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WO 2006/065612 PCT/US2005/044384 METHOD AND SYSTEM FOR
CONTROLLING A PROCESS IN A PLANT BACKGROUND [0001] A

Wi hog0 system for controlling a plant process are 5 disclosed. In
process control systems, proportional-integral-derivative (PH)T/E(‘% ‘{?é{Pﬁ*gg**
been used for process feedback control. A process response is fed back
to a PID controller used to adjust a variable, such as a temperature

10 keeplng the process stable [0002] The PID controller is conflgured
using settings relating to the process. For example, a gain is established
in each path of the PID controll@AGHEROMEProportional (P) path, the
integral (1) path and/or the derivative (D) path). The settings are manually

sel88&H by runfingelwd opnthesaeiem 1forpreriisalingeanalfihl BENEBEBNAre
invabursseaving sletailad igariedgadaht) qarewﬁéﬁameeg%nagﬁmn@qpso)

manﬁ? dated from time-to- tlmer}) nnin tests. [0003
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oops an are dedicated to a particular process
vafFHbl%X@thHé pReiusb edicawerinepmaandodp donuRmsesaréonseypases of

leagdeislRpiiehpcaese shpYesimplify the modeling of the process. -1
SUMMARY [00041 A method is disclosed for controlling a process,

ggﬂﬁ%]g estaﬂ,trgrwwg %o?\?r% %%c&%r d usrgg settrnP relating o the

nal-integral- erlvatlve cont er usedo control a
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req@rding, the proportional (P} path, the integral (1) path and/or the derivative (D)
path). The settings are manually selected by running tests on the actual
process. The manual selection involves having detailed knowledge of the
process. The settings can be manually updaied from time-to-time by re-
running the {ests.

[060G3] Automatic updating of PID controller settings has been
performed off-line and/or using a model of the process being controlied. To
accurately model the plant, PID hardware controllers are provided which are
limited to individual loops, and which are dedicated to a particular process
variable of the plant. Dedicated, individual loop controllers are used, at least
in part, because they simplify the modeling of the process.



parameter of the process via a sensor of the process and a first feedback
loop; and automatically adjusting the control factor of the PID controller
based on the feedback signal. [0009] An apparatus is disclosed for
controlling a process, comprising means for receiving a setpoint for a
parameter of the process; measgJfneoRving a feedback signal
regarding the parameter of the process via a sensor of the process and a
first feedback loop; means for comparing the setpoint with the feedback
[0®ighal to praduckahiediscicsighfl; meandfor processing theiemgresigrathimg 2
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controller used to control a parameter of a process; a feedback loop for
IREHHY LfdeiBadRSiETEICdgaiving the pHrarraterisr trsyshoreds igedback
sigh@nsor of the process; and a processor for automatically adjusting the
control factor of the PID controller based on the feedback signal. BRIEF
DESCRIPTION OF THE DRAWINGS [00071 Features and advantages
[0Egcribed hereppurihlze midsd deaidity appaséinte fagnvessletaileg-descrptan for
f exe ry. odiments as dlystrated in the drawings, wherein; [0008
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regaatarnaberparrmedtant dbeondiray o @neescaneplafytienbodisnent] 2 WO feedback
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_block diagram of an exemplary PID controller which can be used in the
SipBhtBEarthe FRjareS i okEsEMuoTe Fighre B adirdwdla Ritetionnd pisees for
audiaarRm efanexemplant-prosasserfer putomatically deteriiiidoased on the

a%ju tments to the control factors of
feedback signai.

[6006] A system 1s disclosed for controlling a process comprising a user interface
for establishing a setpoint for a proportional-integral-derivative (PID) controller used to
control a parameter of a process;, a feedback joop for receiving a feedback signal
regarding the parameter of the process via a sensor of the process; and a processor for

automatically adjusting the control factor of the PID centroller based on the feedback

signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Features and advantages described herein will be more readily apparent
from a detailed description of exemplary embodiments as illustraied in the drawings,

wherein;

[0008] Figure 1 shows a method and system for controliing one or more process
parameters in a plant according to an exemplary embodiment;
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5 the Figure 2 PID controller; [0011] Figures 4A and 4B show a functional
block diagram of a processor for adjusting the PID control factors in the

_ vﬁgw&,&g{ﬁgessor; [0012] Figure 5 shows a functional blo%f@%ﬁﬁ%ﬁs&

portion o Figure 4 processor for capturing a magnitude o nge in
the process 10 parameter being controlled by the setpoint; [0013] Figure 6
shows .a functional bock diagram of a portion of the Figure 4 processor

forfdeagmining H%Ifzmgﬁﬁwﬁ;&mﬂmféirﬁWE Qﬁb FECgftahtBQé:n;@lﬁﬁ/ PiD
pr ; and. igure, 7 shows nctional block diagram of a
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PID control factor. DETAILED DESCRIPTION [0015] Figure 1 shows an
exéMRly contFaoeRBrEIeEArBINGR: Hpskofiaprare s mirenetopiary

in proxaesss ffraaptonialioRytegerninlig BalistRENSIROHY SMHOIRIRGrs of
5 of %gFgJ%c?ﬁ?dlgﬁgti%lmodify the gain in each path 20 of the PID
let.” AsT

contro efer ﬁ’érein, a "plant” is any system of any size used
for processing, wherein variables for process control can be monitored

anéPEfiiated. AlgwenifarghptBatiomr sofitrslingh plodestiagtam of a
plapriode sepr aseaip@tam ani|PIoareie Q383N iInE PIgR BaRIR or-

integral (1) and derivative (D) paths. As will be discussed in greater detail

wi ect to 25 Fi I includes a PID .
pr(t)tggé?gr 208. ﬁsgcfwg;%‘i%ﬁg?% rL'tié:) ﬁ%ﬁgégﬁ?quﬁaﬁﬁg 8 c%rRPorf'P%%fr the
forrisbiftythPfRESSER dRiincanterisangonfagitiderobsiangtcitythe process

10 adjpisi@ferirbaing dantofed byine KitpsinyO 2006/065612
PCT/US2005/044384 processor 218. Those skilled in the art will

appigeAte that gy ,@U@Qﬁ{,\ﬁgp ntrollers can be included. [0016]
Ea@?h Pl control%r 102 can regéull?a"%@%%gacl)rgnq(é#edba eti g E%On of the
Figure 4 processor for determining a peak magnitude of the change detected

by the Figure 5 processor; and

[0014] Figure 7 shows a functional block diagram of a portion of the
15 Figure 4 processor for determining an adjustment to a PID contro! factor.

DETAILED DESCRIPTION

[0015]) Figure 1 shows an exemplary control system for controlling one
Or more process parameters in a process of a plant 100 using an automatic
adjusting, or auto-tuning, of control factors use fo modify the gain in each path '
20 of the PID controller. As referenced herein, a “plant” is any system of any size
used for processing, wherein variabies for process control can be monitored
and regulated. An exemplary apparatus for controlling a process in the plant
_is represented as a PID controlier 102 having proportional (P}, integral (1) and
derivative (D} paths. As will be discussed in greater detail with respect fo
25  Figure 2, the PID controller 102 includes a PID processor 208. Each path of
the PID processor can have a control factor for modifying the path gain. The
control factors are automatically adjusted, or tuned, by a controt factor



the process carried out by the plant 100. The controller 102 receives a 5
setpoint signal via setpoint input 202 and receives a feedback signal via a
feedback input 204 from the process. The setpoint can be established and
WeRIGE5Gia a user interface 107. An error signal is generafeeFP A&
206 (e.g., providing any suitable combination of the input signals) of the
PID controller. An output of the adder is supplied to the PID processor

2obRnedsol ik USRI B B LR UB R AR RGber of PID

parameter control output signal 264. [0017 setpoint can
var%@oﬂﬁﬁﬁ@é?%%@ﬁ? 1e process control, such as a physical

characteristic including, but not limited to, a temperature setpoint, a

pre%‘ﬁﬁ setpoifitachfiBli? kiptssiggoi0n ceampqutats dhalesinedossipmingters of
anyesiRe Q4 ReRSy Eﬂﬁﬂgﬁ%’%ﬂ@?%@.' TR be AR, actal feedback,
signal received from a sendor, sUch as an inline Sensof of the. PIAnt

StThetPoinisipnalivia setRAing iRutRRR anst teesivesiBderdhgnkisianad visos

be fesgieedl Hippetndravhairsnmocany that bamsneesnead aabhshiling
but rather, can be a% rocess @eéns r suitable for a target portion of the
a

Procecs YRdHES nAfIGHE SHeRa S REerAiss RiA8 agder

20 process an

spekfifid elgeaioniting emyesitable tisnhiing o oiPReR it Hignaldpor g nat

26 F \ - th troll 2
oo oS, 7R SUTHIELR R T S SRI D e ot a Al
10i, dhpsrptrhiatishripaasserAts te irodveeranfaresicpamambtal)cartaly

othentpbtdagimdegocess parameter of any desired process. The reformer
which is included in the plant has a heater which responds to the output

sig 4. ThersetRainkis: ired operation point for the reformer's
temﬂ&ira ure. The %eec&%ac %%fn% gdatlr?[)' %‘%es’?ganaa’r‘r%%%ﬁ%&faﬁﬂfﬁﬁ%%
tentRBHMRISR ASc? RAYRIRR ¢hatecissisticibgkidinoebuandt dirféediack
loorifadend @@@MQ\Q%@&%&@WF&% AR BRI Sl G
PID cont(r]pller 102, ffor comparison -

15 desired setpoint'of any desired process. The feedback signal can be an ’
actual feedback signal received from a sensor, such as an inline sensor of the
plant. Those skilled in the art will appreciate that the feedback signal need
not be received directly from a sensor and that the sensor need not be in-line,
but rather, can be any process sensor suitable for a target portion of the

20 process and the operational conditions, such as the temperature at a specific

location in the plant which is being controlled by the output signal 264.

10018} For example, in the process shown, the PID controlier 102 can
be used to regulate the temperature of a heating element or elements in a
bottom portion of a reformer {e.g., in a partial oxidation bed), or any other

25 desired process parameter of any desired process. The reformer which is
included in the plant has a heater which responds to the output signal 264.
The setpoint is a desired operation point for the reformer’s temperature, The
feedback signal can be a signal from an actual in-line temperature sensor
included in or near the reformer, and a feedback loop. The feedback provides

30 an accurate temperature measure to the PID controller 102, for comparison
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WO 2006/065612 PCT/US2005/044384 with the temperature setpoint. In
an exemplary embodiment, the sensor is illustrated as an external sensor

“%%tgﬂeg;g&%&lph any suitable sensor, can be used. [0019] Th?&}gszcéﬁg r&l&g
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e exemplary Figure 1 embodiment, 5 generates an error sigha
between the setpoint and the feedback, which is then processed using
PID paths to produce the output signal 264 for process control. A steady
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A gsairol factor is established for the PID controller in controlling the
parameter of the process relative to the setpoint. Initially, the PID control

R o TR PR et R SRt g

togérerrigseentmensignairieivesiiribiersslosid=ant doinfeedbadiustiigh(is.,
a%%ﬁ@%&é&’é@ﬁ% BROB ARSI AR IRESEIIPSIRIN e WdSbcess

current settings. The "PID contrgl factors can be locked 'when the process

reSpife AciRABsSIRte SrEvTdiditited SRl riherdesisddmi) &rp be
lingigt HRORA].INMTaecesdneaNVED Bxesdpargesiadinoetin e aorik of its
factors L&ftth?npilr\[%a?r?%ro S Cg%tﬁ‘r‘ésa?,%é%‘ém{“o?%é%?e” gaiusted bagied on
thePBTee I signal. The Gromatic a jus%ing can, in ReEorddhee with
exemplary embodiments, be performed in real time

%actual )
re BRIk signdlsaesifeliRsBrAEstaRisRehioE g AP ekl pfdRyFontrolling
prindqrideeeacht fallpaidhe PiRtivonsrolleseavie instidmaty auljsietol
[0022] A process error.can be periodic for a. mic process in a, 2
oA R o &, B AR R B R Bt RIS
PlD eomteﬂ'eadlmq@élIyi%tmyttesmpe@egﬁsmespepmdﬁqgam@ghegmr
gfﬂ%&ﬁ&m&{eé&fﬁﬁ%ﬁﬁiﬁ S ARSI LRGSR NP IBGEREdIMe,
basged upon analysis of process characteristics under current settings. The
PID control factors can be locked when the process response achieves the

predetermined setpoint and the steady state error limit.

[0021} in accordance with exemplary embodiments, the control factors
of the PI1D controlier can thus be autormatically adjusted based on the ‘
feedback signal. The automatic adjusting can, in accordance with exemplary
embodiments, be performed in real time, using actual feedback signals from
the plant process. A separate control factor provided for each path of the PID
controller can be individually adjusted.

[0022} A process error can be periodic for a dynamic process ina
feedback control system. In accordance with exemplary embodiments, the
PID controlier dynamically analyzes a process response o extract process
characteristics such as overshooting, undershooting, rising time, falling time,
and steady state error. However, any other desired process characteristics
can be taken into account. Using these process characteristics, the PID
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and steady state error. However, any other desired process
characteristics can be taken into account. Using these process
characteristics, the PID -5 WO 2006/065612 PCTIUS2005/044384

R RIS AUtomatically adjusts control factors of the PID path¥ Y iMprevE
process response. For example, overshoot and undershoot can be used
to adjust the PID control factors. The rising time and falling time can be
used to calculate a period of process oscillation, and to deter{nine the
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[0024] in accordance with exemplary embodiments, any number of
process parameters can be controlled by a given PID controller, andfor any
number of PID controllers can be provided. For each additional PID
controlier, an additional control factor can be established. A feedback signal
regarding each additional parameter of the piant process can be received via
an additional sensor and an additional feedback loop. The additional control
factor, like the controt factor already discussed, can be automatically adjusted
based on the feedback signal. Where an additional PiD controller is used, the
parameter of the PID controiler and the additional PID controfler can be

interdependent.

[0025] In operation, automatic adjustment of the control factors for each
path of the PID controlier can, for example, be triggered by a change in the
setpoint. In accordance with exempiary embodiments, an output signal of the
PID controlier is sent to an actuator of the plant process as a function of the
setpoint (2.g., only when the process setpoint is nonzero). Adjustments can
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25 interdependent. [0025] In operation, automatic adjustment of the
control factors for each path of the PID controller can, for example, be

'[983 a change in the setpoint. In accordance with exemplar
&erm ogbr%segés, an output signal of the PID controller is sentPtSTéﬁﬁéggﬁﬁ%P“
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of the plant process as a function of the 30 setpoint (e.g., only when the
process setpoint is nonzero). Adjustments can -6 WO 2006/065612

PCTIUS2005/044384 be permitted w the error sighal and,the setpqint
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sensor can be used to 5 determine at least one of falling time, rise time,
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is within a specific range. [0026] The error signal can in the

PIBrEBRIPIMENTE CTHHpIR F5HE KMBHRIPAONRY BIimMePesedOfesillation of the

coftosigiacarnieludenshinaaicatent arinkN L et e WaLSigRAl to
the {slctfﬁ%at?r This 15 ca ditionin%é%an include, for example, capturing an

up%gl"’a ﬁ%‘?oeg%\'ﬁe\fﬂ e 'b%ﬁ%"&?%ignm, and merging the upper
limit and the lower limit for use in the dynamic mapping. [0027] When

ad[88&Ftnt of tAELEFPHFIERR AR RRspadiigneshid the B ueentwliexifag

cafhpet Weigd irdussite RPN festass detespirmisAMY kalYhcrRd he

R T S s S T
conditioning can include, for example, capturing an upper limit and a lower
limit of the output signal, and merging the upper limit and the lower fimit for

use in the dynamic mapping.

[0027] When adjustment of the control factors is desired, an amount of
the adjusting can be weighted using weighting factors defermined empirically.
The weighting factors can, for example, be stored in a look-up table which is
accessed when the predetermined criteria is satisfied.

foozg] in accordance with exemplary embodiments, operation of the
PID controller can be initiated using default values. These default values can
be selected for each control factor to be automatically adjusted, and can, for
example, be selected for each of the proportional, integral and derivative
paths of the PID controller.

[0028] Before discussing details by which the feedback and setpoint
are used to produce an error signal that is processed in the PID controller



accessed when the predetermined criteria is satisfied. [0028] In
accordance with exemplary embodiments, operation of the PID controller
can be initiated using default values. These default values can be

VARSI each control factor to be automatically adjusted” SHYCAR/ G684

25 example, be selected for each of the proportional, integral and
derivative paths of the PID controller. [0029] Before discussing details by

which the feedback and setpoint are used to produce an error signal that
is Hcas e PRy FWBQ?&ﬁtVSFPé‘?m‘?’WQ)%B@@g%fﬁS & T8
PQeéddihed)5/044384 102, an exemplary process implemented by the
plant 100 of Figure.1 will be described. [0030] The exemplary controller

1Gg@idrioure liisshownapPeigroiesadnisirythahidsnorn agpeiagon
process plant 100. In the Figure 1 5 plant, a tail gas c é‘nbgst%r E_o IS ’
RR5 Bl B IEEeE S S I REICREE Rte O druPe da s
CopMMShaaltgis euneitgns s idusidruerdidasrantantsiisechas natural
reformer which, in ascending order,as icted., ingl a j ‘
O R IR S R S it Hesek? ARMoer 1141s
reawirgtbatosiosfaintngvbisngoaseending ovier ssdiapistadyvindidesa
shi B LIRS T ' R HUOKAEE e igddbed 120 §
pr e%%%%@ﬁaﬁlﬁbﬁﬁ%ﬁ@t%ﬁ% can be gﬁided for remoSing o

carBBIRYInSHBAMHE CREIATIG (IBIPRARIS ek iNRhaRg PRSI ATt

10 forseerlingpthe 4 eleraintssgroibeLinahbiadelomeptoRa irdforitigure 1
process plant 10Q also,includes compressors 134, 15 136 .

D RELEIN L oS R 1o S BTSN, (e cBfhan monoxide

abgorpttbe refird@ssh awhgawﬁomdaatmm&@@%Mes
13Zef§§ﬂg#8\%gﬂm%%){%y%]r§%r}¢(@ger separation devices 130 can be

prov or removing water. A tank 140 is provided for holding hydrogen
Whétc)BS%itS The Figure 1 process plant 100 also includes compressors 134,
15 136 for compressing reformate prior to introduction info a pressure swing
absorption unit 138 having various associated pressure release valves 137
and flow control valves 138. Water separation devices 130 can be provided
for removing water. A tank 140 is provided for holding hydrogen which exits
the pressure swing adsorption unit 138 prior to dispensing or storage of the

20 hydrogen.

[0032} A water supply and return tank 142, which includes a radiator
system for cooling return water is included in the Figure 1 plant. The water
supply system includes cooling lines 144 and 146. Line 154 is a water supply
line for the tail gas combustor 110. Separate air supply lines are provided for
25 combustion, represented as a secondary air supply 156, and foruse as a
reactant, represented as a primary air supply 158 io the tail gas combusior
110. A natural gas supply 160 supplies gas via a sulfur removal device 162 fo
the tail gas combustor 110. An exhaust outlet 164 is also provided, along with
the water inlet 166, and air intakes 168, 170.
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the pressure swing adsorption unit 138 prior to dispensing or storage of
the 20 hydrogen. [0032] A water supply and return tank 142, which
radlator system for cooling return water is included in the
ﬁ;’&“?%%%% fant. The water supply system includes cooling e A0 384
146. Line 154 is a water supply line for the tail gas combustor 110.
Separate air supply lines are provided for 25 combustion, represented as

dary a 6, and for use as a sent .
p mary air sup% y#gg;]tﬁ%g)fgf%%s%g% %{J%E or ?% r?gllt;-e a ga Eaunrﬁofy/'"
16@ sigsoiibed adthiscanagfie rbigiees delicEiga®td shewaikdasctional block
SHOEAR RESBAHBIS Wikbi4 s @so provided, along with the

water inlet 166, and air intakes 168, 170. -8 WO 2006/065612

20051 4 384 De a| e ex Iar ontroller, 102 in
LT e e ST e p A R e S T
smtwsraﬁmmrcnmmﬂmg tdtagremsﬁ andirchplesePtRarssoiibasthe
(003 RelaHIneds, ?&:Wé%e%wﬂ&fé@t Vﬁlteé E:Q?a&%@éﬁ'%%ﬁ 80

apparatus for controlling the process, and includes a means, such as the

SSRBRATAIBIR %@eetarémﬁnasa S SI eRniTpienAleadnclides ampeans,
te mram%m&maﬁr%fafn& taefé’éabaen;g@(tjeﬂ HRIOBIHUSS ﬁaéameter
S eln u or receiving a ree rain
e M e e
fe etk $oop.as ddifferantasadticasadiBgrentidéd durarcatttaniegptbeided
f%s ﬂ@%{ﬂ e ¢ é&ﬁegtﬂ& Igthtat*ts E%SSB@&‘éﬁ'sﬁetgfrdaﬁd%ﬁwé&?fﬁm

sig na A means, such as a rocessor 208, is provided for procéssing
thé*’e?r&'@r@meﬁrﬁﬁé?&?elﬁm[?‘ﬁ ﬁ%f%ms%%%%@%h‘&m@r@g
inteEyal AR rERdA NG riies) gk lEW@ﬂﬁE@%ﬂpﬁﬂ@ﬂ@ﬁéwﬁQ\ﬁ
P e R e 1 DMeS SaB s Hoeily S reR s
included therein. The three PID paths connect with an adder 216 for

producing an output of the PiD processor 208.

f0035} A means, such as a control factor processor 218, is provided for
automatically adjusting a control factor of at least one of the PID paths based

~on the feedback signal. In the exemplary Figure 2 embodiment, the control

factor processor 218 supplies outputs to one or more of the gain adjusting
muitipliers 220, 222 and 224.

[0036]) The Figure 2 PID controlier can include a méans such as a
normalizer 226, for normalizing the error signal. In the exampie shown, the
normalizer 226 can include mathematical function blocks 228 and 230. The
multiplier block 228 multiplies the error signal by a reversing constant 232, to
invert the error signal for signal formatting. The inverted error signal is divided
by the setpoint in the mathematicat function block 230. Due to the adder 234
and a constant set forth in a constant block 236, division by zero is avoided
when normalizing the error signal. The output of the mathematical function
block 230 represents the error signal normalized with respect to the setpoint
signal, and is supplied to an amplitude limiter 238 to limit the normalized value

-9-



producing an output of the PID processor 208. [0035] A means, such as a
control factor processor 218, is provided for automatically adjusting a
control factor of at least one of the PID paths based on the feedback
) REEAR5HE exemplary Figure 2 embodiment, the control 20-HER305/044384
processor 218 supplies outputs to one or more of the gain adjusting
multipliers 220, 222 and 224. [0036] The Figure 2 PID controller can
include a means such as a normalizer 226, for normalizing the errot

r
sicand. avcidcatuation: sHeeHta of dheamelitide imfanigsyeplied to the
Mashs HRIieRLBIIP R ineknAbSiend 280 JhzeaRE naditechinckwi®Bthe

multiplies the error signal by a reversing constant 232, to invert the error

SighRIEH GERAPISNRSIRRG T Hhe inverted error signal is divided by the
int.Jn th h ' ' .
DB ant B GroHEE 65 PRORES Ak o i an

5 avoidedt Wi af herfiBlipregastobrepaganledqs aleyer dnKsapture block
masRErARY G l}#]b@}%%ﬁ%ﬁ% PRELrepOsETHE HARIEOsBigs ako wiaized
O the

with respect t setpoint signal, and is supplied to an ampljtude limiter
SRRSO AERITAR G SO BOROUIAuE Bhd B merged
PCHHLSAeeMIdAaRh 246l dimsdeatuiitidrcapheobipok efidHben o bwit
limiter is supplied to the Pl ' [kl 222
P e T e S A e P
10 corirotiesstd 20tchodbstihasaranibidsontiierimpast Sioemsianats praduced by

PID 2468500 daRiesaN IR RmAANS B Hheaatarenlactusl 4Riantbalised in

upper limit capture block 242. The outputs of the two blocks capture
uppBe RFRFRRABIIRKIML-of the PID controller output, and are merged via a

me function 246. The lowgr limit ¢ [ C imi
codiock canemaain Sindih AR MK ARIE MRS Wiyt o
protieskvetOBniiatithu periadrtariereftieskainie ap éndrtaiyakig that can be

15pr09988%)b¥ means for formatiing, represented as a dynamic mapping block
248. The dynamic mapping block 248 maps an output of the Plf) processor to
a set range of actuator vbltages, For example, where the outputs supplied by
the lower and upper limit capture biocks range from zero to ten volts, these
outputs can be dynamically mapped o a range from zero to one, when this

20 latter range is required for input to an actuator of the plant process.

[0039] As shown in Figure 2, the "X” output of the PID processor is
supplied to the dynamic mapping block 248. The merged outputs from the
lower and upper limit capture blocks are supplied to an “xdat” input of the
dynamic mapping block. Saturation limits for a Y value in the dynamic

25 mapping are supplied via a saturate block 250 to a “ydat” input of the dynamic
mapping block. An output of the dynamic mapping block is supplied to
converter block 252 for providing a value suitable for input to an actuator of
the plant.

10040] The PID controller 102 includes a means, such as a detecior
30 254, for initiating the automatic adjusting of the controlier factors in the PID

processor based on a change in the setpoint. The initiating means can
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the PID processor can be adapted to the range of the actual actuator used
in the processing plant. [0038] The merging function merges the

I4384

“%gpdgmg§3&mlted outputs of the lower limit and upper limit cgpture blocks
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30

into an ata value that can be 15 used by a means for oAty Ing,
represented as a dynamic mapping block 248. The dynamic mapping
block 248 maps an output of the PID processor to a set range of actuator
voltag g Fé)r g%% ﬁ\/hgé?e}:%e Outﬁ’ét%% %% |ed b&¥1 thel
upper capture < PEhge Trom 2ero i ese puts can
b@r@ﬁm@l@d rasopet] t’éhtas@mgerﬁmnz!@emmee@me@ eoozotenso to

rapgs it SEAMIRASPIHPRUL R QBRtIIRIRLEE e Riant P98k tORaTbAs:
shown in Fl%’ﬁlh@ the "X" output of the PID processor is supplied to the

APIYER @aﬁwn?étaeﬁoéa@aﬁmr@tmacam
UWdltﬁtt senioiin hisckirentRsbnlietieduténtricdyriborth hifynamic
bIock Satura ion linmits for a Y va lue i the d ic 25 mappin
e s SR S e et o S B SRl
mﬁm)mgfpmwkfaqa)output of the dynamic mapping block is supplied to
converter block 252 for providing a value suitable for input to an actuator

ofl@féd1diant. [0DROPIREMIPIMIRS I BISPORGHIdgE MeRANReBIHD 38 @sydteh
detsgt%r%azﬂﬁﬂmtgraﬁlaatmdhmeepp@madmﬁawmﬁ%gwtr@a@to

e ol ey el e L TR

a éswetmsaﬁerad@@s&ng ondgutes setpoinitdrdbelisetmpint, cand ensure that
prﬁ%eE%EEWSHI\ZQI%&tamétéﬁ??}'f’tﬂ&ﬁfﬁ’ﬁr%%@éﬁg B2BuOR YR 258

to a level suit Input to the control factor processor 218 and to the

loRPHERPHFHET MSHCEHRIHOBIINADLG, 0P, Z¥qhat a reset operation

Oy e GRS D ShBwa B exemip e bidmentation of the condor
factor processor 218 in greater detail. As shown, the control factor processor
receives the error signal from the differential adder 206 as error signal 302.
The control factor processor aiso receives the setpoint 202, and the reset PID
input 304 produced via the detector 2564. The control factor processor 218
includes a means, represented as a PID parameter processor 3086, for
producing contro! factors for any or all of the PID paths.' The control factors
are labeled 308 for the proportional path, 310 for the integral path and 312 for
the derivative path.

[0043] The reset PID input 304 is supplied to an input 314 of the PID
parameter processor 306 to reset the control factor adjustment processor
when the setpoint has changed. The setpoint 202 is supplied to a setpoint
input 316 of the processor 306. The error signal 302 is supplied o an input
318 of the processor 306. The error signal is also supplied through a hit
crossing block 322 and a logical operator, such as an "“OR”" operator 324, to
produce a reset counter input 320 of the processor 306. A counter of the
processor 306 determines one-half of an oscillation period of the ermor signal

- 11 -



predetermined amount can, for example, be configured by the user (e.g.,
via the user interface). [0041] The PID controller 102 also includes

means, such as a switch 260, for controlling an output of the appa
VighB®eH 260 is used to 10 select between an output of th%cg%z&@}ﬂ Usps

processor, and a constant, such as zero. A relational operator 262 is
configured to monitor the setpoint, and ensure that the switch only allows

<GS TRNATE SHERE A ST (0BT RN’ CRBTTEh e o
implrRmeontice eiktidiD inmit B daasongiocessor 218 in greater detail. As
shown, the control factor processor receives the error signal from the

difledddlial addWimDethe easisisnahhas 2xaarded e sRIBRIPALEJSG
alspLpceivrs ESHIPABH2AR: BshiBecesel R VaRut3Akapoit earbrdt
thé detector 254. The control factor proces rZJFfS includes a meansoo

5 represtaRayeitaes IRt LAME ?ﬁ(%ggg%cﬁ%‘ét 8T EodlRing Contia @
fagdgisaion arysubplicdf #hehP IDRpetissaitin@2énifbldaesnts theedoilbEivB08
for the, propaqrtional : for the iteqgral. r ‘
RO T ot MBS0 SRR st A el 1D nput

of 86 REDsivenste elogicecbdbe TeBeicraEteHBR %40 irauesA JajiRsRi

pr%%?_ﬁ?&! ofMYBRILIREReIBeIRkNAS CrengesibheBRINYINEA0R Eperator
supplied to a setpoint input 316 of the processor 306, The error signal 3§)2
10 s SapsRines 2 BRERab BRREPRSHEEs BB SoIRI L GF SUFRTS- 208

supslistdviisauab eritik sigpasigssiesihd22guing to biegihapeestarsailiativas
an "OR" operatpr 324, to ,produce a reset counter input 320 of the
pr@@é@&?%%@.&ecso%ﬁ?e'?tbf the 30 processor 306 determines one-half of

aré@Paiégtion pef"i%éo‘i’&é@@s%?@;ﬁéi_ﬂ%‘deéén‘@ﬁ%@@%&@%@é&o_enab!e
PCT|US2005/044384 for monitoring steaglx state err?r The logical OR
op@iﬁ@"@ﬁ@ff&%iﬁ&cﬁﬁm so that one or more control factors can be

15  produced at the outputs 308, 310 and/or 312. A means for enabling the PID
parameter processor 308 includes a refational operator 328 which ensures
that the processor 306 is not enabled uhiess the setpoint has changed from
zero. Prior to the setpoint having been changed, a constant 330, such as
zero, is supplied to the clock input of a latch 332 to prevent the processor 306

20 from being enabled. The latch, such as a D flip-flop 332, clocks a logical “1”
from an input 334 when the setpoint has changed from zero as detected by
the relational operator 328. The latched Q output of the flip-flop 332 triggers
the enable input 326 of the PID parameter processor 306.

[0046] Details regarding the PID parameter processor 306 are

25 illustrated in Figure 4A, and identify the conditions upon which the control
factors for the PID paths 308, 310 and 312, respectively, are automatically
adjusted based on the inputs 314, 316, 318, 320 and 326. The enable input
326 is illustrated as indicating that, in an exemplary embodiment, the
processor 306 is enabled on the occurrence of a pulse.

30 [0047] The processor 306 includes a delta parameter (P) processor
408 for capturing changes in the error signal for the parameter being
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input from the reset PID input 304 as well. [0044] When the error signal
has exceeded the setpoint value in a positive direction, peaked, and then

decreﬁaoged in value to the point where it 5 crosses over the serté)oint value,
S by the hit crossing block 322, a logical "I" is SLE)%T RGOSR () =Rt

OR operator 324. This resets the counter via reset counter input 320 of
processor 306. Similarly, when the reset PID input 304 transitions to a

i T s
deféries &ipreqeariod 408tib pginkiecthin taptseippimpbaschbpgedsand is

. e . s : it
e LB ST LA e B e
inpeagd? stalccprpicaniee ArlpH e ping e overhent ordershrnb BeRgol
fagiosapanaind R0 ddapdtah g e Hils R8s AP B omrBI @8 rs

oL AP TLRL RGPS A R < EPAURSS ot SRAFEI e

thacsetptaliid Hagethanged from zero. Prior to the setpoint having been
changed, a constant 330, such as zero, is supplied to the clock input of a

1af8R482 to préberiate PryesesseiS Ipaibmstim dafaviorioné TBishch
SRR PRSI R RIS & m&%#&%ﬁé}@v@ﬁsﬁwt%mhﬁ@ the

setpoint has changed from zero as detected by the relational gperator

358 TR IERIR AT ER R I TRRPRREINL ' 98¢ RRJERE am assiatrninb the
32arrof tignkl BbpatanectetpuinteSherdalia. fOSGEERind 63 dg eeditgvtinm HE

oL st M TSR M St e RS 1
31theraipethvelyedrhagisradrupsclgipnariadaton chmpiplins ofia ful
318 hSi34RiRawbA Zholingh e RaRIsIHIP Uls 896 fR b brtediRtinditRlinghe

that, in an_exemplary embodiment, the processor 306 is enabled on the
ocﬁﬁ%ﬂ%@?ﬁeﬁw indication is provided that an unstable condition is

occurring and modifications to the control factors can be automatically
adjusted so that the period of oscillation of the error signal will be reduced.

[0049] Thé PID parameter processor 306 is configured to automatically
adjust the control factors 308, 310 and 312 in response to a change in the
setpoint, and upon the occurrence of predetermined criteria. Logical
operaiors can be used to require multiple criteria to exist at a point in time
designated by the user. These logical operations are performed by a means
for logically combining, represented as AND gates 402 and 404, although any
desired logic (software or hardware implemented) can be used.

[0050] Generally speaking, the means for capturing a delta time
interval, represented as the delta T processor 406, is used to produce
information regarding the error signal cscillation. The separate means for
capturing a change in the parameter being controlled, represented as the
delta P processor 408, plays a role in determining when the control factors on
outputs 308, 310 and 312 will be updated. The conditions on which the
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30 [0047] The processor 306 includes a delta parameter (P) processor

408 for capturing changes in the error signal for the parameter being -12
WO 2006/065612 PCTIUS2005/044384 monitored, so that overshoot and
WRAM&ENE6tcan be detected. A delta time period (T) proceSdot YERg 044384
provided for capturing a period of process oscillation as a function of the
rising and falling time of the error signal. A steady state error can be
calculated using the overshoot, undershoot, rising 5 time andt?élwl%\time,

socppirehadarsmEitnsHiesingl sowmoPSTRRS orsRIeE SR respect

disgqRENed ydies steashdsiatedtFayifereduced to a desired (e.g., an
acceptable) level. [0048] The delta P processor 408 begins with a default

va[0e5416, sucth fislinaoti4pulireR gateyAdi2de ategicaldr sieaithe error
OvEShA hRKLiBg, W SRRt SREIRARARBUGL RO RERRAGLTG taone

n oscillation of the error signal about the setpoint. The delta P

5 protetesisd AostatestridiRenArie st it it Sighs ANE9RG* Rdicating
thaidhesprRisianatnsgetameisichs spipeirirvalge Thoegutiene operator
oscillation period upon co Ietjho of a full period of.oscilkation abog&ggg
o ORERE AR b ORI R ES5 I HE Tect 9B i s ae
indisatieaiisijffenddes tbtweenuhstsdd paiohditio this fesdurok gignal) with a
modificatign t kol | '

e B i 2 SRl

10 painmtet o e sV oete ischinginaldto HirdtRakeaTyr HefiR fsPlBAMY

facipenRied3d Gardidd 2 rRsaens e récelsanesos, the 20 setpoint, and

upon the occurrence of predetermined criteria. Logical operators can be

usqdasiequire nulpiptatioitesiddtecteidtpeiak fotheiartinsigledigratpaiiyom

the,
1
m

o ﬁ;é‘%rei%"ﬁ%‘?&?@é%%l’ 90834 e Ases [pgace by meas 40 olkabha

ining, represented as AND gates 402 404, although any desired
logR leaiiearebich siavesra prplasRinvaiy e ier BelisBg. The output of the delta

15 P processor 408 is supplied to the input of the lock 420 so that it can be held
for input to the latch 418, wherein a current delta P peak can be compared
with a prior delta P peak.

[0053} Whenever the current delta P peak exceeds the previous

maximum delta P peak, the new peak is stored in lock 420 for comparison

20  with subsequent delta peak values accumulated during the current period of
interest. The current period of interest is reset via a reset input of the delta P
latch 418 in response to the reset PID signal 314. As aiready mentioned,
whenever the delta peak exceeds a constant such as zero, the relational
operator 414 supplies a logical “1” to the AND gate 402 to indicate an

25  overshoot condition.

[0054]) A third input 422 of the AND gate 402 corresponds to an output

of a relational operator 426. The relational operator 426 supplies a logical “1”

to the third input of an AND gate 402 when the current delta P peak, received

at a first input of the relational operator 426 exceeds a prior peak, indicating
30 overshoot instability.
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25 [0050] Generally speaking, the means for capturing a delta time
interval, represented as the delta T processor 406, is used to produce

fo
capturing a change in the parameter being controlled, represen f’ilgs%'fﬁ‘e84
delta P processor 408, plays a role in determining when the control factors

on 30 outputs 308, 310 and 312 will be updated. The conditions on which

he.«13 WO 2Q06/065612 PCT/U 5/0443
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havm%overshot the setpoint, as 5 detected by detector 412. A second
inﬁ‘lﬁ M galetBRID gate 402 corresponds to the output of a relational

o) 414 Thedelalipnalionsialen ala s maR g7 delegiad peak,
change®in the error signa (l.e., representing” the peak differénce between
thewpubisisuppiiethisoictilBogatiyABD Withseooodshdve, grieSs " Zdre ouiput

- HAANSGats SIS XL IBRBASHC MSLSREONEELINALIANS iibagdiD

gate is a logical 1. The peak error signal, .as already mentioned is

degeeszy via the dedient pmeessobii K53 dr aparstivessodieri sk
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lat 18, wherein a current delta P peak can be compared with a prior
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of the OR operator 324 in Figure 3). When the count output of the resettable
accumulator exceeds the predetermined constant 440, a “1” value is supplied
to the AND gate 432. The resettable accumulator block 438 receives the
reset counter signal 320 and receives an output of the AND gate 404 delayed
via a unit deiay 442 as an enable sighas. Thus, assuming the enable signal is
active at the resettable accumulator block 438, a value of the reset counter
signal 320 which exceeds the constant will enable the relational operator to
produce a logical "1" and thereby enable AND gate 432.

100583 Returning to the AND gate 432, a second input is received via a
relational operator 444, which compares the locked peak delta P value from
the delta P latch 418 with an output of a multiplier block 446. The multiplier
block 446 multiplies the setpoint 316 by a delta P range value, such as 0.05 or
any other desired value, fo ensure that only when the setpoint has changed
by at Ieast 5% will a logical 1 be supplied to enable AND gate 432 and
thereby enable AND gate 404. in other words, when the setpoint, for a given
cycie, has not changed by at least a minimum predetermined amount (e.g.,
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interest. The current period of interest is reset via a reset input of the delta
P latch 418 in response to the reset PID signal 314. As already
mentioned, whenever the delta peak exceeds a constant such as zero,

VIR PMAGHAI operator 414 supplies a logical "1" to the AND gHie 402 1654
indicate an 25 overshoot condition. [0054] A third input 422 of the AND
gate 402 corresponds to an output of a relational operator 426. The

relational operator 426 supplies a logical ,"1" to third input of an AND
DRI Ok PLRG P SRR A e ST (st S e
relptivpaknpe 308 LS e ndliprid beeaktpimaiicityppdi0sta@rshoot
instability. -14 WO 2006/065612 PCT1US20051044384 [0055] Finally, a
fo§P@EBut 42Adhiteinubrgatef4be AbiPapiadddis meougsyiarelational
deBazJ’raE&%bz%‘f’aPc&B\aﬁr&f@ BohSIRERSIDAuER IR PoRealitistBeanigioint
than zero, a logical "1" will be supplied to the fourtl] %But of tpeéb'g%gate ¢

5 40316 [0098] YRErR BIROIRD SIS PHRERRD AR 43S URBIFE e Tipe
ound &F AMPPHath oM ANRaiteadfiZhiatin selfiustchadt Df ghecPADAcTirel
output fr at Is supplied at a first input 428 of the AND gate
40%%%qu %‘B gn%e 3%%2

A'second input 430 of the AND gate 404 corresponds to the

ouigye] an ANDrGGH 38 mpl RLoatR $2 e ARIP§ANQ MPESPreAiiRES
107input’434 corresponds to the output of a relatlona%g‘%ﬁer%té)r 436, whic

h
colpesrbiesanml asserriedgrtaine fetoliPPss it 2O8Malh iSuRed o
10 SUclxR$rdind 2@ ascuBEtdAosR Bfteerutrobeigplipbises whiith deiagrandm

the, time a setpgint change h rred (i.e. I I9hd 3R
e B T A T
(sed56utput 15 of the OR operator 324 in Figure 3). When the count output

of the resettable accumulator exceeds the ﬁredetermined constant 440, ﬁ
"1"[08RH is supphedAND gate 456 receives three inputs. A first input 458 of the

AND gate 456 corresponds to the output of a relational operator 460, which

i5 compares the output of the delta T processor 406 with a constant 462, such
as zero. When the delta T oufput exceeds zero, a logical “1” is supplied on
the first input 458 to enable AND gate 456.

[0062] A second input 464 of the AND gate 456 corresponds to a
locked value for the delta T processor as stored in a lock 466. When a vaiue

20 exists for the delta T to indicate that an error oscillation is occurring, the AND
gate 456 is enabled via this input.

[0063] A third input 468 of the AND gate 456 corresponds to the output
of a relational operator 470. The relational operator compares the current
output of the delta T processor 406 with a previous output stored and

25  captured in delta T latch 468. When the current value of the delta T capture
exceeds the previously stored value laiched in delta T laich 468, indicating
that the oscillation period is increasing, a logical 1 is supplied via relational
operator 470 to the third input of the AND gate 456. When the three
conditions of the AND gate 456 exist, the AND gate 404 is enabled via the

30 fourth input 454.
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to the AND gate 432, The resettable accumulator block 438 receives the
reset counter signal 320 and receives an output of the AND gate 404
%ezlzgg/ed via a unit delay 442 as an enable signal. Thus, assuming the

VA fggsialnzal is 20 active at the resettable accumulator blogk - ,0%15@5?3%‘
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of the reset counter signal 320 which exceeds the constant will enable the
relational operator to produce a logical "1" and thereby enable AND gate

. . | y enal D gate
I N Ty s N el T e
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such as 0.05 or any other desired value, to ensure that only when th

spiraaiadehaegas By an s sional iplosach of e ypraeto enable
ANRB@aisoAs32 and thereby enable AND gate 404. In other words, when
the setpoint, for a given 30 cycle, has not changed by at least a minimum

pridEEF mined Refendng (te.gxe fits} \pGaD p6I06SSIFd CE PSROGEI 04438 H
g-%%,ﬁ;a&'%‘%é?@%‘%‘b‘Hﬂ&ﬂ%&’%ﬁﬁ?&éﬁg’mdcgheb%%@! IAcLofs{qn tA]\F

uts 3 0 and 312 will not be automatically adjusted. [0059
thitd8ip initiale napling ADagialed yalupstasithe cRatel PrrsrRiE G dhgtor

4300 HHEEhE0 PR MRS C90S!aN B8NS isHLATZP protR ey agtpoint 5
e R R S e SR o
comizet PHBtsicna0B1481A thid SaaJD 060}t A 33wthihexepdplarprimmss 464 7
o BB e B poriod
of ¢atalirhedighdnp aser B islonehig armaamy tihhevalyRRSIRE input
A4 sosrasnRansis i estheprigaktbalRpRIRaate AMeBirth input 486 of the
update processor 472 corresponds to the control factor used {o automatically
adjust the gain in the proportional path by modifying the output for the
proportional path 308. In an exemplary embodiment, the controt facior 486
can be produced using a look-up table 488. An output of the look-up table is
conditioned for an input to the updaie processors via a saturation block 480
- which limits the value of the output from the look-up table.

[0066] To address the iook-up table 488, an input is supplied from a
mathematical operator 492 which receives an output of the delta P peak from
latch 418 and which receives an input from an adder 494. The adder 494
combines the setpoint 316 with a constant "C” in block 498. The constant
ensures that division by zero will not occur in the mathematical operator 492,
which divides the peak in the delta P output by the setpoint.

0067) The value stored in the look-up table which is accessed by a
ratio of the delta P peak to the setpoint can be empirically determined. These
values can be determined for a given process so that appropriate
modifications of the PID control factors 308, 310, 312 will occur for a given

setpoint, and error signal. Similar control factors are generated for the
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[0061] The AND gate 456 receives three inputs. A first input 458 of the
AND gate 456 corresponds to the output of a relational operator 460,

which 15 compares the output of the delta T processor 406 with a
WORSSAEHE2, such as zero. When the delta T output exceed& Z8{e708/044384
logical "1" is supplied on the first input 458 to enable AND gate 456.

[0062] A second input 464 of the AND gate 456 corresponds to a locked
value for the delta T processor as stored in a lock 466. When a value 20

existe gt irEvatveiRatha® fat thusing BoUiRiRsRIBleRIRrRPSAS 474
ANROfte ah ioRaaRind WatbimmaYd¢eoRABhA dhigdpmithiesSmidite the

AND gate 456 to the output, of a relational operator 470. Th
IR BRI TR e PIREAENT SEBlt of the deia T processor

ut of the delta T processor

rel G BT , the delta |
W e B oo

5 stoterl deltac | areresspr dORarefRiRIca dBMAHR SitRp IR iRPH s
penipgdsski288ing, dopisa 4o soPRYpsnds I banabug mttsctéttime

ANB A AP S USRI JE e espia s T S Sapter
4546l B0, 20V6/0RHEIRE QTALIER00SI0MNEHLS (0085 iiTer pileair
;fgq’?'%?a%é% Bo%%ga“gg EXlk YPLAEoBIOPRS SR BrotbA S de Bike

sed to automatically adjust the control factors for one or more of the
10PIDhaudisreeBoBTe i0tegiatan 499 He tRaplivisrtheNesghteusar Signak 3 a
enahle:sippaLiossarhos Binntawpdaie i pieerreQResiRaewingtut of
he B ek A5 48 PAN Hb LR P ALt 478 to mate |
localipggi" adiusth ¥l [ HRSERA b RUAMEIHR L upplied to the lateh
468 wherein it can be stored for comparison with later delta T values in
15 relational operator 470. The purpose of the delta T capture path is o ensure
that osciliations of the error signal about the setpoint reduce over time.
However, if the oscillations increase in period, it can be determined that the
error signal is not settfing around the setpoint so that appropriate
modifications can be made to the control factors on outputs 308, 310 and 312. '

20 [0070] Figure 5 illustrates details regarding the delta P processor 408.
As shown thersin, inputs correspond to the default signal 416, the reset
counter signal 320 and the error signat 318, which has been read and stored
as an upper error signal via a data store read block 502. The output of the
data store read biock 502 is supplied to a unit delay 504. A MinMax block 506

25 compares the output of the delayed data store read with a logical 1.

[0071] The output of the MinMax block 5086 is supplied as the input to a

switch 508 which is controlled by the reset signal 320. At reset, the output

from the MinMax block is supplied to a data store write biock 510 fo ensure

that the new MinMax value is stored. Otherwise, a default value is supplied to
30 the data store write block 510.
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proportional path output 308. A second input to the processor 472 10
corresponds to a reset signal 480. The reset signal 480 corresponds to

WQJ&%%EEQD signal 314._A third defgult |npu.t 482‘of the upgg%e 58(%?&%%4
corresponds to an initial proportional gain which can, forexampite, be
established by the user and stored in a memory. The value for this

proportional gain is represented as block 484. A fourth input 486 of the 15
up rocess@r 472 cqrr s 1q,th tor t

au@nﬁazﬁcally Z%}Ss%@‘é gogiﬁrtt%ﬁ gpo%%g%gntg?bgfgﬁ?%sﬁ%T%?r?gr%ﬁ%nted
ougSL@nentinet pich intiopeivVpetvisaswiichrdd danhithris @inp samirehediy the
CopdeQh @Gl 486. CAThER OFLLRQIHREGsdORE 0 IatB o84 PViue

of the look-up table is conditioned for an input to the update processors

vidhiE5 RS0 JERUBIPTHRRIAT MAltdRRYeSE SRR IR IHPHe
5 lodkiap Gthlerwligeoa]defnalidess 816 isciupplitabte #Souaputpuis

supplied from a mathematical operator 492 which receives an output of

thd B8] P peakifyoia G ahpwsiBarewpiaty fseshenahimplpieréaticomof the

adgdendddrd BAAEdaH 494 RARRIBE I RvRIRAIN KW PrRORSERRL, C”

in block 496. The constant 25 ensures that division by zero will not occur

in PrOtHsMR N fiegkaskrsiaruerrespRtine e asaklsak ivalne dLhg etch
ougng Ryctbexsatpiaiat sIARHGEhwhioiR siemedin dha logicapttaletwpish
is accessed b ratio of the P_peak to.the setpoint cap be

10 g AT N R TORE VA0 LRl S ad BRI gk 420
prdodbe stodhdnpuprémdtehFiisdicarivdagicht Rem cdnlropfactors

308 c3terde WO FEL L SR IR pRE AR 1 ARE FIERN SIHB UL I Hm the
control factors are generated for the -17 WO 2006/065612

pcaslisB riereasasis iR fiatintde il sy pumis SIeP8T P aRIAR h futs

for jpgidale i enesaRt Soihé anpud 6btimbaatepspomd to the inputs
described already with respect to the update processor 472 of the
15 pro@itéinal pathigure 7 shows an exemplary implementation of an exemplary

update processor such as the update processor 472 which produces the
control factor 308. Similar processors can be configured for the integral and
derivative control factors 310 and 312.

[0G75] ~ Referring to Figure 7, the locating input 478, the reset input 480,
20 the default reset 482 and the factor input 486 are illustrated. The control

factor 308 for the proportional path 408 is shown as an output-which can be

su;ﬁplied to a data store memory. The control factor 308 is output via a switch

700 which normally receives the default value 402. Upon occurrence of the

reset value 380, the switch transitions to provide an output from a data store
25 702 via a unit delay 704.

[0076] During the adjustment period, prior to updating the value 308, a
new value is determined during the delta T capture period. The captured
value is written to memory via the switch 706, which normally supplies the
default 482 to the memory. Upon occurrence of the reset, a new value is

30 supplied to the data store. The output of the data store read 702 is supplied
via a unit delay 704 to one input of the multiplier 708 wherein it is multiplied by
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[0068] For purposes of determining a time interval which is captured in 5
the delta T processor 406, reference is made to the three inputs of this
processor 406. A first input 498 corresponds to the output of a discrete

WRROSBEHALor 499. The discrete time integrator 499 is resEA NG TekEE

5

16

15

20

counter signal 320, and when once enabled, accumulates pulses from a
pulse generator 497 received via a unit delay 495. The delta T processor

406, like 10 the discrete time integrator 499, is reset via the reset counger
sighrranolfagiomeprlribvia thedeckupniabin 48 oh Mgy #oa ifﬁa.’té‘s

Eg%tég&p%h R & ih}@ ﬁ@g@m@r@mm&w Mlhimhdrp,ﬁéaeimﬁpﬁedd)ﬁ the
The output of the delta T processor 406 | ' e
MR P R Ha L A
relagightingheitorwigh{Tten berbasedotniibelpreedssapiinepde regess
enste ahaReliiRs RS aaEs anababasile, sipait s sestuer
time. Howeéver, If the oscillations increase in period, it can be determined
thanagenkrror signal is not settling around the setpoint so that appropriate

modifications can be made tQ the control factors on. o ts

D000 70] FRR R RO g Fare e O A bl o
A08nolises hextiethetie, ppramcdi2 épgnditoatdatkfautosiiinatiors wWite the
reset, counter,si 0L, I ' iRgernread
i B R ek S A R

outpatreiyas aaruitshaticaly Biuxied soatERlaRbe forthm RTaRRIasEh oWtput
Minpai, HIRCKIRE6, 25 My ReAhRpsi a7Be delayestgatrstioradead

with a logical 1. [0071] The output of the MinMax block 506.is '
eIt SR G AL A IR LM IR oA e AL B Bitne
resigtetital antbderivativéhsaliidandtiock is supplied to a data store write
block 510 to ensure that the new MinMax value is stored. Otherwise, a

deft@78hiue is Shppaetkilteddp the arwilkanerasiateibekibg foregping

description of the embodiments illustrated in Figures 1-7 is by way of
example, and that numerous variations will be readily apparent to those

~ skilled in the art. For example, those skilled in the art will appreciate that the
functional block diagrams described can be implemented in software and/or
hardware, the hardware being analog, digita% or any combination thereof. in
additioﬁ, those skilled in the art will appreciate that the separate functions
attributed to various processors can, of course, be combined in a single
processor, or any or all of the functions described herein can be segregated
into an increased number of dedicated processors for performing specified
functions. Each processor described herein can, for example, be

25 implemented as a microprocessor or other computer, and/or can be

configured as a combination of hardware, software and firmware componemts.
Those skilled in the art will appreciate that any of the logical functions
described herein can be implemented in a variety of ways. In addition, all of
the values described herein are by way of example only, and those skilled in

30 the art will appreciate that any of these values can be adapted to a specific

process and/or desired operation of the controller.
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WO 2006/065612 PCT/US2005/044384 [0072] The signal output from the
delta P processor 408, represented as an output 512, is received via a
v%/%:ré] e?s]sf;l which is also controlled by the reset signal 320. When the 184
rese |gna1I2is received, the data store read value in the dabs LAY
block 502, as unit delayed, is supplied to the output 5 512. Otherwise, a

default value 416 is supplied to the output 512. [0073] Figure 6 shows an

RERE s prob P AEHAC A R TGRS O B gt o g afpsen

olitpentizpresertimgrtiveqiedirdetterspeatii: KirerathaDdépaitog ovidhe

S| ich i Tor=" I : nce of the
rt\al\§ eqnst, %%%%%%%Esiﬁg g ﬁé%?%ﬁgq%ﬁlﬁéﬁv: f&%ﬁﬁ%‘g@@&% é%s%%%ﬁe clock
in@ibAdifRDle 602 ReerRPPISKIBERY B )t resRems fo dedivardivepatenot
5 reﬁtﬁ@@é}l A wterﬂi&h@@g@ %‘?ﬁﬁﬂbﬁ?@ﬁﬂw B%?}h&ﬁ)ﬁﬁ'l&i?’claimlsl
processor o0,the D.inpult. is value is greater than zero, a logica

o CHOREAAD IHE LRIt PR AR B 958 Rigkremenie
exaraphing anglengatatid eqiieniencntiptaept upe féepdecdssbe soditasethe
up@%li%igrocessor 472 which produces the control factor 308. Similar
processors can be configured for the integral and derivative control
factors 310 and 312. [0075] Referring to Figure 7, the locating input 478,
the reset input 480, 20 the default reset 482 and the factor input 486 are
illustrated. The control factor 308 for the proportional path 408 is shown
as an output which can be supplied to a data store memory. The control
factor 308 is output via a switch 700 which normally receives the default
value 402. Upon occurrence of the reset value 380, the switch transitions
to provide an output from a data store 25 702 via a unit delay 704. [0076]
During the adjustment period, prior to updating the value 308, a new
value is determined during the delta T capture period. The captured
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value is written to memory via the switch 706, which normally supplies the
default 482 to the memory. Upon occurrence of the reset, a new value is
30 supplied to the data store. The output of the data store read 702 is
VEQBMI$SeAR a unit delay 704 to one input of the multiplier 7AGTHT&MENG44384
is multiplied by -19 WO 2006/065612 PCTIUS20051044384 the control
factor supplied via the look-up table 488 of Figure 4B. Thus, the current
value for the proportional path stored in memory, is multiplied by the
faltbPd# the look-up table and weighted via an input 710 (e.g., 10%
weighting). The weight can be based on the process. When the process 5
errbr is sideficd fity itaarobingdjpsasgss donpxisiMgle, 100% or any desired
amount. [0077] The output of the mathematical operator 708 is also
supplied égt-mnshies Aeshedidtetapenivopddidarinasyeldiivative (PID)

combin iong\v%/gi{[]the utput from the data store 702, Thi tput i —_
BN AR AEHaner SLaR aliaresrea S A s setpont:
factor for the proportional output 308 in the absence of a PID locatin

A ] g .
5 signal 47@caingafephankiciang! Lemsding the priamiRtes ofieRigss via

Figyse s6R8F BReiRddes dat eanfs edihdbkeley); and derivative paths as
well. [0078] Those skilled in the art will appreciate that the foregoing 15

deSCfipti%f&ﬁ%{z%Sn mé@ﬁﬂﬂ@ﬁyﬁﬁ@M&ng%JPYd%QMtquased on

example, an ous Variations will be readily apparent to those
skitfeeifredbacksignalexample, those skilled in the art will appreciate that
the functional block diagrams described can be implemented in software
and/or hardware, the hardware being analog, digital or any combination
thereof. In 20 addition, those skilled in the art will appreciate that the

joSeparate {uaplans.cAVaRY RS dRIMRHOWRSHORSBBASSEAIbIEF ROM SRR
combined in a single processor, or any or all of the functions described

hergid'@sieiRlicofBg ampess.

3. Method according to claim 1, wherein the automatic adjusting is

performed in real time.
15
4. Method according te claim 1, comprising:

establishing an additional control factor for an additional PID controlter

used to controf the process;

receiving a feedback signal regarding an additional parameter of the
20  process via an additional sensor and an additional feedback loop; and

automatically adjusting the additional control factor based on the

feedback signal.
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into an increased number of dedicated processors for performing specified
functions. Each processor described herein can, for example, be 25

&@9{1&%%%8(1 as a microprocessor or other computer, and/%r&%b%m 44384

10

16

20

configured as a combination of hardware, software and firmware
components. Those skilled in the art will appreciate that any of the logical
functions described herein can be implemented in a variety of ways. In

agition, il o e yolien EaTDECIRIRID R RUUAL! IR o

and those's e art will dppreciate that any of these values can

bdadanstar frairissdarensi®itess and/or desired operation of the
controller. -20 WO 2006/065612 PCT/US2005/044384 [0079] It will be

appreciated by those skilled in the art that the present invention can be
embodied in other specific forms without departing from the spirit or

essential hasacieHstiss rﬂg@.&hﬁbw;disclosed embodiments

are therefore considered in all respects to be illustrative and not 5

restricted. The scope,of the invention.is indi d.byt [
ather (TG BB e b e U e s e B B e
mebféliggimearnigogimaqyesbock tndershapd andrideady telesirpnobtie
thggﬁg}né:@two 2006/065612 PCT/US2005/044354 CLAIMS: 1. Method
for controlling a process comprising: establishing a control factor for a
proportional-integral-derivative (PID) controller used to control a

parameter of a plant process relative to a setpoint; 5 receiving a feedback
siggal regﬂardin the parameter of the process via a sensor of the process
an

a fir aEROlg el BRI ] usting the control factor of

the PID controller based on
establishing a setpoint for the parameter; and

comparing the feedback signal received via the sensor with the
setpoint to produce an error signal.

8. Method according to claim 7, comprising:

conditioning the error signal within the PID controller for input to an
actuator of the plant process, wherein the conditioning includes dynamically
mapping the error signal to the actuator.

9. Method according fo claim 8, wherein the conditioning includes:
capturing an upper limit and a lower limit of the error signal; and

merging the upper limit and the lower limit for use in the dynamic

mapping.
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the feedback signal. 10 2. Method according to claim 1, wherein the
parameter is a physical characteristic of the process. 3. Method according
to claim 1, wherein the automatic adjusting is performed in real time. 15

W MMER$ Eccording to claim 1, comprising: establishing arf SHHRRONP44384

10

15

20

control factor for an additional PID controller used to control the process;
receiving a feedback signal regarding an additional parameter of the 20
process via an additional sensor and an additional feedback loop; and
adfdmatidatiod soeaisipgio AfiMoh AXBAEYNEctor based on the
feedback signal. -22 WO 2006/065612 PCT/US2005/044384 5. Method
accordingetaiitigian éutphestgnahef thedmia epatrelidndoaharmwalonel tifieter
are int e . Met | i comprising: 5 using’
th%r?e%e%g%ag%%%{ﬁ%é%ﬁgg %ﬂ%ﬁgg@ngsg%%ﬁé%ﬁr’ét at least one of
falling time, rising time, overshoot, undershoot, and steady state error of
the parameter. 7. Method according to claim 1, comprising: 10
establishing a setpoint for the parameter; and comparing the feedback

sigilal reMsithed aeceding te slaimt Savhasaibitha Wi §ienahosths BiBnal,
8. Methad s ey isehias Al Cueas VitAGhb S equhianinp Zefoerror

signal within the PID controller for input to an actuator of the plant
process, wherein the conditioning includes dynamically

12.  Method according to claim 7, wherein the automatic adjusting of the
control factor of the PID controller is performed when a change in the setpoint
is detected.

13. Method according to claim 12, wherein the automatic adjusting of the
control factor is performed when predetermined criteria have been satisfied,
wherein the predetermined criteria include determining that a peak magnitude
of error signal overshoot beyond the setpoint is at a new maximum.

14.  Method according to claim 12, wherein the predetermined criteria are
determined over a period of oscillation of the error signal relative to the

setpoint.

15. Method according to claim 12, wherein the automatic adjusting is.
discontinued when a steady state error of the parameter relative to the
setpoint falls to a desired level.
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mapping the error signal to the actuator. 9. Method according to claim 8,
wherein the conditioning includes: 20 capturing an upper limit and a lower
“ljlg% 61}(}!%% rror signal; and merging the upper limit and th %%rél it f
e ynamic mapping. -23 WO 2006/065612 e
10. Method according to claim 1, comprising: sending an output signal of
the PID controller to an actuator of the process as a function of a setpoint

for, the parameter t ording to ¢laim 10 in ik t
R e AT R R
is Welghded. usmaveiatiing fectnrydeterminer ameiégalithe automatic
adjusting of the control factor of the PID controller is performed when a
change in the setpoint 10 is detected. 13. Method according to claim 12,
wherein the automatic adjusting of the control factor is performed when
pregeterpingdLatetRia S BRRR Salisiedei I GRiRRI SIS RS Sored
criteria include determining that a peak magnitude 15 of error signal
ovBreriBeHey8hIE the setpoint is at a new maximum. 14. Method
according to claim 12, wherein the predetermined criteria are determined
over a period of oscillation of the error signal relative to the setpoint. 20
15. Method according to claim 12, wherein the automatic adjusting is.

diggntinuechsdhascargingdy skaita eTianeiiae paparasieioreialiveioriae
SPeI [I\jn Q%&%@é%%‘%d éaeé;’ﬁ lc':f_ %ﬂevgi%p%?tggégﬁ?gt]é%rai, and derivative paths
of the PiD controlier.

10

19 Method according to claim 12, wherein an initial default value is
selected for each of the proportional, integral and derivative paths.
20.  Apparatus for controlling a process comprising:
15 - means for receiving a setpoint for a parameter of the process;
means for receiving a feedback signal regarding the parameter of the
process via a sensor of the process and a first feedback loop;
means for comparing the setpoint with the feedback signal to produce
an error signal;
20 means for processing the error signal in paraliel PI1D paths; and

means for automatically adjusting a control factor of at least one of the
PID paths based on the feedback signal.
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16. Method according to claim 12, wherein an amount of the adjusting is
weighted using weighting factors determined empirically. 17. Method
according to claim 16, wherein the weighting factors are sto i
W&?&%ﬂ}‘fg%ﬁe. 18. Method according to claim 17, wherein se%%(}rgt%éé%g'r’?#r%%
factors are individually adjusted for each of the proportional, integral, and
derivative paths of the PID controller. 10 19 Method according to claim

12, wherein an initial defgult value is %elected for each of the proportional,

int%b‘ral ARPagiva {ﬂ%?%B.am&ar’a(fag%?sé%%trolIing a process

comprising: 15 means for receiving a setpoint for a parameter of the
process; esasSos naspralizing 3he M5 &I8hal regarding the parameter
of the process via a sensor of the process and a first feedback loop;
means for comparing the setpoint with the feedback signal to produce an
error signal; 20 means for processing the error signal in parallel PID

payfs; arppgg?ﬂ% frcBrIRR BdicRin adiussingasaemtrol factor of at least
one of the PID paths based on the feedback signal. -25 WO 2006/065612

5 PO /U2 0B 442 80 Ao ARD APHIA AR HIBS P GSRA Br8BaHS Reans

means foF RAMMA 1zing the error sign . Apparatus™according to claim
20t@pmprising condiiansdartpidienghg an output of the error signal
processing means to produce a conditioned output signal. 23. Apparatus
according to claim 22, comprising: means for formatting the conditioned
output signal by dynamically

23.  Apparatus according to claim 22, comprising:

means for formatting the conditioned output signal by dynamicatly
10  mapping the conditioned output signal to a process actuator.

24,  Apparatus according to claim 20, comprising:

means for initiating the automatic adjusting when a change in the

setpoint is detected.
15
25.  Apparatus according to claim 24, comprising:

means for controliing an output of the apparatus based on a change in

the setpoint.

20 26. Apparatus according to claim 20, wherein the means for automatically

adjusting includes:

means for producing a control factor for at least one PiD path.
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10 mapping the conditioned output signal to a process actuator. 24.
Apparatus according to claim 20, comprising: means for initiating the

pi

output of the apparatus based on a change in the setpoint. 20 26.
Apparatus according to claim 20, wherein the means for automatically

justing when a change in the setpoint is detecﬁ%{ﬁétﬁémmsm
pparatus accordlng to claim 24, comprising: means for controlling an

P pat OB SRS I OSSR A RaY R Fenels -

ac@'@m‘mlg‘aet@lanﬂl@i?&/vherem the means for producing a control factor
includes: means for capturing a peak change in the error signal over a
given timmepaEdor Sapflirhgprapabischerndingiie eladmsishalvbesemdiven time
means for automatically adjusting performs an adjustment of a control
fadtor when predetermined criteria has been satisfied, and wherein the
predetermined criteria include determining that a peak magnitude of error
-signal overshoot beyond the 10 setpoint is at a new maximum. 29.
Apparatus according to claim 28, wherein automatic adjusting of the

co@fiol fabppagttsasehrdtiodnuzinsde suherginctheamanier aitrmatically
Osgwﬁgﬂnq)s&%ms%%r&fa{sm'&%s&% e L

accordin

claim 28, wherein automatic adjustin
criteria has been safisfied, and wherein the prede ermmed criteria include

determining that a peak magnitude of error signal overshoot beyond the
setpoint is at a new maximum.

29.  Apparatus according to claim 28, wherein automatic adjusting of the
control factor by the adjusting means occurs when:

a predetermined oscillation period of an error signat has been
exceeded.

30. Apparatus according to claim 28, wherein automatic adjusting by the
adjusting means occurs when:

the setpoint exceeds zero; and

an oscillation period of the error signal is increasing.

31.  Apparatus according to claim 27, wherein a control factor is adjusted
using empirical data stored in a look-up table which is accessed as a function
of the setpoint and a peak error of the feedback signal relative to the setpoint.
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adjusting means occurs when: the setpoint exceeds zero; and 20 an
oscillation period of the error signal is increasing. 31. Apparatus according
to claim 27, wherein a control factor is adjusted using empirical data

WU T00k-up table which is accessed as a function of tHESAIERIAE S

and a peak error of the feedback signal relative to the setpoint. -27 WO
2006/065612 PCT/US20051044384 32. System for controlling a process
comprising: a user interface for establishing a setpoint for a
préBorti&ﬁ%&@%gﬂié?waﬂ\?eﬂ@@ﬁgﬂﬂ%ﬂ@‘&@ed to control a
parameter of a process; a feedback loop for receiving a feedback signal
regarding tser Sisafacedmrestablishing asselneintin soporeiigiaidsiagrahd
a QgRAwse b LRmatcAl¥ Aty TPaNS parkiabiactarobitieeRiD

controller based on the feedback signal. 33. System according to claim

32, comprising: 10 a detgctor for detecting,a.¢ int int. 34.

System éé%&?%?ﬁé?‘tz"%.? ré%?ev'vvﬁ%géﬁ%ﬁgéb&%%%@%r! ?:% gﬁﬁgﬁ{ % first
5 processeidootiteprngns Aipetessurdifimpoienssicitback signal

relative to the setpoint; and 15 a time processor for determining a period

of oscillafjgraebtw e Atgnalicalytagiustihg thetpoittoBacBysittne PID
according to claim 32, comprising: logic for determining when
pr&&&f@?ﬁ?ﬁ&fﬁg@fg\ﬁﬁ% eckg g'a%gsa?fed, 20 and enabling automatic

adjustment of the control factor when the predetermined criteria have
been satisfied. -28 WO 2006/065612 PCT/US2005/044384

33,  System according to claim 32, comprising:

10 a detector for detecting a change in the setpoint.

34. System according to claim 32, wherein the Processor comprises:

. a first processor for determining a peak error signal of the feedback

signal relative to the setpoint; and

15 a time procéssor for determining a period of osciliation of the error

signal relative to the setpoint.

35.  System according to claim 32, comprising:

iogic for determining when predetermined criteria have been satisfied,
20 and enabling automatic adjustment of the control factor when the
predetermined criteria have been satisfied.
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36. System according to claim 35, wherein the logic includes at least one
AND gate. 37. System according to claim 32, comprising: 5 a look-up

%9&3&8{5%{3””9 control factors determined empirically for tl%%'[ﬂ}%@ﬁo 44384

10

15

20

process. 38. System according to claim 37, wherein the look-up eis
accessed using the setpoint and a detected peak error of the feedback
signal relative to 10 the setpoint. 39. System according to claim 32,

cQmprising:, a circuit for conditioni f ' (o]
MR T e DS el T S
theNir@atedynamically maps the processor output to the actuator input by
detecting lower and upper limits of an output from a PID processor
included in the PID controller. 20 41. System according to claim 32,

comprising: a switch for gating an output of the PID controller to an

acyatorgia. plaRtoringradhe seteeinbispigater than zero. -29

a look-up table for storing control factors determined empirically for the

plant process.

38. System according to claim 37, wherein the look-up table is accessed
using the setpoint and a detected peak error of the feedback signal relative to
the setpoint.

38.  System according to claim 32, comprising:

a circuit for conditioning an output of the processor for input to an
actuator of the process.

40.  System according o claim 39, wherein the circuit dynamically maps the
processor output o the actuator input by detecting lower and upper limits of
an output from a PID pkocessor included in the PID controller.

41.  System according to claim 32, comprising:

a switch for gating an output of the PID controller to an actuator of a
plant only when the Setpoint is greater than zero.
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