
EP 0 334 476 B1 This invention relates .to apparatus for producing process
control signals from process variable signals, typically in the form   of
proportional plus Integral plus differential (PID) controllers. 5
Proportional plus Integral plus derivative (PID) control is well known.
This type of control, while originally used in time mechanisms and steam
engine governors, was first described In a mathematical context early in
the 20th centry. Utilisation of PID control led to further development of
the concept resulting in the Incor- poration of PID controllers In a
substantial majority of process control applications. PID controi
algorithms are discussed in an article  entitled A   Comparison of PID
Control Algorithms" published in Control Engineerng 10   Volume 34,No3,
March 1987 US, pp102-105, and examples ofPID control systems are provided
by US pa- tents number US-A-4.390 942 and US-A-4 630 178. Evolution of the
PID controller has led to a current abundance of variants of the basic
control algorithm. These variants  have resultedfrom restrictions imposed
by available hardware. Three principle forms of the PID algorithum are the
paralle algorithm (equation 1), the non-Interacting algorithm (equation 2),
and the inter- 15    acting algorithm(equation 3)shown  below: [err] [err]
S 20                                         [err] [err] where  = control
signal calculated by PID at time t e(t)     = error between process
variable measurement and reference trajectory at time t 25  [err]       =
overall controller gain (output units/error units) [err]
=proportional gain (output units/error units) [err]        = integral gain
(output units/minutes - error units) [err]     = derivative  gain (output
units - minutes/error units) =  Laplace operator. 30   Three variants   f
these basic PID algorithms exist. These algorithm variants can be either
position or velocity type; the derivative can be calculated on an error
signal or an actual measurement, and the derivative can be calculated
directly or through the use of, lead lag. 1, 2 and 3, as shown above, are
written In positional form. In corresponding velocity equations, the error
signal is  replaced with a change In the error signal and a change in
control effort is calculated ao- 35   cording to the standard  equations
1,2 and . This change In control effort is Integrated over time to generate
a control effort .In normal operating modes there is no performance
difference between the positional algo- rithm and  its velocity
counterpart. However, during saturation, when the control effort becomes
constrained by one of its limits, the behaviour of the foregoing two
algorithms is quite different. The velocity type algorithm will move away
from its constraints as soon  as the absolute value of the error signal on
which It Is acting de- 40   creasesr0  q .    an-contt   positional type
algorithm will not move away from Its constraints until the sign of the
error signal changes Equations 1.2 and 3 are written to apply derivative
action to the error signal. One variant of these algo- rithme is to replace
the error  signal with the process measurement In the derivative
calculation. This change result in smoother tranition of the process
between setpoint values while not adversely affecting disturbance 45
rejection. In addition equation  1, 2 and 3 are written In a form that
calculates the derivative contribution directly. Typically this calculation
is implemented In conjunction with a first order fliter operating at a time
constant of 10% of the derivative time. Equation 4, shown below,
illustrates this implementation of the derivative calcula- tion.This
modification is made to minimise the effect of process noise on the control
signal: Derivative Contribution [err] Another  modification of the PID
algorithm is external reset. This variation of equation 3 substitutes an
ex- ternal measurement  for the control output In the Integral equation.
This modification Is used to prevent wind- up of the intergral  term
resulting from saturation of the Inner loop of cascade control strategies.
Previously-proposes          industrial PID controllers allow a user to
select between the various algorithm forms only by selection of
actual   hardware Thus the hardware utilised determines the forms of
algorithms available 



in a controller . According to this invention there is provided apparatus
for producing an interacting proportional, derivative 2    EP 0 334 476 B1
and integral process control snal, or a proportional, derivative and
external reset signal, from a process va- riable signal, the apparatus
comprising: means for converting the process variable signal Into a first
signal whichis  proportional to said process variable means for converting
the process variable signal into a second signal which Is a function of the
derivative of said process variable signal  ; means for converting the
process variable signal into a third signal which is a function of the
integral of said process variable  signal; and means for combiningsaid
first, second and third signals to produce said process control signal,
wherein vad- 10   ation  of  any one of said   first second and
third.signals causes a variation In the remainder of said first, second and
third signals  In accordance with an interacting algorithm, characterlsed
by: switch means  for selectively supplying anexternal reset signal to the
combining means Instead of the said third A preferred embodiment of the
Invention to be described in greater detail hereinafter, provides a PID
con- 15  troller whose ability to produce a multiplicity of algorithms Is
not limited by the hardware utlilised. A contriller can, for example, be
any one of the controllers or variations thereof discussed In the book
Dltributed Contol Systems by Michael P Lukas, Van-Nostrand Reinhold Co.,
1986. Several options are pro- vided permitting  the user to tailorthe
controllerto a specific problem; An algorithm option allows the selection
of a non-Interacting type of controllerora classical Interacting type of
controller. Anon-interacting type of con- 20  trailer may  be charactrised
by the property that tuning any of the controller's three modes does not
affect the tuning of the remaining modes. In contrast, the classical
Interacting type of controller exhibits Interaction among the tuning
parameters, thus closely resembling the behaviour of analog controllers.
The algorithm option thus selects an external reset controller. This Is
based upon the classical interacting type of algorithm and provides a
mechanism for controlling Integration external to the PID algorithm.
External 25  reset provides a  mechanism for coordinating the action of
controllers used In combinations such as cascade configurations The
Invention will now be described, byway of Illustrative and non-limiting
example. with reference to the accompanying drawings throughout which like
parts are referred to by like references, and In which: Figure .1 ls  block
diagram of a classical Interacting type of algorithm for a PID controller;
30      Figure 2 Is a block diagram of the algorithm shown In Figure 1 and
in the Laplace domain; and Figure 3   is a blockdiagram of the algorithm
Illustrated In Figure 1 and in the reset mode of operation. Referring t the
drawings, Figure  Is block diagram ofa classical Interacting type of
algorithm 10 namely one  in which the Integral term Is a function of the
proportional term and the derivative term. As such, Figure 1 comprises an
upper portion which represents the Integral term, a middle portion which
represents the propor- 35   tional term,and a lower portion which
represents the derivative term. Referring firstly to the middle portion, a
signal PY representativ of the process to be controlled Is applied to the
negative Input to a summer 12 having a setpoint signal SP applied to Its
positiveinput. The output of the summer 12, which represents an error
signal, is applied to the Input to a proportional multiplier 14 wherein the
error Is multiplied by a factor kkp. The output of the proportionpl.
multiplier 14 Is applied to a positive Input to a summer 16. The signal
representative of the process variable is also applied to the positive
input to a summer 18. A signal representative of the previous process
variable is supplied by a Z transformation function block 20 to the
negative Input to the summer 18. The  output of the summer 18 is applied to
aproportional multiplier 22 which multiplies the Incoming signal by a
factor [err]The output of the proportional multipiler 22 Is applied to a
positive Input to a summer 24 whose other positive input isconnected   to a
z  transformation function block26 which provides a signal representative
of the previous  derivative term. The output of the summer 24 is applied to
a proportional multiplier 28 which R.OtM            r 90 I/(80kD.. k At).
The output of the proportional multiplier 28 Is representative of the
derivative term and is a              applied to a high/low limiter 30
whose output Is appiled to a negative Input to the summer 



16. With respect  to the Integral term of the algorithm, the previous
algorithm Is applied to the negative Input. to a summer 32via a Z
transformation function block 34 and a switch 36. The previous intgral term
is applied to the positive input to the summer 32 via a Z transformation
function block 38. The output of the summer 32 is applied to a proportional
multiplier 40 representative of the function [err] whose output Is applied
to the positive input to a smmor 42. The other positive Input to the summer
42 Is connected to the switch 36. The output  of the summer 42 represents
the integral term and is applied to a high/low limiter 44 whose output is
connected to a positive intput to the summer 16. The output of the summer
16 Is applied to a high/low limiter 46 whose output is  connected  to a
positive input to a summer 48 whose other positive Input receives a feed
forward signal. The output of the summer 48 Is a process control signal Co
based on the classical Interacting type of proportional  plus Integral plus
derivative algorithm. 3    EP 0 334 476 B1 Referring to Figure 2, there is
illustrated a block diagram of the algorithm shown in Figure 1 and in the
Laplace domain. Those elements which are similar to those shown in Figure 1
have the same reference nu- merals and will not be discussed further. In
Figure 2, the elements which produce the derivative term in Figure 1 have
been replaced by proportional multipliers 50 and 52 representative of the
functions [err] respectively. The elements which produce the integral term
have been replaced by a proportional multiplier 54 represenative of the
function 60k/S. The output signal CO of the summer 48 represents the
control output. Figure 3 is a block diagram of the alg rithm shown In
Figure 1 wherein the switch 36 is in the manual reset 10 position. Here,
again, those elements which are similar to those in Figure 1 have the same
reference numerals and will not be discussed further. By placing  the
switch 36 in Figure 1 in the external reset position, the Z trans-
formation function block 34 Is omitted so that Figure 3 differs from Figure
1 only with respect to the upper por- tion thereof, that Is the portion
producing the Integral term of the algorithm. The algorithm resulting from
the switch 36 being in the reset position Is usid to calculate the output
of the feed forward and the algorithm when 15  the algorithm speciification
is set to 2. From the foregoing, it will be apparent that the type of
algorithm produced depends upon appropriate se- lection. A selection of 0
causes the PID output to be calculated using a classical interacting
algorithm, as shown in Figures. 1 end 2. This algorithm Is Interacting in
the sense that tuning any one of the proportional, integral or derivative
terms changes the effective value of the other terms. Furthermore, a
selection of 2 causes the 20  PID output to be calculated using the
classical Interacting algorithm, as shown In Figure 1; however, for this
selection, the integral term is calculated as a function of the external
reset signal, as shown in Figure 3. Lastly, a selection of 3 causes the PID
output to be calculated from the proportional and derivative terms only. 25
Claims 1.  Apparatus for producing an interacting proportional, derivative
and Integral process control signal (CO), or a proportional, derivative and
external reset signal (CO), from a process variable signal (PY), the ap-
paratus comprising: 30       means,(12, 14) for converting the process
variable signal (PY) Into a first signal which is proportional to said
process  variable signal (PY); means (18 to 30) for converting the process
variable signal (PY) Into a second signal which is a function of the
derivativ o f said process variable signal (PY); me ans(32 to 44) for
converting the process variable signal (PY) into a third signal which is a
function of 35       the integral of said process variable signal (PY); and
means(48) for combining said first, second and third signals to produce
said process control signal (CO), wherein variation of any one of said
first, second and third signals causes a variation In the remainder of said
first, second and third signals, in accordance with an interacting
algorithm, characterised by: switch means (36) for selectively supplying an
external reset signal to the combining means (48) instead 40       of the
said third signal. 



2. Apparatus according to claim 1, wherein said process variable signal
converting means for producing said first signal comprises an algorithm
(14) in the Laplace domain. 45   3.  Apparatus according to claim 2,
wherein said algorithm (14) in the Laplace domain Is [err], where kp = pro-
portional gain (output units/error units), and k = constant multiplier. 4.
Apparatus according to claim 1, claim 2 or claim 3, wherein said process
variable signal converting means far producing said second signal comprises
an algorithm (50, 52) In the Laplace domain. ,  Apparatus according to
claim 4, wherein said algorithm (50, 52) in the Laplace domain is [err]
where: derivative gain (output units/minutes - error units) k
constant multiplier [err]= process variable error signal S        Laplace
operator 4    EP O 334 476 B1 Referring to Figure 2, there is illustrated a
block diagram of the algorithm shown In Figure 1 and In the Laplace
domain. Those elements which are similar to those shown in Figure 1 have
the same reference nu- merals and will not be discussed further. in Figure
2, the elements which produce the derivative term In Figure 1 have been
replaced by proportional multipliers 50 and 52 representative of the
functions [err] respectively. The   elements which produce the integral
term have been replaced by a proportional multiplier 54 representative of
the function 60k/S. The output signal CO of the summer 48 represents the
control output. Figure 3 is a block diagram of the algorithm shown in
Figure 1 wherein the switch 36 is In the manual reset 10  position,Here
again those elements which are similar to those in Figure 1 have the same
reference numerals and will not be discussedfurther. by placing  the switch
36 in Figure 1 In the external reset position, the Z trans- formation
function block 34 is omitted  so that Figure 3 differs from Figure 1
onlywith respecttothe upperpor- tion thereof that is the   portion
producing the Integral term of the algorithm. The algorithm resulting from
the switch 36 being  in  the  reset  position is used to calculate the
output of the feed forward and the algorithm when 15  the algorithm
specification   is set to 2. From the, foregoing, it will be apparent that
the type of algorithm produced depends upon appropriat se- lection. A
selection of O causes the PID output to be calculated using a classical
Interacting algorithm, as shown in  Figures 1 and 2   . This algorithm is
Intracting In the sense that tuning any one of the proportional, Integral
or derivative term   changes the effective value of the other terms.
Furthermore, a selection of 2 causes the 20  PID output to be calculated
using the classical interacting algorithm, as shown In Figure 1; however,
for this selection, the intergral term is calculated as a function of the
external reset signal, as shown in Figure 3. Lastly, a selection of 3
causes  the PID output to be calculated from the proportional and
derivative terms only. 26 Claims 1.   Apparatus for producing an
Interacting proportional, derivative and Integral process control signal
(CO), or a proportional derivative and external reset signal (CO), from a
process variable signal (PY), the ap- 30      means (12, 14) for converting
the process variable signal (PY) Into a first signal which Is proportional
to said process variable signal (PY); means (18to 30) for converting the
process variable signal (PY) Into a second signal which is a function of
the  derivative of said process variable ble signal (PY); means 32 to 44)
for c onverting the process variable signal (PY) Into a third signal which
Is a function of 35      the integral  of process variable signal (PY); and
means (48) for combining ,said first second and third signals to produce
said process control signal (CO), wherein variation any one of said first
second and third signals causes a variation In the remainder of said first
second   and third signals, in accordance with an Interacting algorithm,
characterised by: switch means  (36) for selectively supplying an external
reset signal to the combining means (48) Instead 



40      of the said third signal. 2. Apparatus according to claim 1,
wherein said process variable signal converting means for producing said
first signal comprises an algorithm (14) In the Laplace domain. 45    .
Apparatus  according  to claim 2, wherein said algorithm (14) In the
Laplace domain is [err] where kp = pro- portional gain (output units/error
units), and k= constant multiplier. 4, Apparatus according to claim 1,
claim 2 or claim 3, wherein said process variable signal converting means
for producing said second  signal comprises an algorithm (50, 52) In the
Laplace domain. 50 [err] where: [err]derivative gain (output u ts/minutes -
error units) =constant  multipiier [err]     =process    variable error
signal    EP 0 334 476 B1               C   L   M   S 6. Appartys according
to any one of the preceding claims, wherein said process variable signal
converting means for producing said third signal comprises an algorithm
(54; 70) In the Laplace domain. Apparatus according  to claim 6, wherein
said algorithm (54) in the Laplace domain is [err], where [err] = 5
integral gain(outputunits/minutes - error units) and S = Laplace operator.
8.   Apparatus according  to claim 6, wherein said algorithm (70) in the
Laplace domain [err] where [err] = integral gain(output units/minutes -
error units); k = constant multiplier, S= Laplace operator. .,  uing  ir
grBUgunp ,ine i          echeiwirkenden, Proportional-, Differential- und
Integrai-Prozel3- ,.wua4i~ft.Iq~ (1>)2 Zoer olnee pmportinaen,
differentiellen und externen Rfckstellisgnals (CO) aus 15
istitni         (PY) jobel die Vorrichtung aufwelst: Ihvgien (12J. 14)1 urn
dy  Prazeiovarlablensignal (PY) In sin erstes Signal umzuwandeln, wel- th'
pigppr i n.ldien Pro     ,a4sftblensignal (PY) lot, ; nht~bUngen (18 0bi
~0), un des Prozellvariablensignal (PY) In ein zweltes Signal umzuwandein,
*!Chi.g, gjnl iivnktln dr Ableltung des Proze1variablensignails (PY) ist,
11nrlifrob ngon (32 Wbe 44), um deias Prozelfvarlablensignal (PY) in eln
drittes Signal umzuwandein, W-_10o gij, I ijnln 4V intpgrals des
Prozellvarlablensignals (PY) let, und . ny*gI.w.qen (46). um die erse n,
zwelten und dritten Signale miteinanderzu kombinieren, um des Pi.>g~j~rswig
1l (CO) zu erzeugen, wobel eine Veranderung irgendeines der ersten, zweiten
und drit- tan 8i6ni'en ineVerilnlerung doe Gbrigen der ersten, zweiten und
dritten Signals entsprechend elnem W#phvirking1igrythmue verursacht,
gekennzelchnet durch ~qheipinrichtungen (3) urm wahlwelse anstelle des
dritten Signalos ein externes ROckstsllsignal of UU MJ  Inhgdotung (40) zu.
geen. 2. V~richtug n~agh .Ajpruch 1, wQbel die Umwandlungseinrichtung fur
das Prozestvardablensignai zur Er- V        _e9 je rs-n Gignui omen
Aigorythmue (14) Im Lapiacebereich aufwelst. 3.  Vg'riang nech Anspmrijh 2,
wobal der Alorythmus (14) in dem Laplaceberelch kkp lot, wobel kp dle pro-
pvrtf*i. V*rhkung (AuOQ.b. eilten/Fehlereinheitei,) und k = konstanter
Multlpilkationsfaktor ist. , Yg ~r$.h Anppruh 1,2 Qdera wobel die
Umwandlungselnrdchtung fOr das Prozesvarlablensignal _4z  ;eons  bu zWefthn
Signaes elnen Algorythmus (50, 52) Im Lapiacebereich aufwelst. 5!
Vprrk*ftw! nqo0 AnpruWh 4, wpbsj der Algorythmus (50, 52) in dem
Laplaceberelch lautet eoi4 60 kkdS + 1/(-F- S 1 1) K)  40 O duffgrntleiie
Verstirkung (Ausgabeelnheiten/Minuten - Fehlereinhelten) k   k9nstpnter
Multiplikationsfaktor .k.   i G F-ihierlonial der Prozeavariablen 4
vrrioltty.ng nach oinem der vorstehenden Ansprfche, wobei die
Umwandlungseinrichtung fMr das Pro- 



jVqim~pugri sj ;ur jrlwugung des dritten Signales einen Aigorythmus (54,
70) Im Laplaceberelch ...  Z 5  Itl'Ii '      Aiupruoh 0, wobel der
Algorythmus (54) in dem Laplaceberelch lautet: 60 kq/S, wobel k*4tAi*j
qIWeRet~tlwng (~AuogngneinheitenlMinuten - Fehlerelnheltn) und S =
Lapiaceoperator ist. 4   Ywpislu*wq nag, Arpepruoji 8. wobei der
Algorythmus (70) in dem Laplaceberelch lautet kk/S, wobel  = lsteji*
VwgtAI~ung (Aytgebi~nheiton/Minuten - Fehlereinheiten), k = konstanter
Multiplikatlonsfaktor, 5    EP O 334 476 B1
111111111111111111111 RavendIlpitlaea -   t   Ql ltlf pgir irr yire, A
partir d'un signal de variable de processus (PY), un signal (GO) do
commands do rm pw' p. roportionnl, dirivi et Intigral, Interactif, ou un
signal (CO) proportlonnel, derivo et a re- rA4mi"s    o WtarnO, is
dispositif comprenant: ijn myon o Qonvoroin (12, 14) pour convortir le
signal de variable do processus (PY) on un pro- mi situno qt9j
iprirlonnol audit signal de variable de processus (PY); :'i nwpdo ~g
nvarqipn (18 1 30) pour convertir Is signal de variable de processus (PY)
on un Aep0  w uqnu cv.?fonctlon do to d6rlvio dudit signal do variablo do
proo~saus (PY); ts     :~         m.0 n   do convergion (32.'a 44) pour
convertir le signal de variable de procossus (PY) on un trji*i~i ,"nE gglr
ea~t fonotion de Aintfgrale dudit signal as variable de processus (PY); et,
inl f~   # 49 qgmbinaIlon (4) pour combiner lesdits prmler, deuxilmo et
trolsieme signaux pour psq l  e I.glgalW (-QQ) dg mmande do prcessus, Is
variation do lun queloonque desdits premier, 'duxIr.le, a-t t _laltn#
signaux provoquant une variation dans le rests desdits premier, deuxleme et
trol- ifA s ,,nuws aplqn sjn algorithms iptoractif, caract6rls6 par: 'gn 4
gn %lpn (3) pour delivrer do maniore s6lective un signal de remiss a z6ro
ex- tvne uj, 'nqypp veq qgynj~nhimn (484) la place dudit troislime signal.
,  Pipsgitlf "ion toe rwvqndigation 1, dans lequel lodit moyen de
convorslon de signal do variable do pro- 2gP pi Q4r Jpr ,lre, ladit pramler
signal comprond un algorithms (14) dans li domalno do Laplace. a.
Diwolstlfba!Qn ai rpyondlcation 2, dansa lquel ledit algorithme (14) dans
Is domaine de Laplace est kkp, Pob 1s~ 'tlagain proportionnel (unites do
sortlolunita d'erreur), et k est un multiplieur par une constants. 45    .
Dlspswf guqlon la revondication 1, la revendicatlon 2, ou la revondlcation
3, dans loquel ledit moyon do convran d, silgnapl dt variable de prooessus
pour produire ledit.deuxleme signal comprend un algo- rihw-we (O i)w  I.e
domains de Laplace. I   Qtgpgiij glgp ,Ia, rovopndicatlon 4, dans loquol
lodit algorithms (50, 52) dans ledomans do Laplacs st: SQ      k    ..
kd 60 kkdS I 11(60-S ' 1) 'I esole gain de d6rivho (unitO. de
sortle/minutes - nitas d'errour); ,k   -   j egsit nijitliaiir Dir une
donstents , k     et la signtal d'efrrqyr de variable do processus; 6.
Mipfl lWn t'np gquc.nquo deorevondlcatlons procedentbs, dans lequel ledit
moyen de converslon to uigral toe vr~abilo do preosuaus pour produire ledit
troisilms signal comprend un algorithms (54 70) J  ns tp  wiJn. d  ajplace.
7.  Qis.atittf seaion le revendlcatlon 8, dans ledit algorithms (54) dans
le domains de Laplace ost 80 1WS, oO K, otti gain d'int.grale (units do
sortlelminutes - unitae d'orreur) et S sat 'operatbur de Laplace. 5   9.
Qp~p.ptitlf aplon lI revondloation 6, dana ledit algorithms (70) dans le
domains de Laplace est kklS, od %.  fll I   d l4ontralo (unit~s de
sortie/minutes - unitbs d'srreur) et S est l'opd6ratur de Laplace. r  S.'
40''r:'    


