signal PV from process 21 and signal PVF from second
band pass filter 236, and when either of these signals changes,
calculation instruction signal TRG 1is generated.

Model parameter search means 233 receives sigfal MOF from
first band pass filtef 235 and signal PVF from second band pass
filter 238, and based upon calculation instruction signal TRG
from calculation instruction means 26, searches parameters that
make the difference of the signals applied from the first-and
Second band pass filters minimum. And the parameters of process
model 2327is varied based upon searched parameters.

Control operation-parameter operating means 25 calculates
operation-parameters of cpn%rol operation means 20 and sets these
values in control operation means 20.

Calculation instruction signal TRG from calculation
instruction means 26 1is applied, in addition to model parameter
search means 23, to process model 232, first band pass filter 235
and control operation parameter operating means 25
simultaneously, which start calculation based upon the
calculation instruction signal. In the following, the function of

this embodiment is explained.

Fig. 21 is a flowchart. which shows tuning action for control
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Fig. 20 is a structural block diagram which shows a still other

L

enbo

di ment
i n accordance with the invention. By this enbodinent, dram@aQKSMQL,Lhﬁ

prior art shown in Fig. 5 are overcone. In the convd Pi&%ﬂmﬂﬁ¢P Eﬁﬂﬁfshomm

10N

—

Fig. 5 the signal to process nodel 13 is applied fr

nmeans 2 through high pass filter 12. By this structufe} DC and nojse
conponents can be elimnated fromthe siggat and it habk Sud AR

calculation in the process nodel becones conparative|yjsinple,

U|JCI

ér €

tihat

Hawev

er

this prior art has follow ng drawbacks.

operation parameter, started at a predetermined period.

- Second

band pass filter 236 receives process variable PV from process

21, and conducts such filtering calculation as shown by equation

(8) (step 1).

Calculatiop instruction means 26 reads the time series data

concerning process variable PV and output time series data PVF of

second band pass filter 238, and monitors,

at every

identification period, .whether the changé of these data is

-

larger than a predetermined value (step 4).

When the change of these data is less than the fixed value,

it 1is judged that the control is in good condition,

and the

operation ends without generating the calculation instruction

signal.

When the change of PV or PVF exceeds the fixed value,

calculation instruction means 26 generates calculation

instruction signal TRG. Process model 232 which receives this

calculation instruction s;ghal'TRG, reads the time series data of
manipulated variable MV gathered at step 2 (the same signal as
the manipulated variable applied to process 21), and calculates
model output MO in accordance with equation (5) (step 5).

Output MO of process model 232 is applied to first band pass
filter 235 in which filtering calculation is carried out in
accordance with equation (8) (step 6). By the filtering
opefation. the DC and noise components included in model output
MO are eliminated.

Model parameter search means 233 receives time series data

- This Sheet Has Been Rer

(MR BWAR




(a) The signal applied to the process nodel is pfeferably the sane as a

signal to be applied to real process. However, since the signa

BRLACEY

t hrough the high pass filter, the signal |evel of t
or the waveform of the signal is changed, and thus,
the process nodel is degraded. (b) Toward differenc
the signal fromcontrol operation neans 31 in ther
in such order as real process 4 to hi.gh pass filter
operation neans 1S, and in the process

YRy

a
11

bper ati on nmeanfs

1§ BAGAR 1987de

. to difference

passes

B SR ey

15,
f | ows

MOF from first band pass filter 235 and time series data PVF from
second band pass filter 236, and conducts calculation for
searching optimum parameters for process model 232.

By this calculation, for example, gain KM and evaluation
function CRIT in the following equation (9) are obtained.

Ky = 3 {MOF(n)sPVF(n)}/ 3 {MOF(n)}

CRIT = 1 - )X {MOF(n)+PVF(n)}2/5 {MOF(n)2s> PVF(n)2}

| - -
Further, parameter search means. 23 functions to search the
best combination of time constant Ty and dead time Ly éf the
model, by which evaluation function CRIT is made minimum.

That is, gain Ky of process‘model 232, dead time LM, and
first order lag coefficient/BM are corrected respectively until
the output of process model 232 becomes sufficiently close to the
output of process 21 (1.e:, the difference of process model
becomes less than a fixed value), by repeating the operation from

-

step 5 to step 9.

At step 8, if it i1s judged that the difference of the model

is small, that is, if it is judged that output MOF from first

_band pass filter 235 1s nearly equal to output PVF from second
band pass filter 236, control operation-parameter operating means

25 calculates, based upon the obtained parameters of process

model 232, proportion (PB)/ integration(TI)/ differentiation(TD}

parameters 1n accordance with equation (7}, for example,- by use

of Ziegler-Nichols method.(and the obtained operation parameters

are set in control operation means 20 (steps 10 and 11).
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nodel side, flows in such order as high pass filter 12 to process nDdeI 13
to difference operation neans 15. That is, in the pr S : , ,_he
order of high pass filter 12 is different fromthe r @ﬁﬁﬁmi_awgﬁ> hus,
it is necessary that process nodel 13 is a linear ch rqcterf?f““““ g0

t hat nodel paraneter search neans 16 may search accurft b%l&@ tdrs
whi ch reduce the difference signal appligg fromdiffefenc ra |on ngans
15. Therefore it is inpossible to set high-lowlimt In d lal so

to use a nonlinear characteristic type node

Control operation means 20 calculates manipulated variable
MV by using newly set operation parameters. .

Process model 232 is not necessarily first order lag type
system. Further, when measurable’ disturbance such as load
fluctuation exists in process 21, this disturbance can be used
for the model calculation.

In order to obtain the process model, calculation is
conducted in such manner that as to the whole internal
parameters, 1.e., gain Ky, dead time Ly, and first order lag
coefficient{SM, the calculation is done repeatedly by changing
slightly the value of each internal parameter.

For example, galn Ky is-determined by totalizing ratio of
the process variable and the output of the process model wpen the
gain of process model is ‘made 1. Then, dead time Ly and first
order lag coefficientIBM are determined by using repetition
search method. |

This embodiment has.fdllowing advantages in comparison with
the conventional apparatus shown in Fig. 5.

(a) It is so configured that the same manipulated variable
as one applied to real process 21 is applied to process model 232
simultaneously. Therefore, in the process model, accuracy'of
model output calculation can be improved.

(b) In the signal route from control operation means 20 to
model parameter search means 233, ﬁhe signal from control
operation means 20 flows like the process(process model) .to the

high pass filter in both the -real process side and the process

This Sheet Has Been
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for the process nodel. The enbodi ment shown in Fig. 20 overcones these

probl ens. wherein the anount of calculation in the DR%}?@:MEVT SHEET

03 MAR 1997
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model side. Therefore, it is possible to set high-low-limit in
the output, and also possible to use a non-linear characteristic
type model for the process model.

(c) Since the calculation to search the parameters is
conducted in accordance with the calculation instruction signal
applied from the calculation instruction means, the amount of
calculation can be reduced as the whole.
WHAT IS CLAIMED IS:

1. A process control device, comprising: -

control operation means wherein process variable and set
value are inputted and based upon these inputs, manipulated
variablg to be applied to process is calculated:

data gathering means which gathers said manipulated variable
and said process variable for a predetermined period;

modeling means including a process model internally, wherein
said manipulated variable gathered by said data gathering means
is inputted and internal parameters thereof are corrected so
that an output of said process model may well match- with said
process variable; | .

estimation accuracy operating means which calculates
accuracy of the process model; and

wherein said modeling means is started when changes of said
manipulated variable and said process variable become larger than
a fixed value' and control- operation parameters of said control
operation means are obtained based upon outputs of said

modeling means and estimation accuracy operating means.
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model side. Therefore, it 1is possible to set high-low-limit in
the output, and also possible to use a non-linear characteristic
type model for the process model.

(c) Since the calculation to search the parameters 1is
conducted in accordance with the calculation instruction signal
applied from the calculation instruction means, the amount of
calculation can be reduced as the whole.
WHAT IS CLAIMED IS:

1. A process control device, comprising: o

control operation means wherein process variable and set
value are inputted and based upon these inputs, manipulated
variable to be applied to process is calculated;

data gathering means which gathers said manipulated variable
and said process variable for a predetermined beriod;-

modeling means including a process modei internally, wherein
said manipulated variéble gathered.by said data gathering means
is inputted and 1nterné1 parameters thereof are corrected so
that an output of said process model may well match- with said
process variable; -

estimation accuracy operating means which calculates
accuracy of the process model; and

wherein said modeling means is started when changes of said
manipulated variable and said process variable become larger than
a fixed value' and control: operation parameters of said control
operation means are obtained based upon outputs of said

modeling means and estimation accuracy operating means.
T

—_— .
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Si gnal

MO from process nodel 232 is applied to a first-band.pass.rifler so
as to elimnate the DC and noi se conponents. Signal P/REPMJMSH,,T S

applied to a second band pass filter 236 having the sa Lna.ablc..o. Cf as

that of first band pass filter 235. through data gath@rlnq?gﬁgﬁﬁ These
first and second band pass filters 235. 236 conduct s f
cal cul ation as shown i n-the f-ellewng eguati on (8).

AT

2. The process control de%ice of claim 1, wherein dead time and
first order lag coefficient of said process model are calculated
based upon the output of sald process model and said process
variable when gain constant which 1is one of said internal
parameters of sgid proéess model, is made 1.
3. The process control device of claim 1, wherein simplex method
is used to adjust each internal parameter of said process model,
in whidh length of component side which composes an initial
polygon .  is made longer than sampling period i£ sald data
gathering means.
4. The process control device of claim 1, wherein simplex method
is used to adjust each inte;nal parameter of said process model,
in which an initial polygom is remade at least once at the
original coordinate when said internal parameters are settled by
first simplex method.
5. A process control device, comprising:

control operation medns wherein process variable and set
value are inputted and based upon these inputs, manipulated
variable to be applied to process is calculated;

data gathering means which gathers said manipulated variable
and said process variable for a predetermined period;

step input generating means which applies a step input to
sald process;

first monitoring means.which monitors first time width.until
sald process variable chanées to a first fixed level;

sampling period calculating means, wherein sampling period

This Sheet Has Been R elp
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PVF = (I -
applied ti

Cal cul ation instruction nmeans 26 receives signal PV
signal PVF fron1second band—pass filter 236, and when

si gnal s changes, h on instruction signal TAG I S
e o e

par anet er
235 and si

a)*PVF + a*(PV - PVo)
ne series data, PVo: DC and noi se conpone

'0n1process

T

is made some divided value of said first time width and said
process variable is sampled by said data gathering means at said
sampling period;

second monitoring means which monitors second time width
until sald process variable changes to a second fixed ievel
higher than said first fixed level;

sampling period correcting means which corrects, based upon

sald first time width and said second time - width, sampling

. period calculated by said sampling period calculat1n§ means;

modeling means which based upon process datargathered by
said data gatherigg means, calculatés control pafameters by use
of said process model; and ’ .

wherein at the beginning of control, a step like manipulated
process variable is applied to the process by said step input
generating means and control operation parameters are calculated
by said modeling means based upon time series data at this time.
6. A process control deyice. comprising:

control operation means wherein, at least, proportional(P)
operation and 1integral (1) operation are applied to deviation
signal between process variable from process and targe; control
value and an obtained manipulated variable is outputted to said
process,;

data gathering means which gathers said manipulated variable
and said process variable for a predetermined period;

modeling means including a process model internally, wherein

said process variable and said manipulated variable gathered by

This Sheet Has Been Rer
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second band pass filter 236, and based upon cal cul ation instruction signal

TAG from cal cul ation instructi on neans 26, searches r a ke
the difference of the signals applied fromthe f'rSt§$ﬂ¥£§E§ﬂ§@TSﬁ§mE pass
filters mn- imum And the paraneters of process npd 232a-rered Hased

upon searched paraneters. Control operation-parangeter operatng ans i25
cal cul ates operati on- par amet ers ‘of —contggl operati onf neaf 3 M8 B t

t hese values in Contl *ﬂ'"cﬁm,m "('[i"mrns 20.

sald data gathering means are inputted and process dynamic

characteristic is estimated based upon response waveform thereof;

éontrol operation-parameter operating means wherein control
operation parameters are calculated based upon estimated result
of said'process'dynamic characteristic obtained by said modeling
means and these parameters are set in said control operation
means ;

step input generating means wherein, at automatic control
state, a step like signal having a fixed time width 1s applied
to the output of said control operation means according fto
instruction applied from outside; '

calculation instruction means wherein said process variable
from process and said manipulated variable from said control
operation means are inputted and calculation instruction is
generated when change of each signal exceeds a predetermined
value; and

wherein said data gathering means applies gathered data .to
modeling means 1in accordance with the calculation instruction
from said calculation instruction means and said modeling means
and said control operation-parameter operating means are started
in accordance with the calculation instruction from said
calculation instruction means.
7. A control device, comprising:

control operation means wherein, at least, proportional(P)
operation and integral(I) operation are applied to deviation

signal between process variable from process and target control

——————
—
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Cal cul ation instruction signal TAG from cal cul ation instruction nmeans 26 is
applied, in addition to nodel parameter search neans 23, to process. nodel
-232, first band pass filter 235 and control operat it ®r ating:

means 25 sinul taneously, which start cal cul ation b}g@}p@\{mﬂﬁﬁ cul ation
instruction signal In the follow ng, the function ¢fithis enbodi nment}is
explained. Fig. 21 is a flowhart whichgshows tuni hgl a©@dk? ®97contl ol
operation paraneter, started. at a_predeterm ned pefi od.

AR 0

value and an obtained manipulated wvariable 1is outputted to said

process;

process model simulating said process to which the output
signal of said control operation means 1is applied, wherein
internal parameters are made cahngeable;

first band pass filter to which a signal from said process
model is epplied;

second band pass filter having the same characteristic as
that of said first band pass filter, to which a signal from said
process is applied; .

calculation instruction means to which a signal from said
process and a signal from salid second band pass fillter are
applied, wherein search for parameters by which the difference
between signals from said first and second band pass filters are
made minimum, is conducted in response to the calculation

.instructioq of said calculation instruction means and the

parameters of said process‘model are made changeable based upon
the search result;

control oﬁeration—parameter operating means which Ealcnlates
control operation parameters based upon the search result by said
process model parameter search means and sets these parameters in
sald control operation means; and ‘

wherein said process model, said first band pass filter,
sald model parameter search means and control operation-parameter
operating means are started in accordance with calculation

instruction applied from said calculation instruction means.
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Second band pass filter 236 TP?@E’ &rn%ﬁ§s variable PV from process 21,

and conducts such filtering own by te 1)
E’,E!’tl me seri GEM, NGegHr

Cal cul ation instruction nean
data PVF f seconu afe—f

process variable PV and output tinme
#@@%$ r t He

filter 236, and nonitors, at every identification pe
change of these data is Iarger than a pggdet erm ned jvgl ue

PROCESS CONTROL DEVICE

ABSTRACT OF THE DISCLOSURE

Manipulated variable to be applied to process, and process
variable are gathered by data gathering means. In modeling means
which includes a process model internally, internal parameters
thereof are adjusted so that an output of said process model may
match with said process variable. Accuracy of the process model
is calculated by estimation accuracy operating means. Said
modeling means is started when said manipulated varidble or said
process variable changes larger fhan a fixed value, and control
constants are derived from outputs of said modeling means and
said estimation accuracy operating means. Gain constant of said
process model is determined by the output of said process model
and said procéss variable. For search method of said internal
parameters, simplei method 'is used wherein length of component
side which composes an initial polygon is made.longer than
sampling period of séid_dhta gathering means and simplex is
remade at least once at the briginal coordinate when said
parameters are settled by one time simplex method. At the
beginning of control, step like manipulated variable is applied
to process, and based upon the regponse of said process variable
at this time, initial values of sampling period and control

constants are obtained.
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that the control is in good condition, and the gpe
generating the calculation instruction signal. W
exceeds the fixed value, calculation instructio
cal cul ation instruction signal TAG Proceks node
cal culation instruction signal TAG reads the ti§
mani pul ated variable MV gathered at step 2 (the 4
mani pul at ed vari abl e applied to process
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21), and cal cul ates nodel output MO in accordance wth equation (5) (step
5). Qutput MO of process nodel 232 is applied to first band pass filter 235
in which filtering calculation is carried out in accord& oIt e

(8) (step 6). By the filtering operation, the DC and ngide ril
i ncluded in nodel output MO are elininatea. Model par aretjer search neans
233 receives tine series data MOF fromfirst band pass fl|t8l’3ﬁ£§1§§fi i e

series
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data PVF from second band pass filter:®236, and conducts cal cul ation for
searching optinum paraneters for process nodel 232. Won

for exanple, gain KM and evaluation function CAT i iR EMEMWS?E@ uation
(9) are obtained. KM= Z(MOF(n)*PVF(nfzl MOF(n)) CRIT | T = "Z{MFCth* PVF(n))
[ Z(NOF(n) 2*PVF(n) } @) 03 MAR 1997
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Furt her,

par anet er

of tine constant TM and dead tine LM of the nodel, by whi ,
function CRIT is nade mininum That is, gain KM of proces?ﬁ%&gﬂ@ﬂfgﬁ

time LM and first order lag coefficient AMare corrected riespectively
until the output of process nodel 232 bec8nes sufficientlly icl 9eMAR B#E
out put of process 21 (i.e., the difference of acess nodeli_becones | ess
than a fixed value), by repeating the.operatio érom step 5 to step 9.

search nmeans 23 functions to search the.hest conbi nati on
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At step B, if it is judged that the difference of the nodel is small, that
is, if it is judged that output MOF fromfirst band pass filter 235 is
nearly equal to output PVF from second band pass filte .
oper ati on-paraneter operating nmeans 25 cal cul ates, basigiﬁﬁ&gﬁﬁﬁﬁhgéﬁgﬁﬁ
paranmeters of process nodel 232, proportion (PBY integfation {Tl)/
differentiation(TD) paraneters in accordance with equati én dF)MAR 99g7

exanpl e, by use of Ziegler-N chols nethod, and the obtai ped operation
paraneters are set in control operation neans 20 (stepp 10 and IT)"
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Contr ol

new y set operation paraneters.

Set
value

SV

operation nmeans 20 cal cul ates mani pul ated vari able M by using

- Caleculation
Instruction

Ao- gpa-~os REPLACEMENT SW
6  REPLACEMENT SHEET
0 3 MAR 1997
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N 21 Process
Confrol | vemeate o0 my = variable
operation —>Process >

‘ N N 522 Data
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Calculatlon means

Instruction 1 i '
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Comparing

means

234

N

231 /]
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Preprocessing means

f232

Process model

Control 1
operation Internal parameter
L{—parameter<—Q 9 qdjusting means

operating | f AN
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Estimation accuracy
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- 10 - Process nodel

funhrt,
process 2t,

to obtain the process nodel.

as to the whole interna
| ag coesticiant p,|

first or'der
changi ng

232 is not nAcrairily flrsl
when nmeGs' abl e di sturbance such das | oad fluctuation OXasts in
this dsturtbance can be used foe te nod

param atrs. i.e.

Order lag type systemn

el..calculation. In order

cal cul ation is conduct agEp ERMENEL ;E'that
w j

gairn K, it
the ‘cal qul ation isjdgne repeatedl y;by
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( Start at a predetermined perlod)
Y

Catculatlon Instruction means 26 reads process
variable (PV) and manlpulated varlable (MV).

Changes of PV ang
MV are large?

Yes

DC and noise components are eliminated from
time serles data {PV}1L{MV} by filtering.

l

>J, PVe MVe

Repetition :
Hmes Calculation for model output.
«+1
d <_Maximum repetition times
Correction of )
KM!LMDﬁM S0 . . No
as to minimize
the difference I PVe—0, | Is enough
between mall?

Calculatlon of estimation accuracy.

No Estimation accuracy

Calculation of control constant by use of the
obtalned model.

END



slightly the value a each internal

par anet er .

For exanple, gain [err]

is

determ ned by totalizing ratio of the process variable and the output of

t he process nodel

t he conventi onal

when the gain of process nodel de 1.
[er] and first order lag cofficent [err] are defernh&i“"\ ¥
search nmethod. This enbodi nent has foll ow ng advant &

apparatus shown in Fig. &.

Fig.8
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(a) It is so configured that the same nmanipul ated variable as one applied

to real process 21 is applied to process nodel 232 si it -
Therefore, in the process nodel, accuracy of nodel OUv*§?E e NﬁESéEEIan

be inproved (b) In the signal route from control operati

nodel paranmeter search neans 233, the signal from conj NS
20 flows like the process (process nodel )g to the high} t he
real process side and the process nodel side. Therefoj to

set high-lowlimt in the output, and al so pOSSIb|e tﬁ

Time

Fig.9
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use a non-linear characteristic type node

for the process nodel
the calculation to search the paraneters is conducted in accordance with -

the calculation instruction signal applied fromthe cg%eu%&bken«knskpugf
¢RERLAEEMENT SHEET
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REPLACEMENT SHEET 1. A self-adaptive controller Using an internal process
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Fig.11

( Start at a predetermined perlod)
¥

Calculation Instruction means 26 reads process
variable (PV) and manlpulated variable (MV).

Changes of PV and
MV are large?

Yes

DC and nolse components are eliminated from
time serles data {PV}1L{MV} by filtering.

>!PVFoMVp

Calculation for model output.
. ¥
Calculatlon for model gain Ky.

Repetition
times
«—-+1

<

1

aximum repetition time

Correction of
Lu+Bu SO

as to minimize
the difference
between

PVEe and Ku*On.

No

F PVe—Ky * Op |
Is enough small?

Calculation of estimation accuracy.

No

Estimation accuracy

Is high?
Yes

Calculation of controt constant by use of the
obtalned model.

END
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response to a set of tine ries data of said manipul ated variable (W)
mat ches said set of time series data of said process vari able (PV);

estimation accuracy coperating nmeans (24) for cal cul aji+nRg-t-he—accuracy—of
said procss nodel (232); - neans for obtaining contro REﬁQd;@EMENTp@{EE’EterS
(25) of said control operation nmeans characterized by
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means (26) for generating calculation instructions when changes of said
process variable PV fromthe process and said mani pul ated variable MV from
said control operating neans exceed predeterm ned values, - neans for
starting cal culation and correction of nodel paraneters in response t

cal culation instructions gen- eration neans (26), -

AG~$-Of—ene ng
sai d catculaticn and correction of the mdel paramtiﬁ@b&@ﬁbﬂﬁmr%@ﬂti on
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characterized in that it conprises: step input generating neans which
applies a step input to said process (21): first | i f ijch
nonitors first time width untii said process varia g&g@ ' h a
lirst fixed |level; sanpling period cal cul ati ng neang.
period is made sone divided value of said first ti
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wi dt h and said process variable (PV) is sanpled by said data gathering
means (22) at said sanpling period second nonitoring means which nonitors
second time width until said process variable (PV) changes to a second

fixed | evel higher than said first fixed |evel; and 1;@1.&“!..*:" ET
correcting means which corrects, based upon said fir Rﬁﬁ,he iCaxihoiand® sai d
second tinme wi dth, sanpling period cal cujqated by sai 4 ganptring periog
cal cul ati ng neans. 0 3 MAR 1997
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1 A sel f-acactive controller according to claim1l. characterized ay step
i nput generating nmeans wherein, at an autonatic control state,

signal having a fixed tine width is applied to the out put_of _sai.d-cont+e

operation neans (20) according to instruction applied REPL. RQEME@E SHEE’K

sel f-adaptive controller according to claiml1,
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characterized by first band pass fitter to which a signal from said process
nodel (232) is applied; second band pass filter having the sane
characteristic as that of said first band pass filiters to which a signa
fromsaid process (21) is applied, and calculation instruction neans to

whi ch a signal fromsaid process (21) and a signal f(msaid_s
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i

pass filter are applied, wherein search (or paranmeters by which the

di fference between signals fromsaid first and second band pass ffltenr are
made mni mum is conducted in response to the calculation instruction ot
said calculation instruction nmeans and the paraneters of said process nodel

are changed based upon the search result 3 : o
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3. A'sell-adaptive controller according to claim 1, characterized by step

“input gener ai.ng gepiseHReleéd, at an automatic control state, a stop like
signal havin m%

idth is applied to the output of said control
operati on nea ng to instruction applied fromoutside. 4. A
sel f -adapti ve ’

3. A agli-adaplive controller according to claim 1,
characterized by

dccording ty9 claim1, ‘\!l\“! m“}_ “lll lmsl “ m\

stap inpul genarating means whersin, at an automatic control state, a step lika signal having a fixed time
width is applied to the output of said contral operation means (20) according to instruction applied from outside.

4. A salf-adaplive contraller according to claim 1,
characterized by

first band pass filter to which a signal from said process model {232) is applied;

second band pass filter having the same charactaristic as that of said first band pass filter, to which a signal
from said process (21) is applied, and

caleulation instruction means to which a signal from said procass (21) and a signal from said second band
pass filter are applied, wherein search for parameters by which the diffarence betwaeen signals from said first
and second band pass filters are made minimum, is conducted in responsa to the calculation instruction of
said calculation instruction means and the parameters of said process model are changed based upon the
search result.
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characterized by first band pass filter to which a signal from said process
fodel (232) is applied: second band pass filter having the sane

characteristic as that of said first band pass filter oal
from said process (21) is applied, and cal culation ingtr, Ewﬁ%ﬁ&”iéﬁgggg
whi ch a signal fromsaid process (21) and a signal fr nﬂsaid second bgn
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PROCESS CONTROL DEVICE

ABSTRACT OF THE DISCLOSURE

Manipulated variable to be applied to process, and process
variable are gathered by data gathering means. In modeling means
which includes a process model internally, internal parameters
thereof are adjusted so that an output of said process model may

-match with said process variable. Accuracy of the process model
. 1s calculated by estimation accuracy operating means. Said
modeling means 1is started when said manipulated variable or said
process variable changes 1arzerf£han a fixed value, and control
constants afe derived from outputs of said modeling means and
said estimation accuracy operating means. Gain constant of said
process model is determined by the output of said process model
and said procéss variable. For segrch method of said internal
parameters, simplex method is used wherein length of component
side which composes an 1nif1a1 polygon is made longer than
sampling period of said data gathering means and simplex is
remade at least once at the original coordinate when said
parameters are settled by one time simpiex method. At the
beginning of control, step like manipulated variable is applied
to process, and based upon the response of said process variable
at this time, 1nit1ai values of sampling period and control

constants are obtained.

Figure 6
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pass filter are applied, wherein search for parameters by whi ch t he
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Fiald af invention

This invention relates lo a precess control devics which controls a procass, and in particular tc a procass a control
device which has a function to automatically adjust contral constant such as a proportional constant (P) and an integral
constant (I} to an optimum value. This invention relales in still more detail to a process contral device having a process
model internally to estimate a dynamic characteristic of the process to be contrailed, wherein P! operation parameters
ara determined based upon the estimate result by the process medel {salf-adaptive controller),

Dascriotion of the Prior At

In arder to control a process ta an optimum condition, it is necessary to search the dynamic characteristic of the
process and ta caiculate the control operation parameters {constants) for calculation of the manipulated variable. An
cpen lcep type, a limit sensitivity type, a response wavaform type, an adaptive controi type, a type equipped with
procass medel are known for these process control devices.

Figs. 1 ta § are block diagrams which show the configuration of the conventicnal apparatus.

Fig. 1 shows a cenventional process control device of the open lcop type. In normal control state, a switch 1 is
connacted to cantrol cperation means 2. Both set value SV and procass variable PV ars inputted to deviation cperation
means 3 in which the deviation between these input signals is calcuiated. The deviation signal is inputted ta the contral
operaticn means 2 in which the manipulated variabie is calculated by using PID cperaticn parameter, and the obtained
manipulated variabla is cutputted to a procass 4.

The switch 1 is connacted to an identification signal generator S periodically or when the daviation becomes large,
and a step signal like a pulse signal is outputted from the identification signal generator § to the process 4 as an
identification signal. Based upaon the respanse from the process 4, control operation parameters are caiculated in
accordance with Ziegler-Nichols methed etc. and set to the control operation means 2.

Fig. 2 shows a conventional process control devica of the limit sensitivity type. A deviation signal from the daviation
operaticn means 3 is applied tc the control cperation means 2 and a limit cycle generator 6. Adding means 7 adds
outputs of control operation means 2 and limit cycte generator 8, and supgplies an output signal to the process 4 as a
manipulated variable,

The limit cycle generator § functions to change the manipulated variable outputted to the process 4 to a maximum
value and to a minimum value periodically. Based upon the limit cycle or limit sensitivity at that time, the control operation

. parameters are calculated in accordance with Ziegler-Nichols method atc. and is set ta the control operation means 2.

Fig. 3 shows a conventional proecass control devica of the response wavefonm type (for example, US-A-4,602,326).
To response waveform rule applying means 8§, set value SV and deviation DV are appfied. The respanse waveform
tule applying means 8 is configured by such a tuning rule as Fuzzy rule etc. The conltrol operation parameters are
obtained by applying thesa rules to the avarshaat of the process quantity, the attenuation ratic, the attenuation pericd,
elc., and obtained parametars are set in control operation means 2.

Fig. 4 shows a conventional precass control device of the adaptive control type. Adding means 10 adds outputs
of the control operation means 2 and an identification signal generator 8, and generates an output to the process 4,
Further, dynamic charactaristic identification means 11 raceives the process variable and the output of the adding
means 10, estimatas control aperation parameters, and sets the estimated parameters in control operation means 2.
That is, a very small disturbance is genarated in the identification signal generator 9. The contral operation parameter
is obtained from the dynamic characteristic of the process variable at that time and the cbtained rasult is set in the
control eperation means 2.

Fig. § shows the conventional process controb device of the type equipped with a process model 13 (e.g.. ISA
Transaction Vol, 22, No. 3, p. 50, 51, and US-A-4,385,326). A signal from the caontral operation means 2 is cutputted
to the prccess 4 and alsa applied to the process modali 13 through a high pass filtar 12, The process modal 13 madeling
the procass 4 is so configured that its paramatars can be changed. Differance oparation means 15 calculates the
diffarence batwaaen the signal applied from the pracess 4 through a high pass filtar 14 and the signal applied from the
procass modal 13, Madel paramater search means 16 recsives a difference signal from ditferanca operation means
15, and searches paramatars that makas the differance signal minimum. The searched parametars ars set as he
paramatars of the gracass madal 13, Based an the paramatars searched by the model paramatar search means 18,

control aparation paramatars are oblainad, and the oblained control oparatian paramselars are sat in tha control oper:

ation means 2.
The above explainad convantional procass control davice has lollowing probiems,
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That is, the open laop lype and the adaptive control lype apparatus must give tha identification signals to the
pracass. and the limul sensitivity typa apparatus must generate a parsistant oscillation. In thesa types, a disturbance
is applied ta tha pracess, and lherafors, in case when we would obtain the contral constant while the procass controf
davice is in aparation, thers occur many rastrictions.

Further, in the respansive wavelorm typa, savaral times of wavetarm observation ars necessary until the controf
operalion parameters are settled, and tharalore, it needs a certain time.

Accordingly, either of these cantral devicas could nat set freely the control operation paramaelars.

Further. in the type equipped with the precess medel, the calculation is carried aut conlinuausly at model parametar
search means 16, and thus, the amcunt of calculaticn incraases as the whcle. As the resuit, it has such a drawback
that the icad ol a microprocasser becames heavy when the {unclicn of each part is executed in accardance with the
pragram installed in the micropracessar.

Prior art decument GB-A-2 086 082 describes a process control wherein a controller is responsa to a set paint
signal to cantral a process and a maodel of this pracess. A sequancer carries out a cycle in which step changes are
made in the desired sat paint for the process, by a predetermined valua, above and below tha desired sat point, A
parameter identifier madifies the parameters of the proecess madel and of the contraller In this precass control, the
cycle is repeated until the change in the values of the parameters between adjacent cycles is less than a predetarmined
about whereupon it is terminated.

In prior ant document ADAPTIVE CONTROL K. J. Astrdm & 8. Wittemnark May 1989, Addisan-Wesley publishing
Campany, pp. 443 to 458, it is described that in an adaptive cantrol with an estimator tha value of the changes of a
control signat and a precess autput can be used as criteria for deciding whether the parametars of 2 madel ars con-
venient or nct.

Finally, prior art decument DATABASE INSPEC: Operaticns Research Saciety of America 41st annual meeting,
New Orieans, USA, 26-28 April 1972, K. A. FEGLEY, J. £ BURNS, R. M. HOLUIS *Prccess identification via mathe-
matical programming®, discloses that it is known (o use the simplex methed in order to determine a mathematical model

cf a precass.

SUMMARY OF THE INVENTION

A main cbject of this inventicn is to provide a procass control device (self-adaptive controller) wherein controi
constant can be reset in a short time without giving disturbance to process. Ancther object of this invention is to pravide
2 praocess control device (self-adaptive contreller) whersin the amount of calculaticn can be reduced and the lcad of

the microprocassaor can be minimized.
To soive this cbject the"present invention provides a self-adaptive controller as specified in claim 1.

BRIEF DESCRIPTION OF DRAWINGS.

Figs. 1 to 5 are block diagrams which show the structure of canventional apparatus.

Fig. & is a structurai diagram which shows cne smbodiment of 2 process control davice in accordance with the
invention.

Fig. 7 is a flowchart to explain functicn of the apparatus in Fig. 6.

Figs. 8 and 9 are diagrams of characteristic curves to explain the function of the embadiment of Fig. 8.

Figs. 10 and 11 ara diagrams which show respectively configuration and functicn of another embaodiment in ac-
cordance with the invention.

Fig. 12 is a flowchart of search method which uses simplex methcd.

Fig. 13 is a block diagram which shows a main part of another embodiment in accordanca with the invention.

Fig. 14 is a wavefarm diagram which shows the change of process variable when a step like manipulated variable
is apptied to pracess.

Fig. 15 is a Nowchart which shows the function of the apparatus in Fig. 13.
Fig. 16 is a wavefom diagram which shows the change of process variable in othar case when the step like

manipulated vartabie is appiied to the process.
Fig. 17 is a structural block diagram of still other embodiment in accordance with tha invention.

Fig. 13 is a flowchart which shows lunction of the apparatus in Fig. 17.
Fig. 19 is a wavafarm diagram which shows tha change of the procass variabla whan a stap like signal is applied

to the manipulating signai.
Fig. 20 is a structural black diagram which shaws stilf other embadiment in accardanca with the invention.

Fig. 21 is a flowchant which shows tuning action in the embadiment in Fig. 20.
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DETAILED OESCRIPTION OF PREFEARED EMBODIMENTS.

Fig. 6 is a structural biock diagram which shows one embodimaent of the process contral davica in accordances with
the invention. In Fig. 6, 20 is control aparation means, to which set value SV as a desired valua and pracass variabie
PV which is the output of process 21 are inpulted. in control operation means 20, such oparation, as proportional
cperation, integral operation, or differential cperation is appfied to the difference between set value SV and process
variable PV so as to obtain manipulated variable MV.

Manipulated variable MV which is the output of control operation means 20, is appliedto process 21 tobe controiled,

and from precess 21, process vadable PV is outputtad,
22 is data gathering means, wherein manipulated variable MV and pracess variable PV are inputted and these

data are held as time series data for a predetermined period,

23 is modeling means in which preprocessing means 231, process medel 232, internal parameter adjusting means
233 and comparing means 234 are provided, Preprocessing such as filtering is applied, at preprocessing means 231,
to the outputs of data gathering means 22, Then, manipulated variable MV is inputted to process model 232 and
precess variable PV is inputted to comparing means 234, Procass, model 232 simulates process 21. The autput of
process meodei 232 is inputted to comparing means 234, and compared with process variable PV separataly applied,
This compariscn result is inputted to intemal parameter adjusting means 233 which functions fo adjust the intemal
parameter in process model 232 so that the output of process model 232 may match the output of process 21.

24 is estimation accuracy operating means, wherein the output of medeling means 23 is inputted so as to calculate
accuracy of process model 232, 25 is control operation-parameter operating means, wherein the outputs of intemal
parameter adjusting means 232 and estimation accuracy operating means 24 are inputted and the centrol parameters
calculated based upon the output thereof ara set in control operaticn means 20. Control operation means 20 caicuiates
manipulated variable MV based upon this new control parameter.

26 is caleulation instruction means, wherein process variable PV and manipulated variable MV are inputted and
the output is génerated to manipulate switches 27 - 3¢ when the changes of the inputs exceed a predelemined value.
Based upon this, a calculation instruction signal is applied to modeling means 23 so as to cause modeling means 23
to start its operation.

The functicn of this embodiment is explained in the following.
Fig. 7 is a flowchart which shows one example of the functionof this embodiment. Data gathering, means 22 gathers

manipulated variable MV and process variable PV as time series data at a predetermmined period without any relation
to this modeling operation. In Fig. 7, calculation instruction means 26 reads process variable (PV) and manipulated
variable (MV) every predetermined period and functions to judge whether thosae changes are larger than the predeter-
mined valua. if the change is less than the predetermined value, the operatian ends without giving any calcutatian
instruction.

For example, this judgment is derived from such calculation, as shown in Fig. 8, that the area (slash pan) is cal-
culated by integrating the deviation of the process variable and the manipulated variable from respective steady states.

When the change is large, modeling means 23 reads time series data {PV} conceming procass variable PV and
time series data {MV} concerning manipulated variable MV gathered by data gatheringmeans 22. Preprocessing means
231 sarves o sliminate the DC component and noise component thereof by filtering,

This filtering is givan by following aquation {1), where PV the time series data of the process variable, PV, the

DC or noise components, and « filtering constant.
PVp=(1-a)* PV +a=* (PV-PV,) {1)

Filtered time series data PV, MV concaming the process variable and the manipulated variable respectively are
applied to process modet 232 in which calculation of model output is carried out.

Though this calculation is different by the process madal, assumed that the n time model autput is O,, the above
calculation is given by following equation (2), where Ky: gain of process madel, Ly dead time of process model, BM:
first order lag coefficient of procass model, MVg(n - Ly,): this is done by calcuiation by the use of a value MV before
time L,

O, =By * Opy +{T- B Ky » MVein - L) (2

This calculation is repeated until the repetition numbar reaches the maximum value, or until sutput O, of the process
madel becomes sulfficiently close to time series data PVg concerning tha process variable.

Whan the repetition number does nat reach the maximum value, or whan tha ditferance between output O, of
process modal 232 and time sarias data PV, concarming tha procesa variable is not small as shown in Fig. 9, gain Ko
dead time L,,, and first ordar lag coalficiant M ara adjusted so that this diffarance becomas small {that is, to cause
the curve of aulput O, io move o the diraction of an arrow), and then pracess modei 232 is ra-startad.
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When the repstition reachas the maximum number, or when the diffarence between output O, of process madel
232 and lime sarles data PV concerning process variable becomes enough small, accuracy K of pracess modal 232
is calculated by estimation accuracy operating means 24. This accuracy K is cafculated, for example, by following
equation (3) or (4).

K=1 - [Z{PVL() - O/ ZPVL() ) 3

K=x[PV.(0) / £OM) {4)

where PVg(i): ime series data of the srocess variable at time i, Ofi): output of precess model 232 at time i,

When this estimation accuracy is higher than a predetermined value, control operation-parameter operating means
25 calculates proportion/integration/differentiation constants, that is, control operation parameters, by using Ziegler-
Nichols method, based upon cbtained process model 232 of the first order lag process model,

Control operation means 20 caiculates manipulated variable MV by using this control operation parameter newly
obtained.

By the way, the process model is not necessarily such a first order system as shown by equation (2), Further, when
there exists such measurable disturbance as load fluctuation in process 21, this disturbance can be used tor the model
calculation.

In the embodiment shown in Fig. §, calculation must be done repeatedly with respact to the whole intemal param-
sters of process model 232, that is, gain Ky, dead time Ly, first order lag coefficient B,,, by changing slightly these
values, and therefore, it takes a lot of times for calculation. The following embodiment can overcome this problem. In
this embodiment, gain Ky is calculated based upaon the integration ratic of the procass variable and the output of the
process model when the process gain is made 1, and dead time Ly, and first order lag coefficient 8y, are obtained by
the repetition search method.

Fig. 10 shows the structure of this embodiment. In this figure, other portions than the modeling means and data
gathering means 22 are omitted since thesa portions are the same as shown in Fig. 6.

In Fig. 10, 31 is modeling means which has similar function to modeling means 23 in Fig. 6. 311 is preprocessing
means which has similar function to preprocessing means 231 in Fig. 6. Namely, process variable PV and manipuiated
variable MV stored in data gathering means 22 are filtered so as to eliminate the DC component and the noise com-
ponent.

312 is process model which simulates the real process like process model 232. Yo this process model, the manip-
ufated variable preprocessed by preprocessing means 311 is inputted. 313 is gain operation means, whersin the cutput
of process modsi 312 and the process variable are inputted and the gain of process modet 312 is calculated.

314 is comparing means for comparing the output of process mode! 312 and the process variable. 315 is intemal
adjusting means, wherein the output of comparing means 314 and the output of gain operation means 313 are inputted
and the internal parameters ars changed so that the difference between the output of process model 312 and the
procass variable may be snough small,

The output of internal parameter adjusting means 315 is applied both to estimation accuracy operating means 24
and control operation-parameter operating means 25 in Fig. 6 so as to obtain the control operation parameters of
control operation means 20, Switches 27, 28, 34 and 35 are controlled by calcutation instruction means 26. Function
of this embediment is explained in the following.

Fig. 11 is a flowchart which shoMs the function of this embodiment. Calculation instruction means 26 shown in
Fig. 6 reads periodically manipulated variable brv and process varlable PV, and only when those fluctuations become
large, the following steps are executed.

That is, at preprocassing means 311, time saries data {PV} and {MV} concarning the manipulated variable and the
process variable raspectively are filtered so as to eliminate the DC component and the noise compenent, and then the
output of the process model is calculated by process model 312.

In this calculation, process model gain K,, is made 1, and the calculation is carried out by following equation (5).

O, =By * O, +{1 - By ) * MVL(n -L,) (s)

where raspective coefficients hava the same meaning as in aquation (2).
Naxt, at gain operation means 313, process madal gain Ky, is calculated by use of lollowing equauon (6).

Ku = [Z{O(n}*PV(nI/{E0(n) % (6)

where O(n): the value obtained by the above equation (S), that is, the output of process model 312 when process model
gain Ky, is made 1,

Thesa calculations are carried out repeatediy until the repetition number reaches the maximum numbers, or until
the product of output O, of process model 312 and process model gain Ky calculated by gain operation means 313
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becomas sulficiently clasa (o lime serias data PVg of the process variable,

Whaen all condiliens in the above are not satisliad, dead lima Ly, of precess medel 312 and first ardar lag coefficient
[y ars adjusted so as lo munimize the abava differanca. Then, process madel 312 is raslarted, and such operations
ara carnedout, thal the output is calculated in accordance with equation (S} and that process model gain Ky is calculated
in accordance with aquation {6},

When the whale ¢onditions are satisfied, accuracy K of procass madel 312 is caiculated. When this estimation
accuracy is less than a predetarmined valus, cantrol speralion-parameler aperating means 25 calculates proportion/
integration/ ditferentiation constant, that is, conirol aperation parameters, by using Ziegler-Nichols method, based upon
obtained precess model 312 of the first order lag process model.

Control aperation means 20 calculates the manipulated variable by using this control operation parameter newly
cbtained. Further, intermnal parameter adjusting means 315 calculates dead time L, and first order lag coetficient By,
by the repetition search method which uses simplex mathed.

Further, if process model gain Ky, becames necessary at the beginning of repetiticn, the last time process gain Ky
is used for this. In this embediment, process model gain Ky, is automatically determined when dead Ly, lime and first
order lag coefficient By are determined, and thus, the numbers of repetition search can be reducad,

For sxamgple, simplex method can be used for a method in case when intemal parameter adjusting means 315
searches the intemal parameter of process model 312. By the simplex method, some points having geometrical ar-
rangement on R are chosen, and search is carried out by comparing the values of the object function at these points.
This methed is disclosed on p.284 - 287, *Non-linear Programming” by Hiroshi Imano and Hiroshi Yamashita, published
from *Nippen Kagaku Gijustu Rengou®,

However, the /O data of the usual simplex methed are discrate values in principle. Therefare, such problem occurs,
that since the object function enters into the space of the discrete values, search becomes impossible. Further, there
is such restriction that paramsters such as time constant and dead time must be positive numbers.

Fig. 12 shaws procedurs of the simpiex method, in which the abave menticned restrictions are sliminated. Ia this
figure, assumed that the process data gathered by data gathering means 22 corresponds to geomatrical points x on
R", and that the object function corresponds to tunction f( ) of at this geometrical point. The search is carried out by
comparing the values of the object function (). Further, assumed that among points X, a point where object function
1{ ) takes the maximum value, is xh, that ameng points X, a point where object function 1{ ) takes the second magnitudas
value, is x*, that among points x, a point where abject function I( ) takes the minimum value, is x!, and that a centroid
of the graphic pattam which has points x as summits, is x™. Further, the following points are defined as fallows:

Reflaction plane: x={lea)rx™-axh
>0
Expansion; Xezyex +(1-9=xm
T>1
Contraction: x¢= P xb o {1 -Bxxm
. Be (0.1}
Reduction: The whole summits are reduced to the direction of x'.

In Fig. 12, after initializaticn, (n + 1) affine independent convex hulls on R® are generated by a first simplex. Next,
the above xh, x3, xf and x™ are decided, and judgment as to whether it can be converged is carried out. This judgment

is conducted in a way whether the following equation can be salisfied,

o) - ™M+ 1S €

where tm = EH(xi)/(n + 1),
When the convergenca condition is satisfied and il the convergence is the first time, simplex is generated at this
point, and the cperation repeats fram the step that X", x5, x!, x™ were decided in the abave. The cparation ends wher

the convergence is accomplished mare than two times.
When it is not converged, X and !{x} are caiculated, and judgment is carried out whether the {oilowing aquatior

is satisfied,
(x") s tx®)
Whan this condition is not salisfied, judgment is carried out as to whather the following squation is satisfiad.
tx")< fx™)

Whan the above equation is satisfied, x" is replaced by x. Whan the above equation is not satisfied, x* and #{x*
are obtainad, by leaving the equation as it is, and judgment is carriad out whathar the follawing equation is salisflad



REPLACEMENT GigT

0 7 JUN 1997

1x%)< £(x")
When the above aquation is satisfiad, x" is repfaced by x°, When the above equalion is nat satisfied, x!is replaced
by {x' + X'y/2, and the opaeration returns ta the step that x, x4, x! and x™ were decided.
On the other hand, when tha equation I(x")S{{x%} is satisfied, judgmant as to whather the lollowing equation is
salisfied, is conducted.

tx")z Hx')
When the above equation is nat satistied, x* anc {{x?) are obtained. and judgment as to whether the lollawing
equation is salisfied, is carried out.

fx)<t(x)

Whaen the above equation is satisfied, x" is replaced by x°. When the above equation is not satisfied and when {
(x)&1(x} is satisfied, x is raplaced by x*, and the operation retums to the step that x", x9, x! and x™ were decided.

{n contrast to the usual simplex methad, in this embediment, when the convergenca is the first time, simplax is
generated at this paint, and the simplex method is carried out once again. Therefore, such a disadvantage that the
object function enters into the subspace can be avoided, and negative number can be used for such parameters,

By the way, in this embediment, although the length of each component side which composes an initial polygon
is made lenger than sampling pericd and although the initial polygen is remade at least once, it is also possible that
sither of these two conditions is satisfied,

Fig. 13 shows a still other embodiment. in the embodiment in Fig. 6, initial values for proportional constant, integrai

constant and differential constant, and sampling period must be set prior ta the control operation. If these values are
not set properly, automatic adjustment of the control operation parameters can not be done groperly, and as the resuft,
the control characteristic becomes worse. In the embodiment shown in Fig. 13, in order to afiminate these situations,
both the control operation parameters and the sampiing period are previously tuned. In this embediment, the same
refarance numerals are attached to the same components as in Fig. 6 and the explanation for these components is
omitted.
In Fig. 13, 40 is step input generating means which applies step like manipulated variable to process 21. By this
input of the manipulated variable, the procsss increases gradually as shown in Fig. 14. 41 is first monitoring means
which monitors the process variable of process 21. Namely, after application of the step like manipulated variabie from
step input generating means 40, time width t, (first time width) until the process variable reaches a first predetermined
vaiue, for example, 1% of full scale, is measured.

42 is sampling period calculating means, wherein the first time width measured by the first monitoring means 41
is inputted and based upon this, sampling pericd af data gathering means 22 is calculated, 43 is 2 second menitaring
means which manitors the process variable from procass 21. Namely, after application of the step like manipulated
variable from step input generating means 40, time width t; (second time width) until the process variable reaches a
second predetermined value larger than the first predetemined value, for exampls, 2% of full scale, is measured,

44 is sampling period correcting means, wherein the second time width measured by the second monitaring means
43 is inputted and the sampling period caiculated by sampling pericd calculating means 42 is corrected,

45 is a switch which composes a sampier. In the first place, this switch is made ON avery pericd calculated by
sampling period calculating means 42, and later, is made ON every period corrected by sampling period corracting
means 44. And, in accordance with these sampling periods, the process data is introduced into data gathering means
- 22. The gathered data is inputted to medeling means 23, and its intemal parameters are adjusted, as explained in the
embodiment of Fig. 8, until the output of procass model 232 may caincide with the process variable. Based upon this
intemal parameters, contro! constant are calcuiated, _

. Next, the function of this embadiment is explained in accordance with a flowchart shown in Fig. 15. The operation
IS executed at a predatermined period at the initial stage of control. In the first placs, the condition of start is judged
\;?ether it is initial state or not. When itis judged as an initial start, a stap like manipulated variable is applied to process

On the cther hand, when the start is not an initial one, judgment as to whether the process corraspands to eithe:
of tha fallowing thrae steps, is judged. f the process does not correspand to any of these steps, the operation ends
without daing anything,

{1) When procass variable PV axceeds 1 % of full scale,

(2) When procass variable PV exceeds 2 % of full scale.

(3) When process variable PV is settiad to a fixed value of i becomes intager times of the sampling period ablaine
by sampling period correcting means 44,
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When the process variable corresponds to the above step (1), elapsed limae |, alter application of the step like
manipulated variable to the process, that is, the first time width is measured, and one to integer number of this lime 4
is used as sampling time ts. For example, sampling time ts is made as follows:

t, = t1/4

When the process variable corresponds to the above step (2), elapsed time t, after application of the step like
manipulated variable to the procsss, that is, the second lime width is measured, and judged as to whethaer this time
width t, is larger than the twice of time width t; obtained by step (1). When time width |, is larger than the twice of 1,
sampling time is made as follows:

t, =L/

Inthis case, interpolation is applied to previcusly gathered data 50 as lo use these data as the data for new sampling
period t,.

When the procass variable corresponds to the above step (3), data gathering operation of the process variabie
terminates, and arrangement of time series data {PV} and {MV} with respect to the process variable and the manipulated
variable, stored in data gathering means 22, is carried out. Based upon these time series data, the internal parameters
of process model is adjusted by modesling means 23, and control constants are cbtained,

The obtained control constants are used as an initial value. Then, data gathering is carried out by sampling pericd
15, and the control parameters are calculated in accordance with the procedure expilained in Fig. 7.

In this embodiment, the step like manipulated variable is applied once at the beginning of control. In case of the
non-integral type process, process variable PV can settle by one time application of the step like manipulated variable
as shown in Fig. 16(a).

However, in case of the integral type procsss, offset remains as shown in Fig. 16(b). Accordingly, in this case, after
the process variable is settled, a stap like signal is applied to opposite direction so as to sliminate the above offset,
and then, sampling of the process data goes on. If change of the process variable exceeds a fixed tolerance, the step
like signal is applied to opposite direction even though the process variable has not been settled yet, so that the process
variable may not become too much large. Further, it is possible o judge the process whether it is integral type or not
trom the amount of the offset.

Applied period T of the step like manipulated variable is set to a fixed time or a time until the process variable
reaches Apmax,

Further, though in the above embodiments, the control constants are derived from the intemal parameters of the
modeling means by use of Ziegier-Nichols method, least square method or maximum likelihood degree method can
be used.

in the above mentioned embodiments, process data is gathered by the data gathering means and the modeling
means is started so as to correct the intemal parameters of the process model only when the change occurs in the
process data. Then, estimation accuracy of the process model is calculated, and the control constants ars calculated,
Therefore, in this embodiments, identification signals are unnecessary, and thus, these smbodiments have such ad-
vantage that extra disturbancss are not applied to the process.

Further, since calculation for the estimation accuracy of the process model is carried out, if the model is judged to
be inadequate, the adjustment of the control constant is stopped or reduced, and therefore, such uncontroilable state
in the process control davice such as shutdown, overshooting, etc. can be avoided.

Further, since calculation of the process model is carried out while the data gathering means is gathering the
process data, the time for data gathering is unnecessary.

Further, since the process gain is calculated from the process variable and the output of the process model, the
search time can be shortened.

Further, such a disadvantage that the object function enters into the subspace can be avoided since simplex
method is used as the search method and since simplex is regenerated when the convergenca is the first time.

Further, since at the beginning of contral, a step like manipulated variable is applied to the procass and since initial
values of the sampling period and the control constant are derived from the change of the process variable at that time,
optimum control can be accomplished.

Fig. 17 shows a structural block diagram of a still other embodiment in accordance with this invention. In this
embodiment, estimation accuracy operating means 24 shown in Fig, 6 is omitted. In place of this, manual instruction
means 50 and step signal generating means 51 are provided, wherein step signal generating means 51 generates a
step like pulse signal to process 21 based upon the instruction applied from instruction means 50.

Fig. 18 is a flowchart which shows tuning operation lor caiculating the control operation parametars, started at a
pradetarmined periad in the embodiment in Fig. 17,

In the first place, judgment as to whather instruction for generaling the step signal {the instruction from instruction
means 50) exists, is conducted (step 1). When this instruction exists, a step signal having a fixed width is generated
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{rom step signal generating means 51 and is applied to manipulated variable MV in cantrol operation means 20 {step
2). When the inslruction does not exist, step 2 is skipped.

Fig. 19 is a wavelorm diagram of manipulated variable MV and procass variable PV, wharain the change of the
process variable PV is shown when the step like signal is applied to manipulated variable MV,

When the manipulated variable changing step-fike as shown in (a) is applied to process variable PV, process
variable PV responds in such a manner as shown in (b} in accordancs with its dynamic characteristic.

Data gathering means 22 receivas manipuiated variable MV and pracess variable PV, and holds these data as
time series data lor a predatermined period {step J).

Caicuiation insiructicn means 26 reads manipulated variable MV and process variable PV, and manilars, at every
identification period. whether the fluctuation of these signals exceeds a predetlermined value (step S). When the fluc-
tuation of these signals is less than the predetermined value, it is judged that the control is satisfactory state, and the
operation terminates without generating a trigger signal. As shown in Fig. 8, the above judgment is done based upan
the size of areas (slash parts) calculated by integrating the deviation of process variable PV from its steady state and
the deviation of manipulated variable MV from its steady state for a fixed time.

At step 2, when the step signal is applied and when both maniputated variable MV and process variable PV become
large, calculation instruction TRG is generated. Modeling means 23, when it receives calculation instruction TRG,
functions to estimate the dynamic characteristic of process 21 by using the change of manipulated variable MV and
the response waveform of process variable PV from process 21, based upon the data applied, for a predetermined
time, from data gathering means (steps 6 to 9).

Al step B, when the difference of the mode! becomes small, that is, when output MO of process model 232 coincides
with process variable PV, controt operation means 20 calculates, based upon the obtained parameters of process
model 232, preportion{PBY/ integration(T1)/ difterentiation(TD) parameters in accordanca with tollowing squation (7),
for example, by use of Ziegier-Nichols method, and the obtained operation parameters are set in control operation
means 25 (steps 10 and 11).

(PB/K,,) = a(Ly/Byy) + BlLyy/Byy) +C
(TVBy) = Alyy/Brg)® + e(Lpy/Byy) + 1

TD =0.2#Tl N

Controf operation means 20 caiculates manipulated signal MV by using newly set operation parameters.

Step signal generating means 51 applies a pulse signal in place of the step signal when the process is integral
type process.

In this embodiment, Pl operation parameter can be set to an optimum value arbitrarily, if necessary, by applying
a step like signal to the manipulated variable in automatic control state, in accordance with the instruction signal. And
therefore, operability of this embodiment can be improved sufficiently.

Furthe, since the caliculation to obtain the process model output at modeling means 23 or the calculation to search
the parameters is conducted in accordance with the calculation instruction signal applied from the calculation instruction
means, the amount of calculation can be reduced as the whole.

Fig. 20 is a structural block diagram which shows a still other embodiment in accordance with the invention. By
this embodiment, drawbacks of the prior art shown in Fig. 5 are overcome. In the conventional technique shown Fig.
5, the signal 1o process model 13 is applied from control operation means 2 through high pass filter 12. By this structure,
DC and noise components can be eliminated from the signal and it has such feature that calculation in the process
mode| becomes comparatively simple. However, this prior art has following drawbacks.

{a} The signal applied to the process model is preferably the same as a signal to be applied to real process.
Howaever, since the signal passes through the high pass filter, the signal levef of this signal becomes small or the
Wavefarm of the signal is changed, and thus, calculating accuracy in the process model is degraded.

(b) Toward ditference operation means 15, the signal from control operation means 2, in the real process side,
flows in such order as real pracess 4 to high pass filter 14 to difference operation means 15, and in the procass
fno.del side, flows in such arder as high pass filter 12 to process model 13 to difference operation means 15. That
'8, In the process madal side, the order of high pass filter 12 is different from the real pracess side.

Thus, it is necassary that procass model 13 is a linear characteristic type so that model parameler search means
16 may search accuralely the paramaters which reduca the differance signal applied from dilterence oparation means
18. Therelors, it is impassible to set high-low-fimit in the output and also to use a nonlinear characleristic type model
for the process madal,

The embodiment shown in Fig. 20 ovaercomes these prablems, wharein the amount of calculation in the process
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model or in searching the parametars can be reduced, the calculation in the process modal can be done accuratsly
corrasponding lo the real procass, and non-linear characteristic type model can be used for the process model.

Signal MV from control operation means 20 is applied lo process model 232 through data gathering means 22,
Signal MO from procass modal 232 is applied 1o a first band pass filter so as to eliminate the DC and naiss components.
Signal PV [rom pracess 21 is applied to a sacand band pass filtar 236 having the sams characteristic as thal of first
band pass filter 235, through data gathering means 22.

These first and second band pass filters 235, 236 conduct such [iRering calculation as shown in the following
equation (8).

PVF = {1 - @)*PVF +a=(PV - PVo) &)

where PVF: applied time saries data, PVo: DC and noise components, o filter constant. Calculation instruction means
26 receives signal PV from procass 21 and signal PVF from second band pass filter 236, and when either of these
signals changes, calculation instruction signal TRG is generated.

Mode! parameter search means 233 receives signal MOF from first band pass filter 235 and signal PVF from
sacond band pass filter 236, and based upon calcuiation instruction signal TRG from calculation instruction means 26,
searches parameters that make the diffarence of the signals applied from the first and sacond, band pass filters min-
imum, And the parametars of process model 232 is varied based upon searched parameters,

~ Control oparation-parameter operating means 25 calculates operation-parameters of control oparation means 20
and sets these values in control operation means 20.

Calculation instruction signal TRG from calculation instruction means 26 is applied, in addition to model parameter
search means 23, to process model 232, first band pass filter 235 and control operation parameter operating means
25 simuitaneously, which start calculation based upon the calculation instruction signal. in the foflowing, the function
of this embodiment is explained.

Fig. 21 is a flowchart which shows tuning action far control operation parameter, started at a predetermined period.
Second band pass filter 236 receives process variable PV from process 21, and conducts such filtaring calculation as
shown by equation (8) (step 1).

Calculation instruction means 26 reads the time series data concerning process variable PV and output time series
data PVF of second band pass filter 236, and monitors, at every identification period, whether the change of these
data is larger than a predstermined value (step 4).

When the change of these data is less than the fixed valus, it is judged that the control is in good condition, and
the operation ends without generating the calculation instruction signal.

When the change of PV or PVF exceaeds the fixed value, calculation instruction means 26 generates calculation
instruction signal TRG. Procass model 232 which receives this calculation instruction signal TRG, reads the time series
data of manipulated variable MV gathered at step 2 (the same signal as the manipulated variable applned to process
21), and calculates modsl output MO in accordance with equation (5) (step 5).

Qutput MO of process model 232 is applied to first band pass filter 235 in which filtering calculation is carried out
in accordance with equation (8) {step 8). By the filtering operation, the DC and noise components included in model
output MO are eliminated.

Model parameter search means 233 receives time series data MOF from first band pass filter 235 and time series
data PVF from second band pass filter 236, and conducts calculation for searching optimum parameters for process
model 232,

By this calcuiation, for example, gain Ky, and evaluation function CRIT in the lollowing equation (9) are obtained.

Ky = E{MOF(n)*PVF(n}}/Z{MOF(n}}

CRIT = 1 - Z(MOF{n)*PVF(n)}/E(MOF(n) 2+ EPVF(n)?} ®

Further, parameter search means 23 functions to search the best combination of time constant Ty, and dead time
L of the model, by which evaluation function CRIT is made minimum,

That is, gain Ky of process model 232, dead time Ly, and first order lag coefficient By are corracted respectively
until the output of process madel 232 becomes sutfficiently close to the output of procass 21 (i.e., the difference of
process model bacomes less than a fixed value), by repeating the opaeration from stap 5 to step 9.

At step 8, il it is judged that the difference of the model is small, that is, if it is judged that output MOF from first
band pass filter 235 is nearly equal to output PVF from second band pass filter 236, control operation-parameter
operating means 25 calculates, based upon the cbtained parameters of process model 232, proportion (PBY integration
{T1Y/ differsntiation(TD) paramaetaers in accordance with equation {7), lor example, by use of Ziegler-Nichols method,
and the obtainad operation paramelars are set in control operation means 20 (steps 10 and 11).

Conitrof oparation means 20 calculates manipulated variable MV by using newly sat operation parametars.



é@m This Sheet Has Been Replaced

A

ily fir,sl order lag type system. Furthar, when measurable disturbance such as

- 10 -

Process model 232 is nol Aa

load fluctuatian exists in process 21, this disturbancs can be usad lor the madal calculation.

In ordar to obtain the pracass modal, calculation is conducted in such manner that as lo the whole internal param-

eters, l.e., gain Ky, dead time Ly, and lirst order lag coefficient Py, the calculation is done repeatedly by changing
slightly the value of each intarnal paramatar.

For example, gain Ky, is determined by tatalizing ratio of the process variable and the output of the process model

when the gain of process model is made 1. Then, dead time L, and first order lag coefficient B are determined by,
using repelition search methed.

This embediment has folicwing advantages in comparison with the conventional apparatus shown in Fig. 5,

{a) It is so configured that the same manipulated variabia as one applied to real process 21 is applied to process
model 232 simultanecusly. Therefors, in the pracess madel, accuracy of model output calculation can be improved.
(b} in the signal route from control operation means 20 to modei parameter search means 233, the signal from
contral operation means 20 flows like the process {pracess madel) to the high pass fiiter in both the real process
side and the prccess model side, Therefore, it is possible to set high-low-fimit in the cutput, and also possible to
use a non-linear characteristic type model for the process model.

{c} Since the calculation to search the parameters is conducted in accordance with the calcutation instruction signat
applied from the calculation instruction means, the amount of calculation can be reduced as the whole.

Claims

10

A self-adaptive controller using an internal process model, comprising

= means for generating process variable (PV) and set value (SV);

- control operation means {20) of calculating a manipulated variable {MV) which is to be applied to a process
(21) based on said process variable (PV) and set value (SV);

- data gathering means (22) for gathering a set of time series data from said manipulated variable (MV) and a
set of time series data from said process variable (PV) for a predetermined period:

- medeling means (23), including a process model (232) and internal parameter adjusting means (233), for
correcting the intemal parameters of said process model so that an output of said process model (232) in
response to a set of time series data of said manipulated variable (MV) matches said set of time series data
of said process variable (PV);

- estimation accuracy operating means (24) for calculating the accuracy of said process model (232);

* means for obtaining control operation parameters (25) of said control operation means,
charactarized by _

- means (26) for generating calculation instructions when changes of said process variable PV from the process
and said manipuiatad variable MV from said control operating means exceed predetermined values,

= means for starting calculation and correction of model parameters in response to calcutation instructions gen-
eration means (26),

= means for repeating said calculation and correction of the model parameters until a repetition number reaches
a maximum value or until the output of the process madel becomes sufficiently closs to time series data PV
concerning the process variable, and

= means for calculating control parameters based on the obtained model when the estimation accuracy Is higher
than a predetermined value,

A self-adaptive controller according to claim 1,
characterized in that it comprises;

step input generating means which applies a step input to said process (21);

first monitaring means which monitors first time width until said process variable (PV) changes lo a first fixed
laval:

sampling period calculating means, wharein sampling period is made some divided value of said first t.ime
width and said process variable {PV) is sampled by said data gathering means (22) at said sampling period;
$acond monitoring means which monitors second time width until said process variable (PV} changes lo 3
sacand fixed level higher than said first fixed level; and _
sampling period corracting means which corrects, based upon said first time width and said sscond time width,
sampling period calculated by said sampling period calculating means.
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Process modseil 232 is not na ily first order lag type system. Furthar, when measurable disturbance such as

Joad fluctuation axists in process 21, this disturbanca can be used for the medef calculation,

In ardar to obtain the process maodel, calculation is canducted in such manner that as to the whole intarnal param-

etars, i.e., gain K, dead tima L, and first order lag coefficiant By, the caiculation is done repeatediy by changing
slightly the value of sach internal parametaer.

For example, gain K, is delarmined by {ctalizing ratic of the process variable and tha output of tha process medai

when the gain of process medel is made 1. Then, dead tima L, and first order lag coefficient By, are determinad by,
using repelition search methed.,

This embediment has lollcwing advaniages in comparison with the canventional apparatus shown in Fig. 5,

{a) It is so configured that the same manipulated variable as one applied o reai process 21 is applied to procass
medel 232 simultanecusly. Therefors, in the process model, accuracy of modal output caleutation can ba improved.
{b) In the signal route from cantrol cperation means 20 to model parameter search means 233, the signai from

" control operation means 20 flows like the procass (procass model) to the high pass filter in beth the real process

side and the process model sids. Therefore, it is possible to set high-low-limit in the output, and aiso possible to
use a non-linear characteristic type mede! for the prccess medel.

{¢) Since the calculation to search the parameters is conductad in accordance with the caleulation instruction signal
applied from the calculation instruction means, the amount of calculation can be reduced as the whole.

Claims

1.

A seif-adaptive controlier using an intemal process model, comprising

- means for generating process variable (PV) and set value (SV);

- control operation means (20) of caiculating a manipulated variabie (MV) which is to be applied to a process
(21) based on said process variable (PV) and set value (SV);

- data gathering means (22) for gathering a set of time series data from said manipulated variable (MV) and a
set of time series data from said process variable (PV) for a predetenmined pariod;

- modeling means {23), including a process model {232) and internal parameter adjusting means (233), for
correcting the intemal parameters of said process model so that an output of said process modei (232) in
response to a sat of time series data of said manipulated variable (MV) matches said set of time series data
of said process variable (PV); :

- estimation accuracy operating means (24) for calculating the accuracy of said procass model (232);

- means for obtaining control operation parameters (25) of said control operation means,
characterized by _ _

- means (26) for generating calculation instructions when changes of said process variable PV from the process
and said manipulated variable MV from said control cperating means exceed predetermined values,

- means for starting calculation and correction of medel parametars in responsa to calculation instructions gen-
eration means (26), :

- means for repeating said calculation and correction of the model parameters until a repatition number reaches
a maximum value ¢r until the output of the process madsl becomes sufficiently close to time series data PV
concerning the process variable, and

- means for calculating control parameters based on the obtained model when the estimation accuracy is higher
than a predetermined value,

A self-adaptive controller according to claim 1,
characterized in that t comprises:

step input generating means which applies a step input to said process {21);

first monitoring means which monitars first time width untit said process variable (PV) changes to a first fixed
level;

sampling period calculating means, wherein sampling period is made some divided value of said first time
width and said procass vaciable (PV) is sampled by said data gathering means (22} at said sampling period;
second monitoring means which monitors second time width until said process variable (PV) changes toa
sacond fixed level higher than said first tixed level; and _
sampiing pariod correcting means which corrects, based upon said first lime width and said secondtime width,
sampling period calculated by said sampling periad calculating maans. ‘ :
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A seil-adaptive contraller according to claim 1,
charactarized by

step input generating means whersin, al an automatic controt state, a stap like signal having a fixed time

width is applied to the output of said contral aperation means (20) according to instruction applied from outside.

A sall-adaptive controlier according to claim 1,
characterized by

first band pass filtar ta which a signal from said procass model (232) is applied;

second band pass filter having the same characteristic as that of said first band pass filter, to which a signal
from said process (21) is applied, and

calculation instruction means to which a signal from said process (21) and a signal from said second band
pass filter are applied, whersin search for parameters by which the difference between signals from said first
and second band pass filters are made minimum, is conducted in responsa tc the calculation instruction of
said calculation instruction means and the parameters of said process madel are changed based upon the
search resuit.

Patentanspriiche

1.

Selbstadaptiver Controller, der ain intemes Proze3modell verwendet, mit

siner Einrichtung zum Erzeugen einer ProzeRvariablen {PV) und eines Einstellwartes (SV),

siner Steueroperationseinrichtung (20) zum Berechnen einer manipulierten Variablen (MV}, die an einen Pro-
zef3 (21) aufgrund der ProzeBvariablen (PV) und des Einstellwertas {SV) zu legen ist,

einer Datensammiungssinrichtung (22) zum Sammein eines Satzes von Zeitfolgedaten von der manipulierten
Variablen (MV) und sines Satzas von Zaitfolgedaten von der Prozeranablen {PV} fiir eine vorbestimmte
Zeitdauer,

einer Modelleinrichtung (23) einschileslich sines ProzeBmodelles {232) und einer internen Parameterainstell-
einrichtung (233) zum Korrigieren dar intemen Parameter des Proze3modelles, so daB ein Ausgangssignal
des Prozef3modelles (232) abhdngig von einem Satz von Zsitfolgedaten der manipulierten Variabien (MV) an
den Satz der Zeitfolgedaten der ProzeBvariablen (PV) angepat ist,

einer Schatzgenauigkeitsbetriebseinrichtung (24) zum Berechnen der Genauigkeit des ProzeBmodaelies (232),
einar Einrichtung zum Gewinnen von Steuercperationsparametern (25) der Steueroperationssinrichtung,

gekannzaichnet durch

eine Einrichtung (26) zum Erzeugen von Berechnungsbefehlen, wenn Anderungen der ProzeBvariablen (PV)
von dem Prozef3 und der manipulierten Variablen (MV) von der Steuerbetriebseinrichtung vorbestimmte Werte
dberschreiten,

eine Einrichtung zum Starten einer Barachnung und einer Korrektur der Modellparameter abhdngig von der
Berechnungsbefehlserzeugungsainrichtung (26),

ging Einrichtung zum Wiederholen dar Berachnung und Karrektur der Modellparameter, bis eine Wiederho-
lungszahl einen Maximaiwert erreicht oder bis das Ausgangssignal des ProzeBmodalles ausreichend nahe
Zu Zeitfolgedaten (PV) bezlglich der ProzeRvariablen wird, und

aine Einrichtung zum Berachnen von Stauermarametem autgrund des arhaltenen Modellas, wann die Schatz-
genauigkeit hoher als ein varbestimmtar Wert ist.

Selbstadaptiver Controller nach Anspruch 1, dadurch gekennzeichnat, dafl er um{ast:

eing Stufenemgangserzeugungsemnchtung. die einen Stufeneingang an den Prozed (21} legt,

aina ersta Ubarwachungsainrichtung, die eine arste Zeitdauer dbarwacht, bis sich die Prozefivariable (PV)
auf einen ersten festen Pegel dindert,

gine Abtastpericdenberachnungseinrichiung, bei der eine Ablastperiode ein bastimmlar geteiiter Wert dar
arsten Zeildauar ist und die Prozefivariable {PV) durch dla Datansammiungsainsichtung (22) bei der Ablast-
periode abgetastet wird,

eine zwaita Uberwachungseinrichtung, dle eine zwaite Zaitdauer dberwacht, bis sich die Prozefvariable (PV)
aul einen zwaeilan festan Pegel hdhar als den arsten lesten Pagel dndert, und
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i Process modal 232 is not nacsdsary first order lag type system. Furthér, when measurable disturbancs such as
load fluctualicn exists in process 21, this disturbance can be usad /of iNe model caicuiation.
in order 1o oblain the process madal, caicuiation is canductad in such mannar that as o the whoia internal param-
sters, i.e., gain Ky, dead tima L, and first ordar lag coafficient fiy,, the caiculation is done repeatedly by changing
slightly the valua ol gach internal paramatar.
Fer examgple, gain K,, is detarmined by totalizing ratic of the process variable and the output of the process medel
whan the gain of process model is made 1. Than, dead time L, and first ordar lag coefficient B, ara determined by.
using regeliicn search maihcd.
This emBodimant has lolicwing advantages in comparisen with the conventional apparatus shawn in Fig, §.

{a) itis s configured that the same manipulated variable as one applied (o real process 21 is applied to precass
maodel 232 simultanecusiy. Therafara, in the pracess medel, acuracy of model output calculation can be i imgroved,
(b) In the signal route frem contral cperaticn means 20 to model paramatar search means 233, the signal from
contral cperaticn means 20 flaws lika the procass (process madel) to e high pass filter in both the real procass
side and the precess modal side, Therafore, 1t is possibie to set high-iow-limi in the cutput, and alsc pessibie to
use a ncn-finear characteristic type model for the procass model.
{c) Since the calculation to saarch the paramaeters is conductad in acsordance with the caleulation instruction sagnal
applied from the calculaticn instructicn means, the amaunt of caiculation can be reducad as the whaie.
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A saif-acaptive controller using an intemal process model, comprising

- qans {or generating procass variable (PV) and set vaius {SV); -
- :::ntrol cpjaticn mogafxs (29) of calcuiaxh‘;)a manipulated variable &V} which is tc be appfied to a procass
1) basad cn said procass variable {PV) and set valua (SV); - ]

- fizat; gathering meaﬁs (22) far gamar(ing a sat of time sares data from ‘said mar-xipu(ated variabie (MV) and a
sa! of ime serias cata from said procass variable (PV) far a pradatemmined gaerioc; o

- medeling means (23), including a procass model (232} and intemal parametar a.d;usmg maeans {233), f9r
cacractng Hhe ntemal paramatars of said procass model ss that an sutput of saxd pmcass‘modcl !232) in
resgonsa o a sat of time saries data of said manipulated variable {MV) maiches said set of tima serfas data
ot said process variabla (PV); .

=  estimation accuracy cperating means (24} for calculating the accuracy of sai.d procsss medal (232);

= means for cbtaining control cperaticn parametars (25) of said control cperation means,
charactarized by : '

= means (26} for generating calcutation instructicns when changes of said process variable PV from the procass
and said manipulated variable MV from said control cperating means axcaed predetarmined valuos‘.

- means fer starting calculation and correcticn of modal paramaeters in response o calculaticn instructions gen-
eration means 3

- means for rep eft;}g said caiculation and correction of the model paramaetars until a repetiti?n numfur reaches
a maximum vaiue or until the output of the process mcdel beccmes sufficiently cicsa to time series data PV
csncaming the procass variabie, and .

- mears for caiculating controf paramatars based on the cbtained modal whan the estimatien accuracy is highaer
than a precetammined vaiuae,

A seif-adaptive cantreiler according to ctaim 1, -0
characterizad in that it comprises:

step input generating means which agglies a step input to said procass (21);

first menitering maans which menitors first tima width until said process variable (PV) changes to a first fixac
level .
sampling peried calcuiating maans, wherain sampling period is made some divided vah.m of aaif! first (.lm?
width and said precass variable (PV) is sampled by said data gathering means {22) at said sampling pariod;
sacand manitoring means which monitars sacand lime width until said procass variabie (PV) changes to a
seccnd fixed tevel highar than said first fixed level; and ) . )
sampling pericd carrecting means which corracts, basad upon said firat tima width and said second time width,
sampling pariad caiculated by said sampling period caiculating means.

3. A sell-acactive centroller acsording to claim 1,
charactenzaed oy .
stap input genarating means wharain, al an autcmatic centrol state, a stap like signal having 2 fixad time
width is agplied to the autpul of said contral cpaeratian means {29) accarding o instructicn applied tram cutside,

4. A sall-acaptive controiler accarding ta claim 1,
characterized by

first band pass filtar to which 2 signal trem said process mocel {232) is applied:

secsnd band pass filtar having the same chacacteristic as that of said first band pass fliter, (o which a signal
{ram said process (21} is applied, and

caicuiaticn instruction means to which a signal from said procass (21) and a signal from said second band
pass filter ara applied, wherain saarch fac paramaters by which the diffarence hetwaen signais from said first
and sacend tand pass fiters are made minimum, is cenducted in rasponsa to the caiculation instruction of
said calcuiation instructien means anc the paramaiars of said procass modal ars changed basad upcn the
search rasuit,
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PROCESS CONTROL DEVICE

ABSTRACT OF THE DISCLOSURE

Manipulated variable to be applied to process, and process
variable are gathered by data gathering means. In modeling means
which inclgdes 2 process model internally, internal parameters
thereof are adjusted so that an output of said process model may

"match with said process variable. Accuracy of the process model
is calculated by estimation accuracy operating means. Said
modeling means is started when said manipulated variable or said
process variable changes larger.fhan a fixed value, and control
constants afe derived from outputs of said moqeling means and
said estimation accuracy operating means. Gain constant of said
process model is determined by the output of said process model
and said procéss variable. For search method of said internal
parameters, simplex method is used wherein length of component
side which composes an initial polygon is made longer than
sampling period of said data gathering means and simplex is
remade at least 6nce at the original coordinate when said
parameters are settled by one time simpiex method. At the
beginning of control, step like manipulated variable is applied
to process, and based upon the response of said process variable
at this time, initial values of sampling period and control

constants are obtained

" |REPLACEMENT SHEET

10 MAY 1997

Figure 6 e , mm

i

|

|

This Sheet Has Been Re’i



