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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 proportional constant (P) and integral constant 

(I) to an optimum value. This invention relates in still more 

detail to the process control device having ~ process model 

internally to estimate the dyn~mic characteristic of the process 

to be controlled, wherein PI oper~tion parameters are 

detetermined based upon the estimate result by the process model. 

Description of the Prior Art. 

I~ 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 sensi ti vi ty 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 conf-i-guration 

of the conventional apparatus. 

Fig. 1 shows the conventional process control device of the 

0Pen loop type. In normal control state, switch 1 is connected to 

ontrol operation means 2 side. Both set value SV and process 

atiable PV are inputted to deviation operation means 3 in which 
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th_e_ ~~~iati?Ii·~g_~tween these 1np~t~ is calculated. The deviation · 
. . . .. - - ·.. -- . . ...... ""':". :· - ' -:. .. ~; 

signal is. inputted to control operation means :Z' in which 

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 signal is outputted from identification 

signal gener~tor 5 to process 4 as an identification 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 oper_ation 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 . 
v~riable outputted to process 4 to a maximum value and to a 

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

sensi ti vi ty 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.4,602,326). To 
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~e:;.Q.q~se w~ve-!_~rm rule applyin_g . means 8, .. · set V!ilue SV and 
.......... --:--· ---

~evia tion DV are applied. Response waveform rule applyi~g means~~ 

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 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 parameters in control operation means 2. That 

is, very small disturbance is generated in id~ntification 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.so. 51, and USP No. 4,385,326). 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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p~s~ filter r4_and the signal applied from process model 13 · 
.. _ :- .... - ._· - .. • ·.... .. ·.. . .... - . -... :--·- -::-·-·- ...... 

Model parameter search means 16 receives a difference "'s.{gnal froi./"' 

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 

operation parameters are set in control o~eration 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 

waveform observation are necessary until the control operation 

par-ameters 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, 1 t has such a drawback that the load of a 
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mi~.t.:oproces~or-_l?._ecomes hea_vy wheI_I the function of _each part is 
... ... . .. ._ . .. -. . . . . .· ... - .. ..-... -· -. .. -

..; • .. ...... .a 

executed in accordance with the program installed in t:tt'e 
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 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 be minimized. 

BRIEF DESCRIPTION OF DRAWINGS. 

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

conventional apparatus. 

F~g. 6 is 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 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 whach uses simplex 

method. 

i Fig. 13 is a block diagram which shows a main part of other 

embodiment in accordance with the invention. 
--·-·---·--
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.. _ f~. 1~ ·i--~ __ a wave_:\ori:n diagi:a~ which shows th_e change of · 
- ..... ._ . - . . ... - - . ... ... ......... -:-· -... . ... 

process variable when a step like manipulated variable:; is ·appiiea: . .> 

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 is applied to the process. 

Fig. 17 is 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 

proce~s variable whe~ 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 is 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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di_ffe~~nti~~ ··operation is applied to the· difference between set · 
·- - ... -...... · ..... - - · ....... ·.-; ... _""':9·:·· .... -: 

value SV and process var !able PV so as to obtain blanipula't~d 

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 PY is 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 

pr·ocess 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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adjust_!_ng m~an§ _ 232 an~ e_~timation accuracy opera~ing means 24 . 
. ·· ...... -:- . -. .. ... 

"":."'.,a. 

are inputted and the control parameters calculated based upon 'tne 

output thereof are set in control operation means 20. Control 

operation means 20 calculates manipulated variable MV based upon 

this new control parameter. 

26 is calculation instruction means. wherein process 

variable PV and manipulated v~riable MV are inputted and the 

output is generated to manipulate switches 27 - 30 when the 

changes of the inputs exceed a predetermined 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 function of this embodiment is explained in the 

following. 

F~g. 7 is a flowchart which shows one example of the 

function~f this embodiment. Data gatherin~ means 22 gathers 

manipulated vaI"iable MV and process 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 chang-e.. is less 

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 variable and the 
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ma~ip~iated_vaT.i~ble fr~m ~espectiv~ steady states .. .. - . ... . .. -
- ".» 

When the change is large, modeling means 23 -reads t~~~ 

series data {PV} concerning pro~ess 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 filtering is given by following equation (1), where 

PVp: the time series data of the process variable, PV0 : the DC or 

noise components, and o<: filtering constant. 

PV F = { 1 - 0( ) * PV F + 0( * ( PV - PV o ) - - - (1) 

Filtered time series data PVF, MVp concerning 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 KM: gain of process 

model, LM: dead time of process model, (3M: first order lag 

coefficient of process model, MVF(n - LM): this is done by 

calculation by the use of a value MVF before time LM. 

on = (3M * on-1 + (1 - (JM)* KM * MVF(n - LM) - -- (2) 

This calculation is repeated until the repetition number 

reaches the maximum value, or until output On 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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or_ 1vt:ien the. d'i-f:t:_erence. ~etween o_u~p~t On of process !'DOdel 232 and . - ... ·. . .... - . . .. - -- ....... --:-· -.... -
.,.; .. .. ...... .> 

time series data PVF concerning the process variable fs not sniai"l 

as shown in Fig. 9, gain KM, dead time LM, and first order lag 

coeff iclent {JM are adjusted so that this difference becomes 

small (that is, to cause the curve of output On 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 On of process model 232 and time series 

data PVF 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=l - CL:{PVF{i) - O(i)} 2 I l:PVF(i) 2J 

K ~ E { PV F ( i )} 2 I .L { 0 ( i )} 2 

- - - (3) 

- - - {4) 

where PVF(i): time series data of the process variable at time i, 

0(1): 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 nrder 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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ex_ist~_sucI?. m·e-~s_urable. qisturbanc~ {:lS 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 {s, gain KM, dead time LM, 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 KM 

is calculated based upon the integration ratio of the process 

variable and the output of the process model when the process 

gain is made 1, and dead time LM and first order lag coefficient 

fiM are obtained by the repetition search method. 

Fig. 10 shows the structure of this ~mbodiment. In this 

figure, other portions than the modeling means and data gathering 

means 22 ~re 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. 

Na:mely, process variable PV and manipulated variable MV stored in 

da·ta gathering means 22 are filtered so as to elimina.:&e the DC 

component and the noise component. 

312 is process model which simulates the r·eal 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 
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and_ the proce·s~ variable are .. ..- ... . . ._ ... -- .. 

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 

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 

calculati6n 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. 6 

reads periodically manipulated variable MV and process variable 

F7~ and only when those fluctuations become large, the following 

s:eps are executed. 

That is, at preprocessing means 311, time series data {PV} 

a=d {MV} concerning the manipulated variable and the process 

•~:iable respectively are filtered so as to eliminate the DC 

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

~~ocess model is calculated by process model 312. 
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. - ·l.n. t_!1is ·~a.lculation, _pr°.cess._ga,~~ :B:M is_ m_z:d~ ___ l t,.-:~nd the_· 
:- "':.. ~.> 

calculation is carried out by following equation (5). 
, ., 

on = {:JM * on-1 + (1 - (JM ) * MVF(n - LM) - - - (5) 

where respect! ve coefficients have the same meaning as in 

equation (2). 

Next, at gain operation means 313, process gain KM is 

calculated by use of following equation (S). 

- ( 6) 

where O(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 

produc1: of output On of process model 312 and process gain KM 

calculated 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 LM of process model 312 and first order lag coefficient 

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

prbcess model 312 is restarted, and such operations are carried 

out, that the output is calculated in accordance with-equation 

(5} and that process gain Koo is calculated in accordance with 

equation (6). 

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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differentiation constant. that is •. control operation parame"t;e.rs"'.: 

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 LM and first order lag coefficient /3M by 

the repetition search method which uses simplex method~ 

Further, if process gain KM becomes necessary at the 

beginning of repetition, the last time process gain KM is used 

for this. In this embodiment, process gain ~ is a:utomatically 

determined when dead time KM and first o~der lag coefficient 

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 adjusting means 315 searches the internal 

parameter of process model 312. By the simplex method, some 

points having geometrical arrangement on Rn 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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discret.e va_J,ue-s .•. _ search. becomes . iµipossible. Further, there is - . . . - -.. ""':-· -... 

such restriction that parameters such as time constaht and d·ea~ -.. 

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 Rn, 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 ~bj ect function f ( ) takes the maximum value, is 

xh, that among points x, a point where object function f( ) takes 

the second magnitude value, is x 5 , that among point~ x, a point 

where ?bject function f( ) takes the minimum value. is x1 , and 

that a centroid of the graphic pattern which has points x as 

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

follows: 

Reflection plane: 

Expansion: 

Contraction: 

Reduction: 

x r = ( 1 + ex ) * xm - o< xh 

o< > 0 

xe = r.. xr + ( 1 - (} * xm 

l> 1 

xc =(3* xh + (1 -(3>* xm 

f3 e {0.1) . 

The whole summits are reduced to the 

direction of x1 . 

In Fig. 12, after initialization. (n + 1) affine independent 
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conv:ex_Jlu~l.s 0-!1- .Rn are. gen~rated. bY: a ... fi~st s_imP.le~ ... ~~-~t, the.; 

above xh, xs, xl and xm are. de~ided. an~ judgment- as - t~ whethe~,,, 
it can be converged is carried out. This judgment is conducted in 

a way whether the following equation can be satisfied. 

2:Cf(xi) - fm} 2/Cn + 1)~ E 
where fm = 2:,f(xi)/(n + 1). 

When the convergence condition is satisfied and if the 

convergence is the first time, simplex is generated at this 

point, and the operation repeats from the step that xh, x 9 , xl, 

xm were decided in the above. The operation ends when the 

convergence is accomplished more than two times. 

When it is not converged, xr and f(xr) are cal~ulated, and 

judgment is carried out whether the foilowing equation is 

satisfied. 

f(xr) s. f (x5 ) 

When this· condition is not satisfied, judgment is carried 

out as to whether the following equation is satisfied. 

f (xr)< f(xh) 

When the above equation is satisfied, xh is replaced by xr . . 
When the above equation is not satisfied, xc and f (xc) are 

obtained, by leaving the equation as it is, and juctgment is 

carried out whether the following equation is satisfied. 

f (xc)< f(xh) 

When the above equation is satisfied. xh is replaced by xc. 

When the above equation is not satisfied, x1 is replaced by (xi + 

X1)/2. and the operation returns to the step that xh, x5 , x~ and 
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On the other hand, when the equation f(xr)<f(xs) is 

satisfied, judgment as to whether the following equation is 

satisfied, is conducted. 

f (xr)~ f (x1 } 

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

obtained, and judgment as to whether the following equation is 

satisfied, is carried out. 

f(xe)<f(xl) 

When the above equation is satisfied, xh is replaced by xe. 

When the above equation is not satisfied and when f(xr)~f(x1 ) is 

satisfied, xh is replaced by xr, and the operation returns to the 

step that xh. xs, x1 and xm were decided. 

I~ contrast to the usual simplex method, in this. embodiment, 

when the ·convergence is the first time. simpl~x is generated at 

this point, an·d 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 

component side which composes an initial polygon is maae longer 

than sampling period and although the initial polygon is remade 

at least once, it is also possible that either 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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in~egr-crl .consta-rrt and differentia:l ·const_ant, and -samp-l_ing-~ period""· 
. ~· . .;:_ ... 

must be set prior to the control operation. If these values ~re 

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 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 1 {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 

time 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 like manipulated variable from step input generating 

means 40, time width t 2 (second time width) until the process 
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v.ar:iab·re .reaches a second· -_pr~dete:cmin.eq -Value l~rge.r ...,..tban the.· 
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first predetermined value, for example, 2% of full scale,' is 

measured. 

44 is 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 which composes 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 is 

introduced into data gathering means 22. The gathered data is 

inputt~d to modeling means 23, and its internal parameters are 

adjusted,/as explained in the embodiment of :E'.ig. s. 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 

accordance with a flowchart shown in Fig. 15. The opera ti on 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 ·1s 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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judgme.n-t ~s .. to_--whether. the_ process . ,Gor.responds to e.i.the:c. ~of the~· .. ~ .. . - .... -=-· .. :-.. 
following. three steps. is 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) When process variable PV exceeds 2 % of full scale. 

(3) When process variable PV is settled to a fixed value or 

it becomes integer times of the sampling period 

obtained by sampling period correcting means 44. 

When the process variable corresponds to the above step (1). 

elapsed time t 1 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 1 is used as 

sampling time ts. For example, sampling time ts is made as 

follows: / 

ts = t 1/4 · 

When the process variable corresponds to the above step (2), 

elapsed time t 2 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 t 2 is larger 

than the twice of time width t 1 obtained by step (1). When time 

width t 2 is larger than the twice of t 1 , sampling time is made as 

follows: 

ts = t 2/4 

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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When the process variable corresponds to the above step (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 series 

data, the internal parameters of process model is adjusted by 

modeling means 23, and control constants are obtained. 

The obtained control constants are used as an initial value. 

Then, data gathering is carried out by sampling period ts, and 

the control parameters are calculated in accordance with the 

procedure explained in Fig. 7. 

In this embodiment. the step like man"ipulated variable is 

applie~ 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. lS(a). 

However, in case of the integral type process. offset 

remains as shown in Fig. lS(b). Accordingly, in this case, after 

the process variable is settled, a step like signal is applied to 

opposite 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 ste~ 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 to judge the 

21 



prb.:_cess Whe-the:t--1 t is lntegr_al .type ·or ·nQt -from the aJ!~O,un~~ 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 

LJi pmax. 

Further, though in the above embodiments. the control 

constants 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 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 internal parameters of the process model only 

when the change occurs in the process data. Then, estimation 

accur~cy 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 is carried out, if the model is judged to be 

inadequate, 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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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 

convergence i~ 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. 

F~g. 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 sig?al 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 instruction for 

generating the step signal (the instruction from instruction 

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

1_ When the manipulated variable changing step-like as 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 process 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 te.rminates 

Without 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. 
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manipulated variable MV and process variable PV become lar.ge ... . 

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). 

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(TD) p~rameters 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/KM) = a(LM/ {JM) 2 
+ b(LM/ /3M) + c 

(TI/ {1M) = d(LM/ ~ M) 2 
+ e(LM/ (3M) + f 

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 
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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 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 

throu~h high pass filter 12. By this structure, DC and noise 

components can be eliminated from the signa~ and it has such 

feature that calculation in the process model 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. 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. in the real process side, flows in 
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difference. operation means 15. and in the process model side. 

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 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 ~alculation in the 
. 

process model can be done accurately corresponding to the real 

process, and non-linear characteristic type model can be used for 

the process model. 

Signal MV from control operation means 20 js 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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( 8) • 

PVF = (1 -O()*PVF + a*(PV - PVo) - - - (8) 

where PVF: applied time series data. PVo: DC and noise 

components, 0(: 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 process 

model 232 .. is varied based upon searched parame~ers. 

Control operation-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 . 
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 

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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band pass ·filter 236 receives process variable PV from Process 

21, 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 signal TRG. Process model 232 which receives this 

calculation instruction signal TRG, reads the time series data of 

manipulated variable MY 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 

operation, the DC and noise components included in model output 

MO are eliminated. 

Model parameter search means 233 receives time series data 
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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. 

KM= ~{MOF(n)*PVF(n)}/.E'{MOF(n)} 

GRIT = 1 - L°{MOF(n}*PVF(n) }2/2:{MOF(n) 2*LPVF(n)2} 

- - - (9) 

Further, parameter search means 23 functions to search the 

best combination of time constant TM and dead time LM of the 

model, by which evaluation function GRIT is made minimum. 

That is, gain KM of process model 232, dead ~ime LM, and 

first order lag coefficient;BM are corrected respectively until 

the ou~put 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 

band pass filter 235 is nearly equal to output PVF from second 

band pass filter 236, control operation-parameter operatlng 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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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, i.e., gain KM, dead time LM, and first order lag 

coefficient /3M· the calculation is done repeatedly by changing 

slightly the value of each internal parameter. 

For example, gain KM is determined by totalizing ratio of 

the process variable and the output of the process model when the 

gain of process model is made 1. Then, dead time LM and first 

order lag' coefficient (3M are determined by_ using repetition 

search method. 

This embodiment has following advantages in comparison with 

the conventional apparatus shown in Fig. 5. 

(a) It is so configured that the same manipu~ated 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, the signal from control 

operation means 20 flows like the process(process model) to the 

high pass filter in both the real process s_ide and the process 
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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. 

·•··. 
··-·------·---
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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 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 manipulat~d 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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• !h"e process -control· device. of c·laim ).. ,- Wherein dea~. time an~.; 
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coefficient of said process model are calculated 

output of said process model and said process 

gain constant which is one of said internal 

'j; ·rameters of _said process model, is made 1. 

The process control device of claim l, wherein simplex method 

to adjust each internal parameter of said process model, 

side which composes an initial 

longer than sampling period in said data 

device of claim 1, wherein simplex method 

used to adjust each internal parameter of said process model, 

r. n which an initial polygon is remade at least once at the 

·:· riglnal coordinate when said internal parameters are settled by 

~:', lrs t simplex method. 
·r ·. 
~t: 

A process ~ontrol device, comprising: 

control operation means wherein process variable and set 

~JAlue are inputted and based upon these inputs, manipulated 
{i' . 

tvar lab le to be applied to process is calculated; 
~ . 

da~a gathering means which gathers said manipulated variable 

said process variable for a predetermined period; 

step input generating means which applies a step input to 

Process; 

first monitoring means which monitors first time width until 

Process variable changes to a first fixed level; 

sampling period calculating means, wherein sampling period 

2 



111111111111111111111111111111 
* C L M S * 
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process variable is sampled by said data gathering means at said 

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 period correcting means which corrects, based upon 

said first time width and said second time width. sampling 

period calculated by said sampling period calculating means; 

modeling means which based upon process data gathered by 

said data gathering means. calculates control parameters by use 

of said process model; and 

wherein at the beginning of control, a step like manipulated 

proces!? 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) 

opera ti on and integral (I) operation are applied to de via ti on 

signal between process variable from process and target control 

value and an obtained manipulated variable is outputtea.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 

iiD1i[1mir1inr 



.. 
. ·. 

I If llllJ m~ Diii Diii /I Ill/ 
"' s * 

sa·~tl data. gat·hering means_ are· in-pu·tt~d- and .. p-i:.oc·~·S.&--:dynamic-
. _; :·~ a 

characteristic is estimated based upon response waveform thereof; 

control 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 is applied 

to the output of said control operation means according to 

instruction applied from outside; 

calculation instruction means wherein said proc~ss variable 

from process and said manipulated variable from said control 

opera~ion 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 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. 

1. 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 ~~~-!ar_g:~~-- control 
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value -and-- an. ootained manipulated variahle is output~~~e ·:to sai_~-: 

process; 

process model simulating said 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 f 11 ter 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 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 cal cul a ti on instruction means and the 

parameters of said process model are made changeable based upon 

the search result; 

control operation-parameter operating means w~ich calculates 

control operation parameters based upon the search result by said 

process model parameter search means and sets these parameters in 

said control operation means; and 

wherein said 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 instruction means. 
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