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WD 2009/ 154815PCT/ US2009/ 036271 ONLI NE MODULAR
PARAVETERI ZATI ON AND SUCCESSI VE LI NEAR PROGRAMM NG FOR

WO MPRCMSNG MANUFACTURI NG PLANT OPERATI ONS BACKEEROUBE09H36271

THE | NVENTION 5Field of the Invention [0001] The
present invention generally relates to systens and

nmet hods for substantially optim zing plant operations
within a manufacturing environnent. Description of the

par ONINER R SARAGE ERi 282108 Mt ickiing pvear

Q’R/(I)GRWMMING FORISP ROVING MARSFAC TURING FEANAt OPRRATIONS
systens that control facility operations. Such systens
typically use a steady-state, fundanental-principles
BREKOROMILOFITTAL INGRNEIERI S the entire facility.
Accoradrngly, paraneterizatiron or calibration of the
E@hk@%hegb’%mmto the facility's operating conditions

onl Ig I
@?ﬂg dy zltlégﬁ‘re&%” Igg)%] ég@%?lll)l rr%?a}t/&gga s(%er%sa&{ﬁprir%tg?dsSfOIaguthantlally
ﬁﬁhmﬁagphnMEQMﬂ@®HWﬂmyaU@@ﬂaﬁwmmsmvsmtmmbperate at or
B&QE,PUEoPﬁ&%ﬂﬁhaﬁgﬂd't'ons for as much of the

L tine as possible. The fundamental -principles
[ﬂ@ﬂl]r ol Mztm[fed;tumrg tdoditips, | imapaytituden| higige cbrogess gensive manufacturing
egrgf} | I?Pgr{lgél gnplg{/ feér)og]%quﬁeé éé}sg]crl Zl%ltstl gn?earllla 10£y§)yﬁ%al | Yhat control facility
m&ndmﬂen&ahﬂpﬁmnswpkagzmmnﬂm@Mynmﬁeﬁmﬂhmmmﬂmﬂneﬁﬁscmﬁmﬂnmdd

ondi ti ons, chan t hj e individual. unit

BaLE P T e Reilas: ok, BuimietGion b g oRioh O e contol
SO hy theffadilaws péetingadoaditidean dnBf bel petfornaadiiahehd entire facility is
fini shed products) change outside of the facility, to
ﬁaﬁ&aﬁhﬁmﬁptlnal or substantially optimal operating

03] t i AsimalPEdalbeZ@picalmamaActifing fa0BiHEQREHTIG tdbfRrdt@at or near
t he conputationally intensive, |arge-scale, non-linear

the @@p@gf EIPLHIORY & emuchl letic GRETRIRG Hie 12 @ogsdhie-r dihe fundamental-

%]ﬂﬁ?ﬂles' Rnird1GhEH - thel NS kst @ 19fthen6ﬂ1?1n11iaﬁ§ﬁ15ffm OBbAMlzation is
ased control nodel can also be difficult to

yRigelhs pefamed byeidipiyg of retikpgatingrige fmigdgmentalofringipkas osprtrol model
%ﬁ‘éﬂ @'Qéte%sc‘ C(ﬁﬂgloﬁ_ﬂH@aﬁlg@QfﬁhWtﬂ fnﬁwtcﬁ'@l RSk tlf‘e%ﬁtpe& Wikn business
imted vari ables that are actually
mgmn%@ g priedsesupplyi dfirayy mateials, deanrapd lof entermodinteridinished products)
d . e . .

G ShaDR) VB AP P GRS IRABI IR, iy rrn
uhﬂﬁbﬁmﬂaﬁhmamﬁhmpibéymth@mpmn@mbeermzawnmmm@ndbdnwnﬁvelmg@
scgfe & rgearo nroorfa athgtonltl | %e SO CF each%met &S tro er %el i@%erated. The
Costs assocP g Hl tIH COﬂth? manur ac

§chtioni afyn@Oipreaic ﬁ&gﬂlﬁl bﬁﬁdﬂ/Méﬁ&Yol(]ﬁod’dHE:ah N‘iéEl\H'el G]‘ﬁicult to understand

0005] ods ang stens for ubs ant aII i m
SRR COPBITET BRESHEY MR MG R YD Hgee] Sompared
frthe fndvd dedberlof vailam@as:tt BN BctSdlIe Ghdak@re® MOOE ifRINRY, ThhE trouble
WO 2009/ 154815P 820 036271 manyf acturi ng
gﬁ%l LIATEHHTO LA qu%lt%ceprllVWg%ca( VG tHEG (é)nsummg if not futile.
[0'00'4]V| dumdre Mﬁ’ée@sthem% @d ﬂmﬁﬁﬁfhthé Eﬂhfﬁbt@ﬁiﬂtloﬁf@ﬂﬂblﬁlmlzatlon ofa
contai ns a fundanent al princip ased d
dEPemadel He redyeaoperyting C%ﬁe%ware\% Witha Fontiod nggganufacturing facility
pepisggents the entire manufacturing environnent. Each

I ndi vi dual nodul e can be independently paraneterized
SOOIV RRVOTaEH ENVEREIORY Steady 5 state, wherein
Inter-nodul e data fTow can be provided to at |east one
W003lhe Msthods @udlsysipaufes Sldmam@lmmawéméml%at PnsFRtiopmn ayithin 2
M@ﬁﬁﬁﬁﬁn@nmﬂ%%ﬁﬁ&no&etE%vﬂ%ia”ﬁI%{Hééi ﬁ@&ﬁé' dfthbnt, the

Ividual, calibrated steady-state nD eac

i ndi vi dual nodul e. A reduced order nDdeI can be

derived from each paraneterizéd nodul e, and the

reduced order nodels can be assenbled to provide a
facility reduced order nodel. The facility reduced

order nodel can 10 then be solved to provide inproved

or neMIoperatlng condltlons or operatlng condltlon
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nodul e contai ns a fundanental principles-based nodel,
and the totality of the individual 15 nodul es

wo eppassn s the entire manufacturing envi r onnmePtT/US2009/036271

par anmet eri zi ng each individual nodule, wherein an

out put of the paraneterization conprises an

i ndi vidual, calibrated steady-state nodel of the

nodul e; linearizing each of the individual nodules to
PEOACHEIng dpbsrmbent YanObe deb:netad hrﬂ@ dvdrodibesindiwhiedlenmiules, wherein

ear.i zi each i ndi vi Iec S )

S i) ISR ity b IR e pia o tiE rofelg g wherein the
@facgtw\bigﬂaeilgmaa@e{l héduea rrb%@sféntﬂ?ﬁ’él bgird %a@@ﬁ&?ﬁﬁgﬁ Snv@ronment. Each
reauce or ger | near noae (0] a tiron o t he .
pdpdupk podule s by iingspendenty laﬂrmt%rgzegfupw e rposalg reaching steady

£RE Uy BSeih OinRE-MOUEE dAtal BEW | dah Yool BIVIAEA tPhdREstBHEUbthe individual
wherein assenbling the plurality of linearized nodul es
Bomr dEDe PBTSICHEN N HHEVREPIA A UL ek the paragigtcrzation comprises

A Hﬁﬁiﬁdlﬁ? GafiBrahdll %tea(ﬁ%tﬁé 'chﬂi'ep gr @acﬁ e'lhdl@lfduag Qﬁ&ﬁﬁé NG reduced order
condi ti on taégets romthe facility reduced order

modl cen bodreivedh Biplicag! ReENaTiZAG H@d@eeqnéﬁherfgd@eqh elidey @pdels can be
f Vil
XE%'SE%I@&& {OT%O\I@H faﬁﬁh%mdﬂgedzéﬁg[ 0%0%9 n%gé {aﬁlgtgj EE ecegl eocr:('ier mc?del can
fhelatbu rseb/e@fto tpinevidyr agaoatedi ervieaw |op¢1ramhcdmélt19nsj er spaeithg eondition
a nore particular description of the
[ r%/ent ion, briefly summari zed bel ow, can be had by
0606 r enheatﬂ@semoﬁhmpﬁcﬁic mimﬁnt wvind mhthad ean include separating the

st Ry OF 4O R CE o B PPyl R g dnaivicun
mnhqae soieinoh fhiitemeniabdmmpﬂmbaséd fiddl, mind énrt toatityastdthariedividual
&rlefore not .to he co% idered limting of its.sc d?:ﬁ dividual
Ul PERRP e S U R AR e o APl R T B e g i vidua
fnamﬂ@h WEEHEIS - an %@patoeﬂltﬁﬁﬁiﬁaa@iau&me%ﬁ&%mmdmdual calibrated

[0008 Fi gure depicts a represent tive conmpute
YAy st Rede! o ﬂ&empglfl?n IMrTARS EAsh ﬂ%‘atnidlyﬂfi“ﬁl:@@?‘&%@ provide a

Hlrafye 0P NinbRIZ8d SRRRIGL MRMERind ﬁﬁ@a&lmg deacﬁ QQ@%’&MQ%M@ comprises

Is a flow diagram for substantially optim zing plant

SPeIRHEg 8 iR InEtHK fon el ndinidval rmosylce Avd MoRisEngach lincarized module

KO DR IEQ IR Alnc AN §IE PP gécﬂ&matsthg e A0t 08¢mbAng the plurality

DETAI LED DESCRI PTION  [0010] A detai |l ed descri ption

off ineariepd edubs dvup@j@@de EhasHitp freduprsl erégremq@de cvherei assembling the
GlahieSy lﬁlemarn‘?gdﬁlek laéélﬂ §e§) o M&hﬁ O q%alﬂ chsgﬁ)?%EE 11near1zed
urposes I's recogni ze i ncludin ents to

wadilaudsteshermg b setopf bpqnattnatqooduslos paeétf ifod ihe fabibty reduced order
| ai p I n n a er e

‘?185‘{1% aﬁale ncﬁgr%n?% aQne Céllj;%nocfg %)%éﬁm% éondf:u%% Wi p‘gl? ng Ilngr}leacturmg

gpeonthéent. enbodi ments 10 only. In other cases it w I I

be recogni zed that references to the "invention" wll

BRIEF DIESCSIIBEHQIN QRTHEDRAWINGS i n one or m)r e, but
P}ﬁb'@ﬂtecgsﬁla{ {h{e ecatgé feta)tp re:iel%?he ;geésgnt 1nven?18n {: be dunt%grsﬁood in detail, a

ns "W Scri
ineieopv,rmml ded¢ripgios pé cthé |11Weennt‘ﬁodjrﬁﬂy1tsamnmﬁmil bdiew.ach be had by

exanpl es t the inventions e not. Limte t hese_ .
SHETR: Fomd it e e A e nheohided fab iR g1t s o be
h@ek nabber,ahf Qlﬁe&ﬁi@eﬁtﬁﬂldﬁ@v@g’sdilmw dhki ddmel oF th@mBIdimdn® of this
make, and. 15u %he [ nvggtl ons, cinformation in

PKFeiop nd At theiopIAt iR Wtsweﬁ&ﬁhn?lev%/o {%§9°R% Ty the invention can

hamiOforoatck equaBP efféc@chnab@tentd 0011] Figure 1 depicts a
representative conputer system adapted to perform
online optimzation according to one or nore

enbodi ments. The conputer 5 can include a central

0.
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processing unit 10, an input device or keyboard 30,
and a nonitor 50. The conputer 5 can 20 also include a

woretwnys2d as wel |l as additional input and outPCE/US2009/036271

devi ces, for exanple a nouse 40, a m crophone 60 and a

speaker 70. The nouse 40, the m crophone 60 and the

speaker 70 can be used for, anong ot her purposes,

uni versal access and voice recognition or conmandi ng.

mbes]nDnFltgmre bO0depats hercprsmiutise n®iniputée siyGer@pescdtt® psfoam online
ut device.as well as agg ig@a%ﬂdev%%f 25[ 0012] The

%H% Eﬁ“@? AR OHNE GHMPTG CEPP (APt abase 77, one

009D eFighiker is dafl@bamganOfor SiRaAGRlyApVieASe fi9t PEREGSwithin a

and actuators 75, and/or the |nterng$ via the network

ARG cBrronASht aceqrding 1gioRC OF e cEbpdimeRts deeribodef or 5

to a dQV|ce used to neasure a variable within the

D DESCRIPEION at e t he neasurement to the contro

FfMSG]em A”'&taﬂ@@&%sﬂﬁﬁl@h Rill h&r@ b Efomde@CEééﬂto‘P the abﬁen@ed claims defines

devi ce capable of affecting the process in response to

BIPRGHTAnY o "GOch 9B ICERECFIN RIROB BT rqoPERiERdrasdiauding cquivalents

RChH RIS efefends ¢ litGHoR %ec?ﬁee iRQte élalm t@ eh&ang ¥alESntext, all

r heost at s, not or s, and swtches. It shoul

U’fﬁﬂ@%& RRbe tchie “INentioa? B NP ICRseh Fferth aeleam siseldic ggtbodiments
ﬂ ch"iltoﬁleﬁt césegnitt\@itll' l?enrers n'd%g %Jt e}&%%n{elg atB > ggfé?llti}{n” will refer to

ernet connecti ons an ers to a possi bl e
elkueet matteri ragited fimeae or wore dup potwiacessady all] of dhgldins.alFgeh of the

BolPAEs B9 BB 3680 Bl D0l s g

onsigisamd geamjge, detsthy 91velarmié are rtoh émstedh gothsseamdbodiments, versions or
ted to |nterfac

t t 75
%x%rr}% ets gvgl arg ?nc ucfr%gtto en W Efe a rﬁersp%l Vlngsﬁrdma ns%an tﬁe art to make and

usettey fnaceions, tvl’heﬁ alpinf@matoon in taidparkean $08ﬂdfnédi mltﬁl’]:mbhcjy available
create a i cations path between the conmputer 5

I maUenAs, g%? Vgogbne or nore other databases or

porjag eF@&l\él Ceigpidd,a apebh@itatiendaipttcARhténm adipatl & §er?c5m online
For .exanp in one or nore epbodi nents, database

e FPITHIOR raf%%fanwot e B s BRDEIPPIES. o TRISEEMIECE ProgR dnc e a centra

WoEdsEinS @RS 00, Sanashit AGHiEAGOKFbIAPd S@Mintl AURFHiBE 80.VirBe @omputer 5 can

FOUNDATI ON FI ELDBUS i nt erf ace wi t hout usi ng the

et Wshide iannemeycd gowell oo pdfifipnad iyt an%@ut@hfd@ervs%ofer example a

&Bé&zﬁVQ%n&%BMQ@fbhﬁd%ﬂ%&ﬂ&?ﬁosﬁﬁé%ﬁh§:A@tﬁﬁBWﬂxﬁ@n@6Oandﬂw

pl atform on which the nethods described can

fenifcH ﬂﬂe%n ba #red st HpE Qiees PRIPPELY. WANSTIBBAcEeps |@e¢ @legregognition or

Qh l %E o@tw &n B8 ®ueh- ‘s"@f'fgltllvmoe&r{ﬁ&tte W atrlhnput device as well as

manu acturlng acility processes, sors, actuators,

awaw@ydmmnhlnery For exanple, the many and vari ed

ﬁﬁipﬂ e %orqﬁl%ct g}g%ql IgeEal% Hlte(f\%ﬁ k%&‘fithu ﬁﬁgoa%] 7é}n¥néj %}”nq&e other

hat' has conp capability ere users

datbesck ac etoatgd devidee 78,cenaanst dmdantjaatsgps%easi/ omtmefmnra:rrat gia vignnetwork

12%’5%1 a??é %ﬂ %Qr:/eic r ﬁln q%{q%'gergsgr et)éTsr[? aedece seé ?ongleasurega variable

WMhlBLﬁoce%arﬁ@dMﬂ%ﬁlcﬁ]& thd ﬁhd@B*dﬁient(lb tha:tdaeufol system. As used herein,

%ﬁnnunjcathns bus. grotﬁ» &le network interface L6
AT ACHAST T ACUSerPEdR Of ﬁ@f%cﬁlﬁ% P e SRRy tgﬁcflgna rom

thacheebl Pfsee SiHeSratve SRRSO Sandidlu® butatOids liwitbd i) valves, rheostats,

I ven nuf acturin VI ronnen se device a .,
PHior, agff‘ Stihenr & Wopld r’aerﬁn@%raw?%th&h glearﬁrén p?eé‘ﬁ%r?itlgtarr}?‘i?r does not
inhich’t@tarlﬁhia’bi@n RURRABRS tHNhY onBUREEE QTR Shs afll fe@é&@fb all possible
onputer networks, distributed conputer network

%@mldﬁeré@@@ oriEed o arisisee disshopdgyso hea'ari@ﬁtoet@at %%86217 the one
hel d PCs, |aptops, devices sold under the trademark

names BLACKBERRYTM or PALMI cel l ul ar phones, hand

hel d nusi c players, or any other device or system upon
which a user can interact with at | east sonme of the

systens resident in any given manufacturing

envi ronnent. [00l14]Referring again to Figure 1, one or

nor e conputer progranms can be stored in the 25 nmenory

~ N - S A~ o
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or supply/demand changes, to substantially optim ze
the facility. The nodel optim zation 10 agent 55 can

waieiobitz81a di stri buted approach to control andPOpUS0ZE36271

t he manuf acturi ng process environnent or nmanufacturing
facility. Based on the distributed approach, the nodel
opti m zati on agent 55 can change the operating

conditions within the facility by directing or

aCﬂhulatdtlIIEg defaBasey on@GRgAddvikat g9 Sanﬂfor\il\]hd i’einﬁbrﬁ B&l actuators 75 are not

nor e _detai | ed di scussi
(“in ?st éﬁr@‘ém% "4ty SOMALET o BEK O mPfFfSQﬁ Hhand etnpifpterface with
Winfigutdr 8fi RNGEans Quifici@hi 6 croate | oRduhldati gidrmathdbeeleh eleScomputer 5
flow diagramof an illustrative distributed approach

T 4arbaseaf Ao i DAFT BT SREPHET 9T dEIEC HSYiGre S’ e O sensors and
Quaorf 6SlUCEE QLASle, TSR ot QodasiRasRnk! dRafc N can interface with
opti m zation problemto operate a manufacturing
I SRS Vl"’aé‘cgﬁsal Hépriaee orible ofensfst @né rAsBdiofedf scan interface via a
%ﬁﬁﬁAﬂ@N‘ﬁEﬁ)BU‘SQnt@pt‘ac@ WO RAGE Wd RgyRR W RRIBM
plant facility") can be segregated into two or nore
[0|%|$]vu dlighoyd alvaderfteed hatl a@N  thqugh Khaypeiuiuéer sasten fcis iiewn as a
&?tf&gl 5§%Eﬁ% m@thg&ﬁn&je@m& %Lm BE g@&drmeg Sthd %ﬁl@dmgglllbed can be
of a single unit operation, r nore unit
pﬁp@rra@d ongny platferns gber olﬁerefcart hleermt anth mawifdciurpg fEality processes,
ca | .0 .
?e)legla a%tua%tr% na}oh %)ag 1ng fgco:1|b ?xa?l{;)lé gﬁé ég%}’] }n%\gﬁl‘ecé egngﬁdlments
dwcritedibecliucka & wod eh aoﬁ devieauthbi hqs Itameuﬁigplapwi]i‘@rwhere users can
fﬂgetrf%fe alﬁNl ntteﬁactlvsrl]igmle%rlasygﬁnpg}e%g Ithln a %wen Xlan afncqurmg enrlflronment For
epeapay | tha (op(tiny eepbis’ c)an Olﬁlclludlft ehees:hpamttﬂmtn ideess PROFIBUS,
esen ed b | east, one i ndj vi.du

RGP RO TRIERS o8 IHE] liRbise Gy Ry ProbEly bieDg nevvork

inkafacd 8 @daiatllec Lier caf inft@act RUR tHeYmang QAY @4rted p@@)@@@ﬁ@f,sensors and

or ot herw se process any nateri al produce a desjr
el WlthfPr?eglV%Pcliani“tf%Pt‘E‘é‘ﬁ SHEITRIE! B R hideet e no

ifitedBlah® 'al%lfﬁésélﬁfad ﬂ)@'illu@ﬁatw% dhplo¥dsioalyaf\ebBPiers, arrayed computer
crackers, petrocheni cal lﬁ ants, other chem cal
£

pl ant s
gtwerks, deﬁ&wte@aaomemameéwe deskip nesENY £LBAUTEH (Poféw tablot PCs, hand
REd PeS g Ge |d§\)1€es B drdbd @8 nfa@émé‘rﬁ’ @Ml%st BEQCR@EM@TM gAPALM
and/ or methanol 1nto other hydrocarbons, natural gas
¢oillylae phanes. dend held mayusicpaviprre T ancothiratsyice or ﬁ»{sm wpon which a user
ctﬁtne ﬁllterggt | \!vﬁh al h@z{sm&%wefc fﬂe %@'[&Hfs aﬁ:&lﬂéﬂt nﬁ g\%n ﬁﬂglfacturmg
el ectric power generating plant I'n sone c
@a@bmh@y can include two or nore separate facilities,

08, oR SRS Lt 1o B0 Db DB 197 oMo in e

{1161@(119'] 20rand nie mntrmtmrece@mtgjmmﬂhntae wdrhén amcért ivitly acast the memory

%}el{rgﬁut %8\?('36%02861 t1¥e Q}lrﬁut l(hea%O%? 5?}1‘ Ci'lre}lz’[?] Odet}t?ehlgpr In one or more
aﬁlhjdﬁ‘rlﬁlti hie: m\zmb@I 120 atejueed byenwhber had fcambinadign ofAﬁlellnS@ddeVlces

a."pracess uynit s an ar at us ,or. de
PRAG B PO Sty b b P IRE i Parf iy U534 G gne or more
@ﬂl&od@rﬂéﬂw REBHy UiMides can fdcadb Iv&ﬂﬂhaﬁtol[mnﬂloﬁ 4rf foF MREtratie purposes
a distil] on col a uench t

treater, 0
eﬁy R . haid deyends tﬂirwﬁs (AR agedsy PepPig giad gry memory,
éléUtﬁomc@l'l}%r@sab&%@érﬂﬁma&é rdafl @ﬁ@sfﬁerﬁ’(ﬂytf%sh ?neﬁlogf QUMD Wive, one or
of two or nore associ ated rocess units. [0020]1n step
mety, othes datglgsecen yriagsrdey igents: egd oty %therumfdmw derdfe. npsg eilled in
®aart AR BAIRHWAR (R REESAANAL 86t ShindhpRoyed ﬂsngg'ﬁelﬁ&y devices and
nore enbodi nents, thé selection or identity o
10i ndi vi dual nodul e 110 can be based on the relative
speed at which the process described by the nodul e can
respond to inputs and reach 4 steady state. In other
wor ds, sections of the facility that are relatively
quick-responding can be grouped into one nodul e and
conparatively slower responding sections can be
grouped |nto another nDduIe [0021]In step 120 each

o, A A N o o o
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anot her nodul e. Information fromany given nodul e can
be shared to any one or nore other nodules to assist

WO poopas@net eri zati on. I n sonme cases, paranet erPHUSINI/036271

of any given nodule can require information from one

or nore other nodul es. For exanple, an individual

nodul e may need data about the unneasured stream
conposition conm ng from anot her individual 30 nodul e
andiniifagonsnsiakiube dmpbddcdasn clenpabodimens ihefedd @A itoMmeaasty device
be .passed up and/or down the flow path such that the
FRPARIS RO P FOR GOPHE at . can be

parsiet Bhd @edoryA0CRA dioftGinyopetalih @ EysROS 482dnd af e @mﬁnization
nodul e can be provided to 1oé]iltor m)re ot her nodul e

T8N Y HOS ©PPRERS Dieal *hetuteeidital eonffa] pyl grerdiontad 6 gfimization

gf'énﬁgﬁﬁsnlg?%e Sej1ect AhP of QﬁddvﬁiléylbsO&'Fatﬁlgesygtbrﬂﬁkéﬂ"@@%sed in this
the inter-nodul e data fl ow urln]%ste 120, one or

marst wgugngdy NS PN O 20msy 93857 #ddhsiksual
{ﬁ@ij@]l esTRAPRe | PRhLANRESR ﬁﬁdm@&el Bpkh@R80n TaE&AUBNEYon request, at
han the other individual npdul es because one or nore
teheduips ipteerialpi when faﬁbwmoe@tl@mhmeorfaa@pé pthey spgrariogsuch as prices
v

3 TP EhESolAaR, B RGOy Uil ADRIIED. TR Bl optimizaiion

adeat Bntan melltmdlﬁtrlbn}ted tripeoach e aonttalzdnd mpdmlzeshefmfrnuqumsleg process
I - t t he

énev ?@@Qﬁ a?‘:i {k %‘%a&’lﬁ[ g”ﬁ%%’o 2%%%? tﬂ% dgélﬂél%’uu% R4 the model

mamanmo& agaath om changt tép oﬁeﬁ@t;ngaconéldumsediﬂﬁn therfagitigtebly directing or

5 I\/Q eac i. Vi du I e C b1

d)el} 0% 8ne( f & 8)“1%513 orﬁ. C]ﬁlJ the Can mare c[]?ta €d discussion of an

111|nsttalt1kedntsmht1ted eprest ﬁstlabwdmi b@fovi Wih rofidencc dualguﬂmd ul e

130, .the Mdyl e E can | i near

B, cReigrn gt Ralor dirstomon drodueR s s hSsT flpReh t© te

PariBdtérizstiod GEiBdiRidGal HQREL ahd 0. of GORAEPoldbM@adel Mddhidhease size of

ROM can be obtai ned by converting. a full st atE1

%PP‘HBHZQIOJ‘aErBB]F‘é‘ntOrT%W*}t?( a  mpnyfectlling Reility. dGegsdipg to one or more

SEEWRIirhdnd. t ¥ BRI it F%ﬁre@'ar}nﬁﬁﬁ{c{u)ﬁmé @hvirofn@dad MplBMtthdiKty") can be
can be calcul ated for each nodul e of step 120, and can

warrearh itth dWe ioRpIore indiyidus] srodvies fitsps! et \E@@h moghlg\eamtnclude or

&HPeE’éﬁ? 2 félﬁgmbﬁlﬁ’l%r&cfp% b%?e@r}né\ﬂé%'ﬂ a?s1 m't 3 &ﬁ?onofwcﬂ&f Rore unit
enbodi nents, relevant out puts for each R/b

eReFAtions: lorlecciign ef 1ha|plaah@ﬁ1bry e eyyme e ra%duﬁ: Ctahé?? or include a
@9&]61 %? é r&l@f& whtfi OLBQ tant“%%lr'ﬂyremw gﬁﬁe 98 £ Sﬁhgl{ld(e £/H3del of a

e used as a reduc can e accurate
mnpltitfesd @@atatlmegqrm@ssomthimeﬂl@usran@nplanip&célty, napdpsi en dngit all the

v . dy!
B R B T O pBE S B Bl il e ity are
epesatddriy apl@astton@imdwg:mslmml[ldDOZS] The i nput vari abl es

ach

[oBfics oRbE R ecld B SreeBRa e feisd o POeC Mgy convert
amdurde Sk lofliaanseepl(ocnst pm}t mbteeish totﬂn@iucmdadlea)prwacu diicefacility can

thntherm The out abl es fram each
Kbl koM dRh BT ds Rt i RRyER e AT SR Siam crecker
parishingehl gchtd, ek remihiap@sts ((uanea@umoblammﬂaablreeﬁot based on

as opj.ective functi.on el enents. 0026] G ven
y nfgmﬁmspdt)r VAP snatyal e%:'l‘ﬁcé r dByhanpheigro  other

ARE&Lrtead) Reurslebdsv 8§ucfaction plants, polymer and plastics plants, steel mills,
pharmaceutical manufacturing plants, and electric power generating plants. In some cases, a
facility can include two or more separate facilities, such as a petroleum refinery together with

one or more steam crackers.
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by cal culating the gain matrix (3y/3u) froma Jacobi an
matrix (3f/3x) of each nodule. Table 1 shows an

WO kdogss48a3 i ve structure of a Jacobian matrix (BQT/Ustvey/e36271

F denotes a set of equations, and X denotes a set of

vari abl es describing the process. Note that X

conprises of both input (u) and output (y) vari ables.

Tabl e 2 shows the deconposition of the Jacobian matri x

j0019] 30imnpitt of dioye ambodimbsit thé Fudilitg asponReladeSa phablite & separate
shows an illustrative structure of the resulting.gai

RRAEGS iis “p5 sPoRs 0 DesBisafiifmitpy Jinetigh weClph fo, Abhigti, e overall
aojdctiax 2axie fhatibye As WPar BEPIAs b "h@BesOfundaGOR afpardddst drXdevice that
i nto i nput -J;P and output (Jr) conponents. ) )

Ref 1tpgeific fupefiopq sugh1as fRfogess &% y2apivRal apitpa fraeyonator, a
RF#mel 3 Ay frdtréutdrZa @&YliNAon dotn@y MBblen@Udwiila de-cthditdr @ &generation

Ginmtrix (G Y1 Y2 Ym o )

unit, or a refrigeration unit, and a "section" of process units is a grouping of two or more
associated process units.

[0020] In step 110, the selection or identity of an individual module can be based on
process characteristics. In one or more embodiments, the selection or identity of an
individual module 110 can be based on the relative speed at which the process described by
the module can respond to inputs and reach a steady state. In other words, sections of the
facility that are relatively quick-responding can be grouped into one module and
comparatively slower responding sections can be grouped into another module.

[0021] In step 120, each individual module from step 110 can be solved or parameterized
when the section of the facility represented by that module reaches steady state. The time to
reach steady state for a given section can be the same or different as another section. The
time to reach steady state for a given module or groups or two or more modules can depend
on many factors including weather conditions, fouling, operating error, maintenance, etc.
Upon each module reaching steady state, each module can then be solved, i.e. parameterized.
By separating the facility in step 110 into individual modules to be parameterized in step 120,
a more rigorous and high fidelity first-principles model can be applied to each module
without creating computing complexity. As such, more accurate results can be obtained at
much faster rates so that the entire facility can be optimized or substantially optimized more
frequently, even if the entire facility is not at steady state.

[0022] In step 120, each module can be solved independently and asynchronously from
another module. Information from any given module can be shared to any one or more other
modules to assist in parameterization. In some cases, parameterization of any given module
can require information from one or more other modules. For example, an individual module
may need data about the unmeasured stream composition coming from another individual
module and the unmeasured stream composition information can be passed up and/or down
the flow path such that the individual module requiring the data can be parameterized.
Accordingly, inter-module data from one module can be provided to one or more other
modules when those individual modules are being parameterized in step 120. Subject to

conditions on the timeliness of the inter-module data flow during step 120, one or more
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WO 0®2/i348cxordi ngly, the gain nmatrix can be repPE€rES1002036271

and is commonly known in the

individual modules can be parameterized at a higher frequency than the other individual
modules because one or more of the individual modules can have faster times to steady state
than other individual modules. Since sections of a facility can reach steady state before the
entire facility, the individual modules for these sections can be parameterized more quickly
than the entire facility model.

[0023] After initial parameterization in step 120, a reduced order model ("Module
ROM™) of each individual module can be derived (step 130). The Module ROM can be an
input/output representation of the individual module. In step 130, the Module ROMs can be
linear and can be derived from the individual modules of step 120 using a matrix algebraic
operation.

[0024] A linear Module ROM can be obtained by converting a full state variable Jacobian
matrix (J) to an input-output Sensitivity matrix or Gain matrix (G). A gain matrix can be
calculated for each module of step 120, and can contain the simplified relationships between
relevant outputs and inputs for each Module ROM. In one or more embodiments, relevant
outputs for each Module ROM can include material and/or energy stream data that can be
input to other Module ROMs. The gain matrix can be used as a reduced order model and can
be accurate in the local region of the current operating point for any given module. The
reduced order model can be updated when each module is parameterized as the operating
point changes.

[0025] The input variables to each Module ROM can be designated as “u” and can
represent manipulated (operational degrees-of-freedom) and disturbance (output from other
modules) variables within the module. The output variables from each Module ROM can be
designated as “y” and can represent measured and inferred states (unmeasured) variables, as
well as objective function elements.

[0026] Given the input and output variables, a reduced-order linear model can be derived
by calculating the gain matrix (0y/0u) from a Jacobian matrix (0f/0x) of each module. Table
1 shows an illustrative structure of a Jacobian matrix (J), where F denotes a set of equations,
and X denotes a set of variables describing the process. Note that X comprises of both input
(u) and output (y) variables. Table 2 shows the decomposition of the Jacobian matrix into
input (J,) and output (Jy) components. Table 3 shows an illustrative structure of the resulting

gain matrix.
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representation of the entire facility to provide a
facility reduced order nodel ("Facility ROM). Inputs

to the Facility ROM can be estimates for the steady
state of the entire facility. As such, the entire

Tadd 1:i layobieedatie{))be in steady state at the tinme the

i ndi vi dual Modul e ROVE are assenbled to provide the
Facility ROM and to i mzg the, FaC|I|XyRC]\/l
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facility can reach steady state nore quickly than the
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sections of a glven faC|I|ty reach steady state
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par anet er val ues are used: c- Concentration,
kg-nol e/ nB k- Reaction Rate Constant, /s (kA = 2.7 x

wae®9ns481kB = 160 /s) g- Cooling Rate, nB(K)/sPCDUS2009/036271

Reaction Rate, kg-nole/s E/R- Activation Energy, K

(EAVR = 6000 K; EB/R = 4500 K) AHR/ (pCp) - Heat of
Reaction, nB(K)/kg-nole AHRA/ (PCp) = 5 nB(K)/kg-nole

AHR, B/ (PCp) = 5 nmB(K)/kg-nole 25LMID- Log Mean

[Dexper ahudordibkly f e @niaanatix €n BéoleprrgintddCantliowsramenly kB6Sn in the
- Tenperature, K UA- Heat Transfer Coefficient for
%&%?0351%??- n8/s (0.35 nB/s) V- Reactor Volune, 5 n8 30
Subscripts: cw Cooli JV\&_Le_r[‘A -Ilny'?t o- Qutlet WO

2009/ 154815PCT/ US200 6271 ,E ‘é]r conponent s

A B CF F 1, F2- Feed Stream - Product Stream - for

m%ﬂr In step 140, the individual Module ROMs from step 130 can be combined or

otherwise assembled into a mathematical representation of the entire facility to provide a
facility reduced order model ("Facility ROM"). Inputs to the Facility ROM can be estimates
for the steady state of the entire facility. As such, the entire facility need not be in steady
state at the time the individual Module ROMs are assembled to provide the Facility ROM and
to optimize the Facility ROM.

[0029] The Facility ROM in step 140 can be assembled by convoluting the gain matrices
for each Module ROM derived in step 130. The convolution of the gain matrices can be
achieved by connecting inputs of one module and outputs of another module to define one or
more interface streams between the connected modules. For example, the convolution of the
gain matrices, e.g. (0y/0u); and (0y/Ou),, using an interface stream (y;/uy) across Module

ROM; and Module ROM; can be expressed as shown in the following Formula L.

0w _ 500, OO ()

o(w), O(w), O,

[0030] In Formula I, (y, u); represents outputs and inputs from module 1; (y, u),
represents outputs and inputs from module 2; and (yi, u2) represents an interface stream
between module 1 and module 2.

[0031] In step 150, the Facility ROM from step 140 can be calibrated and solved. Any
linear or non-linear programming technique can be used. The results from the calibrated and
solved Facility ROM can then be used to improve the facility operations. For example, the
facility reduced order model can be solved to provide new or improved operating conditions
or operating condition targets.

[0032] In step 170, the Facility ROM can output to the facility control system. The
facility control system can change the operating conditions within the manufacturing
environment by actuating one or more actuators 75 (shown in Figure 1), i.e. control valves,
within the environment to improve or optimize the facility operation in step 180. In doing so,
for example, the facility control system can utilize a single loop controller or a multivariable

software application to manipulate the actuators 75.
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5[ 0036] Consi deri ng a system of reactors where reactant
A is converted to product B, and byproduct C, as

WO kdonas4set ed by the followi ng reacti on mechani BOT/US20097036271
BBC the systemcan include at | east two reactors
RX1 and RX2 and a m xer MX. A first-10principl es nodel
descri bi ng such reactors can be described as foll ows:
Overall Mass Bal ance: @ = Q Conponent Mass Bal ances:
[0033]CA, Pthm@orﬁé &Atdp 130r iBsu@R inXnéoBidpuss t6theXiniBidkralr Aodules of step

C = X PC PFC FB 1 action Rates =cA P
[0, Rhoso @RS ol bty (enposp R eR e AR bbb Tieguiput of
?hle T@pa—rar@er&aﬂf&l 4 N1Bd e Rmt T@Qn |bé\fupd2(te‘ﬂF(|Sth EB(M%dXt, hé Bacilﬂy ROM
cl ew a r anst er

tAPe ugﬂ% (_te? -}-{}\Q)Gmd rerw'_%raﬁqdr(st{:lz ﬁtp) FRat %e)ug%a%\g lilc%/_\y %OM new
F008 /dpRrakih g SSrdR{dnS 6drPlcEfetiRFRl alESE dtl@d g fatclilﬁy @ﬂ)ﬂﬁ%‘l syMB¥m (step
can be described as follows: Overall Mass Bal anc

Q@)@whgre@ﬁlow é@tﬁ@b% ﬁ%su%]§§egdp%t@§he individual modules (step 120).
Steps 120 through step 180 can be repeated, on a scheduled basis, as desired by a user, or

automatically as plant conditions change.
[0034] According to one or more embodiments described, the modularization of the
facility can enable the parameterization of a given module at a higher frequency than
parameterization of a model of the entire plant operations because sections of the facility can
reach steady state more quickly than the entire facility. The modularization can also be
performed based on the rate at which different sections of a given facility reach steady state.

[0035] The foregoing discussion can be further described with reference to the following
prophetic example. For simplicity and ease of description, the following notation and
parameter values are used:

- Concentration, kg-mole/m’

c

k - Reaction Rate Constant, /s (ka =2.7 x 10° /s; kg = 160 /s)
q - Cooling Rate, m*(°K)/s

r - Reaction Rate, kg-mole/s

E/R - Activation Energy, °K (Ea/R = 6000 °K; Eg/R = 4500 °K)

AHR/(pCp) - Heat of Reaction, m’(°K)/kg-mole
AHg 4/(pCp) = 5 m*(°K )/kg-mole
AHg s/(pCp) = 5 m’(°K)/kg-mole

LMTD - Log Mean Temperature Difference, °K

Q - Volumetric Flowrate, m’/s

T - Temperature, °K

UA - Heat Transfer Coefficient for Reactors, m’/s (0.35 m’/s)
A% - Reactor Volume, 5 m’

Subscripts:

cW - Cooling Water

i - Inlet

0 - Outlet

- 10 -
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QP X CAP=C1XCAFL Q2 XCAF2Q XCBP=CQ1 X
CB,F1 QF2 X CB,F2 QP CC,P OF1 X CC,F1 QF2 X CC,F2 WD

WQO®91344815PCT/ US2009/ 036271 Ener gy Bal ance: EI/KS20p9/636271

0O --FI XTF1 Q2 X TF2 [0038] The system can further
i nclude the foll ow ng operational constraints: A
Safety: 5RX1: Tp 350K RX2 : Tp 350K B. Raw Materials
Supply: RX1: @ MX : QF2 0.8MS C. Process

Restricti onB,C RX1: -TOr 33P&néM2A;B,J0 300K 10D. Product

Speci fi cat . RX2 F < 0.3 kg-nol e/nB [0039] I f
t he obj ec?i’P\?lngzof t i e§§§ft“3é’fﬁis to nmaxi mze operating

profit bypmani pul atimgd¥daddm and MX: QH, and i f
profitability is calculated as: 15(1) = 10 X [RX1: QF

X RXL: CAVF + mx: QRTXAOK: CAF2 - R2 : Q x (RX2 :

(036 + BXRiderif€a systdnh of Radddrs wWREL: reftint ARXConvefi& toprdhct B, and

QF - MX . gz then an ogt[mal solution for the system
Dreerlusidt e dlugsatetbat tha dpliopdisdraction meeheairmpr ogr ammi ng
techni ques can be determ ned asgfollows: (1) = 82.84

with: 20RX1: QF = 0.276 MX: Q2 = 0.234
BeC

the system can include at least two reactors RX1 and RX2 and a mixer MX. A first-
principles model describing such reactors can be described as follows:
Overall Mass Balance:
Qp = Qs
Component Mass Balances:
Qp XCurp = QF XCup ~Ta
QpxCpp =Qp XCppp +1, — Ty
Qp xCep =Qp XCrp 1y
Reaction Rates:
Iy, =Chp X VX K (E/RT)
Iy =Cpp X VX kg;EB/RT)
Energy Balance:
Qp X T, = Qu xT, —(AH, , /pCp )ty —(AHy , /pCp)xr, — 1,
Qo = Quw X (Tw,o _TW,i)
Heat Transfer Rate:
q.. = UAXLMTD

LMTD =(Ty,, — Ty, )/In{(Tp = Ty J/(Tp — T )}
[0037] A first-principles model describing the mixer MX can be described as follows:
Overall Mass Balance:
Qp =Qp +Qp,
Component Mass Balances:
QpxCup =QrXCum +Qp XCup
Qp xCpp = Qp XCpm +Qry XCpp

Qp XCep =Qp XCop +Qpy XCrpy

-11 -
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[ 0040] According to one or nore enbodi nents descri bed,
the system can be separated into two nodul es, Module 1

wo epeessn i ng the first reactor RX1, and Modul BCRUS2009/036271

representing the mxer MX and the second reactor RX2.
Modul e 1 does not require information from 25 nodul e
2. However, Module 2 requires MXQm, MX:TF1l , MX cAyi
, MX:cui and MX:cc, Fi variables fromthe reactor RX1
EmergyhBalMadul e 1. These vari abl es are the sane as

RX1: Q , RX1: Tp , RXLl:cA p RX1: cB, p..and RX1l:cc,p
respectively. [0041] anﬁﬁrt§%ix?m?q‘7b>dﬁﬂze 1 shoul d
00§8jUdeThA) R R REHAL HADR nERALEER: RbrafilEPEMRaints:
ll\lltzﬂl n téf‘i?;)ygcopél gﬁ{l\/blgupe 1, ﬁlg.oe.ﬁ,%o%ff:lé, anélal?tis))

t he i/t Bafétaice stream el enents that are 30out put from

Modul e 2, but are input ) l.e., L, i.e. none in this
case. WO 2009/ 154815PC'I§%S¥8%§/5§3%271 [ 0042] Qut put s
yi for Mdule 1 shoul d ilk¥?Ude 358 Koper ati onal

const r aj nt excl uding those on inputs) within the
scop 'olf‘a"lil&fiﬂr’@ﬁf}lpl?l?’e., RX1: Tp and RX1: Tw, 0; and (b)

interface stream el ggenis +q§§%9i @g‘gﬁppsve, i.e.,
RX1: @ , RX1:Tp , RXI:cA'p , I*¢cB, p and RXl:cc,p ,

and (€)ProbgseRtdtneiohtincti on conponents wthin the scope
of Mdule 1, i.e., 51.0f,,=.10 x%)({)ogl: Q x RX1 : cA,
.1- 0.01x RX1 : clew - :T\QSF ] Based on the
above description, the mx2qug, K s800@ inputs ui can

i ncl ude: RX1: QF and
t he UPi BueductSpeanficaburtsput s yi can i ncl ude: 1. Obj

10RX1: Q@ RX1: Tp RX1: P R>g10 1 liec, p 15RX1: Tw, O
Sinilarly, the uniquégé%fA@r-rﬁg%ﬁgﬁﬁﬁ for Module 2

i nc s NG : X : : .
S5 L op TR LSt S PR g g i andppuating
B&h:Qrraad YdeQr2a@hif profitability is calculated as:

®=10x|RX1:Q, xRXl:¢, , +MX:Q,, xMX:¢, ., ~-RX2:Q, x(RX2:¢, , +RX2:c(, ||
-0.01xRXl:q,.,, —RX2:q,, —RX1:Q; —MX:Q,,
then an optimal solution for the system when solved using traditional nonlinear programming
techniques can be determined as follows:
d =82.84

with:

RX1:Qr=0.276

MX:Qp2 = 0.234
[0040] According to one or more embodiments described, the system can be separated
into two modules, Module 1 representing the first reactor RX1, and Module 2 representing
the mixer MX and the second reactor RX2. Module 1 does not require information from
module 2. However, Module 2 requires MX:Qp , MX:Tp; , MXicam , MX:cgp and
MX:cc i variables from the reactor RX1 in the Module 1. These variables are the same as
RX1:Qp, RX1:Tp, RX1:cap , RX1:cgp and RX1:ccp respectively.
[0041] Inputs u; for Module 1 should include (a) the operational degrees of freedom
within the scope of Module 1, i.e., RX1:Qp, and (b) the interface stream elements that are

output from Module 2, but are input to Module 1, i.e. none in this case.
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25MX: Q@ RX2: Tp RX2: cA, p RX2: Tw, O [ 0044] When t he
Module 1 is solved using RX1:QF0.225 30 WO

WQO®91344815PCT/ US2009/ 036271 the fol | owi ng vaPCEES$009/036271

yi are obtained: 1. Cbj 44.85345 RX1: QP 0.225 RX1: TP

345. 038 RX1:cAP 0.118149 RX1l:cBP 19. 7298 RX1: cCP

0. 152033 RX1: TWOut

[0042] Outputs y; for Module 1 should include (a) operational constraints (excluding
those on inputs) within the scope of Module 1, i.e., RX1:Tp and RX1:Tw,; and (b) interface
stream elements described above, i.e., RX1:Qp, RX1:Tp , RX1:cap , RX1:cgp and RX1:ccp,

and (c) Objective function components within the scope of Module 1, i.e.,

1.0bj=10x|RX1:Q, xRX1:¢, ; |-0.01xRX1:q,, ~RX1:Q,

[0043] Based on the above description, the unique set of inputs u; can include:
RX1:Qg
and the unique set of outputs y; can include:
1.0bj
RX1:Qp
RX1:Tp
RX1:cap
RXI1:cpp
RX1:ccp
RX1:Tw,o
Similarly, the unique set of inputs u, for Module 2 can include:
MX:Qr
MX:Tg
MX:car1
MX:cp p1
MX:cc i
MX:Qg2
and, the unique set of outputs y, for Module 2 can include:
2.0bj
MX:Qp
RX2:Tp
RX2:cap
RX2:Tw,o
[0044] When the Module 1 is solved using

RX1:QF 0.225

- 13 -



317.721 [0045]It is to be noted that since Mdule 1

is a first-principles nodel of reactor RX1, the
wWG2wbasd813 nput s and out puts can include nore vBCT/EEI00%5036271

than those included above. However, for the sake of

clarity, only the variables of interest are discussed.

[ 0046] When Module 2 is solved using MX QLF 0.225

MX: TIF 345.038 MX:cAl F 0.118149 MX: cBlF 19. 7298

M fA oM Ouahie? 033, MotRmed. 225 the foll owi ng val ues

for y2 are obtained: 2: Obj 26.93512 MX: QP 0.45 RX2: TP

1:0bj 44.85345
RX1:QP 0.225
RX1:TP 345.038
RX1:cAP 0.118149
RX1:cBP 19.7298
RX1:cCP 0.152033
RX1:TWOut 317.721

[0045] It is to be noted that since Module 1 is a first-principles model of reactor RX1, the
5 actual inputs and outputs can include more variables than those included above. However, for
the sake of clarity, only the variables of interest are discussed.

[0046] When Module 2 is solved using

MX:QIF 0.225

MX:TIF 345.038

MX:cAIF 0.118149

MX:cB1F 19.7298

MX:cCIF 0.152033

MX:Q2F 0.225

the following values for y, are obtained:

2:0bj 26.93512
MX:QP 0.45
RX2:TP 335.232
RX2:cAP 0.194964
RX2:TWOut 298.7

10
[0047] Again, only the variables of interest are displayed.
[0048] In order to generate a Reduced Order Model for Module 1, the following gain

matrix can be used to represent (y;,u;) relationships.
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335.232 RX2: cAP 0. 194964 RX2: TWout 298.7 10
[ 0047] Again, only the variables of interest are
waele@phisagerl. [ 0048] I n order to generate a Reduckdr/Osme9/036271
Model for Module 1, the followng gain matrix can be
used to represent (yi,n) relationships. ObjRXLl: QP
RX1: TPRX1: cAPRX1: cBPRX1: cCPRX1: TWOut
200. 20400231110. 374 0. 1313410 171436- 0. 040094943. 4289
[0049] Si gy} ar | Re%wﬁp O dereDdeli oy MAUe . rximwou

can b maner at P IJQI ng t ow ng galn matri x

ﬁﬁlp@fe%@)ﬂtzm()@é? u2) rel atixonshi pssizaQbj OWKIAEP RXB.OZIB5’949 43.4289
RX2: cAP RX2: TWout MX: QLF -6. 68293
[0049] Similarly, a Reduced Order Model for Module 2 can be generated using the

following gain matrix to represent (y»,u,) relationships.

Obj MX:QP RX2:TP RX2:cAP RX2:TWOut
MX:QLF -6.68293 1 13.513 -0.141241 5.31696
MX:TLF -0.0770433 0 0.322465 -0.00329151 0.12688
MX:cAlF -0.428141 0 1.58522 -0.00649001 0.623737
MX:cBIF -0.00691493 0 0.00423084 4.32E-05 0.00166471
MX:cCIF -2.25 0 0 0 0
MX:Q2F 172.933 1 88.671 -0.0520766 34.8893

[0050] From the two gain matrices above, a Reduced Order Model (ROM) of the facility
can be obtained by connecting an appropriate output elements of y; with an appropriate input

5 elements of u, (convolution using interface stream) as follows.
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-0.00329151 0.12688 MX:cAl F -0.428141 0

-0.141241 5. 31696 MX: T1F -0.0770433 0O
wa 2852815 0. 00649001 0. 623737 MX: cBlF -0. 00691#OBUS2009/036271

1 13.513

0. 322465
0. 00423084 4. 32E-05 0.00166471 MX: cClF -2.25 0
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[ 0050] Fromthe two gain matrices above, a Reduced
w@eaensfsbptiel (ROVM) of the facility can be oPCHUSA/036271
by connecting an appropriate output elenments of vyi
with an appropriate input 5elenments of u2 (convolution
using interface strean) as foll ows. WO
2009/ 154815PCT/ US2009/ 036271 [ 0051] When the facility
[OOEQQVI abag he f&@@cg lﬁ@M GRHve Uk QSE@QOPQQ&QQH ?n@[ieratn@flﬂettal%ets to
to inprove the objective function,
impsper dﬁ dneptive dmlplau subgect @p@ytsqn@hp@n}r@l@t& Ve fyskeot jobigetive

0 = 82.27 (A=10.48) 5 with RX1l: QF
ﬁm&ﬂ%‘%@Bé?ﬁ¥gy§j49562) MX: QF2 = 0. 237 (A=0.0124698)
[ 0052] I npl enenti ng t h@se’X2r@el®48)and repeating the

. teps again, the system can approach or eventually
Weach its optimal state, in this case, where: 10ID =
82. 84 and RX1:Qr=0.270 (A=0.0449562)

MX:Qp> = 0.237 (A=0.0124698)

[0052] Implementing these targets, and repeating the steps again, the system can
approach or eventually reach its optimal state, in this case, where:
O =82.84

and

RX1:Qr =0.276

MX:Qr, = 0.234
[0053] Those skilled in the art will understand that there are many computer system
configurations, and it should be understood that the computer system 5 presented in Figure 1
is not meant to limit the configurations and variations within which the many embodiments,
including those described below with reference to Figure 2, can be employed.
[0054] Various terms have been defined above. To the extent a term used in a claim is
not defined above, it should be given the broadest definition persons in the pertinent art have
given that term as reflected in at least one printed publication or issued patent. Furthermore,
all patents, test procedures, and other documents cited in this application are fully
incorporated by reference to the extent such disclosure is not inconsistent with this
application and for all jurisdictions in which such incorporation is permitted.
[0055] While the foregoing is directed to embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic scope

thereof, and the scope thereof is determined by the claims that follow.
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RX1: QF = 0.276 MX: QF2 = 0.234 [0053] Those skilled in
the art will understand that there are many conputer

waymbamsidconfi gurations, and it shoul d be undeeBHUSA9/036271

that the conputer systemb5 presented in Figure 1 is
not neant to limt the configurations and variations
wi t hin which the many enbodi nents, including those
descri bed below with reference to Figure 2, can be
yed. [0054] Various terns have been defined above.

Wmmgwcngngf fent a termused in a claimis not defined

ove, it should be given the broadest definition
persons in the pertinent art have 20 given that term

cas k \%Ltﬁ ({ent ﬁhtliga%mgﬁgﬁgﬁlﬁﬂt ?p%ra? HQ Ivﬁﬁhf gnm%ufacturing

i ssue urt ents,
pramedmns@tcamﬂﬂﬂnmer docunent s C|ted in th|s
SoPhRLGCRs bl PERRBRAT B RN DEREISPRR L) SR
appl whabmoaaclamdh\ﬁdual ahddujeudonsdiis c4 lﬁmﬂsmemalmmiplesw)and model,

i ncor i on rn1tte 0 the f or egoi

|0 rPouet ™ g BB etrE B, oty et R SR R e entir
othemmamﬁn&ﬁgkumhﬁ@mnenbod|nents of the invention nay
be devi sed wi t hout departin ro e basic s

t helfdpendegily PP‘HSIGE?E‘@B Pk i d‘f‘"’?“&?ﬂ’@r Pﬁoﬁeﬁ”dg{)%ﬁﬂé reaChmg
cl ai gEadyRate; fol low. CLAIMS: What is clained is:

met hod for substantially optinizing plant operatlons
wi t WRGHeTR IERBPAHE dre ipYS &8y PE @Fﬂ-}‘édr?g to @St Qg the individual

Sepa&@&h&ﬁh&ﬁgFﬂﬁﬁH£ﬁ&&Hﬁkﬁ@ envi ronment into two or
nore individ nodul es, wherein each indivi dua

o deECIB 8 PBPHSOTAhS RRTRBGIR FRRN Somnmisesindadipidud dealibratsd steady-
and %gghgug(gggmg&L@h&hngﬁbthe i ndi vi dual nodul es

represents t he entire nanufacturlng envi ronnent ;

10i dedispe ndedvetdyorderrmeaviet e zichgaeaskerizedingdudual  nodul e
u poa@s&l’?dl g% %qujélt%%c[ &J}hé&lﬁ%@%g%e% tllgy réﬁ'ﬂgerd%:r&r model; and

i nter-no ow can pr ow to at least one
of soheng thefaeilihumtiuard dudeemodrite prgvigamametedoperatingeondidng.

. Whepgl gﬁfgpd o‘ft a‘d&} ?fw%é}gl{l PRt 3 a%%lgt; P%i?één%hélgl rt}lezgriz}i{%n cach

i ndi Vi ate eady
i ndinyivdual mmhdejloen b@eparfolrmgi anradoce dnoradehe rodieldud] rroodules

h th d d
or cRYRRBARNL PR ShesThad B GBI Sauced or der

. nodHEle; mahed sOENMINNY v&H&&nf aCliedst e bethy dedlvidtd enodited @éprésonts a

provi de |nﬁrov 0 eratln conditions. 2. The thﬁd
of P! ISR G BBt DS TERSSY NAEHY P et tha at east
par aRBHRF icttifidoffRERamPididingicfuiahnm¥adul e can be
performed on at | east one of the individual nodul es
The method of claim 1 further comprising:
linearizing at least one of the individual modules;
wherein each linearized module comprises a reduced-order, linear model of a section
of the facility.
The method of claim 1 further comprising:
determining the state of a material or energy stream that is output from an individual

module, and

providing the state of the stream as an input to another individual module.
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asynchronously fromthe other individual nodules. 3.

The nethod of claim1l wherein at |east one of the
wo paoasduml nodul es represents a section of theCT/US2009/036271
manuf act uri ng environnent that reaches steady state
faster than at |east one other section of the
manuf acturing environnent. 254. The nmethod of claiml
further conprising: linearizing at | east one of the '
i ndlhei @gted nefdelpiss ;| filrtheeicamer e |dppietng 2kl eptgumanufacturing
Cgr@l&ir&ﬁlﬁen@}lgﬁgﬂmg ﬁgp%ﬁm%emh%gwg@aiﬁ@gel of a section

of the facility. 5.The netho claim1 further

conphei sictigd g0@kirer hiwhaign t dreivingas ercdifced eragremod¢l §om ecach

ene LS. . . i i Vi |- -
oo LSRR s QLU b Bl o
i nplite methat of wéxim| haibgicduadsemiplahgl e redded order models comprises
2009/ 35484PCT/ L2009/ 03627 %, 6, Iie, Bt hod of clai m 1
further c&mr%si ng oper at’ ng THhé“enti'r'e manuf act uri ng
9. envilreomoénd ofisilaig § veherdip paretthgothe r atiren ghagwfactintin go asvironment
7. The nmethod of claim 1 wherein deriving a reduced
or f&MPHEdel from each paraneterized nodul e conpri ses
gendgtaininig Bsegdfl dpefiting condftion t@gaatiarttht\tinthiaderviaDeloth €he fhcility
8. The nmet hod of claim7 wherein assenbling the reduced
or defedHRsAaI%r B8iSr i ses convol uting the gain matrices
f orche@Ghy tht Bp@ktingedndmshihathiPhd henaehad @birémdnm 8
wherei n operating the entire manufacturing environnent .
conpfasedg the manufacturipg cayiFRImel IEPARES dp ~ Gpethangedgoperating
condidni@idnd:argets at a first tinme interval fromthe
facility 10reduced order nodel; changing the operating
con@iteraBisteriging Hierindiridustamdplast uri ng envi ronment ;
Mea3 Ui} iiid, fHaGedRAHSBG HdeNPorf BYhTODIERLFISIANRRBRS O
the changed operating conditions; re-paranmeterizing
t hereiaﬁﬂ@ir%hmjﬁlle regeiin od sedubsd erddemioddl g praveerasehyc édility reduced
or de&dgﬂg&{el;fawm each re-paraneterized nodul e;

*

~

>

determining a set of operating condition targets at a second time interval from the re-
assembled facility reduced order model.
10. The method of claim 1 wherein the new facility reduced order module is an updated
reduced order module.
11. A method for substantially optimizing plant operations within a manufacturing
environment, comprising:
separating the manufacturing environment into two or more individual modules,
wherein each individual module contains a fundamental principles-based model,
and the totality of the individual modules represents the entire manufacturing
environment;
parameterizing each individual module, wherein an output of the parameterization
comprises an individual, calibrated steady-state model of the module;
linearizing each of the individual modules to provide a plurality of linearized
modules, wherein linearizing each individual module comprises generating a gain
matrix for each individual module, and wherein each linearized module comprises a

reduced-order, linear model of a section of the facility;
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re-assenbling the re-derived reduced order nodel to
provide a new facility reduced order nodel; and
waledensismi ng a set of operating condition targetBUS1009036271
second time interval fromthe reassenbled facility
reduced order nodel. 2010. The nmethod of claim1l
wherein the new facility reduced order nodule is an
updat ed reduced order nodule. 11. A nethod for
subrsteading|ths PP L lipgyriptdamodgpe toapionds anfagihfynreguced order
MaNUfBGHMT WiBrefN ik deRBITEN L the CATRIiS 0P TiinetSRAT Aobidgs tdhprises
manuf acturing environnment into two or nore individua
modutagolutimsthoaein giatricentoh cachdingdrgedimodielul e cont ai ns a
fun : rjnei - . . [
R e i T RS
manumadilgrahdig envi ronment; paraneteri zi ng each
i ndcih\a{ril cllrllJ alonem)1g lrjnlo?e' OV\éﬁzﬁlrnei c%ng‘lrcllor?sm Rﬁlltn Rg taﬁ&fa turing environment
parané%é$|za9|on C rises an ing|V|&uaP} car rorattd
St eabhgedsdadasl swwoakaipeafing dvadiniodtdrgets. 301 | neari zi ng each

of t.he individual. nodul es.to provi.de a pluraljty of .
127} bl o Pt e R BB S RgRutian he ¥ mnutacruring

I Nckinvirctadnt AAIpkHs& 10 AUhaBERd ofeBti@ddndigions gdire-paminticKzing the

for. each indjvidual nodul e, and wherein each

lin8 V@E@dmﬁ% 1 e conprises a reduced-order, |inear

13.mM00Ble Mdthdl SFREGkh AP, MfthdrBEmprdGigd i ty; assenbling the
pluralit | i nearized nmodules to provide a facilit

:
r ed§eey Pgﬁ’efherﬁ%%li%,ofvmé%r@e% mpdalerdst PiYide Rensdy ety fyeyuced

of | jh&ahi&edafpdul es conprises convol uting the gain
matrices for each |inearized nodul e;

detdetarmiiingg Revset olgfepes eanidilign é6ert-t i on targets from
14.t herfeagdhdd of 66U S0 LEH Bl Iéwqgagﬁ;re(ﬁlﬁgd GRANG A% 99€ updated

or nore operating conditions wthin the manufacturing
envicdusadrerser eddd on sai d set of operating condition

15.t arﬂf‘e.t ﬁleth%a' oprlgiIﬁTBlt3hqﬁnlfé§ c%lld‘@h@n% ]"ha%él%% Q)ﬁg or more operating

conprising nmeasuring’ the manufactarin Vi ronnment ‘
r espodisiess wishih tlee wharigadingperiatinmyt bond ot itlensvwased of operating

re- ; i.zi ng the 10i ndi vi dual nodul es. 13. The
net(%%%gﬁEg%gfn112, further conprising: re-assenbling

16.t heAplappaadtiug for ohibdtantiely ogtirdizimgdudre Dptetiprsovitide aammesacturing
facilit E$duced.onder nodul e; and determ ning a new
setm%Fmﬁﬁa’é?@ﬁﬂ“@%ndition targets. 1514. The net hod of
cl aheand For phefidng at medd eyptindeitivh tagentedite ed piwidd@y of individual
nodul e i s an updated reduced order noduyl e. 15. The
met hBgdyss: c‘EViTISr' eﬁ’u opgh “’rdeH?“ﬁg PodyfsPiaing g B Rl BRlgPased
mor em@e lohisB@ios @NEintdn@AstuMhd Bivirohient A whatitht Agality of the
envi ronnent based on the new set of operating
condmesEes rt:]%ﬂ:qjg‘i. tge entire manufacturing environment;

means for parameterizing each individual module,
wherein inter-module data flow can be provided to at least one of the individual
modules during parameterization; and
wherein an output of the parameterization comprises an individual, calibrated steady-
state module of each individual module.
17. The apparatus of claim 16 further comprising:
means for linearizing each of the individual modules, wherein each linearized module

comprises a reduced-order, linear model of a section of the facility.
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2016. An apparatus for substantially optim zing plant
operations within a manufacturing environnent,
w@owpnsssing: nmeans for providing a nodel opti NPCEHUSINI/036271
agent with a plurality of individual nodules, wherein
each individual nodul e contains a fundanenta
princi pl es-based nodel of a section of a manufacturing
envi ronment and wherein the totality of the 25nopdul es
18.r epFhesippratun el dam; I/ durthen goaRisitg ng envi ronnent; means
f or mPAL 3Rt ik A 1RAGAmBEsV bAHA! HOdish MEE Shfhufacturing
inter-nodul e data flow can be provided to at | east one
of t erevirppmeny irabiesbnterblebidt desstdue lingpriged mpdulerpdat i on; and

whe terd ' ri ses an
g il el PR RBLATRL L ERL B ERERT 50 o

19.i ndThei agpahtusroithldie, 167rthen eorappargat us of claim 16
further .conprising: ns for |inpearizing, each of the
| ndror P abiag iR 1Pt FRIE PG o ati ¢
c onpeans &8 salving diwomd reanah@factulring earirommdelusiaf tle combined modules.
of the facility.. . 2009/ 154815PCT/ US2009/,036271

2018, e”%ﬁ&%?a?%§h8¥11 §%ﬁ¢ivt uF?ﬂErk%dﬁ%?#@?%ézﬁéﬁﬂgﬁy‘ﬂ
f orlireaiizetiahodifest fi@nfrREaRRLGS for Wohtulitidghthe S@it in@fricdf for each
t he. manuf act.uri ng environnment represented by at | east
oneePHRE4 ModLlS: nodul e; and neans for matching neasured
plant data to the estinated paranmeters. 519. The
apparatus of claim 16 further conprising: neans for
assenbling the plurality of linearized nodul es; and
nmeans for solving the entire manufacturing environnment
usi ng the conbi ned nodul es. 20. The apparatus of claim
19 wherein the nmeans for assenbling the plurality of
| i neari zed nodul es conprises neans for convol uting the
gain matrices for each 10lineari zed nodul e.
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