METHOD AND SYSTEM FOR CONTROLLI NG A PROCESS | N A PLANT
BACKGROUND [ 0001] A nethod and system for controlling
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systens, proportional-integral-derivative (PID)
control has been used for process feedback control. A
process response is fed back to a PID controller used
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the feedback to, for exanple, adjust an output command
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stable. [0002] The PID contraller is configured using
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is established in each path of the PID controller
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to a particular process variable of the plant.
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process. The settings can be manually updated from time-to-time by re-

running the tests.

[0003] Automatic updating of PID controller settings has been
performed off-line and/or using a model of the process being controlled. 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.



receiving a feedback signal regarding the paraneter of
the process via a process and a first feedback | oop;
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PID controll er based on the feedback signal. [0005] An
apparatus is disclosed for controlling a process,
conprising neans for receiving a setpoint for a

par anet er of the process; Qtﬁﬁ r receiving a
f eedback signal regardingt e%ﬁfgneter of the process

via a sensor of the process and a first feedback | oop;
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feedbaak sigmalcontrol of the Figure 1 process; [0010]
Figure 3 shows a functional block diagram of an

%86@]' ary a system is disclosed for controlling a process comprising a
user interface for establishing a setpoint for a proportional-i'ntegral-derivative
(PID) controller used to control a parameter of a process; a feedback loop for
receiving a feedback signal regarding the parametef of the process via a
sensor 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

[0007] Features and advantages described herein will be more readily

apparent from a detailed description of exemplary embodiments as illustrated
in the drawings, wherein:

[0008] Figure 1 shows a method and system for controlling one or more

process parameters in a plant according to an exemplary embodiment;



processor for automatically determ ning adjustnents to
the control factors of the Figure 2 PID controller;
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di agram of a processor for adjusting the PID control
factors in the Figure 3 processor; [0012] Figure 5
shows a functional block diagramof a portion of the
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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 to modify the gain in each path .
of the PID controller. As referenced herein, a “plant” is any system of any size
used for processing, wherein variables for process control can be monitored
and regulated. An exemplary apparatus for controlling a process in the plant
is represented as a PID controller 102 having proportional (P), integral (1) and
derivative (D) paths. As will be discussed in greater detail with respect to
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 control factor



[0016] Each PID controller 102 can regul ate one or
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signal via setpoint input 202 and receives a feedback
signal via a feedback input 204 fromthe process. The
set poi nt can be established and received via a user
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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
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.

[0018] For example, in the process shown, the PID controller 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
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

an accurate temperature measure to the PID controller 102, for comparison
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f eedback signal can be a signal froman actual in-line

tenperature sensor included in or near the reforner,
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[0021] In accordance with exemplary embodiments, the control factors
of the PID controller dan thus be automatically 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 in a
feedback control system. In accordance with exemplary embodiments, the
PID controller dynamically analyzes a process response to 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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dynam cal | y analyzes a process response to extract
process characteristics such as overshooting,
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controller, an additional control factor can be established. A feedback signal
regarding each additional parameter of the plant process can be received via
an additional sensor and an additional feedback loop. The additional control
factor, like the control factor already discussed, can be automatically adjusted
based on the feedback signal. Where an additional PID controller is used, the
parameter of the PID controller and the additional PID controller can be

interdependent.

[0025] In operation, automatic adjustment of the control factors for each
path of the PID controller can, for example, be triggered by a change in the
setpoint. In accordance with exemplary embodiments, an output signal of the
PID controller is sent to an actuator of the plant process as a function of the

setpoint (e.g., only when the process setpoint is nonzero). Adjustments can
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on the feedback signal. Wiere an additional PID
controller is used, the paraneter of the PID
controller and the additional PID controller can be
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[0027] When adjustment of the control factors is desired, an amount of
the adjusting can be weighted using weighting factors determined empirically.
The weighting factors can, for example, be stored in a look-up table which is

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 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.

[0029] Before discussing details by which the feedback and setpoint

are used to produce an error signal that is processed in the PID controller
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use in the dynam c mapping. [0027] Wen adj ustnent of
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OB s TSI PRy 9103 BB swing
cabsorgtssourst 138 having various associated pressure release valves 137
and flow control valves 139. 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

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
combustion, represented as a secondary air supply 156, and for use as a
reactant, represented as a primary air supply 158 to the tail gas combustor
110. A natural gas supply 160 supplies gas via a sulfur removal device 162 to
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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flow control valves 139. Water separation devices 130
can be provided for renoving water. A tank 140 is
provi ded for hoIding hydr ogen which exits the pressure
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via a sensor o roc i rst
Aorodaciag mmﬂpatsofethdﬂqurreo@ssaﬂr2@6der 206, is provided
for conparing the setpoint with the feedback signal to

00dsFe an Aniednss sgttabs acomtahfacteymbeessor 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
multipliers 220, 222 and 224.

[0036] The Figure 2 PID controller can include a means such as a
normalizer 226, for normalizing the error signal. In the example shown, thé
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 mathematical 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
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as a PID processor 208, is provided for processing the
error signal in parallel PID paths; nanely, a
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integrator included therein, and a derivative path 214
having a differentiator included therein. The three
PI D pat hs connect with an adder 2 16 for produci ng an

Aol sabySion . bhe BRERESEHe anplitns thpis R adswist 16 the
DRSS 2083HA §d MltiglicP9D20 0224 86d 2D4 %fssééla{éi‘ja@ﬁh the

one of the PID paths based on the feedback signal.
taoatrek tachoraprocesspui2d 82 enbodi ment, the control factor
processor 218 supplies outputs to one or nore of the
anBTpdj ustThegP i tontpdlleer1©218€ude2 2 rneano®4 copditivsing an

| ,
a0k e, B0 pERgse. roreRantes daut IR PR lock
|0 H%d &Y% ?ﬁpb?nﬁh@wur&%mm TRE bugﬂﬁs 6ﬁfhe' %) eeks

mat hemat | function bl ocks 228 and
radpturel urmer kalnddqzwerzwnrm iof the! P comteolier putp@; @marebmeaged

SRR B30 R340 2B ek DL <Bph oBfd 8 od: S
dda\ritmﬁblb&k tae sore Dﬁpét ahd) oW otapiresigrials &lont thecPilon
bl ock 230. Due to the adder 234 and a const ant

fRfPtSﬁSSOrﬁ 208 ssnibehthe mrgpikudesef thei range eheppr §@n@lssegroduced by
ORI RS R ffded R fpe3ge bl Scpideca

ethecproees;;mg plaat.nmal i zed with respect to the setpoint
signal, and is supplied to an anplitude limter 238 to

| jooB8] t he NMtiemergiag furdtionandrgdscthd amﬁllﬂmd?é limited 'Bheputs of
out put of the anmp Iltudellmterlsgbgrﬁx dto th
pthed@\y%lwmmgd\np@ef HevitRaptyrs blacks i Bnalus at can be

r
(DS hre s fOr OhhoRHRY rehrssRhicef afB 25RARRE mEhping block
A8l Th@d'yn@mwwmappmgtblbo{( 248 merpes am ﬁhlpubo’EMd?ID processor to
reresente | re . blo 240 ‘and an. .
BBEETANDRH Aol O 0gsK ok SKAMRE. SiésGe GRS Syadied by
bihegéwer and upper limit capture blocks range from zero to ten volts, these

outputs can be dynamically mapped to a range from zero to one, when this

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
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.

[0040] The PID controller 102 includes a means, such as a detector
254, for initiating the automatic adjusting of the controller factors in the PID

processor based on a change in the setpoint. The initiating means can
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capture upper and lower limts of the PID controller
output, and are nerged via a nerge function 246. The

wo owenedelarit capture bl ock and the upper |inm tPCEP$S200F044384
bl ock can store upper and | ower output signals from
the PID processor 208 so that the magnitude of the
range of error signals produced by the PID processor

Rl B T o S
{d{‘@&éﬂeﬂﬂir{@%‘lrﬁﬁéuﬁtheﬂﬁﬂ}ﬂddh@ Bah ibel dopeREH RIH & cBhvérhsr 258 to

ower I'imt and upper limt capture blocks into an
e lexebsuitableefar firput datheeontsal dagipr praeesser 26 and to the lower

26t Sores T RO 2 S5 PR Bl
tiserPiHe $utp6iasRas changed By tHep@eetdrnfinédiatmount.oThiages.
For exanple, where the outputs supplied b){)yt he | ower

ppl i .
dradeiepained ameurtgan, fr exaseNe. pesgaligyrsmhbydhs user (eg., via

‘fﬂla'i:%e h@gﬁ; eiaut puts can be dynam cally mapped to a
range fromzero to one, when this latter range is

TR SETETY T AR p—
@60, fer dInBollingCatsoiput 6f themppaeatuso THeeswiiuhe@6C is used to

- mappi ng bl ock 248. The nerged outputs fromthe | ower
Seied hebveen anwoutpipial the Bl Pracesser.Ans? cerstapt. gHch as zero.

i'A‘ g@\%fior#eﬂ %‘ﬁ'ér%&r Eﬁ‘f i@ym@?emmoﬂﬂomh%%tpéﬁﬂ Yndldrfddre that
imts for a Y value in the dynam c mappi ng are
shppwitet onlyakovesan oatput lolf tuk PUD pracesaof todae Youtegh i thef

the d ' pi .bl.ock. An o ut of the dynamc
BBt bR URIdNE SeTIR PR NAMEUT o bl ock 352 1 or
providing a value suitable for input to an actuator of
t9848] ant . Figweo} shews Ansxeaiiay Implementatiag of s centrol

! P it ot
T IR e B B MetaR s B PI e B 1t processor
Rebeives thes enor bigaalfram the differgetidl mddiee 26€ s rrir.sigiat 302.

OR3P e b3 e EBos s the reset Pi0
input 304 produced via the detector 254. The control factor processor 218
includes a means, represented as a PID parameter processor 306, for
producing control 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 to 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 error signal
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predeterm ned anmount. This anount can be converted via
a converter 258 to a level suitable for input to the

wa@emwbnede1f act or processor 218 and to the | owerPENUS2005/044384

upper limt capture bl ocks 240, 242, so that a reset
operation occurs when the setpoint has changed by the
predet erm ned anount. This predeterm ned anpunt can,

B AT B SRSl Rt 1 e o

liRGUtYEEIS e Pdlot FIDGAD @B syvbh 260, for controlling
an output of the apparatus. The switch 260 is used to

jﬁb&&f bet 4RREN 36 QHBPHibRQ{%ﬁﬁé“@xé’ée@leertﬁé%%%mt Itk # a

onst'ant, such as zero. ational operator 262 is
qositive diesdttion, peakiedoand likers degreaned imwaluens thepoinhwhere it

Lo i 4B stedins lkep e erta By he R corag hibtR o2, =

G5GB8ed” {d QiPpiREQ ttﬁ@@@b?Eﬂa%H@@ FHISWEsEE th& eBDhtRF Via

i npl enentation of the control factor processor 218 i

n
geselt caunden input 32 okprosassarite opimilarlys wbeo the reseé £4ldrinput

SRR ol bl 100 eeskPRRIEL b 3G iR RSt the
aovdtdrasfehd proddssors80® Viathe IOR oparatot B4 1 Fdet, ORbperator

i:&&?t 304 produced via the detector 254. The contr ol .
1% defingsor Emedieripgghahbeqine whentbaseiPqivifiaseinggdagnd is
esPChAEh BIELRGr BERIRTS S e S inbl S At Bttt
fegiodrabaut ¢he aétpbed. 308 for the proportional path, 310
for the integral path and 312 for the derivative path.

[[06431 The TimspitocBb$dr 3TBUINCRIdés iah enghde inpdit 32640 enablat
314 of the PID paraneter processor 306 to reset tge
Qperalien phivedirosessessRdhat e eeRRs? CAREN faRiors eanEent

185g5pa7 8t IBYRAR 0 ol 572 Bl o e e P
Yayanalet@GFrocessaun30I6iindudes amelatipnal operator 328 which ensures
that the processor 306 is not enabled uhless 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
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
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.

[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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318 of the processor 306. The error signal is also
supplied through a hit crossing block 322 and a
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produce a reset counter input 320 of the processor
306. A counter of the processor 306 determ nes
one-half of an oscillation period of the error

OBl o9 T PO} aBAANCBIGR PR PPidRiordorh paly tme

| SEHd (Efgﬁrﬁc;es‘é’%k hos | Qﬁflﬂl]de\m%ﬂ céﬁﬁrlﬁbra%e%cﬂa%roﬁ%s

exceed set pol nt value in a pOSI tive directi on,
gmdtadipnasoa funetionl ef theadgidg iandvfalliog time ohf@epﬁirmtsmeéx é

65573808 5oL 15 SRR HLE o 53 sl oo

tie GRdTRMAG tifle, %2)4hafﬁ|hb~°adt@r$1§tl§ atijusting onties PID aonmeractors
counter i nput 320 of processor 306. Simlarly

whe
t¢an be discopiimigchyhen :s@eadyrséa@i eTQs reduced t@ga eas'rqd (e.g..an
téw(gcﬁ%)%so% |g?%|nter input 320 is used to reset the

é processor 306 via the OR operator 324.

e S8l PR SoaRar I RE H At e 416, suor
VL0, AMEcEPtueSs & nthtlituaeef SR eridrsigedl Parshood bégacmcnth@
new oscillation period about the setpoint. [OOéQf] @fthe

pFelpeist withwom intevatieasregposdig te qn@pmlf gban PsCili;
rERCaRA oyl B BHPERESThepRuaTbrte S 40BEEENASH e
Srkzet é‘our&anslghalrgcmsalhlghnlgdtdaen@thihtphe aner srgqalt bagsatarned to
3&6 i ncl ude El at i onal ﬁ ﬂt or 32§ whi ch sure
StSEpRINGY E%é% PIBGENPY °r$8 lalion peEg &RPB&Q"? gtion f a ful
SEamY wom%tlehmﬁfitﬁé i THERE OAs e Bénb@ of B§cnﬁ§t§d?\0ét55ut the
havi ng been changed constant 330, such as zero,
saqipbmémcreastelsean Ilrmdjkaucrrplatprowdad rtraatcan mable qw‘éﬁ@m!s

t he noces e I h h
QP Bl Fodi{icauishs Tyt Ren B AesBls. pa Be oGS
| AdUsted D thBEthe paticiEsRdlatiBA DT er8G6FsiGhanviliedredsiced.
det'ected by the relational operator 328. The | atched Q

ofioRd| ©Of tTige PiDRatarBte? PLoddssBE806 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
operators 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 oscillation. 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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the enable input 326 of the PID paraneter processor
306. [0046] Details regarding the PID paraneter

weemeeewnr 306 are illustrated in Figure 4A, apdr/uS2005/044384
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identify the conditions upon which the control factors
for the PID paths 308, 310 and 312, respectively, are
automatical |y adjusted based on the inputs 314, 316,

318 0,and 326. nabl 326 is jllyustrated
LORLfaeHTE e ORAEte] W ove Re RS R aplRs AETa HER Fespect

RbQﬁ@%Wgﬁ%ttcﬁz sh@hbgdf Fiydrbameccurrence of a pul se.

[004 processor 306 includes a delta paraneter

Bb ocessA) rs% thﬁoccﬁ% NtH lg3ge Qb?@§§3d|@alt“h"ewﬁéﬁ‘?ﬁe error

|gn for t e pdraneter Del gnDnltore 0 that

migna lvoodsesrikblow dee setpoint @dter bavidgtaversiwt the delpoint asre

ity ateaeEaTEs A Reapie Rinil 43 kot AREP bRt 1
rdottedpons td fe d)urtﬁuf OB rdbtid it opefbr 14NThe rélafibRABberator

state error can cal cul ated using the overshoot,
Hdleearnpares a ﬂeﬁen@dt peak ehandedn|the grior mgnabe e Hgpreseating

IRk firdih i bt dluy b b8 e Rl o wif -
dﬁ‘ﬁista?ﬁ §8choas “Adho"acle ey p@leérrblem@reai[e@@@i zé'rbetrdaéskécmnd
P processor 408 be%%ns wth a default val ue 416, such

dgpet 4 thie tegpwp isadpgicalde bhe A2k PFBF Signghas already
MERRARA iRRYO0Ed PRSI Plordtddibnans, | Nt er va

correspon ing to one of "an oscillation of the

sign
0851”223 ReAr B840 Bk T BBt AoBaP gRom
i theidsital M pradestoit 488,&0 it irpiug ohil peak deltb? fatch 408 Vizea delta
setpoint value to begin a new os i | Iatlign Rerl od ucﬁg
2ol he delta

cRBiRnketaGwhish sforesia Priei PeRK \Alus &idalta: gistiRut;
?P Sdd¥sor 468 18y égﬁﬁebqs b lngﬁl? bft I'%tlbek‘ 438 ttgéf‘i? can be held
p , t hat an

ol nt I ncreas an indication i's provi
u‘nstrqimlt & tmaddtdh 418, ivehareina cumegntadaltan® ¢hebk canibensormpared

th cont rol %ctorks can be automatically adjusted so
aifior GeltR 5aPe#K-osci | I ation of the error signal

vv| II be reduced.

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

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

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

overshoot instability.
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[0049] The PI D paraneter processor 306 is configured
to automatically adjust the control factors 308, 310
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upon the occurrence of predetermned criteria. Logical
operators can be used to require multiple criteria to
exist at a poi nt in time designated by the user. These

BE5EEI | " FoRebnmiginf afft a2 ana SR ERGLIv Spsasnpnds t
‘output SO HENP 6@§k IR% 42:@. This$ AHeps eufrentiBER Wafts P
i npl enrent ed) can be used. I] General |y speaki

tn&aklﬁaneateoth%ai&rq{j Q :Ifgm@aldél w& he awpplieddethe fourth I%put of
T
AR el éﬁﬁrﬁii oy baardi o the errer & gﬁar“d t
t i !
ﬁﬁbhtap;?a FRAIRERARBLE AP A Gl R0 Bl gt PR

dﬁltb@t i§ sRpPRES B ARD: gdtba0R 3 d @é@ddm\ngt@tmun T he output
when t he control factors on out puts 308, 310 and 312

virorn AND gaten 82 is Suppliedratia firshinpoh4a iof the: ANBgate104.

factors are updated will now be described in greater
0[6057] Wi t A sescpmi:h"lpub%@ef DAYEX gate 402 cotcespondstto the

4B. 05 t, 4 f AND t.e 402
et ANDGaE 432, T3k AP Gite s RicelER B RST AL frst
Pﬁmskt cé\fré orlrd@\tb fi9e @ugm ek réiéﬁoﬁﬁltdiférﬂfor 438, which
ected by etector 4 1 A second in 12 of the

wgamé resettahie peewoH@ion \@lua i BIgek E}Bg cWIthaa eenstanbido,
Oééfcg?ésgﬁj Tha. ac-gﬂﬁmr aﬁb%b@ﬂ@la rﬂRﬁB@rl&r o %eﬁs \?/ﬂ@ﬂa&%ﬁr ftom the

peadk change

rpe @Sémpd)mtjchdi@dﬂm(ocblfrfw (élec erebett le@egoésh blgﬁ¢bn¢@ erossing
and t he feedba k sig Ié a constant, suc
~gldhg error SIanak rgeear HPe rshoet gendivn peﬂéhefsmpmtt(ﬁ@e output

BFatér ??4 frglgigg ethb%oﬁQ{ BQt'pg?‘bf the rggéttable

peaﬁgerro si gha Feready ment 1 one
vaca:wmwatd)elekaeédqomeqﬁedetermti&d ¢OGER]t 440, apét ualuens sapplied

darthe B BaTEas8, THE eSS e nR ot puletorblotiban i e
| @sehcdifterignal 37 ARd receives an output of the AND gate 404 delayed
via a unit deiay 442 as an enable signal. 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.

[0058] 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, to ensure that only when the setpoint has changed
by at least 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

cycle, has not changed by at least a minimum predetermined amount (e.g.,
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for input to the latch 418, wherein a current delta P
peak can be conpared with a prior delta P peak. [0053]
Whenever the current delta P peak exceeds the previous

TS5 Y1S BRI ot i 1o AR erging LR BB & the

In Db aisesh e v onghd B2 G4l iHe ARbhRAically hdjusterst . The

curren peri od of I nter es.t IS reset via a reset | nput

gboéé;f del tagfid iﬁpﬁmzﬂeléf R ARORRAS 9049s ?&%i%é?ﬁ\gé HeRtional
a g e delta

I gn 314. eady nentioned, whenever t
mpekatex 468 dwhishconspares ascoristard 452; such be zesd, avithothel setpoint

08 s, aren 0B et el erdleS Zarei oot | PRGSRPIH Line nou

| Aupuds ANB qifte 4D2, NEWAEE QuitiRatiPAdiasRHIDf tige RID @BhPol

of a relational operator 426. The rel ati onal operator
42¢toss308, ¥ and 8d2cal "1" to the third input of an

AND gate 402 when the current delta P peak, received
40080F i r st A fqunth efemplary iapat 49haf thepsNEBX gate 408 corresponds
xceeds rio eak, indjcati er shoot _
inan-aiTate Sionabassouatad it the dta  Arqtester 408 whioh i ysed to

R Bhe s IRIIbA eRiddof e BRoP YighHT b&ded B9 itd eising dhd

peak | ock 420. Thus, when a current |ock delta P peak
ifgllipg dimes: Theafouréripputddbgeresponds taithe optpud @hpniAND gate
t he fourth input of the AND gate 402. [0056] Wen
al1”"four inputs of the AND gate 402 are logical " 1",

(O i ed AND gat e .402 t
MeBrtre' soihARD e A Rrnearieg iRfaoR fist EiBp foaf the
3ANB ddté 9456idopidispdnds & tHehsutpiNbfaptctatitiel opERRd 469, which
second i nput 430 of the AND gate 404 corresponds to

taemparep iite otrat OANE deltaT psocesse4dfmihaa eoastant 462, such
raescfé%?%/vﬁé\ﬁ th' QRS T dﬁtﬁlﬁtregzceeds 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 value
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
captured in delta T latch 468. When the current value of the delta T capture
exceeds the previously stored value latched in delta T latch 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
fourth input 454.
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accumul ator counts a nunber of pul ses which occur from
the tine a setpoint change has occurred (i.e., reset
PI D goes high) and a crossing of the error signal from
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4gcéssors) enabl e signal. Thus, assum ng the enabl e

signal is active at the resettabl e accumul ator bl ock
4d8esp val yeefhridd® thé'?fi?ét d‘rﬂ‘éﬂé BfocekSéafor a@piﬁﬁio?ﬁbnal path
exceeds the constant will enable the rel ational

dper. @1’ Qnesscr H7 24 theoutpud gf ABID gate 404dacambe spgn @sabiirst input

R ol B AT e oot

‘kﬁépombhéhpétﬁfmmtﬂ%(l&%|s@Cé$ﬁtd|rtpﬁak) thel ;br@cé’sstﬂltﬂéz f r om
the delta P latch 418 with an outEut of a multip

Hiastaspands tora desel SignaliddP- Jinsciesggignal ‘lﬁfbp@régsncméis o the
S‘r‘é&@ﬂ-”fp égl 24, aAqﬁdr& defalitang& 463 Hﬁheﬁlg)‘alét@éh&egé%roﬂ;?Z
an er en the

esired va to ensure th
g@n’mspnhdhdasan hmtl@jgrtop%r’i‘gnal gain whbeh van, Ifﬁaekmg'ptmlbgl
e.s I 0 ena ate 432 t
east/RPeu S 8o and stign R b TuABRnE nin BEL & 95D €,
Prigortieval gamh@?eme&eﬁaa%%amm Jc\eraﬁhn%pntmsmﬂthe

predeterm hed anpbunt (e.qg. 05), the AND gate 404
vupdatel prodessenthbl edrrewdsrt@ the @pntﬁol faglor sisedto ﬁutqmatlcally

2tuSib8 SurpaBy riSoafPhe i Y et Bind e YRBIELY 3%

| srop6RhYEfathi 3082 Ihelraéxemplanpembat mﬁerﬂ5ﬂ1e a&ntmtn factor 486
conpares a constant 452, such as zero, W

garpt@e arodyeed usigsa lagtewp takle ééBpé’im@ut@ub@fé@@ 'Q%'f'@? table is
| @ dfittInedt BFar WRlt't6 the Qpddte Pr8&¥sors via a saturation block 490

- which limits the value of the output from the look-up table.

[0066] To address the look-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 496. 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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448 of AND gate 404, to enable automatic adjustnent of
the PID control factors 308, 310 and 312. [0060] A

wo oshéseexenpl ary i nput 454 of the AND gate 40BCT/US2005/044384
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corresponds to an enabl e signal associated with the
delta T processor 406 which is used to determ ne an
oscillation period of the error signal based on its

rising and fallin [ The fourth ipput 454

dieoEd sty 36@*&'%1?9, P wsxm@%%%@ lpsigte PEsEETOrS 474
Ty WI‘%@%&:@%O&?R?!%%p@t@rcﬁ%diﬁ@&”aﬁead’y WithTEspeut s the
458 of the AND gate 456 corresFonds to the output of a

rudate pradessped 62 of thegoropartiopal palitpar es t he out put of
the delta T processor 406 with a constant 462, such as
46068] Wien Rdreputpbses df detepuiningxa detsintesval which égcaptured in

"1 i ed he, fi
dhe deliad PRassasardbe, Stsrnce isutadbio e thies MREN ot bis
A8 cEIrADBO W firsk thut '498“(%?@%922%3 {Pthet Atpdeditaditerete time

processor as stored in a lock . \Wien a val ue exists
fiotegrater 489t Ahe discretediimatintegrator 499 i reset Wadhe resategunter

is O rin t he AND t,e 456 i I Vi a .t hi

Sl S0 gRd gt e P, Ry SRR P s e hilke
e?atop ags rb@eiw@ vi2ud puift defayd 93| The dehh Tqmeceassor 406, like

470. The rel ati onal operator conpares the current

dhesliscrete time infegradorr99.d¢ ersad Viahe resehounieesignals320. A
0 r ' .

U BT A SRR AT e Lkt 408 dBBut o
pthedettasT praceesedd GGwilendtatropbelowmzem.t a T | at ch 468,
indicating that the oscillation period is increasing,

ooeg] cal IThesoatpppbf e dala T predeseop406 Eesupplied4d thé tatch
the third input of the AND gate 456. Wen the three,
AffIWheeHR itsan biestargs fprcompasiserivath laterdeitnd yalues iiba

i %Iﬁ%@%m?&f‘rﬁ& 47 f%ﬁ%&sg@imﬁ aétd Q%S%Lg\é\tvkgd?h # {o ensure

four Ions for exi st,
that oscillations 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 settling around the setpoint so that appropriate
modifications can be made to the control factors on outputs 308, 310 and 312.

[0070] Figure 5 illustrates details regarding the delta P processor 408.
As shown therein, inputs correspond to the default signal 416, the reset
counter signal 320 and the error signal 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 block 502 is supplied to a unit delay 504. A MinMax block 506
compares the output of the delayed data store read with a logical 1.

[0071] The output of the MinMax block 506 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 block 510 to ensure
that the new MinMax value is stored. Otherwise, a default value is supplied to

the data store write block 510.
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processors 472, 474 and 476 are used to automatically
adj ust the control factors for one or nore of the PID

woapnsw18308, 310 and 312. The out put of AND getBURDAIS/044384
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serves as an enabl e signal for each of these update
processors. [0065] Referring to the first update
processor for the proportional path (i.e., processor

th tput of AN te 404 b
A60321 | npurhesond oiPe Bk The SR Acpare St s Bspgted
ffy an B@gﬁﬁeﬂﬂpﬂs reasireB VR a Slvitth & 1a1aer id s188Iconttbiled by the
out put 308. A second input to the processor 47

2
Jesetsipoald20. o Véherethe: resehsignaldgoeceiyrd. tbe datassigrread value

SR et SRR e B2 o T hCloysd R bl fo e Sltput
B2, eSfhdisel @ defaulhvaluel41Briggapplienial thgautputtbich can,
for exanple, be established by the user and stored in

JOORIPr Y. THguread YRoWS lantdXepnaBARtlicHRA imPRteritation of the
represented as block 484. A fourth input 486 _of the
Wprak deliar B datsh 4l 84 7platelt BQQ fsopreyided. sueh asatl? dip-flortfer

S35 B SHE PR Bty SR BB A v, Tt
rBompisrdiockeal vigpatdwithB02 whizh isxembity gt 2 tdyhehl rrehbut tpen
Caenoh 167 s L Bupabes e BoEReR L3RS Whiook a2

ABAL CIERGAp(OTA it&rggea id Hﬁﬁ-ﬁzlﬁwpgﬁbﬁ“z‘éw’? BE6QHSn Vi @

a saturation block 4 whi ¢ the value of the
catcuaente afithdresed signal supplies theOlsie] peak \walde estput from the

I - t abl j t, | lied f
teRroasos At 10 Te HOB s Blle iearai® Bepaerae
tibgiceey ifclBckepto thesitp@tsiihé Blatdileadi ch recei ves an
i nput from an adder 494. The adder 494 conbi nes the

R0PELT 3 g oSO Syl Bkl Res iy
i upddie pratdssonsiuctads tpeupdaie ptocgssantéR wdiich pgeaducke the
pgo%roil Pacttgre 3(98?' éﬁ‘ni ar%%géjstsopél cztar? gesc%tn |81i1rr<]atd'for the integral and
derivative control factors 310 and 312.
[0075] ~ Referring to Figure 7, the locating input 478, the reset input 480,
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

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
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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[0067] The value stored in the | ook-up table which is
accessed by a ratio of the delta P peak to the

W@ ap063ai2 can be enpirically determ ned. ThesePWEISINE5/044384
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can be determ ned for a given process so that
appropriate nodifications of the PID control factors
308, 310, 312 will occur for a given setpoint, and

Fhe b aclgr sopaia e e aud BB EBe B GTYE! Fhis. re
| dUipéin® vél%% fgpﬂ@ &o?bﬂmﬁeét‘ﬁ Adredan q"né%@gﬁ, ri@hturl]tiplied by the

correspon o the I'nputs described alrea W
rfastpe ront thetlbek-updable andweighird wazarompuh%w (e.g., 10%

BRI B el o bR Dase o HERESHS Wforftap SloBlss

RIrRSTES SRINIfEGAL, it Gireh Bbfistsd RS dx@ntple, 100%rianyesired
of this processor 406. A first input 498 corresponds

tam@wrt. out put of a discrete time integrator 499. The

discrete tine integrator 499 is reset via the reset
d00%TEr si grtel oBp0} okthe mathematicsl eperptard 0848 alsausunpplied to

A e S50 €1 o 45EER o win e
BABUEFEMithEBata)étess A0Rr TARSoutpat iseePblivd did $WEtareEes to

counter signal 320. A default value such as a constant
ZBEBON as Bt aatically adiusted gontrakfastar ok therpropartigapt eutput

T | I z ;

SRS RRsR 08 of e P 8Caicilon 78, %48 readk RionfichEy,

| Aindibr ddiffiguinatiorisnas illusteatetén Fiqured daor be pnpadeds for each lof the
|.at er del tgl T ¥.al ues in relational operator 470. The
dotesirlanskderya 'M%IP@B'SF"‘%W lure path is to ensure that
oscillations of the error signal abqut the set POi nt

r[08748E overThaseeskillgsligae artwill @ppresdatel that theferegoing

| L ARG bf‘F%eérinB ?m‘lér}tg ?MSQSte‘?ﬁh ‘?’:]ilé‘i‘;lrﬁgdl -7 I?saE)Y W2 of
error signal 1S not settling around the setpolnt "so
t dyatmplp panp tha hemerdu$ vadationsswitl de feaditpdpparent teethose

Fdlsctndhe P dior AaiRiB: pse SKUgd MR MU ARpEgAw that the
mgem Ellcf&gjiiaér?glnﬁlq%%’br{bﬁgrc%ggﬁ iniREfented esfe B@d/or
hardware, the hardware being analog, digital or any combination thereof. In
addition, 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
implemented as a microprocessor or other computer, and/or can be
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 addition, all of
the values described herein are by way of example only, and those skilled in
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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counter signal 320 and the error signal 318, which has

been read and stored as an upper error signal via a
wal2ame/06%0x e read bl ock 502. The out put of the PER/ES2005/044384

store read block 502 is supplied to a unit delay 504.

A M nMax bl ock 506 conpares the output of the del ayed

data store read with a logical 1. [0071] The output of

&aﬁz%%é 'tk/)\)lﬂic')'cctrkﬁ gggf@ieﬁﬁ&ggglgiboe%ysﬁ@ i?\ébgt%l@hgﬁg\ae present
e t@h #rotsd egfatﬁ RicihRitherd é[%@lﬂd“f%rr% %ﬁ?bubheﬁémhg from the

supp toa ta store wite 10 to ensure
tipérit drtessaemlrahamemtlcgéhe@oét aihe@resarﬂhyrdmd@smh

def a I d

il A beretRicatiidBaut B iesdbat  fie Milslive.and not
RESEIRET! THE Scope Bf theamléitionss afdicated Wy tﬁé%.ppbﬁded clalms
received via a swwtch 514 which is also controll ed %w

trather dhan ths f@r@gomdesw@mfﬂéﬂ albskanggsghat cprge within

r

REEI g ¢ 2R ShNeferiiofielrthe fichit 17b8 ofitiaced
ahérin. 512. Gt herw se, a default val ue 416 is supplied
to the output 512. [0073] Figure 6 shows an exenplary
functional inplenmentation of the peak delta P latch
418. A latch 600 is provided, such as a D flip-flop,
for producing the clocked out put representing the peak
delta P value. The latch 600 is clocked via a switch
602 which is normally at a logical "1", but upon
occurrence of the reset signal 320, supplies the | ock
peak value in block 420 to the clock input. A switch
604 is normally | ogical "zero", but upon occurrence of
the reset signal, supplies the delta peak val ue out put
fromthe delta P processor 408 to the Dinput. If this
value is greater than zero, a logical 1 is clocked to
the output of the D latch 600. [0074] Figure 7 shows
an exenplary inplenentation of an exenplary update
processor such as the update processor 472 which
produces the control factor 308. Sim |l ar processors
can be configured for the integral and
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derivative control factors 310 and 312. [0075]
Referring to Figure 7, the locating input 478, the

wo sweneionput 480, the default reset 482 and t heCT/E82005/044384
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i nput 486 are illustrated. The control factor 308 for
the proportional path 408 is shown as an out put which
can be supplied to a data store nenory. The control
f(g%l 308 is output via a switch 700 which normally

r ives the default value 402. Upon occurrence of the
reset value 380, the swtch transitions to provide an
out putMétheanfer centeolliigpa racssswiomprigimg:t del ay 704.
[0076] During the adjustnment period, prior to updating
the val ye 308, a new value_is determ ned during.the

ol t e bSNicES GRTOlEcih 0rca BTappetPrFkTIESTeL ABreifue (PID)
(RIFRIPLYT Dot v mERY ore it PRICES: tolagiefe & Retpoit
reset, a new value is supplied to the data store. The
out putregeivingea thedpask @rg@afrmardmg the pargypetes @f theaprecess via

upnj I g t [ B Itiplier 708

vé:%%%?doﬁ 0?%“‘? gf})r%???%&ﬁiéeﬂﬁgi%q%aégﬁ?dl}gla Pac}t or supplied
via the | ook-up table 488 of Figure 4B. Thus, the

cur r erdutymiatiealfyosidjb stngothepsmitiod fedtopaftthe $tiDroedtroler based on

nmenor is nultiplied by the factor fromthe | ook-up
ttﬁﬁlf%g@?ﬂf?‘v%g%t ed via an input 710 (e.g., 10%

wei ghting). The wei ght can be based on the process.
When the process error is significant, it can be
adjusted to, for exanple, 100% or any desired anount.

[0077] The output of the mathematical operator 708 s
ad-so Mpisodearcosding de RAIM s METaini tha Ipagyeeter éy a physical
( ; ) conmbi nation with the output from
t%ﬁ%c&gg&éﬁf‘gﬁgﬁﬁéeésm s output is supplied via switch
706 to nenory as an automatically adjusted control

factor for the proportional output 308 in the absence
of a PID locating signal 478. As already nentioned,

S 6001 QU0 R03LR 1 HSLE A8 Bl Bh MR stng &

performed in real time.

4. Method according to claim 1, comprising:

establishing an additional control factor for an additional PID controller

used to control the process;

receiving a feedback signal regarding an additional parameter of the

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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integral and derivative paths as well. [0078] Those

skilled in the art will appreciate that the foregoing
wazwenepii on of the enbodi nents illustrated i nPE/YSART044384

1-7 is by way of exanple, and that nunerous variations

will be readily apparent to those skilled in the art.

For exanple, those skilled in the art will appreciate

45 0 AT s

beiragettalr8Sntefididn@lene” any conbination thereof. In

addition, those skilled in the art will appreciate
that the separate functions attributed to various
processors can, of course, be conbined in a single
processor, or any or all of the functions described

rei i4N jncreased nunber of
JE cMERBY HocDRHG Bl 1 bBmBRsI® oS o
functions. Each processor described herein can, for
exanplusindthei feptbadinsigdalaeceaivei siathecsarsoo to detest Atleast one

iRl b RGBS P s BB AR SLE et gsls TS of the
irhhRtri n the art will appreciate that any of the

l'ogi cal functions described herein can be inpl enented

in a variety of ways. In addition, all of the val ues

descri bed herein are by way of exanple only, and those
skilled in the art will appreciate that any of these

V! UeSERRIRRBAARG flcllind BBRREHSIHE: Process and/ or

sir operati on e cont er.[0079] It wll be
appreci ated by those skilled in the art that the
10 pr eserastablishing asetpaintder beipatametérnandher specific
forms without departing fromthe spirit or essential

cmmoai i ey EhERds w08 BFERRTYIHE PR B soe

tgetpsint 10 protuas aneraaigredll. restricted. The scope of
the invention is indicated by the appended cl ai ns

rather than the foregoing description and all changes
that come within the neani ng and range and equi val ence
t hereof are intended to be enbraced

8. Method according to claim 7, comprising:

15 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 to claim 8, wherein the conditioning includes:
20 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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therein. CLAIMS: 1. Method for controlling a process
conprising: establishing a control factor for a

w@empoéisidnal - i nt egral -derivative (Pl D) controP¢BUSHSEM4384
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to control a paraneter of a plant process relative to

a setpoint; receiving a feedback signal regarding the
paraneter of the process via a sensor of the process
and a first feedback |00 and aut omatical ly adjusting

t1IQe cMethed acaerdiig kxclaine 1 PFBMBESINGo| | er based on the
f eedback signal. 2. Method according to claiml1,

wher e's@n&fﬁg %ﬁ%‘éf ﬁgnéﬁoﬁhQWQ' c%'troﬂélafoaé“ﬁ ﬁét'uéidr%f the

t he proces according to claim1, wherein
phecasstamafurctiadjofist seipointfosdhe pararaeten real tinme. 4.
Met hod according to claim11, conprising: establishing
an additional control factor for an additional PID
controller used to control the process; receiving a

f eedback signal regarding an additional paraneter of
tine pmosthed accercﬁﬂg fdclainh dOalheesis thie aulpussigadtiofitherRID

feedback | oop; and automatically, adj yst. t he
santrolioaIonBOHRTIP the:aebAtrden e SeiaonbBdiEero.
signal .5. Method according to claim4, wherein the
paranmeter and the additional paraneter are

i nterdependent. 6. Method according to claiml,

conpri sing: using the feedback S|gnal received via the
s@nsorl\/letmdacg@t ing tq elaim 7owderginfihg puipgnaticyadjusting efthe

gl PRI 210 REFBAE sPRmE 70 4 5”*‘5@9@ i 6 SBhpoir

q9dRtdcted1g:

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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establishing a setpoint for the paraneter; and

conparing the feedback signal received via the sensor
wowdok/osdoe2 set poi nt to produce an error signal . P@I/US2005/044384

Met hod according to claim7, conprising: conditioning

the error signal within the PID controller for input

to an actuator of the plant process, wherein the

condi tioning includes dynamical ly mapping t error.,. .

o naMEBod hocaING 58 12, Beein Z0a ot iBS cisting is

i WiTenatal ddd&pi uring an
ﬁ%%gﬁﬁpﬁbrﬁ? rt]é g%b&g'ﬂ%ag@% ?%e't”ﬂg{f thepg?rgg))ltr signal ; and
nmerging the upper limt and the lower limt for use in
t he dynam ¢ mappi ng. 10. Met hod according to claiml,
conprising: sending an output signal of the PID

trQl gt . f ale '
of"a Jupflod eopRiftg 1o Bisth 18, whifeR A6 {ETerRfotabteR i fored
tin adbeksupt@blenher ei n t he out put signal of the PID
controller is only sent to the actuator when the
setpoint is nonzero. 12. Method according to claim?7,
wherein the automatic adjusting of the control factor
of the PID controller is performed when a change in

t1e SQM@@ioﬂtadcérdiﬁ?@@bI%ﬂn 173 whideéin @@ pafte 'cdntiol faetors are
claim12, wherein the automatic adjusting of t

he
dodividsially agiusted for sach of theiprapertigabdetesral aed derivative paths

chf'thgrﬁlﬁ é&ﬂ\’r IIQE.en satisfied, wherein the

predétermned Criteria include determ ning that a peak
magni t ude of error signal overshoot beyond the
setpoint is at a new nmaxi num 14. Method according to
claim 12, wherein the predetermined criteria are

gf‘% ﬁ;mﬂg&%&o z%lq?:rgrcf}eg ?(51 ig%grgﬁ%o i\?\{i\%i_relaihegni iPl Ria?fdeftalaﬁ V%Heolrs

selected for each of the proportional, integral and derivative paths.

20.  Apparatus for controlling a process comprising:
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;
means for processing the error signal in parallel PID 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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15. Method according to claim 12, wherein the
automatic adjusting is discontinued when a steady

wGe@bee®wir or of the paraneter relative to the BEL/psioni/044384

falls to a desired | evel.16. Method according to claim
12, wherein an anount of the adjusting is weighted
usi ng wei ghting factors determ ned enpirically. 17.

t hod accordin %P c{ainllg wher ei n the wei ghting

ct o PRArRIUSASEREAING 1o ClAKR KDy FOMREPY- 18. Met hod
according to claim 17, wherein separate contro
f act onfedieior MorbRzAG the adbeisigagl. f or each of the
proportional, integral, and derivative paths of the
PID controller. 19 Method according to claim 12,
wherein an initial default value is selected for each
of the proportional, integral and derivative paths.

Agﬁg{ - S conpri sing:

%%%ns fﬁégéé%%Pﬁgﬁghgg%gg?%fe?@%ﬁgmgéraneter of the
process; neans for receiving a feedback signa
r egar aneang fog coaddiopingrarobutphtopthecrsy sigral preegssing means
t.he grocess ag@ a firft fee%$ack | oop; means for
d8MpRAYGRA CRRILENGE PHIPULSIN - he f eedback signal to
produce an error signal; neans for processing the
error signal in parallel PID paths; and neans for
automatically adjusting a control factor of at | east
one of the PID paths based on the feedback signal.2 1.
Abar ARRArAREAGCIYNG &P U A2 60MPHHNG: si ng: means for
normalizing the error signal. 22. Apparatus according
to cl ghaxardrorsommitting e comBfiondPbutpbdighhPBy BghAically
out put of the error Signal processing neans to produce
amappidgtthe seddiianediputpuy signal T8a pregessacti4atatcor di ng
to claim 22, conprising:

24.  Apparatus according to claim 20, comprising:

means for initiating the automatic adjusting when a change in the

setpoint is detected.

25.  Apparatus according to claim 24, comprising:

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

the setpoint.

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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means for formatting the conditioned output signal by
dynam cal |y mappi ng the conditioned output signal to a

weemeeew1nct uat or. 24. Apparatus accordi ng t o BACEHUS202044384

conprising: neans for initiating the automatic
adj usting when a change in the setpoint is detected.
25. Apparatus according to claim24, conprising: neans
f controlling an, ou t.of th rat us b sed gn
angdRRRTEHE SEORIIGIS Caish 28pBREE b S EEES PG UChg 3
%ﬁﬁhﬁT%@km%ﬂ&P@éQ the neans for automatically
usting includes: neans for producing a contro

factor for at |east one PID path.27. Apparatus _ )
accor dneans for chatuings peateekange Rdhewaios signal prea givied time
a gﬁgtrol factor includes: neans for capturing a peak

e in the error signal over a given tine period.
28. Apparatus according to claim 24, wherein the neans
for automatically adjusting perforns an adjustnment of
a control factor mhen predeterm ned criteria has been
satisfjed, and whe the pred tern1ned crlte
1 & ApnsseBR AoORa FrtBin BaakPREgR e msdoe 16F p@pmatically

%@rﬁin%%@fo?ﬁﬁoén Q@M@ﬂ%’eﬁtflﬁ &Il fctdswhén ArétRMermined

maxi mu Appar atus according to claim2 wherein
avitenmbag baeh gstisfiag, aﬁdtwmeremrihﬁcnred@t@frvrne@wrttma include

&gé&ﬁlﬂjﬁ"hn ﬁegg,pegg?ﬁégﬁgtﬁfdgrbj g?roi Sl;ﬁ\% Skgpsﬂ tbeyond the

eetesiAeld-at IneviaRBdiAurs according to claim 28 wher ei n
automati c adjusting by the adjusting neans occurs

when:
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 signal 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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t he setpoint exceeds zero; and an oscillation period
of the error signal is increasing. 3 1. Apparatus

wa@emweneiony to claim 27, wherein a control factBPCT/US2005/044384

10

15

20

adj usted using enpirical data stored in a | ook-up
table which is accessed as a function of the setpoint
and a peak error of the feedback signal relative to
the temfor controlling a process
Horor 1Sl o Gt B PrSRas SRS | ol ng- s
setpoint for a proportional-integral derivative (PID)

contrgf h@ér |er$fécbqoﬁ@§thbn§huag BReiiRhefor afprapotioassintegral-
f eedback | oop for receiving f eedback si gnal

rdggivative (P sopiolerisad @fcqrw@l prrgcavetarial aProeassr of
the process; and a processor for automatically

adl ustd Reahiy P receAihgn f@%%ﬁ%ﬂgpalcr@ Bhfdthg fle

based on sign em according to

qaxamelst, of thaprocissyia a seesecofithefprocels; @aotdi ng a
change in the set poi nt. 34. Systemaccording to claim

32, wherein the essor .conpri.se first progcess
P2 4 efmas el oRaRERRARg SORIRG e Sott et e Al
Sontllef Basdd aﬁtﬁé)fete%aé@g@%nt_ and a tinme processor
for determning a period of oscillation of the error

signal relative to the setpoint. 35. System according
to claim32, conprising: logic for determ ning when
predeterm ned criteria have been satisfied, and

bl i A pre'%‘&%}d'ﬁ gl‘é%@?nkoﬁfpntsfhg controlv factor

en t critéria been
satisfied. 36. Systen1accord|ng to claim35, wherein
t he | cydeteictorifaddstesating eatiangedn teCsejpoidt. 37. System
according to claim 32, conprising: a |ook-up table for
storing control factors determned enpirically for the

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

a time processor for determining a period of oscillation of the error

signal relative to the setpoint.

35. System according to claim 32, comprising:

logic for determining when predetermined criteria have been satisfied,
and enabling automatic adjustment of the control factor when the

predetermined criteria have been satisfied.
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pl ant process. 38. System according to claim 37,
wherein the | ook-up table is accessed using the

W apo63ai2 and a detected peak error of the feeRlbEUK2005/044384

signal relative to the setpoint. 39. System according
to claim32, conprising: a circuit for conditioning an
out put of the processor for input to an actuator of

t he process. stem a n aim 39, wherein

B LIt assniing 8 FIaDs DRI o Boboies &t 445t one

tﬁp@Dﬁfa glator input by detecting |ower and upper limts
output froma PID processor included in the PID

controller. 4 1. System according to claim 32,
conprising: a switch for gating an output of the PID
controller to an actuator of a plant only when the

336}. pm@stérﬁ a%rcgﬁéiﬁé td ngnn Al 80mprising:

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.

39.  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 to claim 39, wherein the circuit dynamically 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.

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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