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PROCESS EQUI PMENT MONI TORI NG CLAIM OF PRICRITY Thi s
application clains priority to provisional U S Patent

wa\pbiogxé on No. 60/ 655,899, filed February 25PCROSH06/006214
which is incorporated by reference inits entirety.

TECHNI CALFI ELD This invention rel ates_t and
Systom | PROGESS BOUEPMENT MONZEQORING

ef fectiveness of process equi pment. BACKGROUND The
manuf act ure of produ ceuticals and
bi ol ogies is highly ¢L§&%@§§E’o‘?‘f’é2#ﬁf he production

Pr oS gﬁgatfoﬂ%la?ﬁ‘lg pEbAEUE provisibn) €).S APért| Application No.
noni torg for adheréence’to standards and regul ati.ons.,

60/655 1899 filnd Febromyt25e 2905% sthidhos ingerpueied by selgonp, sregiirety.
exanpl e due to equi pnent failure, can require
additional testing to be perforned or even the

di sposal of the produfECHNICAL F@BLDe costly. In any
production facility, continuity of operations. can be 1
i npdihissinverttion relptes &9 @ methodgad ey stem. fONRPRIATH the operationa

oducti J ld L] L. ation and operating
he&ﬁ’t ?ﬂ%neféeg{ei‘égl‘%?gcééﬂérg%és %:@H gtget'r ef ore be an inportant
goal in manufacturing. A typical process unit (such as
a bioreactor) is surround ' rument ati on devi ces
and sub-process units &%&&&OMI | ow the process
uni ‘n{e.‘%nidﬁk{ét Eor dubs PRHFRAS Al dBbogics is highly

obj ective 0o ese ancillary ‘devices is to provide )
reg@sdlr Bodrthe productiont protess and thieend poadsict mivet heedappfully monitored

fobercnes EANGHE SRR D REROIOTLBE tibisFipPA B Ghaion

m@hod, B extidpbSddeQodghiptiehlRilTRASA RABRE a@fitokd Risting to be
unctions to take place. This wring schene can

petformedrot eveowes disprsakef thapiodyctawhhiean bp gesly, Igany production
di.screte on-off sj.gnal . . De ' Of ce b L LS A tomemios

taiifC iy oB byt an pERPFG d Thriel RrBlctof Maintaining

prB&ckioh TR ih BEerafion rafnigavittin ppatfiesionsswehérafore be an

~occurred and is perforned by operations, maintenance
importepiggoabier g fpdvdanel . The use of industrial
commyni cabi i HERT - dRed B9 ShstBiRntation
B e
deS QUM Stk prodess anitsl ddxigned ys albors thesprotesagnit to fulfﬂl its intended
pLglf%Js[g\:lP ﬁ“y@ %;'asi%@ j gtlixseel (%b tﬁess’e anDc(:einlar%Ie e(\ef}c’es ?sr}g prp(gv%é rkfllégs’urer}r?esnt and

control functions over the main process variables associated with the specific process

unit. Traditional wiring of these devices employs two or four wires to allow the
measurement and control functions to take place. This wiring scheme can transmit power
and an analog 4-20 mA signal, or a discrete on-off signal. Detection of any failures,
measurement errors, or control issues is typically performed on the equipment after a
process issue has occurred and is performed by operations, maintenance or engineering
personnel.

TTM, and more

The use of industrial communication protocols, such as HAR
recently, the introduction of digital communication-based bus systems, such as
FOUNDATION™ Fieldbus, Devicenet, and Profibus, has provided process

instrumentation and ancillary equipment the ability to transmit a vast amount of
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instrunmentation and ancillary equi pnent the ability to
transmt a vast anount ofinformation beyond the nornal

woremsvEwent or control signal. Using these  PCT/US2006/006214
conmuni cati on protocols, the equipnent can

. concuyrr ntlﬁ transmt a weal th of diagnostic
infosrafog Poal SR FGBHCTRSRS OF GPRSTOIPiEBal| B tiess ne
cdMRERCAIdnDrboE AL {EHE E@.ggﬂl@ﬁl dafl %ﬁ@ﬁrenﬁ? 'iraﬁﬁﬁi;[rlg lr\{x%alth of diagnostic

_calibration erro tenperature error,
infaaivatiom, Depanding drethé type, of ghpaipmeht itheudiagnoseé mfemetion can

failyre, | ow tenperature error, sensor fajlure, CPU
ingite, {pexapmpls, cA Ao errOTgish derhpeyatizierecr. [ttt Bemory
failfRee slastoRiluk]; @fér@&e%ﬁﬁ%%%%@lﬂ@mﬁfr@ Q}_r&g 34Rby falﬁ[lre? el failure,

. Vibration information. ARY" | n an I ndustria
inpefrividraguglrisgmpedarcagefevensp dmpedamcey R OD resiptansaevelve stem travel,
i_nt e.can he inportant for operations. Frequent

o{ﬁ%ﬁ%ﬁp%ﬁﬁ%gﬁﬁg?ﬁF@hance can be costly, but an

equi prent failure during operations can require

operations to be halted ' hedul ed mai nt enance

occurs, which can be ev_e\rg}mxggét ly. Statistical

anal ysinSndisthl #ARARCHLingREGMEPIbLPE tERnLSE E&ﬂg{n@ﬁtrﬁlaintenance

process equi pnent can_produce ‘a signature th
canbgiimpewant fereonsvasions.| Freqnelit preyeniativh eaint¢napte cambgrdostly, but an

' . tiple signatures can he r f or
o SRR bl Righe PR BPeriBhn 8 pBhEBR ¥t
unbbigsieledingiftetdRe obélis,Behithtdr RSSvetintti8lcbdtBS SitieAnkEsis of

consi dered a process unit health nonitor. The

diggnass infermagian celirciaddiom aeichphemwpBent say Pragucoa signature that
inffhle! el REraAUIRGRER br Balfibye a%&é%myﬁ%gk Bl?lﬁl#%)ﬁ Tngtéatures

a process subsystem process uni
canrbepeepafadoridiffegert pisces 6fequipnitsgror @rougR ©f sgwipment Tiree

LN R LA —

i) . Con . .

T AERMUE Carl RplclBificlinfl BAGNG 1o 4 plribiles S HARH of an

inggpnent. anringtrunhent i oeese bulsystepnprcedshamit, imanufatturing line, or
functioninag..norpally can be readily identifie en

e R R s PR B e ey th &Gty

coap@fértlycdtdrine \Rliﬂéihﬁfegﬁﬁﬁ&nﬂ Mdsbcinalvith §Pz&ﬂéﬁlb§f Sol@iire is
signatures) can provide a quick way to e t he

I mnate
fupetipmingsnasgall pnifithe signajueedar signastres hehows sudeviatipe foimgprmal

. . i pe of. si | termne ..
oreZoS I Dpieeorkeh bty B BEE Rlglio SR art 5L S0 s Tnthve
idenifietla $Vhdnt tedudl s hogr nigal gedwdt bhtch diadt intay Betk bPspedification, the

regul at or ){ demands. Thi s busi ness npethod can be
Pregsihiut beplthfignatire (B §19n6Ees) cenprey idereqdkaway to eliminate the

] : i P
RS R LT AP T B PGB oo
easilygdedtroniee Whether equipment is functioning normally, a signature can facilitate

-t

compliance with quality control or regulatory demands. This business method can be
completed in a closed loop feedback method by providing automatic notification when a
process unit health signature deviates from the normal operation signature trace.

In one aspect, a method of monitoring the operational status of equipment
includes transmitting a first signal from a first sub-process unit to a control unit,

transmitting a second signal from a second sub-process unit to the control unit, and
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hi one aspect, a nethod of nonitoring the operational
status of equipnment includes transmtting a first

W@ e@nad37iie om a first sub-process unit to a conP€DIS2006/006214
unit, transmtting a second signal froma second
sub-process unit to the control unit, andcal culating a

calquigtng r By e fassd anrfhe first signali agddhe saeand pignaleBamirst signal is
t
1n§ipcgr ofo%gq%e%tloﬁal s?z{t‘?&?ljhﬂelé fllrért @chggo%n\e{ A gr?cg trllllgtrgecond &1%%11 is

infimativedofsingipatatiofali seatucaft thy eecohd procegaimdd. i onal st at us
of the second process unj t. The signature can. be

gr aphicHenajurg |°§1E)b%§€?@ ioghly diselagerd eMamtenaace pirthe first sub-process
ot SEQR AL, Oy REPENnSHoOOREESR AL AR0, monicin
firfst $1gma1 shg nglude amlsmnhmgjaa digitahsigndl t Tragsmittitigghe &irst s1gna1 can

. Sign Transmitti first, signal n j.ncl ude
mt’ﬂugﬁﬁﬁml#w@ o an st ﬁ l%t&ﬂﬂﬂmo&g]t' SFBEE 6qn be a
stdtGicHl HEREMT The dfhtiBcal nﬁataﬁfré §£ﬂ mRludeBRas @g aI&Fprediction error
statistical neasure can include a T or squ
(SbEp diatistico The snabstm@BﬁaEasum eetni tetd mntla'siseneasmbl §1h'a sinature can be
sure An| itless neasure. .Th ?%glnat ure can

B A S S R ey ¥ ghmgre Stigrals. or

f1ﬁygf1ﬁ1b§331 Wty or nore signals, or fifty or nore
signal s. signature can be indicative of an

operAtsigaatire eandheindishtive ff ang:per%lanalpmuﬁe@@ single sdr- pla)cess unit
r\?én[g[u% ﬁ}; éff s%{) pﬁéri'%ssp UI%fSe SAQ‘ e?"é:%.lﬁ Pe ?ts ec{ \aﬁ g?%glgga Srte ora glurahty

ofesxgmaﬂsS axmeﬂsp&ﬂaﬂeﬁﬁdleah{raﬂhmd I n anot her aspect,
a met hod nonitoring the operational status of

equi I&r?é'ﬁﬁher APedide snetosrfmeniionge aha epesatiopplstatns ofeqyipment
1n§1'u9&311rz§1sfrf Lﬁﬂ%; Q firke" r%ﬁraﬂ*ﬁff% il ﬂ)cfm?fﬁst llﬂﬁﬁtﬁﬁ(%f%ﬂb tp?oct»egs units

a contro |nga irst
tobasmttobmmt, lard éalcuiatm:g alfiesk sigyatofe trisgharh the fﬁdst pleatity efiségnals. At

naI of t t plural I ndi cat.ive of a
1o RS et eyt alogils Tndidivedntan Gsiat bl s b Leggt one
sublifodds§ Bhit Bf tHE Jrdtipfurak@Ch of the first plurality of
si'gnal s can be indicati've of an operational status of

a subadhrod (t@sferUplutale of signafl§ ¢851tbephducaﬂ1vetqf an‘ﬂperantmnﬁcsthtus ofa

sop Ml L Br e BB R 3R oR ut ey T8k

plﬁﬁﬁt}f &l sigHist fror AGe€atldGthality &F sab-R6REuSisqh AlcdhRolNASE dnd

on the second plurality of signals. At |east one
calquipting asecerdesignatyn @aspﬂdwmathﬁ: sseond plusdlity of igaalsf Aalf:ast one

s1é¥%6r: Bfa{h QG nd?)thﬁg c%;atlkg ‘3?51‘{ ﬁ]ge?at%olflgp%}atbl %thn%stt 0%? sub-

ne secon Fura secon

procegn ahis of the sbc&)nldr}ﬂimmhityl. \Bachbf thie sep@idailinang of%ﬁglialsscaﬁfbe
g sub- process .uni t of the second plurality. Athird
indicgfivg era@ qpgratigaal states of 7 wh-nsacess upih of the swcmétplurahty A third

sigattir@lehd ¥e SliciAddBhs2aAInd Akt BREARY oPiBhAL bid the second plurality

of signals.

In another aspect, a system for monitoring the operational status of equipment
includes a first sub-process unit configured to send a first signal to a control unit, and a
second sub-process unit configured to send a second signal to the control unit. The first

signal is indicative of an operational status of the first sub-process unit and the second
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of signals. In another aspect, a systemfor nonitoring
the operational status of equipnment includes a first

W@ aiwepreess unit configured to send a first sSPOHER200€006214
a control unit, and a second sub-process unit
configured to send a second signal to the control

signal is.indinagivieiaf an opergtiemal sertusraditicageicord Bb-pracesp enit Therfemtrol

st.atus. of the first sub- cess upit. and the -
i of TRt Sl SOl RS s Bkl e pepong pienal.
t he BRCRRFEMA BdeGERhdtTohfighBe t¢ Sraphiehllydkplay the signature.
configured to calculate_ a siignat ure based on the first
f1

The; figptadignah gan brea digitekrdgnal.g Bhe first processrmiigian hajconfigied to send
f her _confi qgur ed. hi.cal .splay the
th%ﬁéﬁggayéqa?%g%ygggtgggéﬁgﬂhggﬂhﬁgggﬁdigital si gnal
The Thiahsthepsispeess sybbdnh faranodivriagniié Gperftibnbbstaandf ¢duepment

first si gnal via _an industrial caomrunication pr(?t ocol . .
inlrdesrfofitseplugalise sub-pracesy ¥pmepel beipn FegURyl forsend a signal toa
coﬁﬁSf it OR@llea%toﬁé Snflis Q008 BE mL@%éré{ﬂﬁﬁl ﬁatpé bf4 suCF-Process unit
pl'ural 'ty sub-profess units, each being configured to
ofskefirsaplirgditpl Thocentwdohit & confiistredAd chlealste amignatirgbaded on the

is.indjcative of an operatiqnal .status of a
plgﬁatyp?fé% oA rodiing gt Pl Bf YLAPTOFSSS Utk cont r ol
uni tEdc GO Gl mhfﬁ!rs@ gh?algy%aﬁbg BatifiputedB S8R #ignal

the plurality of signals s omthe first pluralitfy
indicatgweefiitsapessionalistagus Balethcantiol pnibcEoe systen caf inchude second
first plurality. can,be.confi.gur to send si gnal .
Pl sPrezcist Wit Cadeins gmiurde serd aolewd «SRoiieg! unie. At
le&hbhe sighfl i$ HRQIMYVE 8Narl SiseratbDaBPREANES HEWH-Blokés¥ unit of the second
sub-process units, each being configured to send a .
pluiadjtya The gortrel awmitris ponfigured tatcalcalat a yaratgiedresgd eusthe plurality of
. ndicative 0of r.at.l - .
s 050 A0 By PR Sl AR Y BB ot e
seeomf plotalielcdnbeCinCighiatl €o Serili ¥igdall ilidagive df by opdigtional status to
plurality of shgna s, sent frgmthe second pluralit%la%Fl
the gputyl geis Shesepniio] ugihean ke genbientedde calfplptest third siesaiigngased on
o ot 530 Ry SRR L SABET b 8hohs o second
plurality of[fub-procwss ohitwini t can be configured to cal cul ate

athjrd signature based on the pluralit f. signals
S ent InrgeE Fipers f Gie A pLoRIPTSE apesss Breldes tAlRTiatng
si%rg’agur% ecABHivRlEA bg%rﬁti&fa_l StaRrsRIF QGRRALINTHE tsﬁb-pid@:eédbr\ﬁﬁtfé @oring a

ect, a nethod nonitoring a process includes
proedss operafiony nacasimmga propelity df @ araduet pypduned by dheprioessal and

o35 BB g R b kSl A D53 Rol P 38 s
opigiced by the process, and determ ning whether the

sub-process units were operating normal |y during the
pr ocgglgu]@p@g theiségnature can include transmitting a first signal from a first sub-

process unit to a control unit, and transmitting a second signal from a second sub-process
unit to the control unit. The first signal is indicative of an operational status of the first
process unit, and the second signal is indicative of an operational status of the second
process unit. The method can include storing the signature, or storing a plurality of
signatures.

In another aspect, a method of monitoring the operational status of equipment

includes calculating a first signature indicative of an operational status of a first plurality
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Cal cul ating the signature can include transmtting a

first signal froma first subprocess unit to a control
w@Riob/09F e transmtting a second signal from aPGEUSNA6/006214

sub-process unit to the control unit. The first signa

j s, indicative o n_operational status of the first
of SHBPLALES HitS, aféiﬁﬁ%ﬂ#?éﬂ@éé@ﬁ%ndsﬁlwe iledi¢atiye ohap gperational status
of W e ORRI AlidaBRA soihHrdSsPinilsn€ second process unit. The

nethod]gan ﬁﬁ%ludgﬁstgrﬁ%g the signature, or storing a

pl urEeifirgt Ggnagirgnad treescordrsigmatirhenn hs paphicaldy diplapel.

f. nmonitaoring the operafional status of equi ppent .
Mot e Boatrosh O P St PuAY a8 be Rehecier aseghon the frs
sigfan@per ati onal status of a first pluralityof

sub- process units, and calcul ating a second signature
i ndilpanpther aspecina ysdodidf areaufastuaings mbdect seohwtes manufacturing
ral i of . SUb-process ynits. The first signature . .
o b Birals et A STERSEES ol Bnd B oot shi Bitorss G prigiging o
firbdi iial NrafCBe Birst 3uB-pRoREGRSS alWdhirolhnif, A@ndrhiitdlg a second signal
plurality can be schedul ed based on the first

fram theaeeeri subrpragrss Hait takhe eentrolamifpansheilaiating a signature based on

' kgl nuf acturing the .
B RFAEER BophPYYED, IR SR TR AN P o biGgiona s
of Shebfiyst poesss unitj dnd the saoni bighilds endidatist of g BFratidANthIS of the

first sub-process unit to a control unit, transmtting
SecONdIprrgs Wnignie methed eancinglude adisning ppivdieAuakiyiratieg based on

th% %lgnéi&%g 504 ?lﬂfﬁl y 3%3%1@&&& URh Ao el 195@&% El?tfﬁ?‘@i?lﬁl% Whkther a

_ first signa e second signa
singlgpalcessmgiundi or amiltiple pio@ssingetiat dro sutabid fot ssbseduehhprocessing,

first process.unit., and _the second signal is
foﬁfﬁ’inl%’it\)/gs_tgﬁlsﬁﬁvﬁ‘ﬁ’é’?lgﬁ’ifmre° status of the second
pr ocRRdettlls bof odd'6r B Qb Jd@Retd Gl WdBrRG:Sh WY J&QO%Parging

product quality rating based on the signature,
drpwiggapnd fhe desasiptinabeloss . Otitefentsrdsoobjeets, and ativateages will be

oo R TR o D PR B BeB MY ubcequent

processi ng, for exanple, to establish availability for

use. The det ai 0f. ' ts are set
forth in the ab?%r ﬁﬁggiﬁf%m%ﬁg%escn ption
bel ®IG, OisheychéMadiddietioIfaWicreadiyd advantages will be
apparent fromthe description and draw ngs, and from

t he FGai 24 angRB pre pEpicRIdpitoy cOFmPRAVPINGSskbGrolldats a

o o oS AR B ek b Bl R ARl iR applicd
in klpfdBessiAarand 3B are photographs illustrating a digital

bus stemw ring applied
F%(MJS 4A and 4B a?e sc?gen captures depicting diagnostic information available

through a digital bus system.
FIGS. 5A and 5B are graphs depicting multivariate statistical process control

(MSPC) unitless signatures.

DETAILED DESCRIPTION
A process refers to any industrial method by which a product is made. Many
industries use some form of process control to ensure that the process operates according

to a predetermined specification. In general, process control requires a feedback loop. A
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in a process plant. FIGS. 4A and 4B are screen
captures depicting diagnostic information avail abl e
wo booetogdT4@ di gital bus system FIGS. 5A and 5BPEF/ES2006/006214
graphs depicting nmultivariate statistical process
contr ol PC) unitle si gnat ures. .
s A bR PoPERY S!fs %P BrQcsss s gakep and gompared Hyusatpgiag value.
: ndustri e
AR Bt R R R e KT O e MO L il il

designed ssadjpse Heet resasacedqurapanty tbwanls phiesbgiontiThe Grocess control is
[ eneral, process cqontrol requires_ a

gt I
R TN M T T T
ausrASRaRy.| A ub&kan tpgeggoﬁfg'ﬁl’@ﬂl@ ré&sﬁ(ﬁl%PQ%Lﬁ]%m&ﬂ thﬁHée%Ect to, for

I
output 1s genera dependi ng on e res s of
eX@Wgh thessgipointhandenntioller snsitisity nd graportamtjaisattegrhlederivative (PID)

r.ed_property.towar he set poi . The process
S L AN LN
CoNPRAM&EQbasedNthe QhdRtial ?f&eﬁ%ﬁlﬂf&%quﬁﬁge? BRpiopattieY to B
user can pre-configure the process control equi prment

cogfrpHed fo5 ppiémumperfosmarsenfitheproctss. Sempekamplesnfiproperties that

t (4 LVi A .

cof B8 chftrol (SO0 BaPossas voledlss By BREPYFS. L pigssure,
flomeclezigyypligingfrata, @aoértalibf of EhkRs, 16RMsDEr 46318 Fndlelectrical

rocess control. In many cases, the industrial process
PPREGUFT Weh 85 CRAMYEHVIBT orgeipaYith Someimss, adiitingloneprocess variable
. i . t C ) . @x. of
YRR DASIRfle. VPRSI, PO TFy SHTPUH, Gt oo
arphiokaslyy coapledbltesad badifitwedeandriies hgy(ordf)a®s Wi eaoré kool

vel ocit ixing rate, concentration of gases
loiiy SRl SRS PEOCCSSERFABIEEHY CuPIBK Jp@tinE laser Mugher of
préQ@R&Isepd éﬂdtlﬁévﬁl{g th& wriablel Yhat %ﬁgcgﬁ?@l. adl lé{]grg?ée@ can also

process variable influences ano r process varl
reqiiearthe hperatian ofregreatsteal off equipnsait,sutihat valhes, panps, hlating and

I are |inked coupled. It can difficult t .
col BR8P R Tons APl sen i Boilnolics o 3£ i cquipment
mest bp heghtaibed't QI0dGRSERS diddt. be very conpl ex, requiring

a large nunber of process steps and having many

var ibysesn apdhmethod dpy I@O@éﬁrmgdB@ status ofprasgssmguipest cambe useful

. ' Lon . t..deal of . .

inSh7 RSG5 CPERREN i, SLRTUNY SRk i e

redugpa ippotieit yieldi orequalityf o parcioiibr, @hd S&%m SRINGEHSd calbt Gdea
like, all of wh pg equl pnent nust be nmaintai ned in

adyaReeRpYK i“%greo%faﬂé -vajieqiaduetn 04 3 EORLIFOQ-anulpgwietrsedue that

requiRs Al %nﬁfacﬁfr?%%é@s Se¢hRE r(‘)tu% &&Brcﬁff% ’ Sikde %{%gﬁ{%tions and

_I'ndustry where p S equi pnment 1S usS espe
timshesmetraigsi Soewetexhmiples of fndustrial equipment, processes, or unit procedures

(a unit procedure is typically defined as a sequence of actions, or operations, taking place
within the same main piece(s) of equipment) where the system and method can be used
include a vessel procedure, such as a process carried out in a stirred tank reactor, a seed
reactor, a stirred tank fermentor, a seed fermentor, an air-lift fermentor, a continuous
stirred tank reactor, or a plug flow reactor.

Other process amenable to use with the system and method include: aerobic bio-
oxidation (e.g., environmental well mixed, or plug flow oxidations), anaerobic digestion,

trickling filtration, anoxic reaction, neutralization, wet air oxidation, and incineration.
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reduce product yield or quality. In particular, the

system and net hod can be used advant ageously where a
whe@heoyxkae product, or a conpl ex-to- manuf act UPET/US2006/006214

product, that requires many manufacturing steps be

carried out according to precjse _specificatiaqns and

t i mhe aystam adimethodeam be usadyidya Siiratioq pLpGepsy for example, a

i GOHIARERT i or Aredilel hhfch can be i
i AR o BERGRARGE por Are e osRIRR IS abf b Fhlch can be fn a
batdl bi EoiBinuols (Gedraaidimesl)) foakin @ theafikratipnsineludé diagidirasion, dead-

endyDlshe st Bbrame oLy N ot 4 dugerionn petf BUEMbRR grapulpg multi-
meﬂiu%%ﬁ%ﬁ,%}fcﬁﬁéfiﬁg\ttiBM. inastirred tank reactor, a
or, a s

seed reac irred tank fernentor, a seed
f er pelditional @ocases-ihclhde électstatiorprecpitationi ga3eNelose.i r r ed

b2 S Pelb s, AP PhE C ALgRon cn e
ca%§& %lﬁt' &ith QR BRI L, 8 diskeyack @nEia b boel teriifigd, a basket

plug flow oxidations), anaerobic digestion,
certrifugel (fopgli§chhitge a boﬁqmaﬁa@harge}, end & icomititesh GentefugLat i on,

t ai i dati . d i i N N
oo S R T PR g
ad SOLBIRR] @wrorRatBhRpRY i 4 pakedBed anexpahdeal beldtcohinuo(e.g. pion@xchange,

reverse osnosis process, any of which can be in a

affinityc HIGy reveme PhaseLeic. i exhaped rused-ped iop raehangp ol GAC
filtratdons.in i af.l ation, deadend, Nutsche,

adf)‘frgiil%l Oolr1 “&‘%?&Argﬂ%g?‘% %ﬂ;eéﬁtsm air filtration, belt
fil tRuigies Sor dyyiapHioaexamplej aealj duypr, dredzertymguphilization)
filtrations. Additional_ processes includ

equipgient gsionblecops eriehia SRS Iy ad CUF SLIHE ryer, a spray dryer, a fluid

beg él.?#e?,?a%/ %g{]c;frg%ﬂ? 9 é{gﬁlt%{kllr?@ﬁ, bPR geR8RA 1Mk ik 8 car@Bémonitored with

ugation can be carried out with
thasydenanidmethed! Sbfcay sspazativh skuipnweok ssenasdgbipgeent £orhow

e T b e i e

c1AH QB A8HRBPRI o pRARERSScondptnRn@ Sn 8 @larifiel)] sdinclifed lawseparator,
exclusi on chronat ography), adsorptive chromatography
a thirkenqrdokiade diesdlvad-aix Paiation tank dorcas ARhoif gepgrator on

exc .affinit HC re a :
R e BN B o e Plhon o5,

mixeREetéitindcton diffasat Scalimapemjactorquicentifidgal extractor), phase
drying, for exanple, a tray dryer, freeze dryi

changeo(sig-| qongensain. gl #adk fr}ul@lé—@ifgpté:oggwg)ua Ieyégno’%atg)n, thin film
ev?tﬁ (:;J}?tgg% gcéysg;{rllii/zea?l’oﬁ glﬂgersc%'hg}%&fs ¥o'w), & s%ﬁ{t/i%g / d8Rptior stripping,

rum dryer, a’fota ryer, or a
ardeleessicaion dgeipteyecancaAibdesedwriilt the eybtan id tristhody diikaise,

Prog GARIAPCRPT SEREURRG PolPr CSEBBIe AP A gius storage ina
bl'éﬁEHqu &R £ahd vitbth BRRSEScdierdafle  2BFSSnthIRRKY, a vertical-on-legs
tank, a horizontal tank on wheels, a horizontal tank with mixer, a silo, or a hopper) are
suitable for use with the system and method. Other types of equipment can include
equalization equipment, a junction box mixer, a heat exchanger or cooling tower, a heat
sterilizer, mixing equipment (e.g., bulk flow, mixture preparation, tumble mixer, or

discrete flow), splitting equipment (e.g., for bulk flow, multi-way flow distribution,
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clarification (renmoval of particul ate conponents in a
clarifier), an inclined plate separator, a thickener
wha®ion93736 di ssol ved-air flotation tank, or an PEI/USI006/006214
separator. Distillation and fractionation (e g.,
flash, batch, or continuous), extraction (e.
digeirste flowie ¥ PR A CORPPRENE-HY-CodIpPAe Hasis)apnd Ties mdﬁytlon equipment (for
a ctor), phase change
exgéﬁaie_ ’Bﬁl(ﬁ:)(gdﬁ Jcre%ifghﬁdlﬁggﬁéqxg&ﬁlﬁa@ 8 nul i pl e of f eot

contEdquipmentdyeforinalation and padkagink msf ptoalnais &¢.gQfor extrusion, blow
crystallizatign under continuous . absorption /

mald4ts BUFHn TReIAB T NG Ol B8 GRS TP G abi Bs AP LHHERRm, o
Pa(éﬁﬁggl & @Ftaﬂféﬁﬂﬁ}%rﬁ Be I3 1t§r3éatb§qﬂ(@{}gh ngethbli kﬂ%c%?s

5s ‘equi or storage or exanpl e,
eduqimdfnt drudl 1mad forucanspast @t‘r;&gduatmomhﬂeamld |camgb¢ akijto®d as well.

flat bottomtank arec er tan a horizontal tan

Expriples ¢f st pefRmentine ude e R I AR PR aphragm
plfsi‘nlhb %rdeﬁﬁffﬁé‘il CB g{%sé’ﬂrt J‘Céﬂtﬁﬁ'gal fan S hes co?ﬁlefbr tﬂﬁﬂﬁﬁ ra)be?crc%nveyor

w th the system and net hod
(disstm@) mpn@mmatprmmey@a tbullne b pdema}mdomatqr (()dlscaqt@D rSSTEW

cdyhlt R AR b ior TGl B B GFIE) g ey

elé\la@cw (d¥EPetd) ! PalRELART A0 B monhitiTed, Forexagiple, @rgaﬂi wlt¥eShontrol
ow), splitting equipnent (e.g., for bul’'k F I ow,

gln’eﬂvalvwaﬂouﬁwﬂdf\@tm bution, discrete flow, or on a

conpenent - b nt n [
ComPROR ciNAIC RN RETEboeTRu8 F b REtgionsion
of&fﬂﬁdmalsrigt)o seﬁﬁutenﬁafﬁcaﬂ@h gfr@Ipmrlaé ﬂe@mta@ngrqaaakaw M@cdﬁ related
product s ., for extrusiaon, blow nolding, injection

torthe @h%:tertsmhﬁf the crude Pregessedaliostdistillation .pm(iUﬁ@ arg fpther

AR g spBR ooy antBR AARFLIOGERR B
hydiadarbas mskedulémﬂudm@rtsalﬂmﬁg, oeffommg,lmﬂ&)thﬁr comtersioalpsocesses.
can be rm ored as_we of transport
TS cpRSRES PHANG B ER ﬁvmr«cftﬁ@%ﬂ V%@Hfotre%tn@eb%dpﬁmﬁaﬁ%
probABEY S%GH‘a?é'ﬁictl@n Htfefaﬁlgélan& QWBLEFRL fo re%mve undesirable
centr| fugal fan, elt conveyor (bulk a belt
capstituents and dngnowe pm)iuctallpheu fntegrated mq:ﬁ/@y@s u(cbtpoka)te fractionation,

BB LB bR B b PSS AR apgiepyca
proBstsin, and a bucket el evator (d| screte). Valves can

al so be nonitored, for exanple, ate val ve, a
cont Asxiligryenerafiang &or agefinerygen mu  tgampend peWehgeneration;

pr‘éi(%?‘r‘{h? g{@@g{ep %}?SV%H} ?lta+e§ :;llg? rg?egls erls; u@rg e Iand he?ters pumps and

vARRAERply HGERE,anh altroge s Lnd otlEﬁ @lane gases;aidirmpa raad lsatssrs noise
are directly related to the characteristics of th

angy prilatigh sertal amphing (RHe; MALRIRSRLRSE JdG OPeratipe of the refinery
re@ﬁ%énsgalegnuggﬁ%fﬁra}%n{ uifhént W@nper@ﬁ@g U&{tﬁ)l,qyow control, product

the size and structure o
analysis, and so on. A system that monitors the status the auxiliary equipment can help

an operator quickly identify any equipment problems that might interfere with refinery
operations.

As another example, fermentation is a complex process. Typically a fermentation
is carried out in a bioreactor. In general, a bioreactor is a device for culturing living cells.

The cells can produce a desired product, such as, for example, a protein, or a metabolite.
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hydr ocar bon nol ecul es through cracking, reform ng, and

ot her conversion processes. These converted products
w@e@enyssme subj ected to various treatnment and SPOHUSI000006214

processes such as extraction, hydrotreating, and

sweet eni n renov unde3|rable constituents and
Themgptsinc gl&a exawafqat erap?ﬂt@gﬂraﬁe% orespaRpIq agrotein that

b R A @RSk ’?15@1% Vﬁf eﬁft 1%,31%.
e bl"endi ng gﬁ%{at ons a nay a SO |ﬁ@ g%e pe rocﬂgﬁggg cd
substenegmddured Ayndtatanlic aotieu af the nelld, for examefe, nemyll a@oiecule. A

i | u st eam and power eertio; r SS dfir
sty mpleCte Rat vt moBOUE, el bt SPin Bio06 BR5prRtbhn 900 Da.
TRERE@bSlite Eh’ﬁ"ﬁé f@in&a}‘@lé’ &SnorH prbﬂg%ac&faﬁama }ii; a nucleic acid or
ni trogen, and ‘ot her pl ant gases; arns and sensors;

nyedsiotide, ameppdt (eug | @pmeld prateihl a t@an,ptbrl angytibesici ng, an d

i nspect.i.n eratlon ne req

SubST PSRN EUHTE 67 et fnhtredbfnk st pe Sorfactor can
inclaag b @Ank Holl @k @ Pighid0hediRinQA whiclhAlMahy 81 ar@ St peiedN Thé tank can

éPéfstemthat nmonitors the status the auxiliary

de pearsnfor edding eF prragyiegpwedivay, adding Lgaayon lumd t0f the gamk (for

)0 Lo PSR ik B B 1 LRI s o

sd]:lﬂml) exd Poets ems alldy I@brﬁsafd ¥ sﬁnf)lertl‘i@éliaa& iBfileithe @k! TAE sensors
out in a bioreactor. general, a bioreactor is a
cagdnsasarecopditigns l!i’ﬂdﬁéhq ‘Plﬂeﬁ@mb shghsas, fsexamples iegngrature, pH, or

dlpgo%afo%yge@@oﬁcéaiﬂat@w%s sc‘b’?ﬁlhoeaccdnﬁfgafed‘?%m%ip sthrile

rotein;-or a net eproteln can
ccmndﬂrqnls withirt the tape (Dther porhetbndesigns aexlarqwreinah@at Ehabioreactor
target. The n can pe

caél eéﬁgf %g%yit&r—%?gegqlfgfﬁ%gﬁp %S sb'aeyegstsg)ém el alag or animal cells; or
fol Eﬂ%ﬁ%‘br@ﬂar?&i@&@ﬂs | ucRGS berf Aﬁlﬁl&?@éﬂs %an Rude mammalian

exanpl €,” a shal mol ecul e. A small nol ecul e can have a
celts) WIamplwﬁ Vgllnt:h s Chiges hlatmhar SVmQCH@) cells.| leswntehan
nmet.abol i,t e can exa

SRR e Traie: g s B0t ok Pl S RRg 6 RRRBie when

th8 ualsa@me@altu@drgw be& vitRnWttached 618 shpgdiOtBietink éan have a wide
toxin, or an antibiotic. The bioreactor can be, for

rapge@foyabume canacity e fromnhk o5iless £:39.800 Lpk&ose. oF erasemples an

blg%%tw&alﬁ caﬁﬂﬁvékglﬂg h&@ﬁﬁle% Mﬂio fl T8 und W%(gﬂ, {gﬂoir’d,&% L In

S are suspen can~r nclude’ por

a mdnlifagturing cextent| mgelhadtumanaﬁirmfema t@h bidrepetdt with 4 eger tank
.tank (for exanple, to s&ﬂg y air to the tank, or
Slafdanl% eriip incErase therolmeof hecell erltug The exlbowlfurgens be increased

inSRkithd éﬁ&rdéﬁg‘ H&ﬁﬁﬁlﬁ%d AkibAe AN n%& exaaﬁ@@' Lcdifife of

space i nsi e sensors c
CHOnmtls camise trmsnfe:ifedttba Hivreactacthatrhas avohinastivd times larger. Other

LR ot R B0 S s LSRRI i

st errdfBrring to FIG. 1, process unit 100 is demonstrated as a liquid reactor, such as a
bioreactor. Process unit 100 includes vessel 110, holding liquid cell culture 120 which
can be stirred by agitator 130. Process unit 100 further includes sub-process units 210,
220, 230, 240 and 250. For the purposes of exemplifying the variety of sub-process units
that can be associated with process unit 100, sub-process unit 210 can be a pH meter; unit
220 an oxidation-reduction potential (ORP) meter; unit 230 a flow controller for gas

supply 235; units 240 and 250 can be acid and base pumps; respectively, for pH control;
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conditions within the tank. O her bioreactor designs

are known in the art. The bioreactor can be used for
weob0937mg eukaryotic cells, such as a yeast, PCHES1006/006214

plant or animal cells; or for culturing prokaryoti c

cells, such as bacterl a. Animal cells can inclu

ar#atma\tai G054 be |y 80topfor agHater B agh b Prapeay RTCED, 320, 230, 240,
2 | or eac oer{ﬂg%’n&hqﬁ@t %%Ié%%ﬁg? ? chﬁfﬁl??&ﬁﬁcg&elf P) gontrol

syeteangdle npets 310320eB3G 340, 358 Hd|360rcen ighaly @%ﬁlo‘gﬁfgﬁal a

attached t suppor t The tank can have a wide ra
dl&tal\ﬁeﬂnaﬂ@ b janglog and dhigital pigpal. le same gmbedimspts; a feital signal

{
R PRaA B PP RAmafy P BHRACYH o SIPLTORE), MBI 43T signal
includena meanmedbT Semondm’y vandbdet Theaswelhdary uMabﬂ@cmmoblde

anfer to a bioreactor,.,with.a | kS|
inghEBRoR 400 G arbsomel JORE it ot corteth of e aPE: Shhgtocess
usif dapélﬂé bf‘feﬁoﬁﬁi@ aﬁ%pbfbﬁbﬁﬁ%?a%s‘ @sing! féi”é‘xﬁﬁﬁl@ rdé PE\R"PO@
predeterm ned ratio at each step. For exanp

Fl@ldbump@tcmolso:a@ avellplsle Erom, Hor etxuamplﬁ bR Autconalon Products GmbH,
E ) cgcor at hastgz E C?ﬁﬁftve times larger. O her

rrng{ 08 TEEN SPPIs G SRR K9ea¥Ancesses or types

of cSPC%an Fehgslicdng atulivatifie of muMiRERSSmbIMbE. OAG apSroach to
denpnstrated as a liquid reactor, such as a

cositotlingcaogrplexproesses is ha use @b stetigticabipocess sonirolA$BC). SPC

L kL U AO P s o
em’tpl@ lio oSS tdmbhiorditOduck §kalit 36d mafdaia PeocebRs tdfixed tagzets. The

ur poses of exenplifying the variety of sub-process
Vtog o ﬁawCE%ﬁrPaﬁaén%rf%rs@@g%a@alywq fatitigelbs detgrniningpmean and

Stm’fox. EIRERRR ME U PAhads TR oBRGTR Alion 4 be £ FRelp setor
adjus.‘uwppuralndddniversefpmmntgﬁﬁ tbupgrhet285; units 240 and 250
can i d and base punps; respectiv . for pH . |
cont ofif Procsue B B Drt B a1 et ee nabgy using
mﬁﬁﬁﬁn%@ﬂ@' QESBE). UNSPCZhA usAB1tivaade s?ﬁ'@tlca@ %Q)d@ﬂq)f 2#8fvidual or
provi des an input 310, 320, 330, 340
gliovpypeicapietasions ta dﬁt@mmm vyhetbylsnremsa operau@mnrswrmt q@ﬂmy are
350
Wi pithean, RO R et Mt a0t Bt @Piesse Mspc
sdfﬁva&@ eaveiliel froe1) £6r examiled Ehidks oni F#B&dss Mdﬁdg&ﬂ@t @r Umetrics.
measure of a primary variable (such as pH or ORP), and
t he MISRG e rspyida rdyansasaeiever athes axagess eomtral schewat dpsexample,
WI}{% {O@pngxﬁa%%fb? ug%} e'iéé a\é‘éﬁéckr?ekg%tgq Cﬁ{f}a i 1ﬂ¥1§tgﬁes suchta scenarlo
FI63. 2destiots thé vilbes afitivo. Vaﬁalﬂiiesp(de@gﬁaedl Rt Bamhmlzb plwt%d as a

e e BT S S B
o L
univariate plot, all points fall within the control limits. From FIG. 2B it is apparent that
the two variables are correlated when the process is in control. Four of the plotted values
falling within the correlated control region (dotted ellipse). In this circumstance, when
var 1 and var 2 fall within the ellipse, the process is in control, as shown by the open
circles. The process can be out of control even when both var 1 and var 2 fall within their

respective nominal control limits (filled circle). The control region can be calculated on a
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SPC can be applied in a univariate or nultivariate
nmet hod. One approach to controlling conplex processes

w0 200bhe37ece of statistical process control (SPE)T/USHE/006214
i nvol ves using statistical techniques to neasure and

nal yze the variagtion i rocesses, for exanple, in
stgpRgAl Bagirigh ST LBr S duieleolit Ambgt gl wensdard degiations from the mean
valiRGESaLP ahPvdrioxed targets. The behavior of a process

paraneter can be anal yzed statistically, determning a
meanMak§ enaseltechinidees sich enpfinipdl kempananeahaysis @A), principal

c R A RO P D: BERAtIEes SFarsrcrES) md cancrisa rSihion
arAlRisP(CCAR SSRAItadRidles @&ﬂre@ﬁcé%@l(dﬁwié%%%da'f\ig;dfaat dadd §f ¥hile

anal ysis using nmultivariate SP _ C can use
refpiing gumugh ef e aetistioncenntaimadan sheodriginaidatachsagiossible.
gro . erations. to detern.ne whether.process
opera .qu%é }ﬁ)&éag SEEE tgﬁ 8Pti1 gh?%ow: -oﬁof g process. Measurements

ofgpecis§ varhiblesnge pifbiied éan c&ﬁg&t&ﬁﬂmﬁﬁfg MSRC-sbftWare. The software
nitoring of processes. MSPC software is avail able

anplygeg the processayasiable datierladiprreess eeriralisettige the sofoware can calculate
. PC_ g ' ver. .ot-her
RLE TS AR B BT PR RTHAR, o
pr ocEserol aystah MO8 ca inchilerag NMSPBC syddfe TBe MRS bysédn® 8an accept

. ' FI G 2A sh th I ft

i B384 BT HL aflyrinodiad 3ep Spmasit wiae i 314, 840ea30a240, 250
Crom: . . .

150y S AR B 48w

pragrds boitse rThednpute bard inciude @h @haloglot digital sigra). The MIPE system can

i, abl hi h [ | at | ot | .points fal]
el Rt R Hhedon fheBanis ThonBReSan aflsceive
opefi@ion tsh@ust oFPhe/@tire Bt REssalnf, 61|°£ St ey %ﬁ{%{%ﬂla??sﬁ 89&& S€ontrol

is in control. Four of the plotted val ues
sygierrt(9 qapdncleder adispley sereen togirovidg  graphitat view «lthe gigegture to an
| ' j rcunst ance, when var 1 and var 2 fall within
Opteﬂdééﬂrﬁ'lls%'se, the process is in control, as shown by

t he TiRebgiro@keanitsldag pp6EEeaga EANSPE fitw:eE fz PRbJe® control
even when both var 1 and var 2 fall within théir

PUrRASB® crigample ARH mefst £an be ysadl feor neasiriegipHiin e pegcessinatrol
r C .
281 R gEEAER0 AR FTSHALEIaRy 300 4 s v
muléipleaigrabssrelatedrtv tits atanmsa(n ey dlagrsstiofsignalk). Thergeavaement signal and
.MSPC. can use techni ques such as principal conponent
digg o R E RO PR ACBBA EREL g FEuSpanibg pERpeter can

usPaldidial cdBRs: Wﬁﬁ%o@?ﬁoﬁ}msﬁ%n@%?% %@{aggﬁsréirc@aﬂﬁﬂlgpto a

hic
analysis (CCA). Such techniques can reduce

codirplenystieon &l addjtiaf toghel pHansstrewient. eThieadiagnuistic) vasabhicin be, for
vari ati on cont ai ned ig the original data as

f th
exfinpley Blob iRt i dmgndrosei O otsTRoS riBRTue diector
(RTD)e&yMtsRe, Of a process. Measurenents

The diagnostic variable can be an input to an MSPC system. The MSPC system
can accept input from multiple sub-process units. The input can provide information
about the operational status of the sub-process unit.

For example, referring to FIGS. 3A and 3B, a digital bus system wiring (yellow
cable) application in a process plant can utilize a trunk and spur connection arrangement.

The main communication trunk enters the black “brick.” Spurs then emanate out from
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of process variables are provided to a conputer

runni ng MSPC software. The software anal yzes the
w@e@eesy4oari abl e data. In a process control SECT/USIPNG6/006214

the software can cal cul ate and provide outputs to

adj ust the |evel of one or nore process variabl es.

th@dmckm lopgkfiedhinpoumeatatipn devieks. BafembraofISSe i anddB, a screen

cof RPN DB ERh kBl Sy 3@%&1 S5yt g,

exafifhle? @2 diding bub Pyttéin GPdblERRYmIitH{oD bﬂl@tth@ﬁlaa?%‘qt:ess Relue of pH
operational status_ of the subprocess units e inputs

andhe sasendati Peasestialuspidpmarigiura butilgmadditionyd kxswmpsor

t
o LR R o B R DB AR, R DR 00,
cabibatios pﬁfantdﬁs eRéﬁefr&lgabcEIGSSSAl rand SBQhulalV&@ite statigticabprocess

rocess units trol syst 400 can i clude a
CO&F§|§¢M§ SLHgraiuEy cwwioo ajg'l] Ty s, cgrmple @ number of
u VA
inpuslice %"&%%@@%ﬂ%‘%ﬁ?ﬁ e SIPY SESTERITY.
XEVAViMATRIR TdSaese udedrto ercatymng plat aphinder of rrm‘c‘trvabetewﬂekytlcal

tr%ﬁgégglg%%g({ﬂéggl;, grlfg)rlfpgh%dg%(g %?%@g@@é ] gr:spé %};lgé{qgwty Each trace
haR\W&-hab it isrb%ﬁenﬁﬁﬂ'y AeikibdeindTdh Eﬂaﬁétﬁsaﬁé site bEHRIRHirbAtion of

Its status (1.e., diagnostic signals). e neasur enent
&@hgnumvamdﬂﬁlagnostlc S|gnals can be transmitted as a

ai o VPR e T RER Biigh AoisheEl o ienBitesto o s ipuss to

thei wroaﬁal siy. aThedib@burk @aR be @Rhfigtle Mas tigtiged i DREALHAOSE time.
to the measur enent. The di agnostic vari abl e can bhe,

Eaeéirm@aaﬁ@ can b@gasa@@atie@rﬁfe@a}m@@r mase Bresheld Yakssn Y¥heien ggnature
efg@%&sﬁ%ﬁ{éﬁ@ol@i %Iééﬁgfﬁ rﬁﬁr;é&a (f)rer &E%R{)ld%%%%%l%@caelowgp fhreshold),
it EEiﬁebé\,ﬁPﬁdwﬁble rrf shaporrasiapetationp lAt slgﬁawtre ouilt orphmltlvanate SPC

sub- process units he i nput can provide, i nformation
tegliigeschp d @ﬁ@ra&p%wl OPeibREW R ieRieT sesithiily dhansunjygrate SPC
& t
B SETEE SEE If U Bl Aleal AR s o
mnqxt@aél“ psltzmstlc onBPE statistie Iésetqfla s&amtls puMSEEhin desaribed in, for
arr trunk .enters.t
cxiRgR M ate Sl PR DAY ARELIcRiqrohy Robert
LéeOMagsi2nd ¥@IHC, Imdgussaé@tfbpmddﬁﬁal%a Appife8 Mdthemitfes, 2001,
FIGS. 4A and 4B, a screen can displ ay di‘agnostic
which ¥ imgeiporated/by tefirercetin ite egiirety. @htswnatw;@ cayigelade moge than

‘% 3 Igfﬁlé rl?% FX%%RH a? Slr{%ﬂa%!grle ﬁgfgﬁ og%ﬁfa(; &%ﬂ? st'(l_?an% a f}rlst

d{ﬁﬁ déx&@oﬁn@ G&Sﬁtétmiﬂd:d bSfPC R GREsRS axﬁsi‘andtwiecaxh&prmmpal
i onal key sensor
component on another axis, or a T> or SPE chart.

One or more signatures can be developed for each process unit or sub-process
unit. The signatures can be displayed one at a time, in groups, or all at once on a graphic
screen (e.g., a computer display). Two or more groups of equipment each having its own
signature, or signatures, can be monitored by a single composite signature. The
composite signature can indicate the status of, for example, a manufacturing line, the

equipment in one area or floor of a plant.
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performance information such as pH el ectrode

di agnostics, reference diagnostics, and calibration
w@aranel7es s. Referring to FIGS. 5A and 5B nul t POEUSEDE006214

statistical process control (MSPC) signatures can be

di spl,aye raphically, In this exanpl e a nunber of
i np f&@%@gfe el g cpnlibpHO RS EIROS ERRSIRIDHY, SigngBe can be
caldol&d Ha¥ed &Y, o%-gl‘é?bj-g}/}n(ﬁ‘é,eid&qﬂ?& O FEAAbR &nﬁ) ﬁbl%t signals.
a nunber of nultivariate analytical traces, for
A einglepihpyt cin comtaiboel tb zeste fEN 0BPE ganitird?CWViner & lesgdatmber of signals
mat,urity. Each trace has a y-axis that is essentially
(e gD s slorsh el s  piacPadiit o sl indher op g enatires ban be
geRmtadl Hél%)ing o SfmRAG hhonftBithg ¥ohE 2 iﬁmeP(ﬁ%PaH%fgé}Q@ Effbessed
be used to provide a signature, or signatures, for the
mjthgrpaticaily, a metrvERG Rreprpseinging Yhwatdésgnabserations) cheba

i.ab t hat .ch f t] f tine. h .
B B R B e BT
val U snasiéhBealth indidhdt bfaphiR$6ReA SarPsHIW ﬁ?ﬂl‘é's%nﬁiul-r&- for h Process

greater than an upper threshold or less than a |ower
unity gppefagiuringsystem dsdingrpriaggntivet facitityo f Mabifeetneing, engineering

- Al ' [ n |t vari ate. SPC
an1Bien SR pEisShT B U RN bl PRSP YEEL R Fiidigiantp sprvey
thes_ﬁfcﬂit%r tovinhle ﬁth thalg ail \élq&i'pﬂ;gﬁt i&%ﬁmg :af) ﬁﬁéﬂ/&&d: Eaél{]signature can be

i gnat ure can be displayed graphically. A signature

Ca@&%t%ieﬁ}ndf%wl@@éﬁﬁlf@l BmeT statistioc or’ SPE statistic.

gl pre, = ! . i

examuje et fir irafud MPAIGo b sOFACToL REhe e and fegord-
kebpidgptrpiosds. Ap plconkof canh kgnifoipesh bbeg)rwfiﬁm:xgﬁmb, dakaper

C. .Young, Soci et I ndustrial_and Applied,. .
e Gh A P Bl AOE (o IRy 155 OFsErdivefGR-ROM.
or ke Jilkey. FAE bloRddsigheRGE ol BORsHEiGted Wt SHloHER, TBE Exdnllld a RFID

one variable. For exanple, a signature can be
tagicanheaphydically assgeiatst vathovproduet, dndrigformation reating to the

C nen as_det erm ned CA), on one axi s and
mPRARE B et BER D 5Entesh S b Hofeddn A hendtd Gnhe RFID tag.
Se&Hbr exudiile, DSS PRent 6.8, STOBUAL Whesh i§ dtoRRraley B a&EnéLhn its

each process unit or sub-process unit. "The signatures
enfEety-be di spl ayed one at a time, in groups, or all at

onc . ' L een. o ut er.di splay).

P TefatBu B Eufd G rterd maifl FRTR I i HBR b8 hime based
intervghaFarrexampte, itimaeabela@eyn tharn Reticand fiedeass dadiptent Ratieable for
conposi.te si ,agure. The conposite signature can
a Heﬁanﬁ é’gflglet ﬂ@g '2 fHeYed toroperale fagedapges perodahimacenfaihg

1 e i . i . . .
o TR B0 8 s f e

ant . a sign

wdtdd beseamiokd or mphiceghbdfureethe ennd bftthe akded oft retatiised on 1,

2 or.nore,. of. Jqoree. .10 or nore, 20 or npre, or 30

mor &@P@‘W&P 1€ leve of a'signature can prompt preventative maintenance
activities. For example, the signature can be sensitive to deterioration in equipment
operation that occurs prior to equipment failure. When the MSPC system detects such a
change, it can alert maintenance personnel, in order to schedule maintenance at a
convenient time, such as between batches. The alert can be a visual message on a display
screen, a page sent to an operator's pager, an email, or another electronic communication,

or a combination. The MSPC system can be configured to interact with other software,
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A single input can contribute to nore than one

signature. Wen a |l arge nunber of signals (e.g., 30 or
worene)9i7ge avai | abl e for a process unit, a smal PEF/US2006/006214

nunber of signatures can be generated, helping to

siwoliféanonitorin of the equi pnent faor an operator.
fore¥rmanle & SPAsEate ANYITE ardeyfor gapipment daermiped jodsrfadlsnbaspdon a

: ' X servations) can be transforned into a
m%%@???kﬁégéﬁﬂghere K'N, and K represents the

cal cMhaattatned gnixities @an thiys badelayedmedil tthe equimerit@¢quires attention,

Qﬁghic screen can show all the signatures for a .
af B ¥astgn At e ame e QAR PRICe far Bepgformed defass eqripment
faftfiel Which@Gh disk¥pt oﬁ@xﬂl{‘lf)ﬁ? ek 'eﬁﬂﬁ)lgp&lt Rid BShd@hs that can prompt
mai nt enance personhnel can qui ckly and conveniently
mpipfespndecactihities dichpleayeasaresenteepsdrhieiff, figinidileak, valvepkablems,
hsa e tha%:all egui nment is Torking as intended. Each
& g??ét‘ﬁﬂs SRR BES TB‘HP%P@B “Md di spl ayed in real
ti mewhEh eroSbISRIoUNE a bRich Tl Ry ettt of e cHlcaRo? SheShBERY unit
for future reference and recordkeepi ng purposes. ‘A
healih gigtatyressat hrosidmaquicle wen o elémiiaterthel profcess eguipmpsingas a source
el ecord r on a machi ne-readabl e medi um
of tle BRerdcne earctl | 20 1% TSk ar e, CD-ROM. or the

|'i ke nuidder 6ft itesliiBbae BivwY eeh ABsdpBedSNeGdrieRes, W Wil He
product. For exanple, a RFID tag can be physically

uglessipqdihaid apiophmadisicadenstmaybrimpds. o ererdinglyr ethertanthpdimgents are
duct (e.g., a signature) can

w%@ﬁg@%?%%@ﬁ%&%ﬁﬁgﬁ%ﬁg%gﬁﬁghe RFED ?ag. See? for )
exanple, U S. Patent No. 6,839,604, which is
i ncorporated by reference in its entirety.
Traditionally, preventative equi pnment mai ntenance is
perfornmed on a tinme based interval. For exanple, it
may be known that a particul ar piece of equipnent is
reliable for a period of tinme, and if allowed to
operate for a |longer period of tinme, can fai
unpredi ctably. To prevent equi pnent failure during
operations, that piece of equipnment would be serviced
or replaced before the end of the period of
reliability. Changes in the |evel of a signature can
pronpt preventative mai ntenance activities. For
exanpl e, the signature can be sensitive to
deterioration in equipnment operation that occurs prior
to equi prent failure. When the MSPC system detects
such a change, it can alert maintenance personnel, in
order to schedul e mai ntenance at a convenient tine,
such as between batches. The alert can be a visua
nmessage on a di splay screen, a page sent to an
operator's pager, an enmail, or another electronic
conmuni cat i on
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or a conbi nati on. The MSPC system can be configured to
interact wth other software,for exanple to generate a
wowrk/ogd7der for equi pment determ ned to be fauPCyUbmeeas214
on a signature or signatures. Mintenance activities
can thus be delayed until the equi pment requires
WHAII CHAIMERIS; ng waste. At the same tinme,
mai nt enance can be perforned before equi prent failure,
whi gh cany glglHRE n%%ﬁ%%ﬂﬁﬁrygeﬁ%nﬁ%m & eqflphuRit dbhrising:
condi tions that can pronpt i ntenance activities )
i nclutadenitiasafiestreighalSeors a firstrsitb-prodessanititol aeepmirol iy avherein
probl eng, head.l oss, unsteady process. or "
theiSbHigRAL 1s EANYS SR SRRt BRE fir sur BRGsssmity g
of PRG54 @Bnd HRRIFFAS 888colistibpesdebNutii ©TAE torde] unit,
can provide a quick way to elimnate the process
whegin thessetomalssigna inindisatéfe afisa dpseagienalfstases ofithe sqgeand sub-process
bat ch. A nunber of enbodi nents have been descri bed.
theless, it will be understood that various
nodichicGRting A%ighardBased da thestdighal ghd theakebatd signal.
enbodi ments are within the scope of the follow ng
claims. WHAT IS CLAIMED IS: 1. A nethod of nonitoring
t he pperatio f j . I SHIR G ;
traron £ lignaned bEbE il SRRk EATR I B playine the
ggﬁhﬁ&to a control unit, wherein the first signal is
i ndicative of an operational status of the first
sub-process unit; 5 transmtting a second signal from
a segond @&%%Q{i 53 aaﬂﬁgffu}tﬁeﬂ Jb%gﬁgmg LhediMink mIMABARICH of the
t he Second signal 1s 1 ndicative of anm operationa
first abysoadss tuie ossecondisuhupropess cei dasadi an the signatarec ul at i ng
a signature based on the first signal and the second
signal. o 2. The nethod of claim11, further conprising
gr aphi cal 1y k@B 8Y R I MRh&EENAtefting the et sigia adlwdes
claim1, further conprising scheduling maintenance of
trarsmitting stdigitabsignacess unit or second sub-process unit
based on the signature. 5 4. The nethod of claim1,
wherein transmtting the first signal includes
transm t t TRYmathed @F thlm 3| ghedkin thansiiengdididt signat iailudes
-1, wherein transmtting the first signal includes O
transEAIng tvid agingdnsiriaopppNpeation Prete¢ftuni cat i on prot ocol

6. The method of claim 1, wherein the signature is indicative of an

operational status of a plurality of sub-process units.

7. The method of claim 1, wherein the signature is a statistical measure.

8. The method of claim 7, wherein the statistical measure includes a T2 or
SPE statistic.

0. The method of claim 7, wherein the statistical measure is a unitless
measure.
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6. The nethod of claim1l, wherein the signature is
i ndi cative of an operational status of a plurality of
W@ aiweprreess units. 5 7. The method of cl ai m 1IPCTAIS2066/606214
the signature is a statistical measure. 8. The nethod
of claim7, wherein the statistical neasure includes a
T orl0SPE Taeandtkod of clanpl, witeeeindheignagie & %ﬂsﬁﬁl o1 ten or more
. rein the statistical measure is a unitless
S“ﬁ@ésure.lo. The nmethod of claim1, wherein the
signature is based on ten or nore signals. 11. The
met hod of claim1l1l, wherein the signature js gas g on
(T or Therectbachbaleim havhorsia thotHGURIGHS (st o Bty of more
fu ther conprising notifying a user when the signature
eeds a predeterm ned threshold. 13 . A nethod of
nnnitoring t he operational status of equipnent

conpri sin transmttln irst pJural of SI
£ omza’ t {Shermsshof af s g0 brfogter oy Toiivind s ySe Wienthe
t one signal of the first
Sl%“%%é?’%"te% %Pﬁe&%?fé‘gi? ?%gﬁ%%ggﬁ operational status of at
| east one sub process unit of the first pI urality; and
cal cuI ati first SI nature b sed first e
o ur b 1 yA rctaadginaicf e e Gperiiongh S g seiricpt comprising:
wherelgm ﬁﬁﬁ% p Biest i@ allity’ o sigRhld Fadnh b Yirdd fphﬁh]ﬁk‘?&if Sub-Process units to

i ndi catl an“operational status of a sub-process
a comitio] widit, twherdin atsleaqjlouc signalyof thesfirsTplurakisy lﬁdﬂdléﬁtl‘@l ofiamh

her sin transmt p ality
oo Ate el s prear i o) Re I RERa st
uni t §duPatg @ADL BEnaait basedhertbe firdplurglastof @fgﬁalSl gnal
of the second plurality is indicative of an
operatl onal status of at |east one subprocess unit of
t he | (i)(]?lﬂ‘gl <onals i
si gnat'ur gﬂfxase ho% gﬁlggc‘gn %Ie%{ﬂgp&t?/fﬁg lthfSIgnaSIS
indRativid\6f diﬁ&iphfuﬂloﬁél staltﬁ?s of dlsub-prbesseumnit efithe fivt Iﬂlhmhlslec ond
plurality of signals is indicative of an operational
st atus of a sub-process unit of the second plurality.
rthbf & ?@Wz{ﬂ Hithe ond pluralit
cal cu?at P%%g?ﬁﬁpgkgﬁlg]%g?ﬁr ee{) rlson thg fll rgasec P 4

offdigrtatd firoryt a@écmd@iaﬂahtyabfckubMmenm tp Iamoatrolttyntowherem at least
si gnal s

ong g %@%ga({ﬂﬁf}ﬁ% t&“d%%&%}, Pl 0855 PRSLEE 818kst one sub-

process unit of the second plurality; and

calculating a second signature based on the second plurality of signals.

16.  The method of claim 15, wherein each of the second plurality of signals is

indicative of an operational status of a sub-process unit of the second plurality.

17.  The method of claim 15, further comprising calculating a third signature

based on the first plurality of signals and the second plurality of signals.

18. A system for monitoring the operational status of equipment comprising:
a first sub-process unit configured to send a first signal to a control unit; wherein

the first signal is indicative of an operational status of the first sub-process unit; and
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a first sub-process unit configured to send a first
signal to a control unit; wherein the first signal is
w0 nabso2d7eee of an operational status of the fiPGI/US2006/006214
sub-process unit; anda second sub-process unit
configured to send a second signal to the control .
uni @;seqdndrssbprodess wHteadigyregriaisendsa sagand gignaldo e control unit;
oper ati onal, status of e c SUR- C hi
wiRRn B TR o SR SERA S B By MEbAd subprocess
unfti gnature based on the first signal and the second
signal. 19. The system of claim 18, wherein

L . t he .

contwhsrein e congok upit isepniigihed furalenlaty aélfgélﬁ‘iH‘FecgffSP?/ on the first
. di spl [ ture. 20. The system of claim18,
St g?“é‘ﬁﬁ"%%@“??@@@'si gnal is a digital signal. 21. The

systemof claim 18, wherein the first sub-process unit

is configured to send the first _signal, via an !

i ndu$t r i aibesysiamat clmds, pheregrhe .Cg%téﬁ’l Vs gy@te& Fgjgured to
or by HRsol L Siofathe Signature is indicative of an

perational® st atgus of a plurality of sub-process

units. 23. The system of claim 18, wherein the

signature_is a statistigal neasyre. 24. The tem o
I ai 2 23, Mherserieimrotamat S heiens e Tira sl S B End!
T2 or SPE statistic. 25. A systemfor nonitoring the

operational status of equipment conprising: a first
pl ur2dl. i t yTtsusystomoefedaimuls, whereimtie fiet sub-reoness wiif Bopfgured to

send si.ghal . to.a.control unit:. wherein at |east one
seif Hiedftst il uia i fite rmBistiet Rl 5t us of a
subprocess unit of the first plurality; wherein the
control unit is configured to calculate a signature
baset®-on Thesypteny ofi qlaipn b}, wdiegpim fhe signature isgadicaave ¢fagy
I [ suh- _uni 26. The system of
Oé#%ﬁﬁ%ai%uﬁﬂgﬂg?ﬁ&%§§ﬁﬁ§J@Q%%g8%§§ unit of the first
plurality is configured to send a signal indicative of
its operational status to the cgntrol unit.27. The
syst@m of 1eq systeppef clap igﬁ &fhe LENAgre lssaegﬁtﬁstﬁlcgl measure.
plurality sub-process units, each being configured to
send a signal to a control unit; wherein at |east one
si gnzd. i sThewyiseat ofvdaiof 23 whepin did satistical tragageredncludes a T™ or
ﬁgb-Frocess unit of the second plurality; wherein the
SIS HAHHIC- unit i's configured to calculate a signature
based on the plurality of signals sent fromthe second
plurality of sub-process units. 28. The system of .
cl ai P9.27, Awbigsewi far manitiorngthe operatignal fiatus i ehp@meBLeHRPrising:

a first plurality sub-process units, each being configured to send a signal to a
control unit; wherein at least one signal is indicative of an operational status of a sub-
process unit of the first plurality;

wherein the control unit is configured to calculate a signature based on the

plurality of signals sent from the first plurality of sub-process units.

26.  The system of claim 25, wherein each sub-process unit of the first plurality

is configured to send a signal indicative of its operational status to the control unit.
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plurality is configured to send a signal indicative of

its operational status to the control unit. 29. The
waeymbem7ad cl ai m 28, wherein the control unit P&I/US2006/006214

configured to calculate a third signature based on the

plurality of signals sent fromthe first plurality of

subp¥’ocesBhagysen efrmaintizd, Sedten dopprisiag atsgcapd plurality sub-process

b- ess units,. 30. A method of ni.toring a .

i BEER Sobilsy o ur 8fiel R @nuPER G indr lavope siena
is ddicutive P kR bp@aEdnab §iatub of @ butpRickdsaliitof 1 sceHRPPREATF;

units during a process operation; neasuring a property

of avhsreiaibe contdiuribis woplicwsd e edledste apignatise basedionithe
: j MEeT, erating. normally
D R B B B P b R BB 1 i
30, wherein calculating the signature includes
transmtting a first signal froma first sub-process

uni t2% o alREweies) of phyim ik caghsubipragessipjhel the second
Hhgtyei b b0 1306a1 skd
D SRt SRR SR OB AR k8l 419 the conirol
urfit om a second sub-process unit to the control unit,
wherein the second signal is indicative of an
operational status of the second sub-process unit. 32.
The met hoﬁl@%{s&hﬁéﬂ'@lzﬁﬁr 2d, Wieh&ds &&%Hfrblﬁ%rﬁ‘tgis £hii¥8d t Giculate
signature. 33. The nethod of claim30, further
a %-prg'ngiun@b:gscdq el the plyrabity oft ségralscsenofrora theifiesp picagy of sub-

' t I [ d th [ t . 34. Th
R R e
statistical neasure.35. The nmethod of clai m 34,

wherein the statistical measure includes a T or SPE
st atd0st i cA nxghodfraeniisgingfa pipesss eerhpiisiegie oper at i onal

st at . k . L SENg; l ting.a first

o} orci oD MIRAC ERIREL S Aon L] SOLBL R of v
prbcass tmipd duralgiatproedss spdradsrgcess units; and cal cul ati ng

a second si gnat ure i.ndicative of an operational status

of JREASHERY? PIORFRY Pf § PErdustpofucsd dydheprocess; a1 The

t . i f i i a i .
s pirfinifig ABineme b pice RN A AP RNy Yuring the
pre¢eghaparataon.

31.  The method of claim 30, wherein calculating the signature includes
traqsmitting a first signal from a first sub-process unit to a control unit, wherein the first
signal is indicative of an operational status of the first sub-process unit; and

transmitting a second signal from a second sub-process unit to the control unit,
wherein the second signal is indicative of an operational status of the second sub-process

unit.
32.  The method of claim 30, further comprising storing the signature.

33.  The method of claim 30, further comprising scheduling maintenance of a

sub-process unit of the plurality based on the signature.

34.  The method of claim 30, wherein the signature is a statistical measure.
18
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38. The nethod of claim36, further conprising
schedul i ng mai ntenance of a sub-process unit of the
w0 eospophaur al ity based on the first signature. PGPUSA06/006214
met hod of manufacturing a product conprising:
manuf acturing the product using a first sub-process
unit and a second sub process unit; transmtting a

f:'o[@f’% O|SI %ﬂ; {ne &f & a%n{l&hggv r?:ﬁ]tbthg t&ﬁ% lfﬁ%ﬁsl%l dé ?1dese aT? or
SPE taﬂgmpperatlonal status of the first sub-process

nit; transmtting a second signal fromthe second

sub process unit to the control unit, wherein the
sec nd s

o SalRol BB YE oProa b AL PO paf e ifprisine:
S I g BQE‘HE‘@’H ﬁﬁﬁ@ Sl(gﬂathféeinﬂicﬁﬁ\Ie & &fh’plerambdaltsi:LEuMmSt plurahty of

si gnal . . The nethod of claim 39, further conprisin
swmssmgmmngsamgroduct qual ity rating based on the )
S1 gnat

re. . o ge .
cz?lcﬁat?ng a second signature indicative of an operational status of a second

plurality of sub-process units.

37.  The method of claim 36, further comprising graphically displaying the first

signature and the second signature.

38.  The method of claim 36, further comprising scheduling maintenance of a

sub-process unit of the first plurality based on the first signature.

39. A method of manufacturing a product comprising:

manufacturing the product using a first sub-process unit and a second sub-process
unit;

transmitting a first signal from the first sub-process unit to a control unit, wherein
the first signal is indicative of an operational status of the first sub-process unit;

transmitting a second signal from the second sub-process unit to the control unit,
wherein the second signal is indicative of an operational status of the second sub-process
unit; and

calculating a signature based on the first signal and the second signal.

40.  The method of claim 39, further comprising assigning a product quality

rating based on the signature.
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