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ABNORMAL EVENT DETECTI ON TECHNOLOGY TO DELAYED COKI NG
wORboT/1BACKGROUND OF THE | NVENTI ON [ 0001] The pPesaISR007/009576
invention relates to the operation of a Del ayed Coking
Unit (DCU) conprising of feed heaters, main
fractionator, wet gas conpressor, and downstream
I ight ends processing towers referred to as the Gas
Plant. In particular, the present invention relates
to determ ning when the procesgs_ is deviating from
normal operation and automatic generation of
not ification. [0002] Delayed Coking is a
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further cracked into naphthas and olefins. The coke, which is essentially carbon

with varying amounts of impurities, is calcined (roasted to dry, without melting)
and used in the aluminum, steel or chemical industries. Coke can also be burned

as fuel, or gasified to produced steam or electricity.

[0003] Figure 23 shows a typical DCU layout. One or more fired heaters
with horizontal tubes are used in the process to reach thermal cracking
temperatures of 905 to 941 °F (485 to 505 °C). With short residence time in the
furnace tubes, coking (formation of Petroleum Coke) of the feed material is
“delayed” until it reaches a large drum downstream of the heater. The
thermodynamic conditions of the drum are well-suited for the cracking operation

to proceed. These drums are designed to normally operate at a top drum vapor



WD 2007/ 124002 PCT/ US2007/ 009576 -2- tenperature of
825F (441 C) and a pressure of 15 psig (103 kpag). As
wo b@7fizwd2 cracks, the cracked products (vaporBQT/HRE07/009576
sent into a fractionator while coke accunulates in
the drum The fractionator separates the hydrocarbon
m xture received fromthe coke druminto various
fractions. The overhead product of the fractionator
is sent through wet gas conpressors to a |light ends
processing unit to further sgparate the |ight
m xture. [0004] Wen the drunfis filled nostly with
coke, the feed fromthe furnace is directed to an

d ' h . [
e Hre T Spaah (4Rl F6) adin B Sahe ST T3 5Pl o the feed
crabkd, RRe tHRREPTodlERTVEPORY Afe St ihtiea fiREoRARRWhild8oke
coke in the filled drumis”quenched, cut and renoved

acouniulategtin the dssmr lheafractionatar peparates the diydedaarbom enixture
coke druns, A brigdge crane s ed to ransfe oke

reCPOREL RO CoBe TR SPeios L 0B ISP b Pt of the

fraw{ﬁxétbﬁis%% thxk&%?ﬁr\ﬁeﬂ $ad SorfpH3t&S B8disinadRR ;ﬁ-%gsdsing unit

railcars for tranSport.” The enptied druniis clean
toafuithee adpadtd the light meturecycl e. The furnaces are
brought offline about once every 3 nonths to clean

[0004§ dePoAidSinle isoféﬁéd tn'léﬁﬁla) withkel ﬁ?esfeeﬂrﬁ&'ﬁh%e Furnace

process known as "decoki ng". sone refineries the
isfdirevtiedto am empty elraed Mhiltipke diuncuape thup opested kmewtaggered

as. steam spal | i ng.. The del ayed coki unit_is.thus
fashipfbioeTstire s%fa%w 0% oaefﬂsivﬁfﬁaqfotgs%@ce&pfaﬁ?wﬁw afl the
e | .
oS RREEC it GREAASTIN LA L UROREE AT Gt O i i

peEssuteheatdo v atpichwatad belomsthehmke dmnts. ghrteidge crfa@ddshsed to

Due.to the conplicated dynam c and .sefi - batch, nat yre
trgnsien gokRIOM Mt % RAd WESH YRIEds LIPIFAJPAliady rom the coke

bERRS }ut 15 QPSshed Y [l ro?n‘i&?éié?agﬁg@% fﬁ&ﬁsﬁ;&enrhs Rdptied drum is

result fromvarious root pro at "can escalate t

cleanédund peadibd for thenskx\ogile allbe fninaoes afebrdoaght offline about
Three problens typically plague the del ayed coker
ongs eyery B monihntq clean sRKR Gleppsithtormes @yeritipgedn the tubes

] [ k¢ sresubt | [
b QBSR4 AR B, e r
clehbéd ontine thicghunpiocess knswanisfsteantspalling nThe dekyed;coking
2) _Foam (.produced whil e ) ) .
unit is thus capable of turndown to a nominal 50% of capacity which represents
operation with one furnace and pair of drums out of service. The complete

schematic with DCU and the downstream units is shown in Figure 24.

[0005] Due to the complicated dynamic and semi-batch nature of the DCU,
and due to the high-severity process conditions, abnormal process operations can
easily result from various root problems that can escalate to serious problems
and even cause plant shutdowns. Three problems typically plague the delayed
coker units: 1) Premature coking of the heater tubes (instead of in the drum)
resulting in reduced feed rates and reduced refinery throughput and eventual
shutdown of the unit with significant economic losses; 2) Foam (produced while

coking) carryover from the coke drum into the coker fractionator; 3) Reliability



coki ng) carryover fromthe coke druminto the coker

fractionator; 3) Reliability WO 2007/ 124002
weEOUS@eD7/ 009576 -3 problens with the cokerPCT/US2007/009576

fractionator. These operations can have significant

safety and econom c inplications ranging froml ost

production, equipnment damage, environnental

em ssions, injuries and even death. A primary job of
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[0007] Furthermore, more than 600 key process measurements cover the
operation of a typical DCU. Under the conventional Distributed Control System
(DCS) system, the operator must survey this list of sensors and its trends,
compare them with mental knowledge of normal DCU operation, and use their
skill to discover the potential problems. Due to the very large number of sensors
in an operating DCU, abnormalities can be and are easily missed. With the
current DCS based monitoring technology, the only automated detection
assistance an operator has is the DCS alarm system which is based on the
alarming of each sensor when it violates predetermined limits. In any large-

scale complex process such as the DCU, this type of notification is clearly a



alarm ng of each sensor when it violates predetermn ned
limts. In any |arge- scal e conplex process such as
wo bh@7MDaAg2 t his type of notification is clearl yP@r/v&007/009576
2007/ 124002 PCT/ US2007/ 009576 -4 limtation as it
often cones in too late for the operator to act to
mtigate the problem The present invention provides
a nore effective notification to the operator of the
DCU. SUMMARY OF THE | NVENTI ON [ 0008] The present
invention is a nmethod and sysfem for detecting an
abnormal event for the proces§ units of a DCU. The
system and method conpare the current operation to
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FIRBSECRIRIION; OF THE DRAWINGS

{0009] Figure 1 shows how the information in the online system flows
through the various transformations, model calculations, fuzzy Petri nets and
consolidation to arrive at a summary trend which indicates the normality /

abnormality of the process areas.

[0010] Figure 2 shows a valve flow plot to the operator as a simple x-y plot.
[0011] Figure 3 shows three-dimensional redundancy expressed as a PCA
model.

[0012] Figure 4 shows a schematic diagram of a fuzzy network setup.

[0013] Figure 5 shows a schematic diagram of the overall process for

developing an abnormal event application.

[0014] Figure 6 shows a schematic diagram of the anatomy of a process

control cascade.



-5 [0015] Figure 7 shows a schematic diagram of the

anatony of a nultivariable constraint controller,
WORIOT12400016] Fi gure 8 shows a schenatic di agr BOT/O820011@09576

on-line inferential estimte of current quality.

[0017] Figure 9 shows the KPI analysis of historical

dat a.

[0018] Figure 10 shows a diagram of signal to

noi se ratio. [0019] Figure 11 shows how the process
dynam cs can disrupt the correlation between the
current values of two neasuregents. [0020] Figure 12
shows the probability distribution of process data.
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Figure 14 shows the two-dimensional energy balance model.

Figure 15 shows a typical stretch of Flow, Valve Position, and Delta

Pressure data with the long period of constant operation.

[0024]
[0025]
[0026]
[0027]
[0028]

[0029]

Figure 16 shows a type 4 fuzzy discriminator.

Figure 17 shows a flow versus valve Pareto chart.

Figure 18 shows a schematic diagram of operator suppression logic.
Figure 19 shows a schematic diagram of event suppression logic.
Figure 20 shows the setting of the duration of event suppression.

Figure 21 shows the event suppression and the operator suppression

disabling predefined sets of inputs in the PCA model.

[0030]

Figure 22 shows how design objectives are expressed in the primary

interfaces used by the operator.

[0031]

Figure 23 shows the schematic layout of a DCU.



the DCU operation along with a display of a |og of
recent alerts. [0034] Figure 26 shows the conponents
w@Roof7az40y2 | ogi ¢ based continuous abnormality PCT/US2007/009576
i ndicator. [0035] Figure 27 shows the fuzzy logic
network for detecting a |level controller nonitor
probl em [0036] Figure 28 shows that conplete drill
down for a Furnace Operation problemalong with al
the supporting evidences. [0037] Figure 29 shows the
overview display wth a red tgiangle indicating that
the furnace area has a problem It also shows an alert
nmessage | og indicating the exact nature of the
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This trend will allow the operator to trace the |ast
ral 20 24002 PCT/ US2007/009576. -7 problenms
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_Chart in Figure 35.
indicating the exact nature of the problem and a list of the worst actors.

[0038] Figure 30 is a display that is shown to the operator when selecting
the red triangle on Figure 29. This display indicates to the operator the sub-area

of the furnace where the problem is most likely occurring.

[0039] Figure 31 shows the Pareto chart for the tags involved in the Furnace

Abnormal operation scenario in Figure 30.

[0040] Figure 32 shows the multi-trends for the tags in Figure 31. It shows

the current tag values and also the model predictions.

[0041] Figure 33 shows a more detailed trend including the control chart for

the worst actor (first bar) shown in the Pareto chart of Figure 31.

[0042] Figure 34 shows the historical trend of the abnormality of the

furnace sub-area. This trend will allow the operator to trace the last several



[ 0045] Figure 37 shows the furnace Val ve Fl ow Monitor
fuzzy network [0046] Figure 38 shows an exanpl e of
wo adove290 of controll able range. [0047] Fi gur€r/BS2007/009576
shows the distribution of principal conponents during
PCA nodel devel opnent. [0048] Figure 40 shows the
Al ert Suppression networks used to suppress alerts
duri ng known events. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCODI MENTS [0049] The present invention is
a nethod to provide early not4fication of abnornal
conditions in sections of the DCU to the operator
usi ng Abnornmal Event Detection (AED) technol ogy
pioblafi§ ahd thein conspbadiabarii L
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Pk FREFERR DEMBODIMENTS

[0049] The present invention is a method to provide early notification of
abnormal conditions in sections of the DCU to the operator using Abnormal
Event Detection (AED) technology.

[0050] In contrast to alarming techniques that are snapshot based and
provide only an on/off indication, this method uses fuzzy logic to combine
multiple supportive evidences of abnormalities that contribute to an operational
problem and estimates its probability in real-time. This probability is presented
as a continuous signal to the operator thus removing any chattering associated
with the current single sensor alarming-based on/off methods. The operator is
provided with a set of tools that allow complete investigation and drill down to
the root cause of a problem for focused action. This approach has been

demonstrated to furnish the operator with advanced warning of the abnormal



several fuzzy logic networks. This fuzzy |ogic network
aggregates the evidence and indicates the conbined
weonfiigwnre | evel of a potential problem TheredDU82007/009576
t he network can detect a problemw th higher
confidence at its initial developing stages and
provide crucial lead-tinme for the operator to take
conpensatory or corrective actions to avoid serious
incidents. This is a key advantage over the present
commerci al practice of nonitqing DCU based on single
sensor alarmng froma DCS'system Very often the
alarmconmes in too late for the operator to mtigate
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syblef@dThitreRPLNBE fibati6R Nty Thé Bpéracsh Ndaks itsforhieddtRicision and
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nonitors 3. Health of PID Controllers . 4. Operations
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several practical tools such as those dealing with
the mepwesdscandetecha problem wothshighae canfidengeoah its initial developing
nor nmal rout‘%l ne og%r at i ?nal event s atnd el i,m nation of
staggsandRROViqs ericpldends tupe fonihe apreaiop fa faks saPstRaiory or
coifectiveRetions k6 AvBR sétiodditiedts. Thi ik %€y advantage over the

present commercial practice of monitoring DCU based on single sensor alarming
from a DCS system. Very often the alarm comes in too late for the operator to
mitigate an operational problem due to the complicated, fast dynamic nature of
DCU or (b) multiple alarms could flood the operator, confusing them and thus

hindering rather than aiding in response.

[0052] In the preferred embodiment, the present invention divides the DCU

operation into the following overall monitors:
1. Overall Furnaces Operation
2. Overall Gas Plant Operation
and the following special concern monitors
3. Health of PID Controllers
4. Operations Consistency

5. Valve Flow Consistency



[ 0054] The operator user interface is a critica
conponent of the systemas it provides the operator
wowdo/1asobi rd' s eye view of the process. The diBQI/EF2005009576
intended to give the operator a quick overvi ew of DCU
operations and indicate the probability of any
devel opi ng abnornmalities. [0055] Figure 25 shows the
operator interface for the system The interface
consi sts of the abnormality nonitors nentioned above.
This was devel oped to represgnt the list of inportant
abnormal indications in each dperation area.
Conmparing nodel results with the state of key sensors
r at e M TR
(R STyERRREI ont Ok S8R OBl o detotany
dmdn@ﬂﬁn ﬂmOVeJraHV@etaﬁ@n andicogkea pargeahimbéyofOdendors. The
problen1 Based on specific know edge abouyt the normal
SRS LONGATTHMOSAOKS aver agas M@W@Dgﬂléﬁ seripug gonceragiapd

PRk e tpleictoh BHly A BRET i pgafER 18 3 tyess monitors
thiel £pplR ati6n PrOVRIek TBr M@g@ﬁs cicall tobliesuthodethiosé msalmg with

i ndicator. [ 0056] Figure hows a | ogi ¢ network
Slabnmmm of aotifisations gemtratest Gom nowualérositios ctmeatswl events
ens,.t ha eternmine the fi
i Pl on) BE £61RE ot B S spbiah o b Saficfs SighEas drum-
s@ﬁbhﬁigf ed probability of an WD 2007/ 124002
PCT/ US2007/ 009576 -10 abnornal condition is shown to

t he, operat in eamin a continuous trend to indicate
Ath?%%%ﬂ-!—%&-'m ogression. [0057] Figure 28 shows

the complete drill down of a furnace problem Figure
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it gives the operator 'peace-of-mnd. ,Due to its

[(OSFANS VRIS PIRDOWSIRGRTalr infé ik fiBr fHYsyRYai! BHcCinterface
renbte. So it is also used as a normality-indicator.

cokrists offthe pbnbraballlﬁyt lyxouftoeaomnnaned pboeec Hbss was devaloped to

r presen? n?le ﬂ(s:I o }ncl)}r)o}tzlljﬁtn %r%rma? indications in each operation area.

Comparing model results with the state of key sensors generates abnormal
indications. Fuzzy logic (described below) is used to aggregate abnormal
indications to evaluate a single probability of a problem. Based on specific
knowledge about the normal operation of each section, we developed a fuzzy
logic network to take the input from sensors and model residuals to evaluate the
probability of a problem. Figure 26 shows the components of the probability

indicator.

[0056] Figure 27 shows a logic network for a controller monitor. The green
nodes show the sub problems that combine together to determine the final

certainty of a level controller monitor problem. The estimated probability of an



(war ni ng) and when the probability reaches 0.9 the
indicator turns red (alert). [0058] This invention
we@oeowpneees of Princi pal Conponent Anal ysis (PQAT/US2007/009576
nodel s to cover the areas of Furnaces (Heaters) and
Gas Plant. Each Furnace has its own PCA. The process
units in the gas plant can be conbined to build a
singl e PCA nodel or the major gas plant colums can be
separated to build nultiple PCA nodels (e.qg.
absor ber, debutanizer). Basgg on process know edge,
we overlap key sensors that e affected by
interacting sections in PCA nodels. The coverage of
aﬂrtb?nﬁ%oﬂﬁﬂ%rf’ V@’t%lﬁ?{cﬁweér}ge%?ggé %janq in E\%ntn&ugus I’r:rnend to

Interactions o ocessi ng uni

inditehit¢ tlencomditionsrprogressidier of special concern
monitors intended to watch conditions that could

@3«‘7 | at epi [ vV, . W’]ﬁ [ [,S.at

! et th ?ﬁ%?%ﬁ%&%&% (sﬂﬁo@ egeo(-ﬂ?ﬁa éi‘g\gglr'% grﬁ ﬁlglsem.

Fipuké ROishoivsl thadperaer dispiay of h Fihfce dpdedtidivprablem along with
operations, the operator executes several routine

comtinuons signal indicatiens dasall ethermapbleam arpss This disnlay gives the
ti QnS; - . fil ui
oBGFLE SEATG A0RABE o BRI ER VRS AL Bellelle orng poces
thandehvirge shohiécld theedatiis @IT eaeh isehdrsindividasity. s MGierisnpottantly, it
the PCA and other npdels. Since such notifications are
gives thriaperaterdrercaref-minde ug/to dsstensivh covenage, chances of

I: ' h hanl sy bui N tect thei. et
ol R b S a0 s bih sk PO  BEuhaRARE) When
theqirobabidity @fabndhhalitefdaehes 016, shé protlam indicdtegiins yellow
network wth a set of source _conditions, which, when
(wamming)gnd whgp the psobabjlity wraches0dibeiinfiwatorspansred (alert).
[ 00601 The operator is informed of an inpending
[a@58p! em Thisomgentiba conprives ®ftPrirtigaleCoinpaheahAngE/sis (PCA)
col or from %{ween to yellow and then to red. The

megglsi toraven the argagef Huraaegsc(tigasershand Gasi Plantolach Furnace

VR B0 T ST A O B B it
sifBldPCA Ricdél BEthé fifjePedsplant ¥blubnrtl ¢drl bél S¥phrated to build

capabilities to the sub problens. This enables to

mybiépletRis Armodalsi (6. abanarhenedetuyanizer)orBased omproceaukaowledge,
ey P e SeESHTs 188 ol Rhfectstlbo TRLESHiBE stlforls ™ PCA modets.

The coverage of the PCA models was determined based on the interactions of

the different processing units. In addition there are a number of special concern
monitors intended to watch conditions that could escalate into serious events.
The objective is to detect the problems early on so that the operator has

sufficient lead-time to act.

[0059] Under normal operations, the operator executes several routine
actions such as fuel gas feed rate changes, decoking operations, cut-down of
coker gas to the fluid catalytic cracking unit and set point moves that could
produce short-lived high residuals in some sensors in the PCA and other models.
Since such notifications are redundant and do not give new information, this

invention has mechanism built-in to detect their onset and suppress the



West Heater (Furnace) Operation has a problem This
assists the operator in isolating and di agnosing the
wo omv/1z@ose of the condition so that conpensatRPClUS2007/009576
corrective actions can be taken. Wen the Pareto-chart
icon corresponding to the Wst Heater is selected, a
Pareto chart indicating the residual (extent of
abnormality) of deviating sensors sorted by their
devi ations, fromworst to best is displayed as shown
in Figure 31. [00611 The appbication uses the Pareto
chart approach quite extensively to present
information to the operator. The sequence of

SRS T b ISR BARTS GHePLGA o F Sty pH i S of source
co%ﬂ?ﬁ?]ﬁbc%vlﬁ(?ﬂ WwhHEA ‘tﬁ)% WlﬂVﬁ Préd%fh ﬁt%‘%?é—sﬂé&%ﬁod@wn

ewcrltlca ors so thé consol e
(ofB6 5. S fpt %Sﬂg‘?@e?"a{’jgg‘ll FRPER e bBf ffpudh the
w&n‘?ﬁ g&haﬁgks tHat @hafige e6lct fr&hgg’ébﬁ@@gbnow &18d @Hed to red. The

Upon sel ectihg an indivi dual cust om pl ot
applhmwtmg proeides ghe ppematorwithsdnikh dewrmmbduﬁyd@ fugther avestigate
sens cr.eat ed

.
thE SHoBlea by SAHTe ¢ FaHALoHPrigRd suflReanEa THisdRRel n¥thod
prB%icﬂsQ thB®peftbf Wit Sﬁﬂ dGviYcapdtlitic@ed ARCSub prdbléms 3T his

shows the'trends of the value and nodel predictions
emﬂbld&sh:a crEETsior $o narroive dBwincthe seheoht fosfth&rootrense. Figure 30

NS 5 PG 0L PEIS OB 167 B CHETRIE OF £ IBUEAP off pfisates that the

W'é@f Pﬁ'&l‘c&gﬁ'uﬂ{zﬁﬂeg @?&Qﬁgﬁ‘ Yia8hi RBbRIL.OThisSfdsiRt kb op&@tor in
bar WO 2007/ 124002 PCT/ US2007/ 009576 -12 in this case

1sgh1|l1mgadmhd1agn0’siii(gsthatroav capisetofahe Bogdit®3®> tlmapogm@nsatory or
the current o in_th t ext of

QBRI AICHS PRI DOy NGhoR S Paieios BB iCpn Eopesonding to
th%%%@hfe‘h el@&t@ﬁ Plaeid&hart Qi e eQESIB%BP{E)dé@r& of

I's configura elni system I gur shows
abligrhlitg pof ﬂe\eadngfseh*m-rs abriedrint theyr ddviatiens, froraceorst to best
sub-area. This trend will allow the operator to trace
isidigplpyed a§éb‘éwalln§:rl%¥ee% and their corresponding
drill downs simlar to those shown in Figures 31
[oDié1pugh TR3 appticmm ubes thetRetetchehiarh appmayh icpliteeﬁ)ﬁemﬁédely to
for the firs !het of abnolg{;al it i ndi c?ted by
picREn' B domB eIy @ eroneTgiife EhE SequRBES hPECTORTAtAR 1By

déc@lez%ﬁﬂg bord PR iAtvidual deviation from normal operation. This allows a
succinct and concise view of the process narrowed down to the few critical bad
actors so the console operator can make informed decisions about course of
action. Figure 31 demonstrated this functionality through a list of sensors
organized in a Pareto chart. Upon selecting an individual bar, a custom plot
showiné the tag trend versus model prediction for the sensor is created as shown
in Figure 33. The operator can also look at trends of problem sensors together
using the "multi-trend view". For instance, Figure 32 shows the trends of the
value and model predictions of the sensors in the Pareto chart of Figure 31. ‘
Figure 35 shows the same concept this time applied to the ranking of valve-flow

monitors based on the normalized-projection-deviation error. Selecting the bar



of abnormality. [0062] In addition to the PCA overal
monitors, there are a nunber of special concern
worenwraipts2 bui |t usi ng engi neering rel ati onshi pRCT/URB®8B009576
cover critical equipnent in the DCU such as the nain
fracti onator accunul ator boot. Underlying these
nmonitors are fuzzy-logic networks that generate a
single abnormality signal. [0063] In summary, the
advant ages of this invention include: 1. The
deconposition of the entire operation into 3
Oper ati onal Areas: Furnaces'?ﬁ%%ters), Mai n
Fractionator, and Gas Plant - for supervision. 2. The

o B0 00 Mo GaESH it S fen

op¥r8dbs poiitindhe cbatePOF thé BoGRdSof Aormdleops?BaoNBIA history of
devi ati ons of these 200+ sensors are sumari zed by

recert ahnarmality ivalseretaivedsyhe xS actention iscopfigurable in the

SIS, Bl AR A AR SEOR apigh, EY e

sublia e SIS tieddalvilhNawaht pet/be fo fA6E the/RSt séhigal problems
enornmous dinensionality reduction from 200+

aridhitheitt era¢spoaging dridl daswins similar teithase shewgnn fiiganes|3) through

ut.s do on t |se positive, rate, ~ The P .
3 rolianbhbefieial FiskEyaRar iR e frptSuselgf gonormatity as
indeetEed b@ltRe Pd EstefiSk én Figw@e 3, 84 thiPiznBe mést réfevalit Shapshot
Moni tors provide a powerful way to nonitor |evel,
ofalywwmralitynd ot her control | oops, which effect control
actions and thus can be the source of or be affected
[0062pT OCERSaddisiOhYo thEPCARREFAI fadticRSs, thERVdred Aldbenbf
abnormal process conditions:
special concern monitors built using engineering relationships. These cover

critical equipment in the DCU such as the main fractionator accumulator boot.
Underlying these monitors are fuzzy-logic networks that generate a single

abnormality signal.
[0063] In summary, the advantages of this invention include:

1. The decomposition of the entire DCU operation into 3
Operational Areas: Furnaces (Heaters), Main Fractionator, and

Gas Plant - for supervision.

2. The operational condition of the entire DCU is summarized into

5 single alerts

3. The PCA models provide model predictions of the 200+

Sensors.

4. The abnormal deviations of these 200+ sensors are summarized
by the alerts based on the Sum of Square Error of the PCA

models



Frozen process value which is indicative of a faulty
instrunent or control, highly variant process val ue,

waewaredoar i on of significant control error ouPGT/U82087/009576

dead band, and process value staying on the sane side
of the set point for a significant length of tine. 7.
The Val ve-fl ow nodel s provide a powerful way to
nonitor flow control |oops, which effect contro
actions and thus can be the source of or be affected
by process upsets. 8. The heqéistic engi neering

rel ati onshi ps nodels provide*da™ sinplified way to
easily nonitor critical engineering relationships

bet ween progess, var.i.abl and LS e .

enow edg aEuerisdaeyDBe ol pes R Sabodr AR Gheratians pos
of this isgigifesRidaol iififtiate BRI RlRposkived.a¥he enormous
tenperatures in the bottom section of the

fracti onat odimensiemality r¢duetion ficom L20Prdndisddualtags to a few

f1 oodi ng. 2007/ 124002 PCT/ US2007¢/ 00957 4 B. ..

Devel opmn%ﬁf‘%%%ﬁt"aﬂ Y kB %%‘Hglogl ﬁ?m&fagsewltlve rate.
[0064] The gRRIPCAIHEAINES apprdatRIfhErendFesSIoES Bt sinﬁle
rel ationship nodels and heuristics to detect abnorma
oper at i on i serwoD@larmithg ifsuesin agt elpgantnmahuer. anal yzi ng
the concerned unit for historical operational

probl emsg, Tiths MIPPRA&ITtork Peovidei LdWerfub Wl toSmonitor level,
inportant to define the sCope of the applicCation. .

[ 0065] The prasshrspanshothst cohtrobloapse whick etfesteoniral aations
general in endi x 1. .Sone_of the.spegcifi¢,concerns
arouna bui | ARSI ERLDG HReraRs of OF £ faasstad kY Broctst psets.
descri bed bpiOWnohTteR @stettdRmt idifféfint aBnbARASBIrotbSs conditions:
first step in the application devel opnent is to )

i dentify a Feozpm priocess vauebviich isindibativé bf bdaelty instrument
process operations, .The abnormal event  detection.

Db+ cat | onor KOG By YA R5nrees g ol g Umurdtionaf

classes of gjonificant control error outside a dead band, and process value
stayihg on the same side of the set point for a significant length

of time.

7. The Valve-flow models provide a powerful way to monitor flow
control loops, which effect control actions and thus can be the

source of or be affected by process upsets.

8. The heuristic engineering relationships models provide a
simplified way to easily monitor critical engineering
relationships between process variables and specific process
knowledge acquired over years of operation. An example of
this is the relationship between two tray temperatures in the
bottom section of the fractionator column to determine if the

column is flooding.



problenms. The first is a generic abnormal event
application that nonitors an entire process area

wo omkitz®of or any abnormal event. This type w | PCTUES2007/009576
several hundred neasurenents, but does not require a
hi storical record of any specific abnornal

operations. The application will only detect and |ink
an abnormal event to a portion (tags) of the process.
Di agnosis of the problemrequires the skill of the

operator or engineer. [0067] {hhe' second type is
focused on a specific abnorrmﬁ operation. This type
will provide a specific diagnosis once the abnornality

Bi s DiSeRspRent hhd HYFloyRhét SNXHDY Mo@BlsKo SHRY

nunber of neasur enent s - DU

iStoric data record he ent. .,This nodel. can be
10063k | © Bhe Wpbflef his B Madels e carinenieistiogphip models
aikPhe@liftidsaodet ot hbndhmal BPEFAivntial ADEAS, TH Yﬁfs@ Eteps involve

action and correspondi ng process changes). This

anplydingrihe coneemetamit fortdstovical epetatioasl problémsords problem

. to.provi de, extensiv verage.. The operator Qr the

idsRFizaton St s wRartanLig dshnieiths soopdekde application.
know edge/ expertise to accurately WO 2007/ 124002

[0865] us200he deystppment 1F theseymodelst ik eleseribed inTg@ieral 1ny

ABPERIEL RP ChibS el crnierimaraaxnildine st mdls for the

DeXPatdeddthedidb®Mm it is common to get the wong
i npression fromsite personnel that there would not be

ffigi nb f b I ts to justif
PEpRS AFORIBARIBRT cc1 onappi f catton. Tn general . an

ly | i . l.
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signidicant probiem, vetioh ceidl ek fapabyessbpetitions. Dhe abhb@hal event
d a?L‘JFse signi ficant | osses are tracked and_anal yzed.

PPN I gecEt ean be anrliedito pue @ifferdqm_@plmses of
pRERIEL IR BSTE AT AN Gnach! AP ATRER et Hagjtors oo

erttire prppdsscata tookihg fiblany abesrmall @repie. THXGHePRTI U several

of the éor ocess to "see" abnormal events on a
hundred measurements, but does not require a historical record of any specific

abnormal operations. The application will only detect and link an abnormal
event to a portion (tags) of the process. Diagnosis of the problem requires the

skill of the operator or engineer.

[0067] The'second type is focused on a specific abnormal operation. This
type will provide a specific diagnosis once the abnormality is detected. It
typically involves only a small number of measurements (5 -20), but requires a
historical data record of the event. This model can be a PCA / PLS model or
based on simple engineering correlations (e.g. mass/energy-balances, control
action and corresponding process changes). This document covers both kinds of
applications in order to provide extensive coverage. The operator or the

engineer would then rely on their process knowledge/expertise to accurately



regul ar basis (e.g. More than 5 tines each week). 1.
PCA Mbdel s [0069] The PCA nodels are the heart of the
wOaw7AEDN2 PCA transfornms the actual process veeT/EHRI086%009576
into a set of 'orthogonal' or independent variabl es
cal l ed Principal Conmponents (PC) which are |inear
conbi nations of the original variables. It has been
observed that the underlying process has a nunber of
degrees of freedom which represent the specific
i ndependent effects that g uence the process. These
di fferent independent effec’t Show up in the process
data as process variation. Process variation can be

i B BT B SO BBt e bty the reul
of PrEbRAIs WRRRBE Fhsth@m¥ars aid edlved\O 2007/ 124002
CT/ US2007/ 009576 -16- [0070] Each principal- conmponent

1088 o, et 6B el e P e gb BEe o Ry pifShe Hop ¥
imipPEssPEIP GRS sitd PersddineD tHad There CHD@IASUthePd SuffidiemGigfiber of

in the order of decreasing process variation. Each
abpotrneberesnts o justifyain eventadrtestien appliedtian. In general,

portjon of the to [oces i abilit The L ar
anfSRtehls a oximatsehRenRE R P Bi <vbis sty e Brocess
ocelfdauee: sources of process variation: As an

exanple, the first principal conponent often

represents the effect of feed rate changes since this

i s usual Alpnormins d\wngﬁate ofieghet xoordsel aid pnalyzed. Only those

changes. [0071] The ap cation is _bas
Pri nci pdhaters lﬁ;&ﬁ% i&sﬁﬁs aqe@gcke '\%n"@"%)’%ss
whi ch creat es an en‘pl ri cal nodel of "nor mal

operat i égﬁnomg;ht é}f yRWd LA %ﬁ\n%%%i 8B%§%tions since

describ |n t sectl on

Model s faiferdtols de@l v@&mi&hékm)«lall .The foI lowi ng will

di scuss the special consi derat| ons that are necessary
to apply PCA toward creating an abnormal event
Unlessthereis apeguletlyirenedting abmsgmalpoenpche l&pﬁhpatlon should

CO?/%\F; g ll?%e%{?él[g?l&q.}ilgggoefﬁg %ll' ec(::easts S I’J'Sgea'S bnormmf CVCIltS ona

regular basis (e.g. More than 5 times each week).

I. PCA Models

[0069] The PCA models are the heart of the DCU AED. PCA transforms
the actual process variables into a set of 'orthogonal’ or independent variables
called Principal Components (PC) which are linear combinations of the original
variables. It has been observed that the underlying process has a number of
degrees of freedom which represent the specific independent effects that
influence the process. These different independent effects show up in the
process data as process variation. Process variation can be due to intentional
changes, such as feed rate changes, or unintentional d{sturbances, such as

ambient temperature variation.



(HEATER- PCA) and |ight ends towers ( GASPLANT- PCA).
This all ows extensive coverage of the overall DCU
woep@rardoon and early alerts. [0073] The PCA noRE&l/US2007/009576
devel opment conprises of the follow ng steps: 1)
I nput Data and Operating Range Sel ection 2) Historical
data col l ection and pre-processing 3) Data and
Process Analysis 4) Initial nodel creation 5) Mdel
Testing and Tuning 6) Model Deploynment WO 2007/ 124002
PCT/ US2007/ 009576 -17 [0074é The general principles
i nvol ved in bui | di ng PCA nod Ps are descri bed in the
subsection | Concept ual PCA Model Design" under

(09701 °: Bt EonSiel EomponEnt (AmHEsS BRIGYEPArHORGE RS process
viath1iBPERREd b thESe Bﬁ’f?ﬂéﬁgﬁ{d% hfe dﬂaihﬁu@hbé’seﬂm gfbcess The

qual ity and quantity of train ta representin
prmcnpn] cappontitsase extraetey inche ordér of deeréaing process variation.

vel.opnent strate is to start th er
E?FEU@#’S%HH%‘H PHiRFIRG gpvequ%qeva“@esm Al &h the total
plfo'cg@. Véﬂ’ablﬂ{y SThE ‘i‘h’fa rﬁi@ l\ébg}g)d?f?:‘ﬂté %ulgggﬁlesent significant

npar es the act proce erations an
urlcterl}nﬁg rsbng:es lodf prockess veiatibn. s hhexangils, ellh‘t?ﬁﬂsbpﬂn(:lpal
The steps are brmfl&ﬁd‘?ﬁcrl bed next. I nput Data a

cmppeRentRfteRrspEcssats eqtfAced A@tetqh@ngﬁ%ﬁlw tlmagg usually
éwﬁ' e, we start with a
thggﬁ‘%}ghgﬁ?}ve Fgg’lfg’%g&fs? %%Mgéigs in the concerned
reas. T, progcess of . selecti ements
(9973 251 <3he apBlisationts baved e Lringipal) Gmﬁﬁmma&lalyms PCA,

of B EPEER, S HDERRRE PG JHOHE of Morafl Upeiafions”. The

proeassiofbeidingtEA medelskis describedin detadllinahé section "Developing
exhibit erratic behaV| or should be rem)ved from t he

PCAsModgly fari ARR" inpdpRendixelnt The dollewing will disquss theispecial
cdin1§ dﬁé&%}alﬁgné g@ﬁ akd gScéEsQﬁ?f&uéﬁﬂ?'if@Att%a&&‘ bdting &Abnormal

event detection application for a DCU.

DCU PCA Model Development

[0072] The application has PCA models covering the furnaces area
(HEATER-PCA) and light ends towers (GASPLANT-PCA). This allows

extensive coverage of the overall DCU operation and early alerts.
[0073] The PCA model development comprises of the following steps:
1) Input Data and Operating Range Selection
2) Historical data collection and pre-processing
3) Data and Process Analysis
4) Initial model creation
5) Model Testing and Tuning

6) Model Deployment



Hi storical Data collection and Pre-Processing [00761
Devel opi ng a good nodel of nornal operations requires
w@2araz40dng data set of normal operations. ThPGT/Uis10a7/009576
set should: Span the normal operating range Only
i ncl ude normal operating data [00771 Because it is
very rare to have a conplete record of the abnornmal
event history at a site, historical data can only be
used as a starting point for <creating the training
data set. Operating records S ch as operator |ogs,
Oper at or WD 2007/ 124002 PCT7 U52007/ 009576 -18 Change
Journal s, AlarmJournals, |nstrunent Maintenance

rds pyovjde rtial r of_t he. r
108780 ess The! Eert bR, EGRHAT n  BRHIBHE I, models are
de’bAbed ahetheUnsisectiofi UDBEBhLEPtuLl PCAl lodel THsigit ander section
col l ection" under the section "Devel opi ng PCA Mdel s

"DaorelepiDy PEArDedels for AEDU 7] Appendix & aEkesgr stepe coagtitute the
prisgey chorhircdindel CRvERRNTE, SiBed 3 poelSRrE BalRhriken, good

qIRY 2481 quddtity dfherafilifibedataf répreFentin@ ReAmYRIopREations is very

turns out to be around 750,000+ for each tag. In
crociidr The beskedenelopmieat swategyris torstartpatl @ ven raugh imodel, then

1o e e nER0e e BT sereedy TBREHS Geserying o the
mbaép&éﬂnparésﬁo%he ek HroBds RRirafions Mid ARGRAIFABIAE model based
This allowed the representative behavior to be

o tHpgsarobdetmations. ADE stepkedre. biiedy descrilaed nexdt at i sti cs
such as average, m n/nmax and standard devi ation are

I.&glrlﬁbb_@ﬁ aHdf Opefhiing FeaigidSelcetight er ni ne the extent of

fation/informati on contai ned within. Al so,

ti I . j t ' .
PR WAndBRAishRE st iBahe Bt TRt SR B i Start with
a €BRIREhGTRIve HICHF all Btiada iR thedsn¢aiBAtarawdS The process of
scrutinized to determ ne appropriateness for

sélecting inwasurenaérds andivariablesds utbined o suhseagond] Bmpay Data

ang) Clrring Rades Seldahion muder A, Sa%idh To8Vd188ing A Mbuels for

AED" in Appendix 1. Any measurements that were known to be unreliable or

exhibit erratic behavior should be removed from the list. Additional
measurement reduction is performed using an iterative procedure once the initial

PCA model is obtained.
Historical Data collection and Pre-Processing

[0076] Developing a good model of normal operations requires a training

data set of normal operations. This data set should:

e Span the normal operating range
e Only include normal operating data

[0077] Because it is very rare to have a complete record of the abnormal
event history at a site, historical data can only be used as a starting point for

creating the training data set. Operating records such as Operator logs, Operator



wi th known abnormal operations and periods with no
identified abnormal operations. The data with no
w0 d@nt24oped abnormal operations will be the  PCT/US2007/009576
prelimnary training data set used for node
devel opnent. [0081] Once these excl usions have been
made the first rough PCA nodel can be built. Since
this is going to be a very rough nodel the exact
nunber of principal conponents (PCs) to be retained
is not inmportant. This shoul e no nore than 5% of
t he nunber measurenents inclhuded in the nodel. The
nunber of PCs should ultimately nmatch the nunber of

[ e of fr omin th [ 0ocess 2007/124002 .
e BpBlatboatsnt tohif, BoSrSRn, Maiedine bpds provide
pitiaMiesort GF thBi dbnioflal! %?é?ce%k Ihidtbey.dThieaprebtssSepas@scdlfection is
process di sturbances. There are several standard
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all variables.to unit variance. [0082] The training
[M08) set Istheutaseredthe & CUR thehistarical idata gpainedi harygars of
rmdgl tto idenéi{hy time periods where,t .&gta does, not
ORFFER" R EOXBURPLY SHBEIET anf RINiER PYIRISs niHyopgminute averaged
d&vsaiHeRtnber SEEMYRARedAAGNAEARLUEIERYE aMishd 750,000+ for

occurring at the tinme. If this is judged to be the

eagdstag. tlhemdehtssmake the deta-seignoshmahdgedtdo Wil still getdining

a i.mes with known abnornmal .events occurri,ng., Thes .
uf ey B i BT FHE B SR B A eRt SYAeRBICH A4 S i ard point
waSre@fittd 8u in dBRKHI250,0004 Poidt€ roRdichl £AsFAT Rhis Hifowed

i
process of creating balanced training data sets using
thtatepresedtativededmviordioyiss capterealby theeBCiAnmseteds.on |V
"Data & Process Anal ysis" under the section

[0y e! opBasicREAidRIShiRavAEe, nlinARAR MPstdnddrlidelltion are
Modél Creation [0083] The nodel "devel opnent strategy
calsulateds faarall thiet tags to determong thavexteht of vigatiom'sefpueation

of, a quesjijonable training data set) then use the )
oSpatiod: Bithish AL, SRS 8 ForeLamingg (o fpoyg data contained
withist wiRlGws Svith RRoWReEhit Shit@RWHEor! dhoriRd %#Jerémin%h Eath
then used to continue to gather better quality

candidatengeataremefihinvas sprutirized te deepmine dppropriatéress for

.nhodel is _satisfactory.
inc us?on in the traisnmg datay set.

Creating Balanced Training Data Set

[0080] Using the operating logs, the historical data is divided into periods
with known abnormal operations and periods with no identified abnormal
operations. The data with no identified abnormal operations will be the

preliminary training data set used for model development.

[0081] Once these exclusions have been made the first rough PCA model
can be built. Since this is going to be a very rough model the exact number of
principal components (PCs) to be retained is not important. This should be no
more than 5% of the number measurements included in the model. The number

of PCs should ultimately match the number of degrees of freedom in the process,



[0084] Once the specific neasurenents have been
sel ected and the training data set has been built,
wo b@7irpmel can be built quickly using standar dPCT/US2007/009576
statistical tools. An exanple of such a program
showi ng the percent variance captured by each
princi pal conponent is shown in Figure 39. The nodel
bui | di ng process is described in Section V "Mdel
Creation" under the section "Devel opi ng PCA Mdel s
for AED' in Appendix 1. WO 2?&7/ 124002
PCT/ US2007/ 009576 -20- Modet” Testi ng and Tuni ng
[0085] Once the initial nodel has been created, it

hoBFeF g 4° PP BB ot sif i By AL i Bgftefidhroes of
proEas ABsturkiees! ThefaR) sdveehiGhaitard reheds ifer delepainibl how
situation, the engineer should investigate and
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i, | t h Gaussi l, di i buti on.
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fromthe variability of the residual error should not
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el HESRon op R uRR S8Rt . Ol iBpesseapateis
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procedure of deploying PCA nodel is described under

" ' . \bdel s and Si npl e Engi neeri ng Mddel s
In#@?%%”‘%? "gie)ndi x 1.

[0083] The model development strategy is to start with a very rough model
(the consequence c'>f a questionable training data set) then use the model to
gather a high quality training data set. This data is then used to improve the
model, which is then used to continue to gather better quality training data. This

process is repeated until the model is satisfactory.

[0084] Once the specific measurements have been selected and the training
data set has been built, the model can be built quickly using standard statistical
tools. An example of such a program showing the percent variance captured by

each principal component is shown in Figure 39.

The model building process is described in Section V "Model Creation" under
the section "Developing PCA Models for AED" in Appendix 1.



[0088] Over tine, the devel oper or site engi neer may
determne that it is necessary to inprove one of the
wore@el13100Ei t her t he process conditions have CcPERGEHOT009576
the nodel is providing a false indication. In this
event, the training data set could be augnmented with
addi tional process data and inproved node
coefficients could be obtained. The trigger points can
be recal cul ated using the sane rules of thunb
menti oned previously. WO 2007/.124002 PCT/ US2007/ 009576
-21 [0089] A d data that no~FOriger adequately
represents process operations should be renoved from

h al.nin a.set. If a particular type of
N%%g"i];#‘?ss'ﬁ‘g%ng#dnflg fger being done, all data from t hat
atio sho Id .he re d. After process
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adqtealabreorh) sithhdon éd acdwring, bhethd-pricess isRtgknmaldeldsit i @ false
; shown in Appendi x 2A and the Gas Pl ant-PCA nodel is
¥Med in Appendi x 2B. Il. AED Engi neering Mdels

DCU Engi neeri ng Model s Devel opment [0091] The
[omg neer The mﬂa&)mu inok hgve edppessian onnemsalddistribution.

gegil%ntlﬁ{ ﬁ&‘?rﬁgn‘g%td;%‘ Lg. g ggeﬁlflg : o%@ttﬂ}g %l%r}? ggﬁr for detecting

axeasmmu dV@nBBittith $he @ariflsilite ol the fdedual i should not be used.
Engi neering Models for AED' section in Appendix 1.

Instsadthe triggenpoint aeedytonbel st erapirigadlyebassdiasy expesience with

wfRBERaR] Kefon EMBHEETestiia RETURE I thesecting
"DEFQEPIRBCA Moded1 561 AEPPEineA BpéndiRdl 864éribE8the Model testing
Jaem alists. The

and enhancement procedure.
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DCU PCA Model Deployment

[0087] Successful deployment of AED on a process unit requires a
combination of accurate models, a well designed user interface and proper
trigger points. The detailed procedure of deploying PCA model is described
under "Deploying PCA Models and Simple Engineering Models for AED" in
Appendix 1.

[0088] Over time, the developer or site engineer may determine that it is
necessary to improve one of the models. Either the process conditions have
changed or the model is providing a false indication. In this event, the training
data set could be augmented with additional process data and improved model
coefficients could be obtained. The trigger points can be recalculated using the

same rules of thumb mentioned previously.



engi neering eval uation included areas of critical
concern and worst case scenarios for DCU operation.
waeooadeoess the concl usi ons fromthe engi neeri PQI/US2007/009576
assessnent, the foll ow ng engi neering nodels were
devel oped for the DCU AED application: Critical
Level and Pressure PID Control Loops Monitor Process
Consi stency Monitors W 2007/ 124002 PCT/ US2007/ 009576
-22 1. Heater Pass Flow Material Bal ance Monitor 2.
Mai n Fractionator Flooding itor 3. Main
Fracti onator Overhead Accuniilator to Flare Monitor 4.
Debut ani zer Bottons Fl ooding Monitor 5. Min

(BT PR o P SRS 0 o
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MR RrORRIROALICTHArD 466 Taining dataapd JER mpdRmey geed to be
rSHRt 'm sBERQLY variant process value, accumul ation of
significant control error outside a dead band, and

(RS $e ST BEA Tnidel Sged "eith amistichach o phgut 600 tags,
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abmat! §8itags ehchor The GaePlantaP€Af anodel piaclwukesodbait 100 tags and
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r er
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Pe&¢panodelsearcT sRownn vl Appaprlix a2 Ar akd othiee @3¢, PEnVRCA model is
with threshol ds and tuning paranmeters are captured in
desratheddgApRediEBhecks. In the initial
i npl enmentation 6 such checks have been
II. AED Engineering Models

DCU Engineering Models Development

[0091] The engineering models comprise of correlation-based models
focused on specific detection of abnormal conditions. The detailed description
of building engineering models can be found under "Simple Engineering Models

for AED" section in Appendix 1.

[0092] The engineering model requirements for the DCU application were
determined by: performing an engineering evaluation of historical process data
and interviews with console operators and equipment specialists. The
engineering evaluation included areas of critical concern and worst case
scenarios for DCU operation. To address the conclusions from the engineering
assessment, the following engineering models were developed for the DCU

AED application:

e Critical Level and Pressure PID Control Loops Monitor

e Process Consistency Monitors



included. Details follow and are al so provided in

Appendi x 3B. [0095] The Heater Pass Flow Materi al
w@aoaneg®ohbni t or suns the individual pass fl oreT/0807/009576

exanpl e, sumof four flows in a furnace containing

four passes) WO 2007/ 124002 PCT/ US2007/ 009576 -23 and

conpares it to the total pass flow neter. If these are

inconsistent it is nore than likely that at |east one

of the flow neters is erroneous. [0096] Main

Fracti onator Fl ooding Monitor_nonitors tenperatures of

two trays, in the flash zon@2amd the bottom of the

col um, t hat are cI ose to each other. If these

t enper at ur ent cl then that is

i ndl cative lof HeAg dﬁsﬁé"l %ﬂaﬁ?“a RSt or

Over head Accunul ator to Fl are l\/bnitor nmonitors the

consi st ency2-bdMaiediractionaoe FieadisgiMoniter over head

vapor line, one is the flare line pressure, and the

other is the MARFAEHOMatbP @%@H@H@A@@ﬁrﬂdlﬁ@r to Flare Monitor
I nconsi stency between these two could result in an

undesi r abl & h oF:| el e Debut ani zer
Bott ons FI oodﬁ% s '73r[)$° ﬁ‘g?gdh@@"ﬁ@ér ence

bet ween the debutani zer bottons and the reboiler inlet
t enper at ur 6s. Maintlyaetionatpr Evenbead Actemulathad emperature
specific thr e§EoIi whi |l e the debutani zer bottons
tenperature i Hter than a speci fied maxi mum then
that is indicative of flooding. [0099] Min

Fracti onat ¢+ OabShuzy Qit enéhiitearn k] itor e Moni t or
nonitors two tenperatures in the overhead vapor Iine,

Wi th onee omlbhﬁnweépbgntl&mbﬁﬂbtehbg Nibaftbi onat or

reflux flow Inconsi sLlency bet ween these tehn'per alt ures
d i _
10081 0] “The IS 250t Dosofiical S aBfh mebsubreisanizal 1oops.

THESR P1Y Sohtil ﬁiﬁfﬁs%e n‘i&ﬁt&@@t@ Rt |f8ﬁf aﬁf&Eﬁ%ﬁArﬂ'ﬁ process

If there is no flowin this line, thenit 1s possi
qutsilpbug Frezen processvaluaivihich és indicative ofa dmelty instrument or

P e LSS oS B ek sp ol o

outside a dead band, and process value staying on the same side of the set point

for a significant length of time. The tuning parameters and thresholds for
detecting these four conditions are set based on historical and statistical analysis
of normal operations for a period of at least 3 months. Details of these control

loops are provided in Appendix 3A.

[0094] Process Consistency Monitors are checks that the console operator
would otherwise perform based on years of process experience. The console
operator knowledge, along with thresholds and tuning parameters are captured in
these consistency checks. In the initial implementation 6 such checks have been

included. Details follow and are also provided in Appendix 3B.

[0095] The Heater Pass Flow Material Balance Monitor sums the individual

pass flows (for example, sum of four flows in a furnace containing four passes)



produced and the cutting of coke. [00101] The

Fl ow Val ve position consistency nonitor was derived
w0 e@miias00zonpar i son of the nmeasured fl ow ( conpRCIFESEA7/009576

for the pressure drop across the WD 2007/ 124002

PCT/ US2007/ 009576 -24 valve) with a nodel estimte of

the flow These are powerful checks as the condition

of the control |oops are being directly nonitored in

the process. The nodel estinmate of the flowis

obtained fromhistorical data,by fitting coefficients

to the val ve curve equation'?éééuned to be either

| inear or parabolic). In the initial application, 22

i1 nsi sten s were dev.e] oped.
arld Efnbteste REBG A RN ARkt "TiRese WEBePRHSIRE % more
thafllil@ly Tiitsat I@dst @nkofthe oW mdiérsTBichioheblsg t he
correspondi ng pass tenperature to avoid any tube

ing. A4 | t.ub ] | d
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trélyd, lih die dakh 26fe ahd RROBURbIPHF ﬂﬁ&&ﬁﬁmn?'ﬁ&g%b %@s%Atef each

the valve flow nodels are given in Appendi X !
otherrelfthese tymperatures erersuificientticl ose thérethatisigidicative of
ﬂ&?&ih te to conpensate for long termsensor drift. The
oper& or can also request a reset of the drift term
after a sensor recalibration or when a manual Dbypass

0027} e haMaia&ractirnaar Gverhasdediccmnilatonts Flare Moniteromonitors

. Canifi o d th .
o PO R b, e .
flatetlant pesswleg and therotHe? @ fivd preBs@dhthe Bohfpr §k%r|linc.

val ve-fl ow nodel m smatch, there is an additiona
Ingpagirtensy hetvegn thesedpwer caudd result frear wedesiratde hydrocarbon
ggrol valve is beyond controllable range using

Ue- exceedance. Figure 37 shows both the conponents

of the fuzzy net and an exanple of val ue-exceedance is
[09A8}n | nDebutgnizer Bxottawas Fivnding dvionijonbaiitade phediference

0010 rocedure for inple ting the engi neerjng.

bepdden the, AR Rn Bz dmsind s ebHer Hletismperanayel s
ditfer&iftel id 284l thiin PG ¢ tHFEMMId WiRgs 1 o '

within the unit (e.g. Main Fractionat ore@Fg‘S‘?ﬁbﬁEW?’ﬁ‘é
tempiegajure jsogneaterfthan a specified maximum, then that is indicative of

refe
va

flooding.

[0099] Main Fractionator Overhead Accumulator Temperature Monitor
monitors two temperatures in the overhead vapor line, with one of them used to
control the fractionator reflux flow. Inconsistency between these temperatures

could result undesirable fractionation in the column.

[00100] Cat Slurry Oil (CSO) and Steam Flow Monitor monitors the sum of
the CSO and velocity steam flows. If there is no flow in this line, then it is
possible to plug the line. This will result in improper plugging of the drum at the
beginning of the coking cycle, which in turn can affect the type of coke

produced and the cutting of coke.

[00101] The Flow-Valve position consistency monitor was derived from a

comparison of the measured flow (compensated for the pressure drop across the



notification were determned fromthe statistical
anal ysis of historical data in conbination with
w@omn3okeonper at or i nput. For the conputati onal PaDUSL087/009576
(e.g. flowvalve position nodels), the trigger points
for notification were initially derived fromthe
standard devi ation of the nodel residual. For the
first several WD 2007/ 124002 PCT/ US2007/ 009576 -25
nont hs of operation, known AED indications were
reviewed with the operator t%é ensure that the trigger
poi nts were appropriate and rfodi fi ed as necessary.
Section "Depl oyi ng PCA Mddel s and Si npl e Engi neeri ng

ot dj ri i 1S, of
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with the total flow nmeasurenment into a heater within a
Aprexampleds shewntip Fgurecdo femahpates feadovalyal Vs walve is crucial
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i e W e enmondlie pRSishhF R SR P ald gy Bloe Coking. 1¢
allawed us develop, ailbe cakiny icéalll banf ¢hd eBidimit Ao and can result
] rmdelazégﬂgﬂacc modat e real concerns. Event
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mptoLestimsateadgodmnpehsatifor1engd dérny seft @it OThe dperf¥od @hn also

to suppress_such_known events beforehand, the system

regugst; ks et of the drikt temm aiier gissnsonieeakibeationeer whenta manual

' , ten. changes .in th .
RS SR B s ! TRABRNES b e Aetimatr
sigmificantigtingreved thedFatistifess ifbr Irﬁ}?leﬂ’fé?ltﬁﬁéﬁ hitiih@n6line
al ready, aware of such changes, the result can be an
deé%ﬁ"ﬂﬂwgiof‘{/h@i- gnal . To suppress this, fuzzy net uses
the condition check and the list of nodels to be
(08102} es slachdrtitioh @wmthe Valvel BoWwand8el misrRA1RE! there is an agditional

sifuations, tags in PCA nodels, valve flow nodels an
cheg 19 notify the operator in the event that a control valve is beyond

controllable range using value-exceedance. Figure 37 shows both the
components of the fuzzy net and an example of value-exceedance is shown in

Figure 38.

DCU Engineering Model Deployment

[00103) The procedure for implementing the engineering models within
AED is straightforward. For the models which identify specific known types of
behavior within the unit (e.g. Main Fractionator Flooding) the trigger points for
notification were determined from the statistical analysis of historical data in
combination with console operator input. For the computational models (e.g.
flow/valve position models), the trigger points for notification were initially

derived from the standard deviation of the model residual. For the first several



nets can be tenporarily disabled for specified tine
periods by the operator and reactivated using a

wa@ enditgd40on- based al gorithm Al so, in such caseBCT/ES2007/009576
configurable automatic reactivation tine of 12 hours
is used to prevent operators fromforgetting to
reactivate. WO 2007/124002 PCT/ US2007/ 009576 -26
Al ternative Solutions May Be Better -Corrective
actions for repeated events [001071 If a particul ar
repeati ng probl em has been i%ﬁntified, t he devel oper
should confirmthat there iS“Hot a better way to sol ve
the problem In particular the, devel oper shoul d nake
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pro®idd e e SR SR pe flaakf Pobbation MRS Kibpresifon was
applivdetottht halve) fbhediabhoaid ooV RkEMS Spphio? ith a single alert
application, This is the second best approach. Can

toghpioblemenitha valsedlove peirt Fnr instantopadesshibersum fof pass flows

r r to_the abnornml operation?,
o BEuafeH iR I8RT G pic BpiPgniRla 8 BERREipaprey
speCHiabrlermke ctheHass MRV EIvel fwillnSotdid Actfdiéd. s Whi ch
can be used to reliably nmeasure the approach to the

pr e itigon {e.g. tower flooding using delta
Cbr-esjnm ,H alf then be used to not only detect

when the _condition exists but also as the base for a
100388} oI appprdasitp Sacilitate smoash dailyeAEBhdperationf various tools are

prSGPdérdrﬂor}gelp méi%ta{irsl A]tjﬁ rtnrc]aldég atl):ledsatlccommodate real concerns,

Event suppression/Tags Disabling

[00106] The operator typically makes many moves (e.g., set point changes,
tags under maintenance, decokes etc.) and other process changes in routine daily
operations. In order to suppress such known events beforehand, the system
provides for event suppression. Whenever set point moves are implemented, the
step changes in the corresponding PV and other related tags might generate
notifications. In practice if the AED models are not already aware of such
changes, the result can be an abnormality signal. To suppress this, fuzzy net
uses the condition check and the list of models to be suppressed as shown in
Figure 40. In other situations, tags in PCA models, valve flow models and fuzzy
nets can be temporarily disabled for specified time periods by the operator and
reactivated using a condition-based algorithm. Also, in such cases, a
configurable automatic reactivation time of 12 hours is used to prevent operators

from forgetting to reactivate.



approach. Abnormal Event Detection Applications Do Not
Repl ace the Alarm System [001081 Whenever a process
w@e@bhawnnccurs qui ckly, the al arm system wi | | PCT/US2007/009576
identify the problemas quickly as an abnormal event
detection application. The WD 2007/ 124002
PCT/ US2007/ 009576 -27 sequence of events (e.g. The
order in which measurenents becone unusual) may be
nore useful than the order of the alarnms for hel ping
the operator diagnose the cause. This possibility
shoul d be investigated once "4 application is
on-line. [00109] However, abnormal event detection

| icatipns..can gi ve ,the  operator, . advanced_ warnin
atigh alirions My Tie Bertss “Closkpotiys BRUGRS MR Feaied events
] es).. Thesge plications are sensitiyve tq a change
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theyddveioarshbabdhnrakefthg foRowing ch¢dkstbdfbee aphigtobuitdan
t he process noves away, froma small operating region
alermﬁnqlm&ngéﬁ@womaapﬁsyt}om-hi s application may be able
to replace these alarnms. [00110] In addition to just

detecting t iCanPthegaobRm bePerManentIR fi-@denOftdita pASHem exists
system al so i sol ates the devi ant sensors for the

oper at or t o bepausstsitgapersemzel hayemot hpdisuffigieat timgtoa|
advant age consi derin hat nmodern gl ant s_haue

t housands ofn%eesgl%kes%é% B eﬁ‘?ar?egﬁh’u?fgﬁ ;&“i” R fcgglg% I Qn?% the
noni tor t hegyghtioR WfitRE orgdifizAA RYfolcasedan the peotlem, a
t hought of as another powerful addition to the

oper at or t opekingnent spdatiomis oftei foumd:l This isdhé best approach.
efficiently and effectively. WO 2007/ 124002

PCT/ US2007/ @HR5EHe proBlerABEHEIcyimediikéd]? Avaotereliablle way to
di sturbances of various nmagnjtudes are constantly
af fecti ng pistess 8 ppblamiivisinsigllsensory that cppeliregly aneasure

events and %ﬁ%@&cﬁsthghioc%ﬁ ?fél‘?g By AAEHPLISE tc"({s%revent the

control sys Wever, e ope rirs required
problem through a process control application. This is the

second best approach.

¢ Can an inferential measurement be developed which will
measure the approach to the abnormal operation? Inferential
measurements are very close relatives to PCA abnormal event
models. If the data exists which can be used to reliably measure
the approach to the problem condition (e.g. tower flooding using
delta pressure), this can then be used to not only detect when the
condition exists but also as the base for a control application to
prevent the condition from occurring. This is the third best

approach.

Abnormal Event Detection Applications Do Not Replace the Alarm System

[00108] Whenever a process problem occurs quickly, the alarm system will

identify the problem as quickly as an abnormal event detection application. The



make an unpl anned intervention in the process

oper ati ons whenever the process control system cannot
wa@deguatet y handl e the process event. W defi nBCT/HBR07/009576

situation as an abnornal operation and the cause

defined as an abnormal event. [00112] A nethodol ogy

and system has been devel oped to create and to depl oy

on-line, sets of nodels, which are used to detect

abnormal operations and help the operator isolate

the-1ocation of the root cause. In a preferred

enbodi nent, the nodels enpln%7principal conponent

anal ysis (PCA). These sets of nodels are conposed of

both sippl e del s_t hat, represent known engineerin
sequenge %%Yﬁ%%n?eaad The; ordep i Whigh BIraserements %‘ig"’(ﬂﬁcﬁ{gﬂ“ﬂ)
I r t Lt
mi B rlofs Wefu! @R IRE DIV b RR b odncltio?
disgmoserthd@ausal Thisagpossitilisy shaddibeniatestigaicd onvalthe application
. hunber of summary tine trends that allow the process
is@pdiRR-or to easily nonitor whether the process is
entering an abnormal operation. [00113] Figure 1 shows
[00209] he Hoiveventabaorial éventalet¢otivreypsilanatitinswan give the
t hrough the variaqus transformations, nodel
opesntonpdyaRtes Warning vy pbarmal ents delop slaylyrfdonger than
- ¢ o S
1 9flRsF Thest fFickeon B Mt R SRRige W fhe pattom of the
proeedst dath rathies tisysieguining thsrgeasiomsionbyed singls vdribble.
nmonitor the normaljty of the process operatio

Comrpaugntlyigdarntscanbe puotlede rlf Hagialapmy wsgemﬁvé&séha gogfigured to
R L e

(n@ﬂ&u@@fétr@%nﬁ)?ﬂﬁs appliciti@imay eablette replagetthese alarms.
provi de bl anket nonitoring of all the process

BBy 55555 R84 B3 4 S o o
AFD systam dlsy (olstestiny d¥¥ar0dStisb24 iiAhPGPetifd0 6 i tigste the

-29 mmjor refining or chem cal process operating units
eveatg Thig 3 erueialiiveniagesconsidegmgothat n&&ﬁ'ﬁ@}.@&? have

heat exchange traj . Whj Vv 1 .
thORStGERH HRLEDs hEbmhy IpgBI R OB AR diPenline.
TRE AR &Y sieth 0ah Gais b Hitghio b iatbitie fislmdalition to the

mnutes'to hours timescale, as opposed to |ong )
operator toolkit to deal with abnormal situations efficiently and effectively.



term performance degradati on. The process and
equi pnent problens do not need to be specified
whedoonatend. This is in contrast to the use of PEIZBS2007/009576
nodels cited in the literature which are structured
to detect a specific inportant process problemand to
cover a nmuch smaller portion of the process
operations. [001151 To acconplish this objective, the
met hod for PCA nodel devel opment and depl oynent
i ncl udes a nunber of novel extensions required for
their application to cont i nadSs refining and chem ca
processes i ncl udi ng: crlterla for establishing the
equi pnent scope of the P | §( criteria and
met hods for selecting, f??@' Ind transform ng
nmeasur enent inputs devel opi ng of mul tivariate
[0x1dtt] st | Exbntsooel distabattesrofavaranisanagmitudds greicoosfaakly

nponent nodel s,, PCA  deve in del s based
afifﬁﬁyr%pwﬁ BBPTAtions e aedie e TREE cents il disrbences are
r
SAPE Y GE PTbBlssTonhid) sVt “HoweR e TR iiYeqyired to

maketannugplanned inteeventidelin dpel process opsra’tgnfsuxhgnd%ﬂr the process

nets to interpret nodel indi normal or _ abn
w&r?ﬂg%tﬁzw o Adgiiely deagfmedregees Bleptneretine

519.#:& ﬁ‘hﬁn?rm%l‘ cgtﬂa'na 169 ahli THO YFusHaLRd A9 GBhoRAal event.

normalty |t for aprocess area

[124Q02 PCT[ US2007/ 009576 of operator
(G321 5ot Aomemigdqlonn andsusiea hrmbrer o5veepet to REate fad to
dér;ﬁf)ér‘%ﬁi—hﬁe e§i$ b BRI W8 868 t@ﬁ&ﬁe\ét ﬁbmawe%ms and

e extensions are necessary to hand
hellpaha@pcratst iscdatefthe ttmxratlamoix&len'ebt DA dnnob predenred|

iR at PSRRI PORCAR COMRSPENC AR gis (PIY). These
s d¢hodd E)gsed%f ?&H difiple nlb&SS tl%trgﬁféseﬂtsknown

provi de t ﬁe adva tage of prev nt i ng many o
engineering relationships and principal component analysis (PCA) models that

represent normal data patterns that exist within historical databases. The results
from these many model calculations are combined into a small number of
summary time trends that allow the process operator to easily monitor whether

the process is entering an abnormal operation.

[00113] Figure 1 shows how the information in the online system flows
through the various transformations, model calculations, fuzzy Petri nets and
consolidations to arrive at a summary trend which indicates the normality /
abnormality of the process areas. The heart of this system is the various models

used to monitor the normality of the process operations.

[00114] The PCA models described in this invention are intended to broadly
monitor continuous refining and chemical processes and to rapidly detect
developing equipment and process problems. The intent is to provide blanket
monitoring of all the process equipment and process operations under the span of

responsibility of a particular console operator post. This can involve many



Type | and Type Il errors and qui cker indications of
abnormal events. [00117] This section will not provide
waz2@genstet background to PCA. For that, readePGT/ERm0t/ah9576

refer to a standard textbook such as E. Jackson's "A

User's @uide to Principal Conponent Analysis" (2)
[00118] The cl assical PCA techni que nakes the
followi ng statistical assunptions all of which are
violated to sonme degree by the data generated from
nor mal conti nuous refining agﬁ,chenical pl ant process

operations: 1. The process i$” stationary-its nmean and

vari ance are constant over tine. 2. The cross

S ERiAR Or PHRRGCA PR Thekhune IR (CE° oo A Brers
reaatdrapd@apressorsy hual dxchange pants dtc.), Avhitheh fRUMAIHdREEEt0

matrix of the process variables is not degenerate
thqusands,gkprqcgss msgsureEasnis- dhe monitering as designed tadetsct

. | ol el Lstical approac
orcBIene itigh Selelcy) OF nh IR0 1A ciblile, ARRR3ET o 1ong

tefayafpensiiecddgrad Mas S THY PRotds and sfuapsRhfprétiéins Ao not
coppensation for this being the inclusion of Iag
negd foest srecifipd beforebard.) This Bdomontuagbto the use of PCA models

T bLRORLERAREE B . fhbleasB Bl a5t process
prioblém\anid ot @veealiclsafallieb pbiivh b tHel Sloceod SFEABBRS Y -
in the selection, analysis and transformation of

19815, 4cEBReTEB TR e S b e A
dewdpsnent end dé{)ﬁ?ﬁheﬁﬂgﬁ@lﬁd@i a\HuRhBér Mol @keNsidMiGRquired for

t hese PCA nodel s are depl oyed on-line the nodel
thel applicatigndo coatjnupus sgfiingiandesheapicabprosestassnciuging
renove the effect of known operation and naintenance

flg t Ia?/: f)i/ve f i%ﬁ@riﬂ SRt 8bligHih g QL quidAERSEOPE of HIPPES models
criteria and methods for selecting, analyzing, and transforming

measurement inputs

e developing of multivariate statistical models based on a variation

of principal component models, PCA

e developing models based on simple engineering relationships

restructuring the associated statistical indices

® preprocessing the on-line data to provide exception calculations

and continuous on-line model updating

e using fuzzy Petri nets to interpret model indices as normal or

abnormal

e using fuzzy Petri nets to combine multiple model outputs into a
single continuous summary indication of normality / abnormality

for a process area



oper at or observe and acknow edge the propagati on of an
event through the process and to automatically

WO e®@r02401 he cal cul ati ons once the process hasPCT/US2007/009576
returned to normal. [00121] Use of PCA nodels is
suppl enent ed by sinpl e redundancy checks that are
based on known engi neering relationships that nust be
true during normal operations. These can be as sinple
as checking physically redundant neasurenents, or as
conpl ex as material and engiﬁgering bal ances. [00122]
The sinplest form of redundanCy checks are sinple 2x2
checks, e.g. tenperature 1 = tenperature 2 flow 1 =
val ve char eristic curve 1 (valve osi tiqn) )
i or | al o1 IGER S oRRBtEdSterpi O Sichahe rnodel? hag) fyzay Petri

of process nem& ehefc@g gﬂ%ho}—)geﬁ'lﬁ 51?1’[5&5&% a‘v“gﬁ":",@@sfl ow

operator as si rrp ) SUC
b 55 SRR 5D B BlR R AR o
CRAEARSSR 55 UG SR orgponaing d

charfdt2diktiddisd thalt @ CAdmddample eaglrmbﬂngbnoddﬂe claade used
nodel anpl es of

rou le pultidi i onal
ff#?ﬁtwegyngmﬁ% XiensianS RISKIdE e van}ﬂg@mrs‘finﬂng many of the
esaHaer e‘II greors anﬁrcﬁﬁf]wfrqnalcaﬁﬁhg;;ﬁabnghﬁm é\%rﬁs

OCGSS It = mate 'ow out of pr OCGSS uni t

Q73 g7 if%hﬁ?n Il nar brieides seaeil bac @SCA For
tﬂak 5’2 dfbatd r é:'f@r td ag afdard {&%&)1@&%{{ ggge J gﬁléso%'.'A User's

ent an ant nmeasur es
GWvém&;vErmmadI&merdyszmaz)hanges by al3 and X2
changes by a23. This set of relationships is

[@gﬁhgsseﬁhéanaasi’%@g%c @ﬂ: ﬂla&bgg&@fcgic}wmg&hlsucal

nent direction

assummdalt of whichomervibbated o somm:“dmee by ithé datd geridbated from

broaid PCA rmdelfs . As vglith the_two di nensi onal |
normal continuous refining and chemical plant process operations:

1. The process is stationary—its mean and variance are constant

over time.

2. The cross correlation among variables is linear over the range of

normal process operations
3. Process noise random variables are mutually independent.

4. The covariance matrix of the process variables is not degenerate

(i.e. positive semi-definite).

5. The data are scaled "appropriately” (the standard statistical

approach being to scale to unit variance).

6. There are no (uncompensated) process dynamics (a standard
partial compensation for this being the inclusion of lag variables

in the model)



redundancy checks the gray area shows the area of
normal operations. The principal conponent | oadings
wo@Roo?1at0e2 di rectly cal cul ated fromthe engi neePCTyS2007/009576
equations, not in the traditional manner of
determining P fromthe direction of greatest
variability. [00126] The characteristics of the
process operation require exception operations to
keep these rel ati onshi ps accurate over the nornal
range of process operations _and normal field
equi pnent changes and nai nt &rdnice activities.
Exanpl es of exception operations are: opening of
bypass val v around flow neters c ensating. for
upst ream97 ‘%gmﬂ{aﬁgeﬁrﬂaﬁlree%ﬁ? e%’f?gnog;‘goss PREGIHOPAt i on
of field neasurenents redirecting process flows based
on oper a8i nEhgrdatahaviegomuliivariate POsmab distebutidnt he
engi neeri ng redundancy checks are conbi ned using
[00129) PeUonséqienthyO i (RYsSleciidie NaBris and R@ndFmabidnof inputs
a WD 2007/ 124002 PET/ US2007/ 009576 ° - 33 cont i huous
and, theasubsiequentzin byl ding the PR model yvarioushadjpstocerds are made to
operations under is.control (Fiqure 4). [00128]
e\ﬁiﬁ}‘?ﬁ%pﬂ QPPRIALE ?x‘i’r tihﬁcffec.gége gfglcg?%%‘?'ed from each PCA
nodel so that the indices correspond to the
[A320] gur SnicerthesedP GAemadelsyarefdephey gt ondire thequogelaralculations
that the.process. operator. handl es. The nsitjvity of .
reiire, G IY SRR roRrna it Eempra e FGH 24 ki gpration
and #finlehah 5O hOrAH Ot oCdiSM e THilSd BF ®bad hEFhsCputd)itbhllow the
only contain the contribution to the SPE index for the
operptarobsghve and ackndwlsdgd dbé prepagitioorof ameverft thraaigh the

conpl et rocess. area cover.ed t he PCA npdel . Eacgh
PERER £ (OPSRRRICH B S rE Banliptasios ancedRe Prpesss bas
retiged toRfSridalnet to convert the index into a zero to
one scal e, which continuously indicates the range

nor pal tion (value of zer t o apnor nal
lJ&’&?ﬂL i offee G ripael & .Surflzisw@}efﬁéx ﬁlmggwéaﬁéyncy checks
tHab 8FKbase drP Rn SRR \RighRsbrin RISMHSHINOHRL BT Ye tiue during
normal operations. These can be as simple as checking physically redundant

measurements, or as complex as material and engineering balances.
[00122]  The simplest form of redundancy checks are simple 2x2 checks, e.g.

e temperature 1 = temperature 2
e flow 1 = valve characteristic curve 1 (valve 1 position)

e material flow into process unit 1 = material flow out of process

unit 1

[00123]  These are shown to the operator as simple x-y plots, such as the
valve flow plot in Figure 2. Each plot has an area of normal operations, shown
on this plot by the gray area. Operations outside this area are signaled as

abnormal.



abnormal indication using fuzzy nets. There are two
di fferent indices used for these nodels to indicate
w@beonemb: ty; deviation fromthe nodel and devPEr/U82007/009576

out si de the operating range (shown on Figure 3). These

devi ations are equivalent to the sumof the square of

the error and the Hotelling T square indices for PCA

nodel s. For checks with dinmension greater than two, it

is possible to identify which input has a problem In

Figure 3, since the X3-X2 relationship is stil

within the normal envel ope, "tHe problemis with input
Each devi ati on neasure is converted by the fuzzy

X1.

i ' I hat,, wi | | .
100328 | ohuibfe Sebhindy o8 Brod e sl sinele
muktidinger3ional enodell Eabnplei W rAeRIdHeaBionabtétRindane ate:

[00130] For each process area under the authority of

the operataqr, the., applicable set _of normal - abnormal
i ndi cat o s qrgss&gﬁﬁi—nggesismeo a st ngPESTHFYRI - abnor nal
indicator. This, is done by using fuzzy Petri logic to
sel ect tMe Matesial floxgintp papeessi it b= mskerialilow out of process

oper ati on. d 1ih_i S way .fhe %aﬁ%r te)a a hli %h | evel
i T et ogpuoualt

summary of all "t hé checC Wi ar ea.
[ i i |l .not i de WO 2007/ 12400 aw
(085150 sasioRi Medks 7Es dprisroed S TEA kst models.
Ixﬁeiggjre Betlifere s tHr@élindég;e?r@i@ﬁfsl\leal?cg ?éHALﬁ)cfaﬁﬁ ﬁ{eagﬁre(sig(l, X2, and

Cardoso, et al, Fuzzy Overvi ew
XBoOVbenewereX3wianges by ooesX1fdranges blyani agd X2 ehaggesty a,s.

TEER) of PRRIORHHED it Sxmetiadlhsd PR ead with s skagle rsnsipal
cothpbhéntWitdbtidn PUThhi of thtse1 3¢ g?&%ﬁ{e}ﬂeﬂ&tﬁgwﬁgfzﬁ ina

that nodel's capability based on Observing
maneengigslarteghe beoadPCre mustelsnl Asrwitk se twp elimensional

uri,ng bot h.nqrmal operati ons_and abnormal . operati ons,
relHhafipPacti b8 B Bia ol Whectieh R noBPh PhER 9o T he
19RCiHIESEBB 1S - ' ineeri
™ E oo SRS of Y GRLAl CHou AR Ko Mg engincering
equatiogs, LeNin3hg tiditionad mbhnatasf dptegoilisg #r fotrothe direction of

rovj de.the consol e operator with a conti nuous status
el prigRility.

[00126] The characteristics of the process operation require exception
operations to keep these relationships accurate over the normal range of process
operations and normal field equipment changes and maintenance activities.

Examples of exception operations are:

e opening of bypass valves around flow meters
e compensating for upstream / downstream pressure changes

e recalibration of field measurements

redirecting process flows based on operating modes

[00127] The PCA models and the engineering redundancy checks are

combined using fuzzy Petri nets to provide the process operator with a



abnormal ) of process operations for all of the process
units under his operating authority provide himwth
wa@poogaedoy2 det ection of a rapidly devel opi ng (PECTUBHS7/009576
to hours) abnormal event within his operating
authority provide himw th only the key process
i nformati on needed to di agnose the root cause of the
abnornmal event. [00133] Actual root cause diagnosis is
out si de the scope of this invention. The console
operator is expected to diag& sis the process problem
based on his process know édge and training. [00134]
Havi ng a broad process scope is inportant to the

overal | . of. abno | _operati nmoni t ori ng. For

oy THGRARS inlica O REFE AR o2 EPRR %% oRPiations under
higldontdl (Pizureays to regularly use the system Since

speci fic abnormal events occur infrequently, abnornal

(38T« "NBUPRI Rl dhaes % sreal] FbRLedich CRymodel so that
thlei ilk@lces lcop@ispended &(koc?érﬂt‘ggmﬁaoﬁ%/d%@a%ﬁﬁ 8¢ E??G%‘%gs

the operator to disregard the systemwhen it
eqiipaent that the poecass opemtor haifdles. Aheadnsitivity ofthertraditional

S‘%ﬁg)ffrﬁsi}a{%éP%gﬁgg S%?gﬁﬂggqe | ngnig-?%log\égivgquriggﬁﬁgo subset
indiRBEhich 8RlyeEoRhiS U JHtaBitioR 60 ANSPE Jhak 65 the(RBhts

Kourti, 2004). [00135] There are thousands of proces
whichscomadrom destgriated hertionsadthe completeyprdeessarea cglvered by

s g dE e gt o Ee Sk s R madlen i fednto a fuzzy
PétiFetdy baves AEGAGe:! RS % 535 e {ggafes whibh CBnfih&RSsly

_the cross correlation anong the Thi's requires
indicatel thg ahge framexsnad oppration (valuwe sEpaiodte abidrmal operation

del ere the cross correlation can be mai ntai ned.
(Vggfﬁgé?g\%oncept ual nodel design is conposed of four

maj or deci sions: Subdividing the process equi pnent
[60128] equEactenddugrdanpg chedlhis aleo coapenéed rg alRoAtiimoes Sormal -

abnormal indication using fuzzy nets. There are two different indices used for
these models to indicate abnormality; deviation from the model and deviation
outside the operating range (shown on Figure 3). These deviations are
equivalent to the sum of the square of the error and the Hotelling T square
indices for PCA models. For checks with dimension greater than two, it is
possible to identify which input has a problem. In Figure 3, since the X3-X2
relationship is still within the normal envelope, the problem is with input X1.
Each deviation measure is converted by the fuzzy Petri net into a zero to one
scale that will continuously indicate the range from normal operation (value of

zero) to abnormal operation (value of one).

[00130] For each process area under the authority of the operator, the
applicable set of normal - abnormal indicators is combined into a single normal -
abnormal indicator. This is done by using fuzzy Petri logic to select the worst
case indication of abnormal operation. In this way the operator has a high level

summary of all the checks within the process area. This section will not provide



Subdi vi di ng process operating tine periods into
process operating nodes requiring different PCA
wo@el134002 dent i fyi ng whi ch nmeasurenments w t hi NnPEIUS2007/009576
equi pnent group should be designated as inputs to
each PCA nodel Identifying which neasurenents wthin
an equi pnent group should act as flags for
suppressi ng known events or other exception
operations A Process Unit Coverage [00137] The
initial decisionis to creat% groups of equi pment that
will be covered by a singlé BCA nodel . The specific
process units included requires an understandi ng of

th [ ti . nt tion. §ml t h
o S BRSO Bl s RF 537 reefh e
cmeaayaxomgep%mgeummmﬁ0,07/ 124002

PCT/ Us2007/ 009576 -36 enconpass al I” significant

[RN3EST bhe Syl Braeds BorifeyedSiing S aitprpial S3ent appiication is
SHQH 39k igihe o OThOBa00 deleRiyAEs tht) & AEEUEIREle the

t hese equi pnent groups: 0139] Eq ment groups are
detafloperdstangs it adowgh atdde thenmapocessintady improwesdthat model's
enef I nt egrations, and qui recycles in the sane
c Fl%ﬂsegmswn@ﬁ& m%t@zssm@és TEPrEtAnts the aciyplgprocess
Wit I I x|
o EfbALinE JRHh Aol oblioAZ ahll chfioraf Bbeitions, The models
agerther sestrudtied idestriined based omtlessactbsenationsd t o be
identified through an engi neering analysis of the

DRYephte PCEAThIALITFARBROAA N LA ehifndi vi ded at

a point-where there is a mnimal I nteraction between

It hﬁo%%éﬁé%ilﬁ@wm}%%zpfheme nost obvi ous

“di Vi occurs only interaction cones

LQugh si ngl ipe containing the feed to the next
[mitre l?ll(lgféﬁl Bﬁggﬂigsoaj;sairgr{?he t enper at ur e,
pressure, flow, and conposition of the feed are the
pri mary ¢ nfgroeidectheaonsble optrates twitla m continmoes stajuo(rormal vs.

and the pressure in fhe inmedi ate dgwnstream unit is,
the primar ﬁmwm&%épmeﬁmp%gp%%% @i]&?%ﬁmoc&%%l.ts under
These pri My operating authority

e provide him with an early detection of a rapidly developing

(minutes to hours) abnormal event within his operating authority

e provide him with only the key process information needed to

diagnose the root cause of the abnormal event.

[00133] Actual root cause diagnosis is outside the scope of this invention.
The console operator is expected to diagnosis the process problem based on his

process knowledge and training.

[00134] Having a broad process scope is important to the overall success of
abnormal operation monitoring. For the operator to learn the system and
maintain his skills, he needs to regularly use the system. Since specific
abnormal events occur infrequently, abnormal operations monitoring of a small

portion of the process would be infrequently used by the operator, likely leading



i nfl uence nmeasurenments should be included in both the
upstream and downstream equi pnent group PCA nodel s.
WO 0®1414002 ncl ude the i nfluence of the process BPCHURNN7/009576
appl i cati ons between upstream and downstream
equi pnent groups. The process control applications
provi de additional influence paths between upstream
and downstream equi pnent groups. Both feedforward and
f eedback paths can exist. Were such paths exist the
measur enents which drive the S pat hs need to be
i ncl uded in both equi pnent é oups. Analysis of the
process control applications will indicate the nmaj or
i nter t|o the c Vld
s REAEh £ SRS ER e Ao B St Tk, osardty 2 Bprial event.
TH L8 ScoFe & inSERIABE td ﬂ[ﬁ‘ﬁubl'isﬂi&ﬂ 1RbA&YnF 8BaPWhich @ design
PCA nodel s primarily handl'e qui ck process changes
theamgdel based onhdethcting arspevific progess pubbdémnifirigridicant economic
200 {Jé 2 FZC#/hJ 007/ 009576 -37 to hours).
inferep ourfip 2004)-ake several hours, days or even
weeks to have their effect on the process, are not
[001364b| eThere #€AhnDsHaIdsS. of\ﬁrecesstmewrbnfelntsammin ther proccss
I .por ant to.the n a a .erns,. neasurenents of
ubfERRIEH sbBle ASutblt FPertony bdtBRRyGTEe, CarBRUsY refining
a€Ehéhifdal p%éé%és Ekl'i‘i%ltséigﬁﬂfc%ﬁt aatk (‘l‘ﬂ/ﬁeﬂnfégearﬁ’&@fhese
process neasurenments (see the discussion of dynam c
measprensas,onichtbresk the sxsgueorrelation atndeg the@dus] This requires

iidinedbe FReres SRRPBEBLILe SEetalR LA madei ﬁapeedﬁm”e
ggrg Eﬁﬁ%n@(lgles ofnegf t hese are product| on

erent gra product (e.g. polyner productlon)

sianific ro ransi tions artups,

[ ownconeEaal Biad ei\ﬂetléﬂé§)°°“}£°éégé’§sflﬁ gajor decisions:
dramatically different feedstock (e.g. cracking
napht ha sat$ebdividing ¢hd precess eqoipiéntintyy equipiient growps with
different configurations of the process equi pnment
(different w@p@pdmg%@ésmmet% runni ng). [00144]
Where these significant operating nodes exist, it is
li kely thatSulxhpuhagméﬁ%sm@mtmg/\tltrie pm‘mﬂstmtdnprocess

devel oped for each nmjor operati
P operateilng modes requlrgng dﬂ?erent PCA models

e Identifying which measurements within an equipment group

should be designated as inputs to each PCA model

e Identifying which measurements within an equipment group
should act as flags for suppressing known events or other

exception operations
A. Process Unit Coverage

[00137}  The initial decision is to create groups of equipment that will be
covered by a single PCA model. The specific process units included requires an
understanding of the process integration / interaction. Similar to the design of a

multivariable constraint controller, the boundary of the PCA model should



The fewer nodels needed the better. The devel oper
shoul d assune that a specific PCA nodel could cover
wa@renhatoooper ati ng nodes. Thi s assunpti on nustPCDES2007/009576
tested by running new data from each operating node
through the nodel to see if it behaves correctly. C
Hi storical Process Problens [00145] In order for there
to be organi zational interest in devel oping an
abnornmal event detection system there should be an
hi storical process problem g significant economc
i npact. However, these S|gnrfféant probl ens nust be
anal yzed to identify the best approach for attacking
rtlaular t he d

°Pr%?%i‘1%f‘§seﬁ? SEPiarAl ERbectaneans pdf key EBSheinpnddownstream

R R messi@ﬁzﬁf%s%dadaﬁédrsﬁsde@n WD 2007/ 124002
PCT/ USZOO 009576 8 1. Can the problem be
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uaitrigithe prinexydhfluence on the upstream equipment group. These primary

influence measurements should be included in both the upstream and

downstream equipment group PCA models.

[00141]  Include the influence of the process control applications between
upstream and downstream equipment groups. The process control applications
provide additional influence paths between upstream and downstream equipment
groups. Both feedforward and feedback paths can exist. Where such paths exist
the measurements which drive these paths need to be included in both equipment
groups. Analysis of the process control applications will indicate the major

interactions among the process units.

[00142]  Divide equipment groups wherever there are significant time
dynamics (e.g. storage tanks, long pipelines etc.). The PCA models primarily

handle quick process changes (e.g. those which occur over a period of minutes



but also as the base for a control application to
prevent the condition from occurring. This is the

wao biord240est approach. [00146] Both direct neasPCEISIFE009576
of problem conditions and inferential neasurenents of
these conditions can be easily integrated into the
overall network of abnormal detection nodels. I1.
I nput Data and Operating Range Sel ection [00147]
Wthin an equi pnent group, there will be thousands of
process neasurenments. For thg, prelimnary design:
Sel ect all cascade secondary controll er neasurenents,
and especially ultinmate secondary outputs (signhals to

. c v it / .
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t hose which appear on his operating schematics)
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conditions which affect the process operating area,

BPappesdaHhY, LS BIYLS - Sel ect extra redundant
measur e rements that are irrpo:rtalntt
Lagt . t hat b d to.calcul ate
(T 2P TR B GeRSET S e B whero
theemouesyBetavidr i8 stbfifichRAY ARrfeRnd. FXAMMBS of these are Pﬁ%duction

t enperature Sel ect any ot her neasuremnents, which
ogdgpfg*ggt 8 of predpgtde.g. polymer production), significant process

transitions (e.g. startups, shutdowns, feedstock switches), processing of
dramatically different feedstock (e.g. cracking naphtha rather than ethane in
olefins production), or different configurations of the process equipment

(different sets of process units running).

[00144] Where these significant operating modes exist, it is likely that
separate PCA models will need to be developed for each major operating mode.
The fewer models needed the better. The developer should assume that a
specific PCA model could cover similar operating modes. This assumption must
be tested by running new data from each operating mode through the model to

see if it behaves correctly.

C. Historical Process Problems

[00145] In order for there to be organizational interest in developing an
abnormal event detection system, there should be an historical process problem
of significant economic impact. However, these significant problems must be
analyzed to identify the best approach for attacking these problems. In
particular, the developer should make the following checks before trying to build

an abnormal event detection application:



as inportant nmeasures of the process condition [00148]
Fromthis list only include neasurenents whi ch have
wo b@7fisdobowi ng characteristics: The neasur enOl/USHEF 009576
not have a history of erratic or problem performance
The neasurenent has a satisfactory signal to noise
ratio The neasurenent is cross-correlated wth other
neasurenents in the data set WD 2007/ 124002
PCT/ US2007/ 009576 -40 The neasurenent is' not
saturated for nore than 10%0_{ the time during normal
operations. The measurenent’ 83' not tightly controlled
to a fixed set point, which rarely changes (the
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1) Signal to Noise Test The Signal to noise ratio i
meagrteolapplisations divisiy the sseand best approach.

3. Can an inferential measurement be developed which will measure the
approach to the abnormal operation? Inferential measurements are usually
developed using partial least squares, PLS, models which are very close
relatives to PCA abnormal event models. Other common alternatives for
developing inferential measurements include Neural Nets and linear
regression models. If the data exists which can be used to reliably measure
the approach to the problem condition (e.g. tower flooding using delta
pressure), this can then be used to not only detect when the condition exists
but also as the base for a control application to prevent the condition from

occurring. This is the third best approach.

[00146] Both direct measurements of problem conditions and inferential
measurements of these conditions can be easily integrated into the overall

network of abnormal detection models.

1L Input Data and Operating Range Selection

[00147] Within an equipment group, there will be thousands of process

measurements. For the preliminary design:

e Select all cascade secondary controller measurements, and
especially ultimate secondary outputs (signals to field control

valves) on these units



the input signal. The signal to noise ratio is
calculated as follows: 1. The raw signal is filtered
wagioig24an2 exponential filter with an approxi maP€&r/Uus2007/009576
dynam c tinme constant equivalent to that of the
process. For continuous refining and chem cal
processes this tinme constant is usually in the range
of WD 2007/ 124002 PCT/ US2007/ 009576 -41 30 minutes to
2 hours. Oher low pass filters can be used as well.
For the exponential filter _t3|§e_ equations are: Yn= P *
Yn-1+(1-P) * X' Exponential fT'lter equation Equation 1
P = Exp(-TS/Tf) Filter constant cal cul ati on Equation 2

where: Yp t rent filtered vajue., Y' -1 the .
pr evi ousnf i$‘$€éér‘ttal£ it yvr%%ﬁseure%e %gseA#}( s C?résﬂﬁtl?/ QPfEater to monitor
the exponerthéProddsk (6)z. AABSE WHicH Fppét GARR! Sheraitke Of

t he rreasurerre%ﬂtr .Tft(t Ee filter ti ggi)const ant®2. fﬁg

resi dual sisghamaI1§S)<:reat ed by subtracting the filtered
signal fromthe raw signal R' = Xn - Yn Equation 3

3. The segrBdle¢tanyansasurairents ssddisy ted tentaét édjtneer to
standard deviation of the filtered signal divided by

the st andarBeafne the perfermanee pEthiedpraress gnal s/ N=0y /

6R Equation 4 [00150] It is preferable to have all

i nput s exhiSzlectany/ upstteanhmeasgrenadtroftfoad rate, feed temperature
predeterm ne(rir n%'%ni m such as 4. Those inputs with

S/ N | ess t PEACEHAY3N®NI num need i ndi vi dual exami nation

to determ-ne whether they should be included in the

nmodel [ 0®13glecthpeatarements afsdaivhstremh cohditiomshehishMffect the

shoul d excl ude ar})\{)

| on .
process operating area, particularly pressures.

e Select extra redundant measurements for measurements that are

important

¢ Select measurements that may be needed to calculate non-linear

transformations.

® Select any external measurement of a disturbance (e.g. ambient

temperature)

e Select any other measurements, which the process experts regard

as important measures of the process condition

[00148] From this list only include measurements which have the following

characteristics:

e The measurement does not have a history of erratic or problem

performance
¢ The measurement has a satisfactory signal to noise ratio

e The measurement is cross-correlated with other measurements in

the data set



periods of steady-state operation since that wl|

cause the estimate for the noise content to be
wex@easiovel y | arge. WO 2007/ 124002 PCT/ US2007/ POREFB07/009576

-42- 2) Cross Correlation Test [00152] The cross

correlation is a nmeasure of the information redundancy

the 1input data set. The cross correl ation between any

two signals is calculated as: 1. Calculate the

co-variance, Sik, between each input pair, i and k Sik

=N EX *X1') - (Y- X)-.* X Equation 5 N(N1)

2. Calculate the correlation €oefficient for each pair

of inputs fromthe co- variance: CGC k .

Sik/(Sii*Skk)U2 Equation 6. [00153] .There are t .

ci rcunst 3n iéﬁo“? W%EFFTF?%FQ‘St @a%a'geﬂﬁjéf “%‘?’FSL}\E@“ \ri@{’/" pE the time

i ncl uded i nd&ﬁg%%%hl ?ﬁ&%tifohﬁ.St ci rcunstance occurs
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in the dat awhedh Mirély éhanged gtHe' Wififdat€ Prin®Ardt o2 control
coefficient, such as 0.4.” [00154] The second

ci r cunst ancliesarehyy when the sane input information

has been (accidentally) included tw ce, often through

sone cal eul The ancasutemént dees wotdiavedosg strettbiet iofi"®ad Value"
Any input pairs that exhibit correlatiaon coefficients

near one (f@OPCralignPrsayatpd agagmst transeittarlipiitiual

exam nation to determ ne whether both inputs should

be i ncl ugedThe méasurmulent ddds ndteza agrossa aamgedf saluat, which is
i ndependent, but | ogi gal redyndant: (i.e., two

i ndependent@‘h‘@?‘ﬁ%gﬁ&ﬁg@ %?‘é’lllmieﬁﬂependent |y measuring

the sane process tenperature) then both these inputs

shoul d ba& i Fbe¢ meraguremenids med @ redpodargsialqylation fiamp the raw
are transformtions Qf each other (i.e., tenperature

and pressUPEREHB

%t ed tenperature) the preference
is to include the peasurement that the operator is
fam |iar ®*wi LRe signatssto figldyconteol yalyesareinod satupated for more than

i mproved Cr§s, of the time

A. Evaluations for Selecting Model Inputs

[00149] There are two statistical criteria for prioritizing potential inputs into
the PCA Abnormal Detection Model, Signal to Noise Ratio and Cross-

Correlation.

1) Signal to Noise Test

The signal to noise ratio is a measure of the information content in

the input signal.
The signal to noise ratio is calculated as follows:

1. The raw signal is filtered using an exponential filter with an approximate
dynamic time constant equivalent to that of the process. For continuous

refining and chemical processes this time constant is usually in the range of
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bet ween one of these neasurenents and the rest of the
wa@lat0aae£002 Then the one with the higher cross PCT/US2007/009576

correlation should be included. 3) ldentifying &

Handl i ng Saturated Vari abl es [00156] Refining and

chem cal processes often run against hard and soft

constraints resulting in saturated val ues and "Bad

Val ues” for the nodel inputs. Comon constraints are:

instrument transmtter high and | ow ranges, analyzer

ranges, maxi mum and m ni nrum~control val ve positions,

and process control application output limts. Inputs

canpf LNt o a at.egories.ath regard to

Car OBkl HRFL SR GRS g Ve weil. For the
pr exponatid ifilerithe equBtibss afeet h  for nodel buil ding

and for the on-line use of these nodels. [00157] For

t | ogt t . 4-20 m.l i .
o 29418 292100 PSSR S i AR T Bunton 1

because of two separate reasons: The actual process

condli i BRp{-T,ay) Si de t hepfiRpgenShnt BAchi i
transm’ttg$ El'lﬁze connectilon vvi{lh ?he ?Pgﬁgﬁhas beelr?iq“atm112

broken [00158] Wien either of these conditions occur,
t hewpergiess control system could be configured on an
i ndi vi dual neasurenent basis to either assign a

speci al ¥ade t dhelcerreat fitefeat valoat neasurenent to

i ndi cate .t hat the measurenent. is a Bad Value, or to
mai nt ai n 'efie | 48¢ PERYAUY Ailtseedvaluge neasurenent. These

val ues wid | thqﬁeg{lﬁgﬂngameoughout any cal cul ati ons

perfornmed”on the process control system When the

"l ast goBd val ubé exponemididitdrenstannf i gured, this can
|l ead to grronequs calculations that are difficult to
detect and excl'B@é? tipg ol thepeasurementad val ue”

de i [
ggl gu: zt ?éggag%?gﬁkgE%go%#g?ﬁgstgg] rr:asur ement w ||

2.beAf teaizhed sharh] és cawatdd by 0Br&itingeg? fiteed signdlom the raw
optjon configured on the process control system

t h¥gdal i ne peri ods, which include Bad Val ues shoul d
not be included in training WO 2007/ 124002

3. The signal to noise ratio is the ratio of the standard deviation of the filtered

signal divided by the standard deviation of the residual signal

S/N=Cy/ Oy Equation 4

[00150] It is preferable to have all inputs exhibit a S/N which is greater than
a predetermined minimum, such as 4. Those inputs with S/N less than this
minimum need individual examination to determine whether they should be

included in the model

[00151] The data set used to calculate the S/N should exclude any long
periods of steady-state operation since that will cause the estimate for the noise

content to be excessively large.



-44 or test data sets. The devel oper needs to identify
whi ch option has been configured in the process
weomrnsioosyst em and then configure data filterBCT/U82007/009576
excl udi ng sanpl es, which are Bad Val ues. For the
on-line inplementation, inputs nust be pre-processed
so that Bad Val ues are flagged as m ssi ng val ues,
regardl ess of which option had been selected on the
process control system [00160] Those inputs, which
are normal ly Bad Value for exfensive tinme periods
shoul d be excluded fromthe ffbdel. [00161] Constrai ned
vari abl es are ones where the neasurenment is at sone
Z)Ii '%, ng } h} ppasur ement mat ches an actual process
cégéﬁgﬁgﬁlgég—i%pdged to where the value has
defaulted to the maxi rum or niniwu? imjt of the
[00152]s i (Tther criogs gerrelationds agmeasurg O ihg 1 tiggredgpgancy the
. Thi r.oc ' i s Qe ac
ingff GrtB o6E oF B ko es gl pe Rl o S SR, o GRERRR s
under special override conditions, for exanpl
1. prialeulate the refvarianges S, hatween gagh MPYtHAL, Tiaﬁg k
peri ods where these override conditions are active
shoul d be exqkuyteg. £Xpm GhR;} #*qEXg and val i dati @lquation S
data set Ey settingyn-gpta filters. For the on-line
i npl enentation these override events are trigger
events for automatic suppression of selected node
2.st@alcaldte she Tomretimmesefioient for sacht pair pf infuys grosu they co-
drive the process against process operating limts,
f oYaT&8¥pl e product spec linmts. These constraints
“typically fall into two categories: - those, which
ar e(]@ﬁ(cassiQ’QSHSkk)ﬁﬁt urated and those, which are Equation 6
normal |y saturated. Those inputs, which are normally
saturated, should be excluded from_the npdel.

Th
[ODAB3E <, “WhTGHATE tW OGTFGIMSSeResS; BYieh flag et ag wpyiFhpuld not be

. [ a 0. . ' [ in
inf AR thE Hlodel2 T P bk IR st occ bR REp G ST, 1
sighifivapecondhitioheretiveey agrartiovlar saputratdetthe rest of the input data

set. For each input, there must be at least one other input in the data set with a

significant correlation coefficient, such as 0.4.

[00154] The second circumstance occurs when the same input information
has been (accidentally) included twice, often through some calculation, which
has a different identifier. Any input pairs that exhibit correlation coefficients
near one (for example above 0.95) need individual examination to determine
whether both inputs should be included in the model. If the inputs are physically
independent but logically redundant (i.e., two independent thermocouples are
independently measuring the same process temperature) then both these inputs

should be included in the model.

[00155] If two inputs are transformations of each other (i.e., temperature and
pressure compensated temperature) the preference is to include the measurement

that the operator is familiar with, unless there is a significantly improved cross
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Process Control Applications [001621 The process
waeomrnoiooappl i cati ons have a very significant pET/E81000009576
the correlation structure of the process data. In
particular: The variation of controlled variables is
significantly reduced so that novenent in the
controlled variables is primarily noise except for
those brief tinme periods when the process has been hit
with a significant process digsturbance or the operator
has intentionally noved thé “operating point by
changi ng key set points. The normal variation in the
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[00163] The normal operations of refinery and chem cal
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structures [001641 Figure ows a typical "cascade

Cpnuunes soosiraings ap phstoahentntransshitien high and dow raagesymanalyzer

control structure .for refini nd chem cal processes.
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candi dates for the are the raw proce
saturtiomewhidlsreqiitesspeliad handlingivehdn prerprocessidgtthe inputs, both

final, aqut.put to the field,valve._ [001651 Although it
trandeRy Rt R F the Sudingsof these prodsis.t ne

ultimate primary of the cascade control structure is
[M015Gpr cHodsatlerd amalbgdhsteimentsi(etghed-20omélliamihekectronic
maasureri(rl}t61 u5111a|| has very |imfed novenent since
trapamitigrs). badyp@lugs eaocyiiespuss pfBYQ separate rpagens;

this neasurenent at the set point. WO 2007/ 124002

PCT/ US2097/ D9 actaal process condition is outside the range of the field

transmitter

e The connection with the field has been broken

[00158] When either of these conditions occur, the process control system
could be configured on an individual measurement basis to either assign a
special code to the value for that measurement to indicate that the measurement
is a Bad Value, or to maintain the last good value of the measurement. These
values will then propagate throughout any calculations performed on the process
control system. When the "last good value" option has been configured, this can
lead to erroneous calculations that are difficult to detect and exclude. Typically
when the "Bad Value" code is propagated through the system, all calculations

which depend on the bad measurement will be flagged bad as well.

[00159] Regardless of the option configured on the process control system,

those time periods, which include Bad Values should not be included in training



-46 There can be novenment in the PV of the ultimate
primary if its set point is changed but this usually
WO soo7nt4oeyuent . The data patterns from occasi oPel/US2007/009576
primary set point noves will usually not have
sufficient power in the training dataset for the
nodel to characterize the data pattern. [00166]
Because of this difficulty in characterizing the data
pattern resulting fromchanges in the set point of
the ultimate primary, when thg operator nakes this
set point nove, it is likely to cause a significant
increase in the sumof squared prediction error, SPE
' f . : ' th
of RIFUa ook TTE SelplopRE pEBMC 1déntfy bR BHRgh has e
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[0 o r Ahgse mpitsrxhighare mormallydad V advel fomesitensite time
: 0 val e of the new set
p%?ﬁﬁﬁg%gxﬁf%ﬁh?ﬁ%ﬁeﬁ%g the new set point
ch <]Jje thus if the set point change is from10 to 11,
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. t | at.ed f
HfFE AR S ad I8 inel nafEhes 5 AARE KroRE EoRlifiom, (S Bppgsed to
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t hernocoupl es | ocated near a tenperature neasurenment

trapygittes rangs/- coversd iojthe BadeVphuengeciionThdhis pedessisitvation can
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[00169] Cascade structures can have set point limts
on each tedimtiany ofithe prenesh arenomogly indctivesxcept eder

signal to the field contro], valve. It is inportant, tg
check the SPSER3S OXFMIGRCNHHPBH 'Oﬁlelx?“WZ?uEff?S&PWe'ifhef flow to

operations (4o ﬂ%g«g syieh)etirh8 peMBad Wherd % verride conditions

PCT/ US2007/ 0095
are active should be excluded from the training and validation

data set by setting up data filters. For the on-line implementation
these override events are trigger events for automatic suppression

of selected model statistics

e The process control system is designed to drive the process
against process operating limits, for example product spec limits.
These constraints typically fall into two categories: - those,
which are occasionally saturated and those, which are normally
saturated. Those inputs, which are normally saturated, should be
excluded from the model. Those inputs, which are only
occasionally saturated (for example less than 10% of the time)
can be included in the model however, they should be scaled

based on the time periods when they are not saturated.



-47 measurenent associated with a set point has been
operated in a constrained manner or whether the
wa@k@nabsovn the field val ve has been constrai nepCT/D81087/009576
during these constrai ned operations should not be
used. 2) Selecting / Calculating Mdel Inputs from
Mul tivariable Constraint Controllers, MVCC 1001701
Figure 7 shows a typical MVCC process contro
application, which 1is a very comon control structure
for refining and chem cal progesses. An MWCC uses a
dynam ¢ mat hemati cal nodel to predict how changes in
mani pul ated vari abl es, Ms, (usually valve positions
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tinme are pdegnals sept iethesongol vabiegdndhe figldne PCA
nmodel . Normal |y unconstrained variables should be
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that regulatory WO 2007/ 124002 PCT/ US2007/ 009576

constraint controllers, MVCC (shown in Figure 7).

1) Selecting model inputs from cascade structures

[00164] Figure 6 shows a typical "cascade" process control application,
which is a very common control structure for refining and chemical processes.
Although there are many potential model inputs from such an application, the
only ones that are candidates for the model are the raw process measurements
(the "PVs" in this figure ) and the final output to the field valve.

[00165]  Although it is a very important measurement, the PV of the ultimate
primary of the cascade control structure is a poor candidate for inclusion in the
model. This measurement usually has very limited movement since the

objective of the control structure is to keep this measurement at the set point.



-48 control | oop should be included. The signal to the
field valve fromthat regulatory control |oop should
w@bk®a/1b®ot ncl uded. [00173] |f an unconstrai nedPGNUBB0OA009576
signal to a field valve position, then it should be
included in the nodel. C. Redundant Measurenents
100174] The process control system databases can have
a significant redundancy anong the candi date inputs
into the PCA nodel. One type of redundancy is
"physi cal redundancy", mherelggere are multiple
sensors (such as thernocoupl€s) located in close
physical proxinity to each other within the process

THHG BB md A0 otV o nd RIHBSR N PmaPy if its setpoint is
cﬁﬁﬁéwmﬂ thid bl 1ﬁﬁ<équaﬁto neamxﬁrpaawrﬁ%&a Bccasional

pr essure corrpensat ed t enper atures or nmss
peEnayy|sgt pelrﬂmﬂw&bwgﬂrk@waléy npt bwmsa%fmmtmme)r in the training

SR o5 et B '

measur ement shoul d 'not_ be included in the nodel. The
[0R1e0]al  Besauseafthip shffu:uhwnﬁ@ramnmgsuhe rlatd pattern resulting

rres rement that the proges erator is, no
A PEES i e Ve 0 i I Bl imBtE iy, e Ry aperptpr makes
thid Wet POt nove) it istekdPibARd & 3lgnifitARNAERAE th | ﬂﬁ: sum of
order to |nprove the correlation structure of
sguargdpsedichenrastie, SPE; index of theempiel. tCansefqnenﬂgf, any change in

oot SEfEnftoRage pRepAS & i Fasf HierclPri Knapyh cvent
supprekéiont. Wneﬁéxﬁe\tltﬂe Bfefdt &S ehatitles dalilfhaté @H@M@tée@ Boint, the

in the nodel. ?eneral rul e, raw neasur ément s,
"KRPWR cxeat Stmgrgss;an Jogie dvitlrutomatically demevierits efffeet from the

S dlle When there are a |arge nunber of

%"{Ig‘é l3‘7nt‘edundant nmeasur enents, these neasurenents

nust be specially scaled so as to prevent them from
[A6TIhel Shoyld the devalopéminchbide theili¢iofahe ubiimatesprimary into the
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during which the operator has changed the set point and until the process has
moved close to the vale of the new set point (for example within 95% of the new
set point change thus if the set point change is from 10 to 11, when the PV
reaches 10.95)

[00168] There may also be measurements that are very strongly correlated
(for example greater than .95 correlation coefficient) with the PV of the Ultimate
Primary, for example redundant thermocouples located near a temperature
measurement used as a PV for an Ultimate Primary. These redundant
measurements should be treated in the identical manner that is chosen for the PV

of the Ultimate Primary.

[00169] Cascade structures can have set point limits on each secondary and
can have output limits on the signal to the field control valve. It is important to

check the status of these potentially constrained operations to see whether the



exanpl e occurs fromthe | arge nunber of thernocouples
that are placed in reactors to catch reactor

wo aovamaas2 [ 00177] When mining a very | arge dapEbasmp7/009576
t he devel oper can identify the redundant neasurenents
by doing a cross-correlation cal cul ati on anong all of
the candi date i nputs. Those neasurenent pairs wth a
very high cross correlation (for exanple above .95)
shoul d be individually examned to classify each pair
as either physically redundymn -or cal cul ationally
redundant. 11l. Hi storical Data Collection [00178] A
significant effort in the devel opnment lies in creating

mensgfsiflentt ds80ciatg! Withea settpointihay béen dperated in £omistidined
all nodes of normal process_ _operatiqgns. This data set
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g€ nostly o é

., are conpose noi se. range of the
datal\_t d to the range of the data dua[no st eady
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ofc(t”n oﬁ&g 'tpn in the dataset. [00180] Include all
nmaﬁupemg' nodes (i ncludi ng seasonal node
ati : h i h di f ferent .
OS] o EiresTHRYERI Pl RIEL pREksAEP SRl aoififion, which

is £herPE6MIMGE cbRRoPRBIAUI b rTRffingafd CRBINIER ProvessBE An
nodel , these unnodel ed operati ng nodes wi |l appear as

MY6Hoses a dyoami¢ oxathemptioalgmpdehtoypredittdwsy cbanges in
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operations. Consequently, when the nodel 1s later
pressupes edmposiionstanst flawvs ophichtmeasuré therpyoaess sttt)echn MVCC

t he _abnor mal.i t operatians. [00182] H story shquld . be.
autgnef i Post s BrosSRpebraioRiaghiit opbeatind infise Chese liits can
beldifher ML Ieits TFCONIMAS aRY S8 Wekirhlinbe bgranVé)g;bﬁQ;l Spfimizer.

values at a frequency fast WO 2007/124002
Theawnmsaoolinde3het thegroeessoperates dgaitst willdeabqual ralthe
nu%l\iaeer}tdf I\EIQ; s the rJ;:toln?ruo etis a fl(')vrcrleg Yo ?ﬁ]a%iﬁﬂﬁ?é (r:r?ilnus the number of
material balances controlled. So if an MVCC has 12 MVs, 30 CVs and 2 levels
then the process will be operated against 10 limits. An MVCC will also predict

the effect of measured load disturbances on the process and compensate for these

load disturbances (known as feed forward variables, FF).

[00171] Whether or not a raw MV or CV is a good candidate for inclusion in
the PCA model depends on the percentage of time that MV or CV is held against
its operating limit by the MVCC. As discussed in the Constrained Variables
section, raw variables that are constrained more than 10% of the time are poor
candidates for inclusion in the PCA model. Normally unconstrained variables

should be handled per the Constrained Variables section discussion.

[00172]  If an unconstrained MYV is a set point to a regulatory control loop,

the set point should not be included; instead the measurement of that regulatory



operations this sanpling frequency will be around one
mnute. Wthin the |imtations of the data historian,
wo b@7tie@dni ng data shoul d be as equival ent to BEEUS2007/009576
m nut e spot val ues as possible. [00183] The strategy
for data collection is to start with a | ong operating
history (usually in the range of 9 nonths to 18
nont hs), then try to renove those tine periods with
obvi ous or docunented abnormal events. By using such a
long time period, the smallgg.abnormal events wl|
not appear with sufficient strength in the training
data set to significantly influence the nodel
coR@bRIGIpsHobuldBetineRdeal i Atoxhefdld Rane ReftfHagd
and will be represented in the data. A Historical
regulatorgeontel lanp shauld alsalhe malad@bnpr essi on [ 00184]
Many historical databases use data conpression to

[0@178]M z¢f b @ncohstrAfed MYk aediBRAlsofl Pfield ealddipdsition, then it
Unfortunatelcg this practice can disrupt the
My

shewaldrkg mcludedsirthetruedelof t he data. At the begi nni ng of
the project the data conpression of the database

C. Sedhgdan: Mudadembhisand the spot val ues of the data
hi storized. Final nodels should be built using
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I'n parti c nces
flomegsurements).

[00175]  As a general rule, both the raw measurement and an input which is
calculated from that measurement should not be included in the model. The
general preference is to include the version of the measurement that the process
operator is most familiar with. The exception to this rule is when the raw inputs
must be mathematically transformed in order to improve the correlation structure
of the data for the model. In that case the transformed variable should be

included in the model but not the raw measurement.

[00176]  Physical redundancy is very important for providing cross validation
information in the model. As a general rule, raw measurements, which are
physically redundant, should be included in the model. When there are a large
number of physically redundant measurements, these measurements must be
specially scaled 5o as to prevent them from overwhelming the selection of

principal components (see the section on variable scaling). A common process



seasonal operations (spring, sumer, fall and w nter)
can be very significant wth refinery and chem cal
w@e@cas®es. [ 00186] Sonetines these | ong stretkdEESWNT009576
data are not yet available (e.g. after a turnaround
or other significant reconfiguration of the process
equi pnent). In these cases the nodel would start with
a short initial set of training data (e.g. 6 weeks)
then the training dataset is expanded as further data
is collected and the nodel.4gpdated nonthly until the
nodel s are stabilized (e.g. the nodel coefficients
don't change with the addition of new data) 3)
exdinpld beays fiomh dhe farge Bahibdr@FiBémdbsuplas tiitre placed in
operating journals tor this tinme period should also be
reackprsde wcatbh reapios rypavape used to desi gnate operating
time periods as abnormal, or operating in sone
[0GIENi al Wikslendihhig H9eds]drge Bata®usd, tHe delelwpel Ban identify the
training dataset., In particular, inportant historica
redimdlgntaicagyemants By daing alasesseaorrelationt dadewlatiogamang all of

asgs for the models. 4)..lack of. Specific
thef e ek dibusy X5 Setshiument bl S g S0 bisoss-
coehitionl (fer exaithplet ébqﬁlfeﬁ%aﬁh&la_tw in%l‘?@idhﬁll%r le&afliAéd to classify
process data historian. hese val ues

i storization of

caddhpuir @sicitherphysirglly sedundant or galcadatianadly redundant ect .
5) Operating Mddes [00189] A d data that no | onger
properly represents the current process operations

IITs hEGs o rienl DR \Clldciiop t he training data set. After a
maj or process nodification, the training data and PCA

[0 | MaYsiBRATLAN® ¢ bforf P! &e\'fewﬁﬁleﬁt‘élrﬁ%g frir%rehfiné‘ 3 &oeo’d

articular type of operation is no el ng
tragling datassets winch isdtnaype tacontais A uhddéscof romnalchrbeess

t he training data set. W) 2007/124002
OPg PB@H@W%@QW&S‘%@?[oomo] Operating | ogs shoul d
be used to identify when the process was run under
(0079 er eBpanpler avimagl opaesingTaege.: dDiatasees)twiiodspansinall parts
equi re.segar ate nodels. \Were tPe nodel is intended

of th psrating Lnges are FRCS ¢ MAsHlyof Rojge. The range of the data

compared to the range of the data during steady state operations is a good

indication of the quality of the information in the dataset.

[00180]  Include all normal operating modes (including seasonal mode
variations). Each operating mode may have different correlation structures.
Unless the patterns, which characterize the operating mode, are captured by the

~ model, these unmodeled operating modes will appear as abnormal operations.

[00181] Only include normal operating data: If strong abnormal operating
data is included in the training data, the model will mistakenly model these
abnormal operations as normal operations. Consequently, when the model is
later compared to an abnormal operation, it may not detect the abnormality

operations.

[00182]  History should be as similar as possible to the data used in the on-

line system: The online system will be providing spot values at a frequency fast



nunber of sanples in the training dataset from each
operati ng nodel should be approxinmately equival ent.
wGR00%aegeb: ng Rat e [00191] The devel oper shoul dPQEURINT/009576
several nonths of process data using the site's
process historian, preferably getting one m nute spot
values. If this is not available, the highest
resolution data, with the | east anount of averagi ng
shoul d be used. 7) Infrequently Sanpled Measurenents
[00192] Quality neasurenentssganal yzers and | ab
sanpl es) have a much slower sanple frequency than
ot her process neasurenents, ranging fromtens of
enpughtedeteet des Aynornmal@vaat. For conlinueus fe€hivng and chemical
neasurenpnts in the nodel a_ continuous estinate of

operattansding sagpling fisausaey wildemropad paegnimitey Within the

sk SLEEUE, biioilin, A il B 3ol B B Bhb BT o one-
migeassst ailteLapposibleo the historical data. This

gquality estimate then becones the input i nto t he PCA
05, ) QT 0B By P B Ay

hidtosy Qusually idaherange of 9 mhenths té @ Sdﬁbﬁ’ﬂﬁ) Fthen Theto remove those
. i ncl u3| on .qof abnormal_ operati ng data can bias the

tingg, gerio Srﬁ@tls?b‘alp@wrdpcum% abprmeal avents. cBy amsing such a
10%@5&(% ddata will conpensate to some degree the
e I'as ’caused by abnormal operating in the
training data set. The nodel built from historical
data tha Bwewmlé@r abmormal events wHbnok agpeer wishseffisient

regar ded S n.as to its nitia
training d%\?%ﬂéﬁ lg§ﬁ% apE %F%F&gélgﬁ"ﬁ"%aaﬁaa{’ E@?‘,’e the
whi ch contﬁidaﬁ,lphgﬁn@t@ad ity annotations of the

process condi tions, which occur during the project

life. P
The model GRvEPBamune Sroe Syiadiys Reured SHENHLbe
initial "rogpgesenteditetheddte. consequence of a

questionable training data set) then use the nodel to

Al TBESHcdl Tatd WdlRdtivs Béugs hi gh quality training data
set. As the nodel is used

1) Data Compression

[00184] Many historical databases use data compression to minimize the
storage requirements for the data. Unfortunately, this practice can disrupt the
correlation structure of the data. At the beginning of the project the data
compression of the database should be turned off and the spot values of the data
historized. Final models should be built using uncompressed data whenever
possible. Averaged values should not be used unless they are the only data

available, and then with the shortest data average available.

2) Length of Data History

[00185]  For the model to properly represent the normal process patterns, the
training data set needs to have examples of all the normal operating modes,

normal operating changes and changes and normal minor disturbances that the



to nonitor the process, annotations and data will be
gat hered on normal operations, special operations, and
w@beonedb2 oper ati ons. Anytinme the nodel fl agsP&mus2007/009576
abnormal operation or an abnormal event is mssed by
t he nodel, the cause and duration of the event is
annotated. In this way feedback on the nodel's
ability to nonitor the process operation can be
incorporated in the training data. This data is then
used to i nprove the nodel, whjch is then used to
continue to gather better quality training data. This
process is repeated until the nodel is satisfactory.
prodéss Bxperiénd¥soCHsis idaetotapHshall by Iihlsirigadatﬁa(ﬁctﬁ’ﬁ d%@k & long period
Anal ysis 1001951 Using the operating. |ogs and
of prachssionsratnsdeds 2 sgltéfesyl nhs)s dn parieulpndhe diferencesamong

segggg%\?[) F@agloggg??ﬂlﬁ%déu\ﬁé&ggrfaﬂt %cp\% 11%81?} ca\lf\f‘abe nygngo%ﬁgmficant
widhrefierly apjdegtinhiebprotiegsesdat a wi t h no identified
abnormal operations will be the training data set.
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affef aithini@odad ar ofier sli@ﬁmhﬁmt)ﬁf‘gﬁtéﬂbrﬁbpﬂidbm%ss equipment).
excluded are Those with | ong periods of tinme as

In these opsesithe mpdgbwonld ntaﬁra | shptp mltleblsethf training data (e.g.
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poi nts) WD 2007/ 124002 PCT/ US2007/ 009576 ~-54 Those

cosffaﬁlee ranfudhasey with the additionrefameyadptadi 1 ity rel ati ve.
to their operating range Those that show little or

3)nqqﬁdsmasy§ﬁgtbeﬂcatmthvmth any other neasurenents in
the data set Those with poor signal to noise ratios

[00187] The various operating journals for this time period should also be

collected.” This will be used to designate operating time periods as abnormal, or
operating in some special mode that needs to be excluded from the training
dataset. In particular, important historical abnormal events can be selected from

these logs to act as test cases for the models.

4) Lack of Specific Measurement History

[00188]  Often set points and controller outputs are not historized in the plant
process data historian. Historization of these values should immediately begin at

the start of the project.

5) Operating Modes

[00189] Old data that no longer properly represents the current process
operations should be removed from the training data set. After a major process
modification, the training data and PCA model may need to be rebuilt from
scratch. If a particular type of operation is no longer being done, all data from

that operation should be removed from the training data set.



[00197] While exam ning the data, those tine periods
where neasurenents are briefly indicating "Bad Val ue"
worooanaiobz i ef |y pegged to their transmtter hiBgI/US2007/009576
low limts should al so be excluded. [00198] Once these
excl usi ons have been made the first rough PCA nodel
shoul d be built. Since this is going to be a very
rough nodel the exact nunber of principal conmponents
to be retained is not inportant. This will typically
be around 5% of the nunber. gpeasurenents included in
the nodel. The nunber of PCs should ultinmately match
the nunber of degrees of freedomin the process,
[001963 v er Optirsting 10petshoald bk Yiskd @(\f\m&itfﬂ‘/ﬁvhé‘h thed prcesiewas run
all the different sources of rocess di stul bances.
undfrredléfeamt epsyaiing madesd akhesewt mtmdmy mequmg sepavate
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X = (X - Xava()lpl 6 Equation 7 [00199] The training
aPRF&’?‘HHQFS’cIY§FlBIM fow be run through this prelimnnary
nodel to identify tinme periods where the data does not

6) n8aniplinycRawdel . These tine periods shoul d be
exam ned to see whether an abnormal event was
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QJt| iers and Periods of Abnormal Operations [00200]
| nat ing.obvi ous  abnormal events wll be done
7)t ----- BHCGASISUIGIRERY | ng docunent ed events. |t
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nt
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records. These are
continuous estimate of these quality measurements needs to be constructed.

Figure 8 shows the online calculation of a continuous quality estimate. This
same model structure should be created and applied to the historical data. This

quality estimate then becomes the input into the PCA model.

8) Model Triggered Data Annotation

[00193]  Except for very obvious abnormalities, the quality of historical data
is difficult to determine. The inclusion of abnormal operating data can bias the .
model. The strategy of using large quantities of historical data will compensate
to some degree the model bias caused by abnormal operating in the training data
set. The model built from historical data that predates the start of the project
must be regarded with suspicion as to its quality. The initial training dataset
should be replaced with a dataset, which contains high quality annotations of the

process conditions, which occur during the project life.



only providing a partial record of the abnormal event
hi story. Renoving tinme periods where key performance
w0 peiraatoez s, KFls, are abnormal. Such nmeasur eP€nUS208%009576
feed rates, product rates, product quality are common
key performance indicators. Each process operation
may have additional KPIs that are specific to the
unit. Careful exami nation of this limted set of
measurenents wll usually give a clear indication of
periods of abnormal operations. Figure 9 shows a
hi stogram of a KPI. Since the operating goal for this
KPI is to maxim ze it, t.he operating periods where

| § KPL,isS | el ' s 1 m "
104353 < bt B 1P PRLsPHRE) Bl (BRUBATpitial "roueh
md (et ohisB§feridicos #ghbstithabbetraliing data sgpilrst use the model

specification limt and they are |ess sensitive to, .
to triggraithé gatherimgeofahigh nuakly inmgdaiasst A themegdslds used
00201], B ' . f i ng. t '

o P VebShSceEnatiet SHE 0 S e P
opEREdMOspcei sy Ratis®d, Wnd dbrdrfil bpbrativs! Amime the model
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mad97%6 124992:02¢T/ US2007/ 009576  -56 correl at ed

cont1 nuous nofse. Wth neasurenent spikes, the signal

junps by an unreasonably |arge anount for a short
Iubtr &oPrecesplamipsifore returning to a val ue near
its previous value. Noise spikes are renoved using a

A.t r bl h Suiteednalpsisction filter such as the Union

filter. [00203] The ampunt of noise in the signal can

antyyd; RS R antNO¥niing bR icbead ké
loﬁg?s ra %lgggggé)p%rgure 1%). This is %e_fil?led.as tjl_ze
perfdrngamt indivataspihethisforiziadata salivisedlinto penieds with known
ab%rcgrcn%% ?)pggrtilo%tsla%?i }ge%i(gc{éew? n%nitdegiiﬁ%hga%%lormal operations. The

data with no identified abnormal operations will be the training data set.

[00196] Now each measurement needs to be examined over its history to see
whether it is a candidate for the training data set. Measurements which should

be excluded are:

¢ Those with many long periods of time as "Bad Value"
e Those with many long periods of time pegged to their transmitter

high or low limits

e Those, which show very little variability (except those, which are

tightly controlled to their set points)



variability due to high frequency noise. A val ue bel ow
four is a typical value for indicating that the
W@ k@nab4obns substantial noise, and can har m t heCTDS®I07/809576
ef fectiveness. [00204] Wenever the devel oper
encounters a signal with significant noise, he needs
to make one of three choices. In order of preference,
these are: Fix the signal by renoving the source of
the noise (the best answer) Renobve / mnimze the
noi se through filtering tecq?iques Excl ude the
signal fromthe nodel [00205] Typically for signals
“Wwith signal to noise ratios between 2 and 4, the

exponenti c t.ed o nt nuous 0|se ca
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filtered vaieumr‘émhﬂtssldmcme\swus filtered value X
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or qys Limits should alse paeychlednport ant, the scal i ng of the
vari abl e should be set to de-sensitize the nodel by
[mmamu f i Oareltiesenexdasiong hake besh agady thehBrst edgiBCA model
qctor (typically by a factor in the range of 2 - 10).
shqyld-he-buifte rmeeﬂgl,s,l%lgpgg to be a very rough model the exact number

of principal components to be retained is not important. This will typically be

around 5% of the number measurements included in the model. The number of
PCs should ultimately match the number of degrees of freedom in the process,
however this is not usually known since this includes all the different sources of
process distutbances. There are several standard methods for determining how
many principal components to include. Also at this stage the statistical approach

to variable scaling should be used: scale all variables to unit variance.

X'=(X - Xavg) /! © ' Equation 7

[00199]  The training data set should now be run through this preliminary
model to identify time periods where the data does not match the model. These
time periods should be examined to see whether an abnormal event was
occurring at the time. If this is judged to be the case, then these time periods
should also be flagged as times with known abnormal events occurring. These
time periods should be excluded from the training data set and the model rebuilt
with the modified data. '



[ 00207] Transforned variabl es should be included in
the nodel for two different reasons. [00208] First,
whawed24n2 an engi neeri ng anal ysis of the speciPCT/US2007/009576
equi pnent and process chem stry, known
non-linearities in the process should be transforned
and included in the nodel. Since one of the
assunptions of PCAis that the wvariables in the nodel
are linearly correlated, significant process or
equi pment  non-linearities w4l break down this
correlation structure and show up as a deviation from
the nodel. This will affect the usable range of the

B. {T}R%ﬁmvgrlrrgﬂg?g;s arEJ@'EP}ﬁO %r#ngil 0 1 gmlﬂglt: Inleg{i on
wq‘% ' Elingatipe GBS dnpmil svedtaibbe dope shrough the

.ement Sidestreamyield Flowto valve position
(Flg re 2) Reaction rate to exponential tenperature
chanﬁ 00210 econd, . t.he data fr%g grocess r obl egs,
RefviRe qagumgetas ¢ vspts- nltds SETCEAT O haNg @ ePpite freord of the
S b S B0 DY ET i RAF RReRIRY iRehs
shomld her dommentedon opreatpigerecotds swehads operhtqr lbgs vqmnator

o n o BR S5 e SaRaaeefs, ese ae
Si
onfiEbioi RSBl dor A RSB EHARNIE L Mty S e
Il inear correlatio both de|lta pressyre and_feed rate
Regipying 1iyee Periertyasre key RAGPHBANES drfiraior sk Bl streabygrmal.
t
SuPf SR e Rerit s (€64 RRcABALE doffs, pHGUAR QUFRY Wi EBolnon key

peﬁfbﬁnhmd:ﬂmhmew eEad:l’EmeeeﬁBpémtﬂolm o hawdeldditidieal KPIs that
delta pre sures should be cal cul ated and included. E.

arergpesHic torthenanis, areiyh sxamanation ef His dmited spivid Megsurements
will MuBliP 555 a W ThER afidh oF peiidRdk df¥Bnormal operations. Figure 9

shows a histogram of a KPI. Since the operating goal for this KPI is to

maximize it, the operating periods where this KPI is low are likely abnormal
operations. Process qualities are often the easiest KPIs to analyze since the
optimum operation is against a specification limit and they are less sensitive to

normal feed rate variations.

C. Compensating for Noise

[00201) By noise we are referring to the high frequency content of the
measurement signal which does not contain useful information about the
process. Noise can be caused by specific process conditions such as two-phase
flow across an orifice plate or turbulence in the level. Noise can be caused by
electrical inductance. However, significant process variability, perhaps caused

by process disturbances is useful information and should not be filtered out.

[00202] There are two primary noise types encountered in refining and

chemical process measurements: measurement spikes and exponentially



correlation between the current values of two
nmeasurenents. During the transition tinme one value is
w@omstiandt y changing while the other is not, SPCT/H82087/009576
is no correlation between the current val ues during
the transition. However these two neasurenents can be
brought back into tinme synchroni zati on by
transform ng the | eadi ng variable using a dynam c
transfer function. Usually a first order with
deadti me dynami c nodel (showg in Equation 9 in the
Lapl ace transformformat) is sufficient to tine
synchroni ze the data. Y (s) = e - es Y(s) Equation 9
corf@ated contirtibud dodse! With hiBaseensdtit@piked tstgignalljumps by an
time constant e - deadtine S - Laplace Transform
umpascmmlg rlat[gecazmz)nﬂﬂor 8 shettmimber pEsamplesrhedarairepming to a
ere i.s a ar ati.on.bet we
valyd B 13 oPordats valih VRSP Ik B AP RIS GH g 3 JEAghtional spilce

rejé/&fdrﬁﬁltéﬁsﬁ&ﬂérﬁ theSUhfdrStijteeat ment. This will be true
for those i ndependent WO 2007/124002 PCT/ US2007/ 009576
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indicHtBIY AP o s@ﬁ&[ Bad difbstRRRI ﬁbi’sfe ahd 28n M iheahb8&l's
program makes changes to a key set points, or they
effectivanesslue t o sl ow process changes such as heat
exchanger fouling or catalyst deactivation.
[002643 e qudVilidnevet tiee deweldpéreencountdrs atsignalnaith sigiificent noise,

t t. ch dto b dt t
e eSSk e B et P S

o Fix the signal by removing the source of the noise (the best

. answer)
e Remove/minimize the noise through filtering techniques

e Exclude the signal from the model

[00205] Typically for signals with signal to noise ratios between 2 and 4, the
exponentially correlated continuous noise can be removed with a traditional low
pass filter such as an exponential filter. The equations for the exponential filter

are:
Y*=P * Y"4+(1sP) * X®  Exponential filter equation Equation 8

P = Exp(-Ty/Ty) Filter constant calculation Equation 9

Y"is the current filtered value
Y™ is the previous filtered value

X" is the current raw value



changes erroneously appear as abnormal events. [002141
The process neasurenents are transfornmed to deviation
wo an7abloes: deviation froma noving average OPET/EBI00T009576
point. This transformation to renobve the average
operating point is required when creating PCA nodel s
for abnormal event detection. This is done by
subtracting the exponentially filtered value (see
Equations 8 and 9 for exponential filter.- equations) of
a nmeasurenment fromits rawgal ue and using this
difference in the nodel. X = X - Xi,"nd Equation 10
X - measurenent transfornmed to renbve operating point

ChaPQ@%héeﬁ&ﬁéxﬂ*d?%lt LWnb@gsur ement Xf, Uered -

exponentially filtered raw neasurenent [002151 The
t i n# sathstsaniplé ¢im¢ b thexmeasnensintfi [ t er shoul d be
aboit, tslpleéjslarre, size as the ngjor tinme constant of the
pr odeSdnedplierfirge Copgtapbnst ant of around 40 ni nutes
W | | be _adequate. The consequence, of this .
100208} st oPHgnaloWithsvery noorisignal tp poise rgtios £ fercxangpleless than

2 008 P B A Ly B 0hsE8
incRifed ihAhRGRo&ETT/ IPIRE GO Pofarded s idpdtant, the Qéﬂﬁ’f%gpthe

accuratel(é performthis transform the data should T
varighlp sheuldbe sefdodamgansitizethganedel byasignificantly iregeasing the

. ' i nud f . Ji
sizf 3¢ Seeie FRod e B e etk e pER o n°
measur ement. to cover one year of operating data. Once

. t Bransformed dariahlen has been cal cul ated, the dataset

is resanpled to get down to a nore nmanageabl e nunber
[002073 anpTeansfosmed ahtigbles shheld bapelodedin 0@0mbdeborao®
d.ffpgrrlgl es. V. Model Creation [00217] Once the specific

IELEN 19380MY-s have been sel ected and the training data

set has been built, the nodel can be built quickly
[00288hg sFustidased onlas.enginSriig mplibidalf the spes ffct@@dmhent and

prog%gq &ﬁ%ﬁ%ﬁr@? 7 %vs?rI nc?n- mrégxdl 1|esS in edgﬁ)%ggsegﬁoqu bteht$ansformed

and included in the model. Since one of the assumptions of PCA is that the
variables in the model are linearly correlated, significant process or equipment
non-linearities will break down this correlation structure and show up as a

deviation from the model. This will affect the usable range of the model.

[00209] Examples of well known non-linear transforms are:

e Reflux to feed ratio in distillation columns

* Log of composition in high purity distillation

e Pressure compensated temperature measurement
e Sidestream yield

e Flow to valve position (Figure 2)

e Reaction rate to exponential temperature change

[00210] Second, the data from process problems, which have occurred

historically, should also be examined to understand how these problems show up



inputs. The traditional approach to scaling is to
di vide each input by its standard deviation, a,
wowdoiteodhe training data set. X' = X / aj BemEUSNT/009576
11 100219] For input sets that contain a | arge number
of nearly identical neasurenents (such as- multiple
tenperature neasurenents of fixed catalyst reactor
beds) this approach is nodified to further divide the
measur enent by the square root of the nunber of
nearly identical measurenents, _ For redundant data
groups X1 = x; [/ (6; * sgrt ) Equation 12 \Where N =
nunber of inputs in redundant data group [00220] These

in %e}%bﬁé%%aﬁ&@ﬁ%@ﬁ efofékarf le:"r, g?é’fglﬁ’h%ﬁsgﬁﬁ beBWeen fower delta

renents from conti nuou Ining a chem ca
pressacasrkfecdBrte dsi selatibelydineae smtil sheifloeling peil is reached, when

controll ed at, specified operatjing points, the data .
theielia Prsstys WilL Inreqse aypenentisli. Binga joyiss Alorisgas picked up

. : ¢ - ,
by 18 bRRINABLS e ol A0 DA RS AEE ABTEAY FA Should be
inodnmd dat As mo?iﬁr&s@ﬁttﬂe,acmllylgt fla\wpmbfhd&f thy caﬁd witensbesetay itk the
eviationsg fromt [ eponderance of steady state
deli Bressuiss 1n4bs repsfer el 30 fsteadof psldingth asolute pressure
. AL o
SRR RS (e o BResspiil TR B tlnRly e
incledédhi ng and chemical processes, the scaling should
be based on the degree of variability that occurs
E. 995,008, R IBL iR R  di sturbances or during
operaring TNt T es not on the degree of
variabi|lity that occurs during continuous steady
10021 e oBgureildnshowshowsheprogess dysemies aamdisrupt the

Lahl ' f, d .M ni
conf BB tfEiwebh S oot Yyl ot G Bpea BremBhise ol thir
trapsitiondimpbae s alieisiazeaily efanpdhg WHIR e dther BURRIYo there is

state, but was al so not extperi encing a significant
no gpA§latian kemween the curment walues doeingdthe teemsitiame Hosveaer these

tw@?netagﬁréﬁ%(nt's %gh%aet I%rc)%gBI bgcgke ﬁqu tisntlez:j1 ts;%chronization by

transforming the leading variable using a dynamic transfer function. Usually a

first order with deadtime dynamic model (shown in Equation 9 in the Laplace
transform format) is sufficient to time synchronize the data.
Y(s)= €95 y(s) Equation 9
Ts+1
Y - raw data
Y' - time synchronized data
T - time constant

® - deadtime

S - Laplace Transform parameter

[00212]  This technique is only needed when there is a significant dynamic
separation between variables used in the model.” Usually only 1-2% of the

variables requires this treatment. This will be true for those independent



operations. These are typically the process key
performance indicators and wusually include the
wee@wcas®of eed rate, the product production ratBST/ERIN07/009576
the product quality. These key neasures are used to
segnent the operations into periods of normal steady
state operations, normally disturbed operations, and
abnormal operations. The standard deviation fromthe
time periods of normally disturbed operations
provides a good scaling facipr for nost of the
measurenents. [00223] An alternative approach to
explicitly calculating the scaling based on disturbed
i i §®y the
varifBRS LRSS st pofi MR SrcBht EbR T MreosRpI Y Re
opetarokamd) fait thehmeatatremehtst whinhi ane significdstlpfupstrea thg main
deviatiqns fro Ehe nmean. For exanple, 99.7% of the
progess anatshsieg prqdeledyi ¢ hin 3 standard deviations of the
mean and that 99.99% of the data should lie, wthin 4
F. Rancwng Aeruge OpesaphgtPentrean. The span of data
val ues between WO 2007/ 124002 PCT/ US2007/ 009576 -62
[00283]7 % aehtihRSYefihing dfhd ch®alcat processedareaonstantly being
approxi mation for the standard _deviation of the
movesl §om pagoparting prinhto apetheseThesgean-pgintentional, where the

onl 4928 ha SGiEbilurh kSR BHBTR b, R4 RRYSELR0AM, By
canbRQfiR: 10 STBWOSIOCESEScvdiRles shbk ay ehbdkchanget ficwling bataatyst

shoul d be used for calculating the standard_deviation
deagtivation, Consequsntlyg therawsdata i3 notstatianagy,. (IResneRsEAting

. of i nci pal .
poif] s 8L L BERBAT s R SEAf BT e e
chad@éd éRbREoAY hffedt dvubinvrmalevparents, PC, which are

| Tnear conbinations of the original variables

ati . = A | * + A | * <4 A ] Nec
(005588, ' P st TsaSubrhoro oy @ried s dvigih farfables:
devaatibiiem 8iméEagereraie dpaadampoi. CThistemséommitidheo
speci fic i ndependent effects that influence the

removedhs avemgexperating peuntis requipechudisn csegting BChsypdgds for
in the process. data, as_process riatiaqn. Pr

abnpimel By it et s Hoe vt P ca bR fitered

valhE e Ry mtion Wasd 9Fbr exponential filter equations) of a measurement

from its raw value and using this difference in the model.

X' =X - Xterea ' ' Equation 10

X' - measurement transformed to remove operating point changes
X - original raw measurement

Kserea - €Xponentially filtered raw measurement

[00215]  The time constant for the exponential filter should be about the same
size as the major time constant of the process. Often a time constant of around
40 minutes will be adequate. The consequence of this transformation is that the
inputs to the PCA model are a measurement of the recent change of the process

from the moving average operating point.



uni ntentional disturbances, such as anbi ent
tenperature variation. [00227] Each principa
wa@eoppoewent nodel s a part of the process vari abPCT/U$2007/009576
caused by these different independent influences on
t he process. The principal conponents are extracted
in the direction of decreasing variation in the data
set, w th each subsequent principal conponent
nodeling | ess and | ess of the process variability.
Significant principal conpongnts represent a
significant source of process variation, for exanple
the first principal conponent usually represents the

OGRS Sk A RINTHER BT o, AR e

gathieeed| v geapeiip lEUBE Qe dRavRBItHeB thd bAGESsystéhl afieiRvery
nodel ed by the principal conponents no |onger

mipyfs estastar. ahhisiwidleissulidncolecting 535.6905aeeples for each

R T T ——

be€R caRulatbd PRI ddbhset BS FdiainpMéd £ B Yo laSmbfe fifdPRgeable
when t he groups of vari abl es, ich are the primry

nughier of semipes, ttypicallygnithe range eoihon8 e 50000 sayaplesake
engi neering sense. The primary cause of the process

V.Va¥bati Credmsle! ed by a PCis identified by |Iooking at
the coefficients, Ain, of the original variables

[0(\%@]0 h Tfeelite! pecifiorhfi@@mentdRSF 6O §4166RALaNd the training

ich are relatively |large in nagnitude, are the
datpeged has been bl othse model qaarke builtbiquiekly Gsingstandaird oals.
good understandi ng of the process should be able to

A. | Rkimb AbgeOIRs of variables, which are the major
contributors To a PC and assign a nane (e.g. feed rate

ct) r . .
[O(Zixftsﬁ acte fé%ﬁ?ﬁ@cﬁ a?agh’glogggfl% ﬁ g n@ntgc%ngglﬁesc%% of the
inmnsiaThiertraliienalMdpproash posdHlinghie tvalividel eaghlifpigby its standard
nodel ed by a particular PCis primrily noise.
de{dfida0 &, Mthin theti traiahgy dsthaki.sti cal nmet hod for
determi ning when the PCis just nodeling noise is to
identify when the process variation being nodeled _wth,
eadh Mew/RG becones constant. This is neasured byEHI‘F@tm“ 11
PRESS statistic, which plots the anount of variation

nodel ed_by each successive PC (Figure 13).
[00219] For input sets that contain a large number of nearly identical

measurements (such as'multiple temperature measurements of fixed catalyst
reactor beds) this approach is modified to further divide the measurement by the

square root of the number of nearly identical measurements.

For redundant data groups

X;' =X/ (O * sqrt(N) ) : Equation 12

Where N = number of inputs in redundant data group

[00220]  These traditional approaches can be inappropriate for measurements
from continuous refining and chemical processes. Because the process is usually

well controlled at specified operating points, the data distribution is a



Unfortunately this test is often anbi guous for PCA
nodel s devel oped on refining and chem cal processes.
wo/Roovba®b2 Testi ng & Tuni ng [ 002301 The pr ocessPARUS2007/009576
wi Il not have a gaussian or normal distribution.
Consequently, the standard statistical nethod of
setting the trigger for detecting an abnornal event
at 3 standard deviations of the error residual should
not be wused. Instead the trigger point needs to be
set enpirically based on exp%{ience with using the
nodel . [00231] Initially the 1 gger | evel should be
set so that abnormal events would be signaled at a

le to the sit i i cal | 6
oSBT and Bl b i anc
o B Ao e o TR Ay IR0 g
deviatiens fremthet prepsnilerance i steaiPRXatstaperation fataT T lse resulting

vel Js s so that real abnormal events will_ not get,
PGAGodeb il g Seatirhisansive tooumel bt Mdepicrieviatighs in the
proReiRRhsurbmeaidlanci ng the Mdel [00232] Once the
initial nodel has been created, it needs to be

ce ' . r.ajl nk d et,, This |

(oA oY F eortifihls A aRiflEihd AL piBE QR b SChtfpg Shouta
be basedostethe ditireaiof vasiapilitg thattdcoubd duriBb nvirkis @?E&Ebss

the engi neey should investigate and classify the o
distusbances aridysing pperpHaganinhehanggs mot pniilie degreseof variability

j Sit ' [ tdhe Q speci roce

(07 DS Sheftp RS SRl oS RGN, e RN o
uniconstrained vigiabdés, thereRiro taodifferitWays afdetebmiSing the scaling

false indication. [00233] The new training data Set
fagtorppde up of data from special operations and nornal

operations. The sanme analyses as were done to create
[00222] ni tFiast is no dédntifyeiint pebiods aviidre TRE pedcdsh Svabaict running at

and the nodel re-calculated. Wth this new nodel the
stegdygfate, butwias\glsq nat experisacing a sigaificent abnormal emont. A

A e 0 SRR R

operations. These are typically the process key performance indicators and

usually include the process feed rate, the product production rates and the
product quality. These key measures are used to segment the operations into
periods of normal steady state operations, normally disturbed operations, and
abnormal operations. The standard deviation from the time periods of normally
disturbed operations provides a good scaling factor for most of the

measurements.

[00223] An alternative approach to explicitly calculating the scaling based on
disturbed operations is to use the entire training data set as follows. The scaling
factor can be approximated by looking at the data distribuion outside of 3
standard deviations from the mean. For example, 99.7% of the data should lie,
within 3 standard deviations of the mean and that 99.99% of the data shouid lie,

within 4 standard deviations of the mean. The span of data values between



when a true abnormal event has occurred. Sinple
Engi neering Mdels for Abnormal Event Detection .
WO 0@232400The physics, chemi stry, and nechani caPCTIES109TI009576
of the process equipnment as well as the insertion of
mul tiple simlar measurenents creates a substantia
anount of redundancy in the data fromcontinuous
refining and chem cal processes. This redundancy is
call ed physical redundancy when identica
measurenents are present, aqqagglculatlpnal r edundancy
when the physical, chem cal, or nechanica
rel ati onships are used to performindepe_ndentT but
i t { -Gt ess, Lon.. S
D R PO ORI B8 Loy ol AR 0l Pltion dbf iy standara

deniadon ofithe AisHrB4d0aatAGH thS A0 40 FeéFigufib12, TWo
Di nensi onal Engi neeri ng Redundancy Mdel s [00235] This

' e Skl . [ the .. .
(OPR2N RIS PR @ogholf BEh, EPirplngiel B disoussion on
sapyrated varighlas) enlgrthose tibgwipédieds Wherd @i Rirffble s Thdonstrained

- i ggx;%: + filtered bias; + operator bias } Equation
shpyld be gispd, for C?IFP[aé‘r“@thBiSé@d,aré deviationagsed; assthe scaling factor.

*raw bias j-1 Equation 16 N - convergence factor
B.( edefectin®the Nudidheredf Rrigeipl Qynigorggis XM N < X < XX

Nor mal nodel deviation: -(nmax-error) < error < (nmax

error) [00236] The "operator bias" termis updated
[0823AEV er PEHetrapsfonthsithe detuat piaiess vhdhblebeh® 936 sreen

. | & dfec
infgRehdent Varib o saticd Priseiemt Componhia RE. ld\?i\g)phmi ligear
NG PoY N dated so that

“Equa fifns g’???égeggg%a?ﬁ’?“ggfe?s(?‘:ﬁé‘ghlf"irlﬁgr = 0) [00237]

The "filtered bias" termupdates continuously to

ac e 4 or * Jer 4 oteMe uANpasKs ed process changesgquation 13
that bias the engineering redundancy nodel. The

convergence factor, "N', is set to elimnate any
[0B226] st chite preasge willihaye aanumber efdegrfces of ticwdone visidh

reﬁlselégbl! t)ﬁeo%egﬁ?c }ni(féger?&gx{teef?efctsd fhat influence the process. These

different independent effects show up in the process data as process variation.

Process variation can be due to intentional changes, such as feed rate changes, or

unintentional disturbances, such as ambient temperature variation.

[00227] Each principal component models a part of the process variability
caused by these different independent influences on the process. The principal
components are extracted in the direction of decreasing variation in the data set,
with each subsequent principal component modeling less and less of the process
variability. Significant principal components represent a significant source of
process variation, for example the first principal component usually represents
the effect of feed rate changes since this is usually the source of the largest
process changes. At some point, the developer must decide when the process
variation modeled by the principal components no longer represents an

independent source of process variation.



[00238] The "nornmal operating range” and the "normal
nodel deviation" are determned fromthe historica
wa@ladoa/124902 t he engi neeri ng redundancy nodel . | nPCTDS1007/009576
cases the max error value is a single value; however
this can also be a vector of values that is dependent
on the x axis location. [002391 Any two di nensi ona
equation can be represented in this manner. Material
bal ances, energy bal ances, estimated anal yzer readi ngs
versus actual analyzer readings, conpressor curves,
etc. Figure 14 shows a two dinenhsi onal energy
bal ance. WO 2007/ 124002 PCT/ US2007/ 009576 -66 [00240]
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equal in size. At this point the variation being modeled by a particular PC is

primarily noise.

[00229] The traditional statistical method for determining when the PC is just
modeling noise is to identify when the process variation being modeled with
cach new PC becomes constant. This is measured by the PRESS statistic, which
plots the amount of variation modeled by each successive PC (Figure 13).
Unfortunately this test is often ambiguous for PCA models developed on

refining and chemical processes.
V1. Model Testing & Tuning

[00230] The process data will not have a gaussian or normal distribution.
Consequently, the standard statistical method of setting the trigger for detecting
an abnormal event at 3 standard deviations of the error residual should not be
used. Instead the trigger point needs to be set empirically based on experience

with using the model.

[00231) Initially the trigger level should be set so that abnormal events
would be signaled at a rate acceptable to the site engineer, typically 5 or 6 times

each day. This can be determined by looking at the SPE, statistic for the training



Detecting sticking / stuck control valves Detecting
frozen / failed flow neasurenents Detecting control
wQ adova24per at i on where the control system | 0SeBCT/US2007/009576
control of the flow [00242] This particular
arrangement of the flow versus val ve equation is
chosen for human factors reasons: the x-y plot of the
equation in this formis the one nost easily
understood by the operators. It is inmportant for any
of these WO 2007/ 124002 PCT64)S2007/ 009576 -67 nodel s
that they be arranged in the way which is nost |ikely
to be easily wunderstood by the operators. B.
datdDeatethapiinglso refeftartovay thesQ dtdtisticRarsthe IDMOD( etatistic). This
%002434 ecausge. of thie Iong&afri ods of, steady state .
leved 33 sef §othat tead abaremal gyents yvllinal gies mléﬁ%bﬂ‘éfaéﬁjalams will
] | ong historical record (1 to 2
not%}gﬁ}g anhag{egéewfé‘%f’?@d to get sufficient data to span
the operatjon _of .the control valve. Figure 15 shows a
o €6f Flow, Valve Position, and Delta
Pressure data with the | ong periods of constant
[00232) at iOxce thednftidi shodéldiasi Beeh@reated! RirRetlll € BeicBhanced by
time periods where there is sonme significant variation
cregting yacwdpinig data sgt Jhisns. dons by ysiog the modé¢ign minisar the

" . . con . .
prodss ! CHECe Biin GlelNfulTRles S RSleAHAR Aon i ER b Ao i Hiaineer
shotldeinvesitedte bhatlassPy e Pro6ERri@htioh. TR eNBS WHRfind

Pressure is not available. In those cases the m ssing
thregligratsipatipes @ithsr someangcial Pedcgsarapesttéon iso¢dwering, an

. pr.essur are mssing .then it is..,
ectBF Bhorol OB S S HAL,  4Bk BP0 i ARl el is  alse
indicatdeh. [ 00245] The val ves characteristic curve can be

either fit with a linear valve curve, with a

dr atihe v s GUT Y r.Wth Lecewi se |inear, .
(000244 AR VNGl i B BB Bokh BSBlphaperatons
and iogstiab bpetidny! [Thef ddmeBally9eaveY@l¥Re to create the initial

characteristic curve. [00246] The theoretical value

model need to bg performred o theedater amd thesmmdel rexkelvulated. With this
new model the trigger lever will still be set empirically, but now with better

A.

annotated data, this trigger point can be tuned so as to only give an indication

when a true abnormal event has occurred.
Simple Engineering Models for Abnormal Event Detection

[00234]  The physics, chemistry, and mechanical design of the process
equipment as well as the insertion of multiple similar measurements creates a
substantial amount of redundancy in the data from continuous refining and
chemical processes. This redundancy is called physical redundancy when
identical measurements are present, and calculational redundancy when the
physical, chemical, or mechanical relationships are used to perform independent
but equivalent estimates of a process condition. This class of model is called an

engineering redundancy model.



directly across the valve. Rarely are the nmeasurenents
positioned there. "a" becones an enpirically
waledenpioned paraneter to account for the actuaPCT/US2007/009576
positioning of the pressure neasurenents. [00247]
Oten there will be very few periods of time wth
variations in the Delta Pressure. The noise in the
Delta Pressure during the normal periods of operation
can confuse the nodel-fitting program To overcone
this, the nodel is devel ope% in two phases, first
where a smal | dataset, which 81l y contains WO
2007/ 124002 PCT/ US2007/ 009576 -68 periods of Delta
Pr g59u i at | jo ' | . Then the
I'pr essul?gm)é gg@%?&’#’%@%@ﬁg g?léjn'([agw%?%lgr haps the
1.8si ng upstream or downstream pressure) are fixed at
[05]%51/ al ubBisds ke simplest fomm oftbemadel angl ttdaddhe gopenic form:
with the |arger dataset. C Fuzzy-net Processing of
FI dHYubTSa6k Vi fikevadriiasvat opgratobinati emer; [ 00248]Eq\ation 14
w th any two-di nensional engi neering redundancy nodel,
there are two neasures of abnormality, the "normal
opdPt PIRg i Fdigar - &H(xuh# filigreddias inbaperatenbias ifonEquation 15

The™@WHMmml nodel deviation" is based on a nornmalized

i nde. 1L / er This is fed into a type .
4 %ﬁl)zf%rghg)ﬁgsg” ﬁ?tﬁﬁﬁﬁ%s(ﬁ%g\l&ﬁ@%&@&%e devel oper tion 16

pick the transition fromnormal (value of zero) to
abNorsaivetyalaeefaofor Ye.£.n .0 pndard way by using the
normal i zed i ndex. [002491 The "normal operating
r aiNgernal epenating rahge:val wanimosixt< amak st ance fromthe
normal region. It typically represents the operating
r YPERabmadel dowiatien: wher(Biax_ereonh€ arronvalmexpesot) on
Wil result inlittle or no change in the flow
[00236lLgh The"optiraer bidxd'denpds npibedieiehere the apekitsr

OBt ek (5 i s o)
S8 BT SRt PP BB B cpeor

bigsotenmniswepdacdd gp thap Hymafibaw 4 is\élavdy wadefisd (&r6f, = 6)
favored by the operators is to put all of these

[00237 s ITHeo"filteret Migs T teEApHRtMEdtERAIJURRS to account for
persistent unmeasured process changes that bias the engineering rcdﬁndancy
model. The convergence factor, "N", is set to eliminate any persistent change

after a user specified time period, usually on the time scale of days.

[00238] The "normal operating range" and the "normal model deviation” are
determined from the historical data for the engineering redundancy model. In
most cases the max_error value is a single value; however this can also be a

vector of values that is dependent on the x axis location.

[00239] Any two dimensional equation can be represented in this manner.
Material balances, energy balances, estimated analyzer readings versus actual
analyzer readings, compressor curves, etc. Figure 14 shows a two dimensional

energy balance.



the trend indicator will tell themthat all of their
critical flow controllers are working. In that case,
wo b@7emet i ndications into the fuzzy networ k PEI/YH2087/009576
4) will contain the "normal operating range" and the
"normal nodel deviation" indication for each of the
fl ow val ve nodels. The trend will contain the
discrimnator result fromthe worst nodel indication.
[ 00251] When a commopn equi pnent type is grouped
toget her, another operator._ %@\_/or ed way to | ook at
this group is through a Pare chart of the flow/ WO
2007/ 124002 PCT/ US2007/ 009576 -69 val ves (Figure 17).

(oS40 2451 5 cmsp b gll Mo BT RE IS vpHEpETiG Faodqljg oxplained
inlgeédtet Befalle | east abnor mal on the ri ght Each Pareto

bar also has a reference box indicating the degree of

var atd, on ofth eI ity indication that is
A'vvi L mg‘;?ﬂ? ure 17 shows that

"“Val ve 10" is substanti ally outsjide the normal box but
IODMH t heA mandewlarlyrealaable waginacrgefsdradancy medel is the flow

t | d t
Ve TAPE R P, BHGgHBLE dtaBhitauy howl i Figyd®2. The
gr{lgmagg@ﬁﬁ@fthgqaoda isMul ti di nensi onal Engi neeri ng
Redundancy Model s [00252] Once the dinensionality gets

| arger than é a single "PCA | 'Kgllﬁfﬁg%?%%ﬁﬁo gfﬁ%t% BReL cv (VP)

(Dbh@l@resﬁn‘adﬂ])eha d?reﬂsurei-e@érm@)sl onal redundancy are:
pressure 1 = pressure 2 = .... pressure n nmateri al

flow into process unit 1 = material flow out of Equation 17
process unit 1 = ... = material flowinto process

whEiet 2 [00253] Because of neasurenent calibration

errors, these equations will each require

cPebWt aneadiiret dlove tip@ughtecortaslsaduent |y, the nodel
set that nust be first developed is: Fl(y;) = a1G1
( PfaltaLPﬁ:ssm Scclpsest measyreghiapsiresin Bressure- error

Fo(y 1) = c(:fése%_t ;?eiéu}éc?%%@?ﬁé& 13ressgr9per at or

bi as2 + error2 ltered
bisita Presstir@RELELY" Refipe efth 'BYessure during normal operation

a : model parameter fitted to historical data
Cv: valve characteristic curve determined empirically from historical data

VP: signal to the control valve (not the actual control valve position)

The objectives of this model are to:

e Detecting sticking / stuck control valves
e Detecting frozen / failed flow measurements
e Detecting control valve operation where the control system loses

control of the flow

[00242] This particular arrangement of the flow versus valve equation is
chosen for human factors reasons: the x-y plot of the equation in this form is the

one most easily understood by the operators. It is important for any of these



Equation 18 [00254] These nodels are devel oped in the
i dentical manner that the two dinensional engineering
wo edangi@nry nodel s were devel oped. [00255] Thi BCHEB2001/009576

mul ti di mensi onal checks are now converted into "PCA

i ke" nodels. This conversion relies on the
interpretation of a principal conponent in a PCA
nodel as a nodel of an independent effect on the
process WD 2007/ 124002 PCT/ US2007/ 009576 -70 where

t he principal conponent coef%%cients (1 oadi ngs)
represent the proportional ~thange in the neasurenents
due to this independent effect. In Figure 3, there

a hr i pdependent, d_redundan .. ¢
mafes ot e R FBranast i TS yle§ WHRENE R elR pa Bty
un@Brbtded 6angepekato2. This set of relationships is

expressed as a single principal conponent nodel, P,

with coeffjcients in un | ed enginegrj ng units as:
B’P LexerQn L e L% SY45 A 6 OSAHd ;,; ei— 1 [002561
Thi s endi neeri ng unjt version of the del can be .
(002 31er | dheasse oF i lang erieds ok tietdy simopetibg SgsLienced by

coglgﬁégé% g&%%m@n‘i’&h?ﬁr Rssdsah ‘iﬁi’ag hiseSibAldeedtd (1 to 2

conversi on actors each di mensi on,
ye¥rs)anny be rbqsieed om geheufificiert|datpty spamieropegatiorof the control

exanpl e, using 3cs around the n t efine the
vahyg-nHiguwsdoaions # Brjeal Strsich ol B Yol bPgLol; and Delta
fi 0 = r i a .
eGP S Bt 308 pofiolS oftpn BBt BplraionZnae firttep is o
isblatd the BriéMiMepepfodshehereahpreXsisdme significamvivariatibn in the

operating range Equation 21 (explicitly defining th
openetien, assshowen. il Bispgiowld be ther nH?SP%Y“*bé@’FQf‘? R Aorma

oﬁ;%g\gg%g%%e% ﬂéﬂvmwnpéri%ﬂs'in%i tion 22 (standard

ng once nea nd 6 are determ ned)
[00244] Often, either the Upstream Pressure (often a pump discharge) or the
Downstream Pressure is not available. In those cases the missing measurement
becomes a fixed model parameter in the model. If both pressures are missing

then it is impossible to include the pressure effect in the model.

[00245] The valves characteristic curve can be either fit with a linear valve
curve, with a quadratic valve curve or with a piecewise linear function. The
piecewise linear function is the most flexible and will fit any form of valve

characteristic curve.

[00246] The theoretical value for "a" is 1/2 if the measurements are taken
directly across the valve. Rarely are the measurements positioned there. "a"
becomes an empirically determined parameter to account for the actual

positioning of the pressure measurements.

[00247] Often there will be very few periods of time with variations in the
Delta Pressure. The noise in the Delta Pressure during the normal periods of
operation can confuse the model-fitting program. To overcome this, the model

is developed in two phases, first where a small dataset, which only contains



Then the P loadings for Xi are: b; (ai/Xi-scaie) / EN,
(ak/ Xk-scal e)2 )112 Equation 23 (the requirenent that
wo b@7hip@dt ng vect or be normalized) WO 2007/ 124PORUS2007/009576
PCT/ US2007/ 009576 -71- This transforns Pto P = bl *
X+ b2 * X2 + +bn * XN Equation 24 P "standard

deviation" = bl + b2 + + b" Equation 25 [00258]
Wth this conversion, the nultidinensional engineering
redundancy nodel can now be handl ed using the
standard PCA structure for cglculation, exception
handl i ng, operator display ard interaction. Deploying
PCA nodel s and Si npl e Engi neeri ng I\/bdel s for Abnor mal

Event ' |,
PCY&FSSB?QQE tg?rlf%%ﬁgg]arol%ﬁégtﬂggg?gﬂ fggl o s reqU| n the pressure
é?l?lei’l@*)bﬁ%é’@rs ("B" At §RrBapiatheiRisinghitdicant 8l d6wnstream

cations from nmeasurabl’'e unusual events Provide a
pressyre) are Fixad at e valies dntqruawbrsmdt thgimedel is serdevsloped with

as investigated Provide a way to tenporarily
the&@%l‘& ?I%ﬂels or neasurenents for nmintenance

Pr ovi de a vvay to di sabl e bad actll ng m)del S untll they

bad actl ng |nstrurrents [00260] Thereare tvvo typ
[001483uppmmithmny&mpdasenmnna\hrtgmemn@mdmulancﬁ|nnqdel there
triggered by an external, neasurable event and

aresyysh FREsSESS ALIIPTTIALY  Hhe | BPERabLIPHRERE anER opnd iy mormel
mclc%g vﬂﬁw n‘i él"l@??olrgﬂg A{:Mﬁ%sde@flat%fpgg $38¢@ Bnl Snohalived

gures ugh these di agrans show t he

1n<£d;l@ ol € 80P N maC @urori r’i@n.lls fed imta aftypel4fodzy diseieninator
suppressi on can_occur atﬁ)artl cul ar

(Figure 16). The developer can plck e transition from normal (value of zero)

to abnormal (value of 1) in a standard way by using the normalized index.

[00249] The "normal operating range" index is the valve position distance
from the normal region. It typically represents the operating region of the valve
where a change in valve position will result in little or no change in the flow
through the valve. Once again the developer can use the type 4 fuzzy
discriminator to cover both the upper and lower ends of the normal operating

range and the transition from normal to abnormal operation.

D. Grouping Multiple Flow / Valve Models

[00250] A common way of grouping Flow / Valve models which is favored
by the operators is to put all of these models into a single fuzzy network so that
the trend indicator wili tell them that all of their critical flow controllers are
working. In that case, the model indications into the fuzzy network (Figure 4)
will contain the "normal operating range" and the "normal model deviation”
indication for each of the flow/valve models. The trend will contain the

discriminator result from the worst model indication.

[00251] When a common equipment type is grouped together, another
operator favored way to look at this group is through a Pareto chart of the flow /



WD 2007/ 124002 PCT/ US2007/ 009576 -72 neasurenent, on

a particular nodel index, on an entire nodel, or on a
wa@eoothitp@v: on of nodels within the process areaPC/082620109576

For operator initiated suppression, there are two

timers, which determ ne when the suppression is over.

One tinmer verifies that the suppressed information

has returned to and remains in the normal state.

Typi cal values for this tiner are from15 - 30

m nutes. The second timer wildg reactivate the abnormal

event check, regardl ess of whéther it has returned to

the normal state. Typl cal values for this timer are

' RFi iyl e t .
vﬁlvteE ﬁ%?é‘ I?Z tﬁgthl tgﬁtf tl&eeﬂ?% g) %I}(; gﬁ%? e <fynam1cally
asrengecbﬁ‘onaﬂtmtnosu pm@nsalaon thel160262he Feast abﬁﬁﬁnbla&e the right.

Eggﬁ B gest§ I,p%g q)s? a g P%&e%&%%ﬁlg&%@% oi’r v!arlatlon of the
nfRREHORGRAAIS ARGl the & W8l nofth il ohe IRk i ¥8ARE 17

IS convertedinto a t1mng own 1 n

sHdws thati"Mabge SDQ msalkubs:amiﬂb}t edtsfdeonh\etﬂtfnﬂai Ib@&dfutsth@mﬁle others
usu&gthefollowlng equat i ons: Yn—P*Yn|+& o
aRginormaliy eTh%QH‘é‘taF@'nWEHL%W’ﬁﬁnZGSUga ea plot for "Valve

f QL 2
@*W gk b3h AR5 ST AT EEHE s oo
ere: Yn the current flltered val ue of the trlgger
Ié. dlultidimensiongd Iopgipestivg RedundancyMadels t he
trigger signal Xn the current value of the trigger
(6025231 Zﬁ)rtcbethe idmﬁnegsm’ngh@} geth davpet thdr 2ua single "PCAhHke"
nenti I e onstant TS the sanple time_of the
9pe hwyf Ieia high dimeasionengipecrjgg redundancy check.
002631 As |ong as
Eg.g&yleszép%ﬁmw% 9930 hay 2. |

Imng s bove a ld (shown as .05

in
e pressure 1 = pressure 2 =.... = pressure n

e material flow into process unit 1 = material flow out of process

unit 1 = ... = material flow into process unit 2

[00253] Because of measurement calibration errors, these equations will each
require coefficients to compensate. Consequently, the model set that must be

first developed is:

Fi(y i) = a1G; (x;) + filtered bias; ; + operator bias; + errory, ;

Fa(y i) = anG; (x;) + filtered bias, ; + operator bias; + errory;

Fu(y i) = aaGy (x) + filtered bias,, ; + operator bias,, + error, ;
Equation 18

[00254]  These models are developed in the identical manner that the two

dimensional engineering redundancy models were developed.

[00255] This set of multidimensional checks are now converted into "PCA
like" models. This conversion relies on the interpretation of a principal

component in a PCA model as a model of an independent effect on the process



Figure 20), the event remains suppressed. The
devel oper sets the length of the suppression by
waebange4eg2 t he filter time constant, Tf. Al thoupgI/as2007/009576
sinple timer could also be used for this function,
this timng signal will account for trigger signals
of different sizes, creating |onger suppressions for
| arge changes and shorter suppressions for smaller
changes. [002641 Figure 21 shows the event suppression
and the operator suppression7 di sabl i ng predefined
sets of inputs in the PCA nodel. The set of inputs to
be automatically suppressed is determ ned fromthe

wiitte thEBrflBiieh oBftcle e e ol e (4Blnds) Fer el fffiE proprtional
chamge irf thesmeaslireaientndeato tids indpeddent effestallh Fignkes, there

of individual contributions to the Sum of Error,
aresthyse indspgadentrand rgswndant measuresnily Xy and X3. Whenever X3

ri ' : l.c t4 (S, i X, d
b bbb R sl 6257 HnR S Bnfeds W "HE st
relationsiipk fis bxipressed &l 8Binge prindipal con{pudeithl dded R akitho
1% e - the contribution to the sumof error squared
coetfinients jntunscalod 2ogmegring units ayger event occurs, the
contribution weights are set to zero for each of the

| npuag xihah xanaskp be suppressed. Wien these i npuEguation 19
are to be reactivated, the contribution weight is

gr |y returned to a value of 1. 1. PCA Mdel
De?gfrfr%gs%tign [002661 Although the PCA nodel is built

g a-hr.oad process egqui pnent...sSco t he, nodel
OFF10 o T 2BeeB e puf YRR L TR P e ol Bivartsd o o
stafib NP m&R2 fokhtas BIRWH! the process and can

i nprove the sensitivity of the index to an abnor mal

OB . EOSR EH E A L o e
factBFy/fok 24CAAiMmehsidn2 &) tal MW dsed offthe il iopRratthg range. For

example, using 3¢ around the mean to define the normal operating range, the

scaled variables are defined as:
Kscate = X normal operating range /6G Equation 20
(99.7% of normal operating data should fall within 3 & of the mean)

Xmid =X mid point of operating range Equation 21

(explicitly defining the "mean" as the mid point of the normal operating
range)

X' =(X - Xmia )/ Xecare Equation 22
(standard PCA scaling once mean and © are determined)

Then the P' loadings for X; are:

b= (a;/ Xi-scale) / ( Zlic\; 1 (A / Xiescate)® )2 Equation 23

(the requirement that the loading vector be normalized)



E~2wWe _~1=1 EZ= 2 =1 wle2i 2='n 2 Em2l=k w
| ei [00268] Usually these groupings are based around
wa@pmlhiarosub- units of equi pnent (e.g. reboil ePCHESL00TONISTG
of a tower), or are sub-groupings, which are relevant
to the function of the equi pnent (e.g. product
guality). [00269] Since each contributor, e;, is
al ways adding to the sumof error square based on
process noise, the size of the index due to noise
increases linearly with the;punber of inputs
contributing to the index. Wth fewer contributors to
the sumof error square cal culation, the signal to

ng%}.gﬁsfogﬁ{sq) for the index is inproved, making the
I nde

X nore responsive to abnormal events. [00270] In

a $hmy ar el, ch JRr | Nci pakngonponent can be .
sugjdi vqlde%fq?dggzna}t(gﬁ‘tﬁe edifjil)'lt)rreb%lt8 gr oupi ngs and quation 24

i ndex anal ogous to the Hotelling T2 index can be
cr Pat'stdndand dedhtion’bgrigupb, Equet portgl P'a” ~i =] Equation 25
i,iX1 P,,b=Ek 1 bl,Ix1 PI',=Eni=k bl,ixi P2, a

b
[oﬁfﬁz?ﬂ -1 ?itgzthfpgcoﬁw%éslibgl thenmﬁﬁi&\iménﬁ(onza’l %ééine-!c-ri%g r%dtsmdancy
model can now be handled using the standard PCA structure for calculation,

exception handling, operator display and interaction.

Deploying PCA models and Simple Engineering Models for Abnormal

Event Detection
1. Operator and Known Event Suppression
[00259] Suppression logic is required for the following:

e Provide a way to eliminate false indications from measurable

unusual events

e Provide a way to clear abnormal indications that the operator has

investigated

e Provide a way to temporarily disable models or measurements

for maintenance

e Provide a way to disable bad acting models until they can be

retuned
e Provide a way to permanently disable bad acting instruments.

[00260] There are two types of suppression. Suppression which is
automatically triggered by an external, measurable event and suppression which
is initiated by the operator. The logic behind these two types of suppression is
shown in Figures 18 and 19. Although these diagrams show the suppression

occurring on a fuzzified model index, suppression can occur on a particular



i=1 Pi,b T2=T 2 'i=1 Pi,c WD 2007/124002
PCT/ US2007/ 009576 -75 [00271] The threshol ds for

W b@3a24onzli ces are cal cul ated by running the tBSI/URY07/009576
data t hrough the nodel s and setting the sensitivity of
the threshol ds based on their performance on the test
data. [00272] These new indices are interpreted for
the operator in the identical manner that a nornal
PCA nodel is handled. Pareto charts based on the
original inputs are shown Eﬁg t he | argest
contributors to the sum of "éfror square index, and
the largest contributors to the largest Pin the T2

[ : ' P S 7
mefSEHiet; G paktion S FORP . e Bifielngd®t pfbng
combiratiant ofanedeBfWithin the proeesingeh. are enconpassed

within the nodel. This can cause nultiple indications

[00261) he Bpespératorinfiated %ﬁﬁ? IBiohS I8 abd'BwHRirkérs, which
contributors to the sumof error squared index.

detpypieqyvhyn the suppressioniis suer. @ny timeuuverifies that tupsuppressed

inffin et b Forliod AR Romaits B MORGEET Vit | TYPIRRL wles for
thid finfe@waé 6 38 F3U ndiftel! NMRY ¥ecBRE tfm&ekilwééct{vt%ﬂ?{sl&

at one while for the non-primry PCA nodels, )
abnogmal gvent checky/reggrdleas of whetherit has ret@rned &r fleasormal state.

i 0Q27 Lh ' bj. [ f . th t
AL PRGBSO e AR S o
OS]l 0, s SO0 A o

l ek [ [ to_t he .under| yi del . . .
IO TP HBp P ire oy & PassAbIC BaResrols tegulred. This
carVbé 6 oFRERbSsR IRNGIRY, a sTUALH ﬁue%%ﬁxzé?ﬂéﬁ AWk ESE digital

desi]g}T obj ectives are expressed Int

signal. This signal is converted into a timing signal, shown in Figure 20. This

timing signal is created from the trigger signal using the following equations:

Y,=P* Y, +(1-P) * X, Exponential filter equation Equation 26
P = Exp(-T/Ty) Filter constant calculation Equation 27
Z,=X,-Y, Timing signal calculation Equation 28
where:

Y,  the current filtered value of the trigger signal
Yn., the previous filtered value of the trigger signal
Xa the current value of the trigger signal

Zy the timing signal shown in Figure 20

P the exponential filter constant

Ts the sample time of the measurement

Ty the filter time constant



primary interfaces used by the operator. WO
2007/ 124002 PCT/ US2007/ 009576 -76 [00276] The fi nal
woiopae4002 om a fuzzy Petri net is a nornality PCEOS208%009576
is shown in Figure 4. This trend represents the nodel
index that indicates the greatest |ikelihood of
abnormality as defined in the fuzzy discrimnate
function. The nunber of trends shown in the summary
is flexible and decided in discussions with the
operators. On this trend aregstwo reference lines for
the operator to help signal when they should take
action, a yellowline typically set at a value of 0.6
[00263] & r ad lbh g as iNdtiadhh %iGhil @hb@ve/altmmmd?(sﬂowﬂwss ®5 in
| ines provide guidance to the operator as to when
Flguse 89bébﬁ gyenbramiias suppressedihEhe deweloper ﬁqtsdh@mh of the

suRiFs R PP R e (R BeriEme o oL ca iR csifinlg timer
codlh%lﬂi BeOséd Fan@lie fimdiiont tHxQ tmilx ?ﬁaltwnﬁa&o@mt %ﬁﬁlgger

has the function that it wl operator to th
Slgdabmfaqxff@er@mSe draating longer smppeessgmm fog latge clomiges and
h‘ﬁﬁe& 5‘talonl ¥0 277] If the nodel is a PCA
S egPpresﬂqu of Spatlgy € ui pnent group (e.g. all

control_valves), selecting the green triangle wl|
[00264ht ¢ Bigese atlcslmrmnhe eW@nt supression aad thofOptem;odm;mresswn

aisp 7 Rl s SE st TP Aol The SeCofinputs o be

autdRIMeICARY sﬁBBrés'ﬁ@d i %Ehlﬂ&fjﬁbw thterk?n KBy lﬁgﬂarﬂ@k‘onnance

event inhdicators wll be anong the first 2 or
Wheasyer theeC 4. mindel E'a/leetao lotlmattlomrthhuﬂmsop,eramd dknex not want to
ar,aund,.each bar Vi de 0 erat

see; S FRERTSR 428 Birdsion e duamel] Subie Hianghicualpapgributions to

7 d
the;mfgnr%roﬁaﬂffrwyﬁu%%%ég?fFg?’%@réﬁ&hsﬁ oo, o

calpulatioved thistindextis evodliffed as dollelvsch mat ches t he order
in the bar chart Pareto. Wth the trend Pareto, each

pl $ twoptrends, the actual neasurenment (in .
a eqtWnBte fromthe PCA nodel of what that E4fi¥ion 29

rreasurerrents shoul d have been if everything was nor nal

(- th@ﬁbmtrf&ﬂﬁ)ﬁg\}v_el'_%m fdlairitﬁltll (ﬁbﬂﬂhﬂ? éghisl tot Ne det ai |
under the Pareto will be the
ei - the contribution to the sum of error squared from input i

[00265] When a trigger event occurs, the contribution weights are set to zero
for each of the inputs that are to be suppressed. When these inputs are to be

reactivated, the contribution weight is gradually returned to a value of 1.

II. PCA Model Decomposition

[00266]  Although the PCA model is built using a broad process equipment
scope, the model indices can be segregated into groupings that better match the
operators' view of the process and can improve the sensitivity of the index to an

abnormal event.

[00267]  Referring again to Equation 29, we can create several Sum of Error

Square groupings:



di mensi onal flow versus val ve position nodel plot.

Fromthis plot the operator can apply the operator
whr@3g/ 124902 he nodel . WO 2007/ 124002 PCT/ US2007/ POREFB07/009576

-77- [00280] If there is no equi pment grouping,

selecting the green triangle will take the operator

right to the worst two-dinensional nodel under the

summary trend. [00281] Operator suppression is done

at the Pareto chart level by selecting the on/off

button beneath each bar. W053007/124002

PCT/ US2007/ 009576 -78 BI BLI PHY 1. U S. Patent
Docunent s
RIS wer T Equation 30

- - _2_— k

R = Zfa:l“iiaj, 859,964 1/12/99 Wang, et al, "System
and pethod for ,performng real time data acquisition,
prEme?ng’Epgw,ie@g and fault detection of wafer
fabrication processes”

________________________

equipment {e.g: Teboiler seXtionBth toiter)/ o 48 svblghoupingd, which are

"Met hod fqr Monitoring Miltivariable, Pr ocef,s s"
relevant to the function of the_ equipment (e.g.. product qua 1tye) ________

[060269] - - - Since_each contribetosog, sadways gddingiecthe sum gf error

sauf e B8 prbGRS BRI e bk Ml B 0 RERBR5 inrepisss
linédr®eHvith ﬂre'm{rnl_a?r of imputs contributing-to the index. - With fewer

contributors to the sum of error square calculation, the signal to noise ratio for

theipar 1 HEpityecn Briang S LRI b foivm s GpRRf Rl Svens.

(f)zri nci pal conmponent anal ysis" .
[002760] - - - In a similar manner, each principal component can be subdivided to

can Béﬁﬁéatw?o%&%k@ﬂ%r@ﬁﬁdi ction using principal
___conponents anal ysis_and cl assification and

regression trees" ---------- i :
Pr= Y b X, Equation 31

Pip= Y5 b, x;
Pre= 20 1 biX;
P2a= 301 b, X
Pow= XX b, X,
Pye=2 1 b2 X
T = T7, Pi?a

Ty’ = Z;’f_q Pi?b

2 2
Tc = Zm Pi,c

i=l
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Bal asubr anhanya, et al, "Method and apparatus for
WOoRWizidng - a process by enpl oyi ng pri nci pal PCT/US2007/009576
conponent anal ysis" _- 7 6,564,119 5/13/03 Vacul i k, et

al, "Miltivariate Statistical Mdel Based System for
l\/bnl toring the Qperation of a Continuous Caster and
Det ecti ng-the-Onset of | npendi ng Breakouts"

---------------------------------------- 8 6, 636, 842

10/ 21/ 03 Zanbrano, et al, I&ystem and nethod for

controlling an i ndustrial process utilizing

process trajectories” Il. Literature 1. Cardoso,
[00371Ft alhe t}irestﬁnag Yoﬁweéé iNESs arcvhléMated BVrunnlidg \BE testing

Congress of | FAC : ldentificationl

dataﬁmnghéhﬁmdelsysd eq%mgsrhn sensitivitycef the threshigils basad on
443-448.

[00272] - - -These.ne.w indices are inderpretad for the gpavatar'is tigg idpntical

maéxgegi)thia{] &n | FBEI}S? nergel ﬁax)((?l a. Ii’aré]t%h I’fla.\ll’ysl babed on%?me original

inpuats-are showr for the 1argest-contribators to the sum-of error square index,

and-the-largest contributors-to-thg largestr R in the T? palsulationanal ysi s
and Abnormal Situation Detection: From Theory to

IIIF’mehggﬁmfspmwol Systens Magazine, Cct. 2002,

[00273]  Inputs will appear in several PCA models so that all interactions
affectirg the-model-are ‘encompassed within the ntodel.- This car cause-multiple
-------------- 4. Di sturbance Detection and

mdm@loas itoithe opemtcatwhcm @latsennpu@we@bﬁmagbr contribéersdalthe

su:rig %%éi%auéreﬁquggey s, Lehigh University, August

one while-for the nen-primar-y-PCA models, it-isset to zero. - - - 6.
Pi ovoso, MJ., et al. Process Dat a Chenonetrics",

v @Jt‘bﬁ‘?ﬁté}ﬁ gﬁt&l_mﬁgyg@ Measur enent , Vol .
5’1:7 .2, Afb 1992, Dp. 262@-%]'268 WO 2007/ 124002

[005%‘ US g éloicr)r?a?'y objectives of the operator interface are to:

e Provide a continuous indication of the normality of the major

process areas under the authority of the operator

e Provide rapid (1 or 2 mouse clicks) navigation to the underlying
model information

e Provide the operator with control over which models are enabled.
Figure 22 shows how these design objectives are expressed in the

primary interfaces used by the operator.



-79 APPENDI X 2 Princi pal Conponent Anal ysis Model s
APPENDI X 2A The HEATER PCA Mdel : 5 Princi pal
w@oopoeent s (Named) Wth Sensor Descri ption, PCT/US2007/009576
Engi neering Units, and Principal Conponent Loading 1.
Gl Flow Control 1 1ST PASS HYDROCARBON FLOW BBL/ D
-2.56E-01 2 3RD PASS HYDROCARBON FLOW BBUD - 2. 55E-01
3 2ND PASS HYDROCARBON FLOWBBL/ D -2.54E-01 4 4TH
PASS HYDROCARBON FLOWBBUD -2.51 E-01 2. G| Side
Heat | nput 1 3RD PASS CONTRek TEMPERATURE DEGF
3.40E-01 2 1ST PASS CONT TEMPERATURE DEGF 3. 29E- 01
3 2ND PASS CONTROL TEMPERATURE DEGF 3. 27E-01 4 4TH
[ooiﬁﬁﬁf‘é CON&fhall SMpaRAORE Pt A6t 3'a ndrok: &R as is
LI TEI\/PERATURE DEG- 2. 39E-01 6 3RD PASS LET
shoWEMPERETIURE . [HGE t@:xﬂﬂreﬁr@tnts?thtﬁoéﬂéﬁdmﬁndicates the

TEW@@%"M%&%%%B n&%ND 3 E{%ﬂimmate function.
e

disdusSionsBeh Bhe op8atos. GOn S tfondaeUislo SASchbOlhREETHY the
2. 09E-

opeGHiO% % PEIRIEBAL MORRThGB g ddaksy BAPRLANFIEH Mee typically set
at avA1aEotd.6 and WA §EE¢%M}F dPN LR 6 69 Phese lines provide

guidance to the operator as to when he is expected to take action. When the

trend crosses the yellow line, the green triangle in Figure 4 will turn yellow and
when the trend crosses the red line, the green triangle will turn red. The triangle
also has the function that it will take the operator to the display associated with

the model giving the most abnormal indication.

[00277] If the model is a PCA model or it is part of an equipment group (e.g.
all control valves), selecting the green triangle will create a Pareto chart. For a
PCA model, of the dozen largest contributors to the model index, this will
indicate the most abnormal (on the left) to the least abnormal (on the right)
Usually the key abnormal event indicators will be among the first 2 or 3
measurements. The Pareto chart includes a red box around each bar to provide
the operator with a reference as to how unusual the measurement can be before it

is regarded as an indication of abnormality.

[00278] For PCA models, operators are provided with a trend Pareto, which
matches the order in the bar chart Pareto. With the trend Pareto, each plot has
two trends, the actual measurement (in cyan) and an estimate from the PCA
model of what that measurements should have been if everything was normal (in
tan).

[00279] For valve / flow models, the detail under the Pareto will be the two
dimensional flow versus valve position model plot. From this plot the operator

can apply the operator bias to the model.



3 3RD PASS STEAM FLOW LB/ HR 2. 78E-01 4 4TH PASS STEAM

FLOW LB/ HR 2. 78E-01 5. Excess Heat | EAST HTR 02
WEONTREA00PCT 6. 26E-01 2 3RD PASS M D TEMPERATRREUBEEH009576

3.07E-01 3 4TH PASS M D TEMPERATURE DEGF 2.55E-01 4

2ND PASS BOX TEMPERATURE DEG- -2.48E-01 5 FLUE GAS TO

PREHEATER TEMPERATURE DEGF -2. 17E-01 6 STACK

TEMPERATURE DEGF 2. 10E-01 7 1ST PASS M D TEMPERATURE

DEG-F 1.94E-01 8 1ST PASS BOX TEMPERATURE DEG-

-1. 84E- 01 WD 2007/ 124002 PCHHUS2007/ 009576 -so 9 4TH

PASS BOX TEMPERATURE DEGF -1.84E-01 10 3RD PASS BOX

TEMPERATURE DEGF -1.71 E-01 11 2 "D PASS M D

ERAFREr [éel the green tri i

O e 08 A BN or s e Ay gt will
takk/isbie bpedatdrr night featheGuarsd tentdinfexsiang) mogal nnden ty summary

scription, Engineering Units, and Principal

nponent Loading 1. Gas Plant Feed 1 ABSORBER OFF
GAS MSCF/ D -1.76E-01 2 COWP DI SCH 2ND STAGE Qut put %
[00281) E- 0QpeatsBmrESsondNdphe atitheularggo ¢hart 1eved by selecting

M F. F Qutput 9% 1. 66E-01 5 COWR 2ND STAGE
theparafs il DY Bagh b3 v STG 2 | NLET DEGE

-1.57E-01 7 COMPR 1ST STAGE PRESS PSI G -1. 55E-01

ire



8 MF. BACK PRESS CONTRL Qutput %-1.54E-01 9 |-STAGE
KO DRM 6D9 PRESS PSIG -1.52E-01 10 MF. OVHD REFLUX
woiopar4092 - 1. 51 E-01 11 M F. OFF GAS MSCF/ D -BCBUSH00109576

12 MAIN FRAC OVHD PRESSURE PSI G -1.51E-01 2. Gas
Pl ant Heat Bal ance 1 DEB REBLR DRAW DEG- -1.27E-01 2
DEBUT BOTTOVS DEGF -9.21 E-02 3 DEB REBLR RETURN DEGF
-7.34E-02 4 MF OVHD ACCUM LI Q DEGF -4.00E-02 5 HGO
FROM GP TO M DEG- -6.71 E-02 6 DEB BTMS REB TEMP
DEG- -1.67E-01 7 LEAN OL TO E12 DEG- -7.11 E-02 8
DEBUT TRAY 2 DEGF -1. 72E- 01789 ABS M D REB RETN DEGF
-9.60E-02 3. Gas Pl ant Fuel "Production | ABS TOP CLR
DRAW DEG- -1.98E-01 2 MF. BACK PRESS CONTRL PSI G
1.97E-01 3 MF. OVHDBABEIOGRWAREYPSI G 1. 97E-01 4
ABS M D CLR DRAW DEGF -I.94E-0I 5 COVPR 2ND DI SCHARGE

1. U.SEPhtenl DRfehniehts 6 COVP SUCTI ON PRESS PSIG 1. 77E-01 7
ABS TRAY 29 VAP DEGF -1.77E-01 8 DEBUT TRAY 2 DEGF

memremmmse e G- F OO -9t -STAGE - KO-DRM- 6 D9--PRESS - PSI-G -1-- - 700t

1 5,850,964B BIINFOREB WEMD cDEG Systegizandonethpd fopgerfRAling real time data
DEGF -1.66E-01 duisdifii pt&iesSTAEklirRESS gt GetbcBdiEol wafer
13 ABSORBER TRAYabtichEivhR pobédssesl. 58E- 01

...............................................................................................................................

6,522,978 2/18/02  Chen, et al, "Paper web breakage prediction using principal
components analysis and classification and regression trees"

6,368,975 4/9/02 Balasubramhanya, et al, "Method and apparatus for monitoring
a process by employing principal component analysis”
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14 MAI N FRAC OvVHD PRESSURE PSI G 1.56E-01 15 DI SCH KO
DRM 6D20 Qutput % -1.53E-01 16 ABS TOP CLR RETN DEGF
wo 10054248001 17 COLALESCER DRAW DEGF - 1. 42E- 01PC1/8S2BB009576
M D REB DRAW DEGF -1.41 E-01 WD 2007/ 124002
PCT/ US2007/ 009576 -82 19 DEBUT OVHD VAPOR DEGF
-1.38E-01 20 NAPTHA TO ABS Qut put % 1.28E-01 21 DEB
REBLR DRAW DEGF -1.27E-01 22 MF. OvHD ACC LVL Qut put
% 1. 26E-01 23 NAPTHA TO ABS KBBL/D 1.25E-01 24 HGO
TO ABS REB Qut put % 1.21 E;Q _ 25 ABS M D CLR RETN
DEGF -1.18E-01 26 ABSORBER F- GAS DEGF -1.16E-01 27
MF. OvHD QUTLET TEMP DEGF 1.15E-01 28 LEAN O L FROM
E9 DEG-F -1.14E-01 4. %%ﬁ_%q_%sol i ne Production 1
ABS REFLUX- LEAN O L KB . -0l 2 ABS REFLUX- LEAN
O L Output 9ReimgipabCorhpomeidABalysis Miodels %
-2.84E-01 4 NAPHTHA T BL/D -2.81 E-01 5
NAPHTHA TO STORAGE wtmﬁ 01 6 NAPTHA TO ASS
KBBITk: HEATERIPCA Mduel5HRin¢pal Cofpbpentd(Named)

[ e G R AR

1.k -11. S&H%Olll #1 | NTERCOOLER LVL Qut put %

1 15T PASS HYDROCARBON FLOW BBL/D -2.56E-01
2 3"° PASS HYDROCARBON FLOW BBL/D -2.55E-01
3 2N pASS HYDROCARBON FLOW BBL/D -2.54E-01
4 4™ pPASS HYDROCARBON FLOW BBL/D -2.51E-01

2. Oil Side Heat Input

1 3"° PASS CONTROL TEMPERATURE DEGF 3.40E-01
2 15T PASS CONTROL TEMPERATURE DEGF 3.29E-01
3 2"° pASS CONTROL TEMPERATURE DEGF 3.27E-01
4 4™ PASS CONTROL TEMPERATURE DEGF 3.26E-01
5 TRANSFER LINE TEMPERATURE : DEGF 2.39E-01
6 3R° PASS OUTLET TEMPERATURE DEGF 2.21E-01
7 15T PASS OUTLET TEMPETRATURE DEGF 2.20E-01
8 2ND pPASS OUTLET TEMPETATURE DEGF 2.08E-01
9 4™ PASS OUTLET TEMPERATURE DEGF 1.94E-01

3. Fuel Gas Flow

1 15T PASS FUEL GAS FLOW MSCF/D 2.23E-01
2 4™ PASS FUEL GAS FLOW MSCF/D 2.18E-01
3 3RP PASS FUEL GAS FLOW MSCF/D 2.09E-01
4 2NP pASS FUEL GAS FLOW - MSCF/D 1.87E-01
4. Steam Flow Control

1 1" PASS STEAM FLOW LB/HR 5.62E-01
2 2"° pASS STEAM FLOW LB/HR 2.79E-01
3 3P pPASS STEAM FLOW LB/HR 2.78E-01
4 4™ PASS STEAM FLOW LB/HR 2.78E-01
5. Excess Heat

1 EAST HTR O2 CONTROL PCT 6.26E-01
2 3P PASS MID TEMPERATURE DEGF 3.07E-01
3 4™ PASS MID TEMPERATURE DEGF 2.55E-01
4 NP pASS BOX TEMPERATURE DEGF -2.48E-01
5 FLUE GAS TO PREHEATER TEMPERATURE DEGF -2.17E-01
6 STACK TEMPERATURE DEGF 2.10E-01
7 15T PASS MID TEMPERATURE DEGF 1.94E-01
8 157" PASS BOX TEMPERATURE DEGF -1.84E-01



12 ABS BTM5 LVL Qutput % 1.54E-01 13 ABS. NAP>DEB
KBBL/ D 1.53E-01 14 HGO FROM ABS REB DEGF -1.52E-01

wa2BSORBER BOTTOVS TEMP DEGF -1. 29E-01 16 ABSI/URAY7/@9576

10
11

DEGF -1.27E-01 17 ABSORBER TRAY 2 TEMP DEGF -1.19E-01
18 ABS NAP>DEB Qutput % 1.06E-01 19 MF. OFF GAS
MSCF/ D 9. 98E-02 20 COVWRESSOR 6- G- 14 AMPS AMP
9.96E-02 21 COWP DI SCH 2ND STAGE MSCF/ D 9.90E-02 22
MF 16D1 TRAY 21 TEMP DEGF -9.09E-02 23 ABS TOP CLR
DRAW DEGF - 8.87E-02 24 ABSgJOP REFLUX DEGF - 8. 62E- 02
25 DI SCH KO DRM 6D20 | NTRFC Qut put % 7. 99E-02 26 ABS
TOP CLR RETN DEGF 7.76E-02 27 16Gl4M MAX STATOR TEMP
DEBFp £ 54 BoyCPEMPERATURE BACK PRESS CONTBEGBuUt put  %4.84E-01
6.727 hbn82 BROTEMEERCIURYL CQut put % 6. 25PEGE 5. Gak71E-01
Pl A p ABShMDarEMFERATRIRE 1 ABSORBER BOTTER8FTEMP DERSE-01
2.64E-01 2 ABS M D REB RETN DEGF 2.47E-01 3 ABSORBER
TRAY 2 TEMP DEGF 2. 10E-01 4 ABS TRAY 2 DEGF 2. 08E-01
5 HGO TO ABS REB Qutput % -1.98E-01 6 HGO FROM ABS
REB DEGF 1.93E-01 7 COWR 1ST DI SCHARGE DEGF
-1.90E-01 WD 2007/ 124002 PCT/ US2007/ 009576 -83 8

DI SCH KO DRM 6D20 CQut put % - 1. 80E- 01



WO 200788002 12 ABS BTMS LVL Qut put

CO~NOOMEWN "-‘

[P N N
N 2O

CONOOBWN = N

.

ORUNOG DWN =

9 LEAN O L FROM E9 DEG- 1.80E-01 10 COVPR 2ND
DI SCHARGE DEGF -1.77E-01 11 ABS NAP>DEB Qut put %

NAP>DEB KBBUD -1.72E-01 14 MF. BACK PRESS CONTRL
PSIG 1. 69E-01 15 MF. OVHD ACC TO FLARE PSI G 1. 69E-01
16 |- STAGE KO DM 6D9 Qutput %-1.53E-01 17 COWP
SUCTI ON PRESS PSI G 1.48E-01 18 ABSORBER BOTTOVS TEMP
Qut put %-1.48E-01 19 COMP KO DRUM | N DEGF - 1.43E-01
20 HGO TO ABS REB KBBUD -1_43E-01 21 ABS BTM REB DRAW
DEGF 1.33E-01 22 |-STAGE KO DRM 6D9 PRESS PSI G
1.27E-01 23 MF OVHD COND OUT DEGF -1.22E-01 24 COWPR
1ST STAGE PRESS PSI G 1 AMPENDIX OB Gas Plant Qefin
Producti on 1 DEBUT REFCUX DEG- Z. 64E-01 2 HGO FROM GP
ToNre SE@PMSIHE B‘;A Mm&ﬂuﬁ Priptipd Componends(Nameqd)
DEBuRE&lsBr Bl o RpiRectE thies, andFkn lé&n%\é\‘.%ﬁﬁm
2.30E-01 6 C3 TOTAL IN DEEUT OVHD PCTg%aQ?E- 01 7 g
nggzp]gﬁsmaw 1.92E-01 8 DEB BTMS REB TEMP Qut put

S TOP CLR RETN DEGF 1,68E-01 10
CAABIOR i €T L. SSE 01 1 MSEFY NTE Rl
FLYY E Bl %és%‘ 7/124002 PCT/ {f52007/ 00957410
M.F. OFF GAS Output % 1 66E~01
COMPR 2ND STAGE PRESS PSIG -1.61E-01
COMP STG 2 INLET DEGF -1.57E-01
COMPR 1ST STAGE PRESS PSIG -1.55E-01
M.F. BACK PRESS CONTRL OQufput % -1.54E-01
I-STAGE KO DRM 6D9 PRESS PSIG -1.52E-01
M.F. OVHD REFLUX Output % -1.51E-01
M.F. OFF GAS MSCF/D -1.51E-01
MAIN FRAC OVHD PRESSURE PSIG -1.51E-01
Gas Plant Heat Balance
DEB REBLR DRAW DEGF -1.27E-01
DEBUT BOTTOMS DEGF -9.21E-02
DEB REBLR RETURN DEGF ~-7.34E-02
MF OVHD ACCUM LIQ DEGF -4.00E-02
HGO FROM GP TO MF DEGF -6.71E-02
DEB BTMS REB TEMP DEGF -1.67E-01
LEAN OlL TO E12 DEGF ~7.11E-02
DEBUT TRAY 2 DEGF -1.72E-01
ABS MID REB RETN DEGF -9.60E-02

Gas Plant Fuel Production

ABS TOP CLR DRAW DEGF -1.98E-01
M.F. BACK PRESS CONTRL PSIG 1.97E-01
M.F. OVHD ACC TO FLARE PSIG 1.97E-01
ABS MID CLR DRAW DEGF -1.94E-01
COMPR 2ND DISCHARGE DEGF -1.85E-01
COMP SUCTION PRESS PSIG 1.77E-01
ABS TRAY 29 VAP DEGF ~1.77E-01
DEBUT TRAY 2 DEGF -1.72E-01
I-STAGE KO DRM 6D9 PRESS PSIG 1.70E-01
DEB BTMS REB TEMP DEGF -1.67E-01
ABS TRAY 2 DEGF -1.66E-01
COMPR 1ST STAGE PRESS PSIG 1.64E-01
ABSORBER TRAY 2 TEMP DEGF -1.58E-01
MAIN FRAC OVHD PRESSURE PSIG 1.56E-01
DISCH KO DRM 6D20 Output % -1.63E-01
ABS TOP CLR RETN DEGF -1.51E-01
COLALESCER DRAW DEGF -1.42E-01

ABS MID REB DRAW DEGF -1.41E-01

% - 1. 74E- 01PC1/BSABB009576
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-84 APPENDI X 3 ENG NEERI NG MODELS A. PID Controller
Moni tors Standard Frozen O fset H gh Hi gh Deviation

Controller Time Value Tol erance Tol erance Contr ol

Error Devi ation Deviation Descripiton Wndow Threshol d
(M nutes (M nutes) Deadband Tol erance Threshol d
Tolerance | M- Btns Lvl 15 0.02 115 120 3 21 6 1
~HG&OTray Lvi 15 0.03 5 120 5 50 15 1 HGO Cro Stm Gen
Lvi 10 0.03 3 120 5 40 5 1.ghE OvhdAcc HC Lvl 10 0.02
10 120 5 35 51 |M Ovhd Acc Boot Lvi 5 0.25 5 15 15
100 10000 10000 Absorber Bottons Lvl 15 0.05 10 120 4
4A0DBBUT OVHD VARGR cool er Lvl 10 0. 08 10D&GF20 100 -1.08©01
1098PTHA FOWRSQupal er Lvl 10 0. 075 10 ¥0 3 50 100.8E-01
10068 REBLBIRRAMt t oms Lvi 10 0.05 10 12B8ESF5 40 1G0OLTE-01
1dU(ffoOVU@dtﬁCA¥'e0E(ﬂvt 15 0.025 10 120 2%100 1oooo 180007
1- Blé‘* 8% m HC Lvl 15 0.04 10 120 ¥ 1.25E-01

fe$ 5 0.03 10 120 4 1 Sl
K% D 035 10 10 10 |HGO Pr mGen §1
0. 3\ 1 [ HGO Stripper 0057
80, hd Pressure 15.0.0 120 5 8&)

HM
IDebut Q/hd Pressure 15 0. 025 10 120 4 50 5 50

re 4 10 120 5 50 10 10 | Hot
%&%@i ;P%g‘go“fg 1015000 120 400 2000 5000
10889 REAUXMEBNILW Htr Fl o 60 1. 00E- 1kBBO@OO 100802E-01
408B2 BEOLURNOEBNTBDOMtpuSt andard Devi ati & Ti me W n28WE-01

TME LYkt @EpWf data used to cal cul & e st andar@&84E-01

deNABKTHA TO STORAGE KBBL/D -2.81E-01
NAPHTHA TO STORAGE Output % -2.63E-01
NAPTHA TO ABS KBBL/D -2.59E-01
M.F. OVHD ACC LVL Output % -2.58E-01
MNAPTHA TO ABS OQutput % -2.32E-01
#1 INTERCOOQOLER FLW KBBL/D 1.95E-01
ABSORBER OFF-GAS DEGF -1.84E-01
#1 INTERCOOLER LVL Output % 1.82E-01
ABS BTMS LVL Output % 1.54E-01
ABS NAP>DEB KBBL/D 1.53E-01
HGO FROM ABS REB DEGF -1.52E-01
ABSORBER BOTTOMS TEMP DEGF -1.28E-01
ABS TRAY 2 DEGF -1.27E-01
ABSORBER TRAY 2 TEMP DEGF -1.19E-01
ABS NAP>DEB Output % 1.06E-01
M.F. OFF GAS MSCF/D 9.98E-02
COMPRESSOR 6-G-14 AMPS AMP 9.96E-02
COMP DISCH-2ND STAGE MSCF/D 9.90E-02
MF 16D1 TRAY 21 TEMP DEGF -0.09E-02
ABS TOP CLR DRAW DEGF -8.87E-02
ABS TOP REFLUX DEGF -8.62E-02
DISCH KO DRM 6D20 INTRFC Output % 7.99E-02
ABS TOP CLR RETN DEGF 7.76E-02
16G14M MAX STATOR TEMP DEGF 7.45E-02
M.F. BACK PRESS CONTRL Output % 6.27E-02
DEB ACC LVL Qutput % 6.25E-02
Gas Plant Debutanizer Feed
ABSORBER BOTTOMS TEMP DEGF 2.64E-01
ABS MID REB RETN DEGF 2.47E-01
ABSORBER TRAY 2 TEMP DEGF 2.10E-01
ABS TRAY 2 DEGF 2.08E-01
HGO TO ABS REB Output % -1.98E-01
HGO FROM ABS REB DEGF 1.93E-01

COMPR 1ST DISCHARGE DEGF -1.90E-01



of the process val ue Frozen Val ue Threshol d (FVT):
Val ue to be conpared with current standard devi ati on
w@alocub@ved over SDTW ni nutes Frozen Val ue Tol BECEHOSH07/009576
Mnutes (FVTM: If current value of standard devi ation
remai ns below FVT for FVTM m nutes instrunent is
considered to be frozen Ofset Duration Tol erance
(ODT): Nunber of mnutes for which the current PV nust
stay on one side above a dead band (CDB) to consider
that the instrunent has a cgntrol offset problem
Control Deadband (CDB): A threshold set to evaluate
control offset error or accunulated controller error
8 Acoiscu KO ORMEBD2r Odtpliter ance ( AET): Si gkked Val ue -1.80E-01
9 rdEANOMFROMESe cunul ative error (PV-DBBF over al.80E-01
10 spe@MPR&ND PWWEHARGRINUI ati on starts whBEGFPV | s -1.77E-01
B ou@@ﬁ b‘épf‘HEBél@éR!‘tband (CDB) and stays & the sang76E-01

g p Woi nt. High Standard D&jation 1 ;gg'gl
14 rﬂaue to be conpared curreng E-01
15 st al cul ated over SD 1 nut es E-01
16 20UH 7/ 009576 -85 High Standard 4'sap g4
17 De&b@, 8% HSTM: |f current pégiue of 4 48 o1
18 S ﬁ%‘dﬁ*dMTérﬁﬁEiu gabove HST or HSTM m.n4ges

19 | n@bmwmbaw ponsi der ed to be hi ghlypgaF ant. Bs.43E-01
20 Prces ARSRER ency Monitors Nane Cal cuBatipon -1.42E-01
21 Tohes ammkRBmbRAW of Units absol ute vabgEeF Heat Pas3E-01 -
22 F| eSRAGIH KDIRRM SDMPRRESSNdi vi dual pass MESIG be | ess1.2hE01
23 BBUF OVHD 6@ND-OYTHe total fl ow 2000 for D(E&Fh fur na<1:§25-°1

&

24 = COMPR 1ST STAGE PRESS 21E-01
Gas Plant Olefin Production

DEBUT REFLUX DEGF 2.64E-01

HGO FROM GP TO MF DEGF 2.56E-01

DEBUT BOTTOMS DEGF 2.48E-01

DEB REBLR RETURN DEGF 2.46E-01

DEB REBLR DRAW DEGF 2.30E-01

C3 TOTAL IN DEBUT OVHD PCT 1.97E-01

" HGO TO DEB REB KBBL/D 1.82E-01

DEB BTMS REB TEMP Output % 1.91E-01

ABS TOP CLR RETN DEGF 1.68E-01

0 C4='SIN DEBUT BOTTOMS PCT 1.65E-01

1 #1INTERCOOLER FLW KBBL/D 1.54E-01

- DO NDOT D WN -



Mai n Fracti onat or
t han DEGF NMbnitor

FI oodi ng Fl

Tenperature -

ash Zone Must be greater
50 Bottons

waewpaer@dur e Main Fracti onator Over head Over heRdr/Cs2000009576
DEGF Tenperature Monitor Tenperature -

be greater

than 3 Overhead Cutl et

Tenper at ure

Mai n Fracti onat or

Over head Overhead Flare Line 1 PSIG Accunul ator to

Fl are Monit
Pr essure

or

~ Pressure
Debut ani zer

Over head Conpressor
Bott ons Debut ani zer

Li ne
Bot t ons

Debut Btnms > 250 DEGF Fl oodiggg Monitor Tenperature -

Delta > 10 Reboil er

I nl et

Tenperat ure

Cat Slurry QG

and Steam SO Fl ow + 150 # ust be greater than BBUD
FIl ow Monitor team Fl ow APPENDIX0O3 Hydrocar bon)

eat er

B/H Steam C. Val ve-Fl ow Mbdel s 22 val ve-fl ow

model s have been ENGINEERING MODEIASD

application. All
Al RIDEToRtestler Meoritors | S conpensated for the Delta

t he val ve nodel s

have bi as-updati ng

Pressure in this_manner: Conpensated Flow = FL / (DP/
St dDP) AA WB@J&M FL= Agt u@Len ’_l WSQP = UIdSt ream High High
Pressure - |Bowns] r eamnPr essu| ourshiDP = [Bt@mndasd] ddabdd standard
ollgr| — B lyeTole T i h Pevyiaki Deviation
f res %gfsf: git& jﬁn%@ Dll;]l;ee!j;q d ﬂ Mlnﬁt%?sj P‘Hd%t:t@is‘; D@Mﬂ?t .{'dc!’q;ms L‘H;rﬁnqgg% Tolerance
petweerr g Estrjrated FOTTPETTE at™™ W—aima—t1re—mctte
wregRpensat e 15 0.02 15 120 3 21 5 1
HGO Tray Lvi 15 0.03 5 120 5 50 15 1
HGO Circ Stm Gen Lvi 10 0.03 3 120 5 40 5 1
MF Ovhid. Ace HC Lvi 10 0.02 10 120 5 35 5 1
HF Ovhd Acc Boot Lyl S5 0.25 E 15 15 100 10000 10000
Absorber Bottoms Lvl 15 0.05 10 120 4 40 5 1
#2 intercogler Lvl 10 0.08 10 60 20 100 10000 10000
#1-intercooler Lvi 10 0.075 10 120 3 50 10000 10000
Debut Boitoms Lvi 10 0.05 10 120 2.5 40 10000 10000
Debut Acc Lvi 15 0.025 10 120 2 100 10000 10000
1-Stage KO Drum HC Lvi 15 0.04 10 120 2 10 5 1
IStage KO Drum Lvi 5 0.63 10 120 4 100 10 10
Suct KO Drum vl 15 0.035 10 - - - 10 10
HGO Prod Stm Gen Lvl S 0.1 10 120 7.5 S0 7 1
HGQ Stripper Lvl 15 0.05 7 30 8 80 8 1
Absorber Ovhd Pressur 15 0.02 5 120 5 80 2 10
Debut Ovhd Pressure 15 0.025 10 120 4 50 5 S0
Purge Oil Pressure 15 0.04 10 120 5 50 10 10
Hot !4CB to E Hir Flow 60 1.00E-11 10000 120 400 2000 5000 10800
Hat MCB to W Hir Flo 60 1.00E-11 10000 10000 400 2000 10000 10000

Standard Deviation Time Window (SDTW):

Frozen Value Threshold (FVT):

Frozen Value Tolerance Minutes (FVTM):

Offset Duration Tolerance (ODT):

Contrel Deadband (CDB):

Accumulated Error Tolerance (AET):

High Standard Deviation Threshold (HST):

Minutes of data used to calculate standard deviation
of the process value

Value to be compared with current standard deviation
calculated over SDTW minutes

If current value of standard deviation remains below
FVT for FVTM minutes instrument is considered to
be frozen

Number of minutes for which the current PV must
stay on one side above a dead band (CDR) to
consider that the instrument has a control offset
problem,

A threshold set to evaluate control offset error or
accumulated controller error

Signed Value representing the cumulative error (PV-
SP) over a specified time. Accumulation starts when
PV is outside the dead band (CDB) and stays on the
same side of the set point,

Value to be compared with current standard deviation
calculated over SDTW minutes



wQ@2o07abae2 f | ow nodel s.

Fl ow to check the nodel
specified tol erance.

consistency (X-Y plot) with a
The following is the Ilist of the

DCU Area Fl ow Descri pti per/BEmg/009576
St andard Exponential Tol erance Engineering
Differential Paraneter (Flow Units) Units PSIG (Fl ow
Units) Gas Plant ABS REFLUX- LEAN O L KBBUD 60.0 0.21
2.3-3.9 ABSORBER OFF GAS MSCF/ D 55.421 0.284 7.0 ABS
NAP>DEB KBBUD 60.0 0.273 4.0-8.0 DEB REFLUX KBBUD
94.037 0.1 1.5 NAPHTHA TO-BRAGE KBBUD 137.264 0.6
4.5-4.625 WD 2007/ 124002 PCT/ US2007/ 009576 -86 DCU
Area Fl ow Description Fl ow St andard Exponentl al

ngpcﬁtgdam:léevmgﬁ@][‘ﬂ@@pfq{gsm)f eff Qagird jatiQy\ yemains above
Units) Units (PSIG (Flow U éﬁ, §S considered to
BBL/ D 49. 423 0.247 800 Fracti onat or PER FD- TRAY 5

B. KBBQB:SE(CMS@RE)’MmmJR FEED CO\IT RL KBBUD 28 268

-s‘ o

Qbs‘b?@'te Qal&@ﬁ 4 Q

SR GURRY 73

Heu%lsu#nowm&ﬁom&
REB KBBUD 64. 708 (
0.1 5.0 COKFR _GAS

St bl mdd@dalpa
fivs- HR Jotalfiow ﬁ
for eaghdurnaes ECC

fAugt.tBdessithan TO

FEP0ORUDE KBBUD 1
MSCE/D 1Q.232 (

BBBD
65. 125

Main EyagtionatonEleedingsT

EA%Z‘E'?? HTR BBI

PRI T

bBGEo

Moé‘f{ﬁ PASS- E. HTR BH rQu 571837.5 3RD PA SS- E.
Maih Fraktiorator Sderhesd O CEANoPbegreBtER BHOEGF
Tehéralpd Manitor 1312. 5Teraﬁaraiafsss W HifgnBBUD' 747. 437 0
1181. 25 Overhead Outlet

Temperature
Main Fractionator Overhead |Overhead Flare Line |1 PSIG
Accumulator to Flare Monitor |Pressure — Overhead

Compressor Line

Pressure
Debutanizer Bottoms Debutanizer Bottoms |[Debut Btms > 250 DEGF
Flooding Monitor Temperature — Delta > 10

Reboiler Inlet

Temperature
Cat Slurry Oil and Steam ICSO Flow + 150 # Must be greater than BBL/D
Flow Monitor Steam Flow for each .01 (Hydrocarbon)

heater

LB/H (Steam)

C. Valve-Flow-Models

22 valve-flow models have been developed for the DCU AED application. All the valve models
have bias-updating implemented. The flow is compensated for the Delta Pressure in this

manner:

Compensated Flow = FL / (DP/ StdDP)*A

where,
FL= Actual Flow

DP = Upstream Pressure - Downstream Pressure
StdDP = Standard Delta Pressure
A = Exponential Parameter

A plot is then made between the Estimated Compensated Flow and the Actual Compensated
Flow to check the model consistency (X-Y plot) with a specified tolerance. The following is the

list of the 22 vaive flow models.

DCU Area |Flow Description Flow Standard Exponential |Tolerance
Engineering |Differential |Parameter (Flow Units)
Units (PSIG) (Flow Units)
Gas Plant ABS REFLUX-LEAN OIL KBBL/D 60.0 021 2.3-3.9
ABSORBER OFF GAS MSCF/D 55.421 0.284 7.0
ABS NAP>DEB KBBL/D 60.0 0.273 4.0-8.0
DEB REFLUX KBBL/D 94,037 0.1 1.5
NAPHTHA TO STORAGE KBBL/D 137.264 0.6 4.5-4.625




2ND PASS-W HTR BBUD 657.98 0 1312.5 3RD PASS-W HTR
BBUD 667.437 0 1200 4TH PASS-W HTR BBUD 653.891 0
wQa 290102007/ 124002 PCT/ US2007/ 009576 -87- Q&t/NR002009576
A net hod for abnormal event detection (AED) for sone
process units of a delayed coking unit (DCU)
conprising: (a) Conparing online neasurenents fromthe
process units to a set of nodels for normal operation
of the correspondi ng process units, (b) Determning if
the current operation diggers from expected nornal
operations so as to indicate the presence of an
abnormal condition in a process unit, (c) Assisting

bOU Are)fRSDS@HItiab Or t 0 [HBWver m niStindard urjEgrohgntialy |Tolerance
cause df an abnormal cor{Bagikering viﬁﬁentBCUI’aramFelg d) (Flow Units)

pits) t o 16+ p lq'&.Um
nor nmal C Z(P _CiTg'FiS 2 T RB. t haod 4?{&23 cl al r02i4 mhor ej %?0
g’ﬁﬁ“?"a’gﬂppngFD- :\%YS KBE nd.__ t —?6 38 or"\] aroun. 'sgnrl
. D ~ [28.76! NG CY alkhe
; Sahi-ch—Aay
Ly ‘3 J.!f?a' ret-hod £y
7U4Z§\nr o ?:'\er?nd o 3.0
1Y645a ' 8242~ > |205
,ﬁ—kﬁ. g-—E 6‘38, —ohe 262?
B .
T 185\125 4 Jl T, IIVt hG Sor.:l
ngHps—Hrigipde e
-73'47?"}3 iw'"o_sg re—Satt 1600
_ 55: s ]
FOHPS 34 _ fidaie Sarfeasgroup (%573
he—rretrthasds et ofjparodet s Of5izs
7 - T CiaEs7 CONgenent TTodek ks
ND PASS-W. HTR BBL/D 657.08 0 1312.5
3RD PASS-W. HTR BBL/D 667.437 0 1200

4TH PASS-W. HTR BBL/D 653.891 0 1200




WD 2007/ 124002 PCT/ US2007/ 009576 -88 7. The nethod of
claim6 wherein set of nodels of normal operations

w0 p@ages2 engi neeri ng nodel s. 8. The net hod of PCT/aB2002/009576
wherein said set of nodels of normal operation for
each process unit is either a Principal conponents
nodel or an engineering nodel. 9. The nmethod of claim
1 wherein said nodel of normal operation for each
process unit is determ ned using principal conponents
anal ysis (PCA) and using enggneering correlations. 10.
The nmethod of claim9 wherein said Del ayed Coking Unit
and downstream towers are deconposed into five

CladMSaal ity nonitors. 11. The nmethod of claiml
wherein said process units are divided into

operational s ' 12, t

of "ol ai mT1 andreRid it abiratiayREEERtO (ATES) BB Shife
préess uaits of kdeldyed oskingcumit (JoCUeckdpméiagei n the three

operational sections Include the Furnaces (Heaters),

Main Fractl Oglé‘%Og:ogﬂB%#ng ofthir %%ﬁexﬁéﬂts@gﬁng@gb%gcggs units

claim9 wher a he abnoral i moni

to geetofirrlels fornidrmad wperdtipinbf thedddradspogdinieprocess units,
probability of an abnormal condition in the area. 15.

The net hod (r)lf(gg : %&\E}%PMSQ ?f H‘lesalrge y ?}%L’gtldl{] ﬁif‘l*%g ﬁ'Oll'H e

process va uesTneasure Sensors.

expedtbd odial bpermidnshersito idicdtgihicresaicecoMpasndrinalf
mpdel s, for different process units include sone

condibionsia 4,/prqcsss nifal ues nmeasured by the same sensor.
WD 2007/ 124002 PCT/ US2007/ 009576 -89 17. The net hod

of claim 13 \(ber Assishigithegsetedsuspdigtoritd detdrinias the

underlying cause of an abnormal condition in the DCU, and

(d) Performing corrective action to return the unit to normal

operation.

2.  The method of claim 1 wherein said set of models correspond
to equipment groups and operating modes, one model for each group which may

include one or more operating mode.

3. The method of claim 1 wherein said set of models correspond
to equipment groups and process operating modes, one model for each group

and each mode.

4. The method of claim 2 wherein said equipment groups

include all major material and energy interactions in the same group.

5. The method of claim 4 wherein said equipment groups

include quick recycles in the same group.

6. The method of claim 5 wherein said set of models of normal

operations include principal component models.



t he consi stency between tags around a specific unit,
the main fractionator, gas plant units, the wet gas
weaeeopnes®snr, valves / flows, to indicate any eBCT/yS2007/009576
breakdown in the relationship pattern. 18. The nethod
of claim 17 wherein said nodel further conprises
suppressi ng nodel calculations to elimnate false
positives on special cause operations. 19. The net hod
of claim9 wherein (a) determ ning said nodel begins
with a rough nodel based on&uestionable data, (b)
using said rough nodel to gather high quality
trai ning data, and inprove the nodel, an

repeat i ng- st dpenythod afiglama 6 Whercary sck )Eﬁ of poymal

The net haod,of aim. in said training data
operrﬁﬁpaﬁgéc(iuﬂ?ss?%lﬁggaql&gﬁgﬁ%r t he nodel of the

processing unit. 21. The nethod of cl %lﬂm 20 V\heéefii n 1

sai d moddh i Adreumethod; otelama lnwherein sa sef of jpodet of norma

N f_glaim?21 i gl 1k '
opfRERg dor prdt Biest wilah Exlel 8 A X B en Pl B an
engiReehgT&dd, and flow to valve positions. 23. The

hodel of claim 19 wherein sonme pairs of neasurenents

for two riable [ tq ] 1

synchr oni\g;at ﬁg'ﬁ: %ﬁ%ogieg%@%gﬂel J‘\’/@tre?eé Isg}s%1 ml?éilehgf raxormal
opEbalidfi for bhali ptedesk wnit ik Aeterdfined singppidhciphl componemrs

wherein variabl es of process neasurenents that are
analysis(PEA hynd peing: ngingRing cCOMaleBSi n process

operations are converted to deviation variables by

subtractipg tie sRtdiboPvRIAIEwhekein Baid Detdyed Obking Unit
claim 20 wherein said nodel is corrected for noise.

an\DoaGIeam BORERETE depomprotrd Bitg fivegbrggmality meRiteFs.
of claim25 wherein said nodel is corrected by

filtering r Fid MefRsd 6fchadnSY wiresinrsaidpiccess units are divided
vari abl es.
into operational sections of the DCU system.

12. The method of claim 11 wherein there are three operational

sections.

13. The method of claim 11 wherein the three operational

sections include the Furnaces (Heaters), Main Fractionator and the Gas Plant

14. The method of claim 9 wherein each of the abnormality
monitors generates a continuous signal indicating the probability of an abnormal

condition in the area.

15. The method of claim 9 wherein said models include process

variables values measured by sensors.

16. The method of claim 9 wherein said principal components of
models for different process units include some process variable values

measured by the same sensor.



27. The nethod of claim 20 wherein the neasurenents of
a variable are scaled. 28. The nethod of claim 27
wok@rae400t he neasurenents are scaled to the erR@EBUSEA7/009576
normal range of that variable. 29. The nmethod of claim
4 where a list of abnormality nonitors automatically
identified, isolated, ranked and di spl ayed for the
operator. 30. The nethod of claim9 where the operator
is presented with diagnostic information at different
| evel s of detail to aid in tiBe - nvestigation of the
event. 31. The nmethod of claim 20 wherein the nunber
of principal conponents is chosen such that
coeffici ebfs Dhemiethpdiofcilgial 18 viperednsaitienodal fuather identifies
equal ,in size. 32. The nethod of _clajm 4 wherein said
thg CoRsisiracy shiysra Aass atonad apesific BY, theman) rgctionator, gas
j ' e . I
PIBRENAREInE ik Bk WIS TR eR 1 e, IO TndTBERE o cacly
bregkddwnrin tleelrélationshipfpateen.var i abl es using a dynamic
filter. 34. The nodel of claim32 wherein the process
measur emenk. | YREAGKSE A'dIAR 19 WerBRPIAL HEa8 Yy Mher
changes in the process operations are converte 0
caiaptisds suppreysigbhrtriel 3alculdttonseohdiinidfate FalsepSsitives on special
wherei n the nunber of principal conponents Is
Caylse OPCEHIORS- t he nagnitude of total process variation
represented by successive conponents. WO 2007/124002
PCT/ US20079009hé& tmeth8ad of®laitn Syshawid (o) deraroninihg svidnhodel
detection (AED) for song o the process units of a

:
bagns prtha pughomads! bassden gussinable dats; (b) uging said raysh

RSl 0 SRR S a R R s B B
repeaning $tepqbP so AindhélinnmnosedBe akoded.

20. The method of claim 19 wherein said training data includes

historical data for the model of the processing unit.

21. The method of claim 20 wherein said model includes

transformed variables.

22. The method of claim 21 wherein said transformed variables
include pressure compensated temperature or flow measurements and flow to

valve positions.

23. The model of claim 19 wherein some pairs of measurements
for two variables are brought into time synchronization by one of the variables

using a dynamic transfer function.

24. The model of claim 20 wherein variables of process
measurements that are affected by operating point changes in process operations

are converted to deviation variables by subtracting the moving average.

-25. The method of claim 20 wherein said model is corrected for

noise.



operations, (b) a display which indicates if the

current operation differs from expected nornal
wop@rAaz40o0ns so as to indicate the presence of PE@NUS2007/009576

abnormal condition in the process unit, (c) a display

whi ch indicates the underlying cause of an abnornal

condition in the DCU. 37. The system of claim 36

wherei n said nodel for each process wunit is either a

Princi pal conmponents nodel or an engineering nodel.

38. The systemof claim37-#erein a DCU is

partitioned into three operational sections with

Princi pal conponents nodels for sel ected Ectl ons.
39. The st dheonetodi of deimRdr wherednsaidgmnpdel isgorrected by

one ncl ude pro ovi ded by
sRPERE elioh BRaies) B Rint S P 3aPapRr i s
wherei n said nDdeI furt her conpri ses suppressing
nodel cal2dul ditieonsthos eff ¢laim20:wheesin the meggurcsacnts of a

o%l: fications and false positives. 41. The system of
varipbleArs5ogledr oin: (a) deriving said nodel begins with
obtaining an initial nodel based upon questionabl e
data, (b)28sdhsfmethadiof elaima)7 wheesinthe msaspeempems are scaled

roethe (c) iteratively
to &lfp%’%ﬁelc Hpaligpes (S’ﬁﬁ% %gaa%q%e nodel . WO
2007/ 124002 PCT/ US2007/ 009576 -92- 42. The system of

clai m 41 %er’ﬂl%&@ of Qlaﬁprfbwd@f%laé’éi of ?h%?%%‘éty monitors
aug)é'é’t oL me_n?i%d Laqggll {a@x&%ﬁ% g%glé‘@n'agié V\%er e erator

nmodel i ncl udes transforned vari abl es.

07 el ai MMk i Bk Hop & PHheAs e, P rainras presemé‘a with
dle}ég)lgﬁ ng Toat llérﬁlgatccﬁg@f{}g%ggﬁ om%lf"t&‘{iﬁ ﬂrthtellﬁ%stlgatlon of

the event.

31. The method of claim 20 wherein the number of principal
components is chosen such that coefficients of the principal component become

about equal in size.

32. The method of claim 4 wherein said principal components

include process variables provided by online measurements.

33. The model of claim 32 wherein some measurement pairs are

time synchronized to one of the variables using a dynamic filter.

34. The model of claim 32 wherein the process measurement
variables affected by operating point changes in the process operations are

converted to deviation variables.

35. The method of claim 32 wherein the number of principal
components is selected by the magnitude of total process varia.tion represented

by successive components.



45. The system of claim42 wherein some neasurenent
pairs are tinme synchronized to one of the vari abl es
waigiong2aordynanmi c filter. 46. The system of cl aP@T/4R2007/009576
wherein the process nmeasurenment variables affected by
operating point changes in the process operations are
converted to deviation variables. 47. The system of
claim42 wherein the nmeasurenments of a variable are
scaled prior to nodel identification. 48. The system
of claim47 wherein the neasgfenents are scaled by
the expected normal range of that variable. 49. The
system of claim 42 wherein the nunber of principal

conponent 36. sAsSysterhefdr Apndigal@gnit idétktioh (AJEDY for some of

rocess variation represented by successive
thg ORPRSE hlpit_s ofa DCU of a petroleum refinery comprised of:

(a) aset of models for the process units describing
operations of the process units including automatic
detection of drum switches and furnace decoking

operations,

(b) adisplay which indicates if the current operation differs
from expected normal operations so as to indicate the

presence of an abnormal condition in the process unit,

(¢) adisplay which indicates the underlying cause of an

abnormal condition in the DCU.

37. The system of claim 36 wherein said model for each process

unit is either a Principal components model or an engineering model.

38. The system of claim 37 wherein a DCU is partitioned into
three operational sections with Principal components models for selected

sections.

39. The system of claim 38 wherein said principal components

include process variables provided by online measurements.

40. The system of claim 38 wherein said model] further comprises
suppressing model calculations to eliminate operator induced notifications and

false positives.

41. The system of claim 37 wherein: (a) deriving said model
begins with obtaining an initial model based upon questionable data, (b) use of
said initial model to refine the data and improve the model, and (c) iteratively

repeating step (b) to improve the model.



WO 2007/124002 PCT/US2007/009576

-92.

42. The system of claim 41 wherein said training data set

includes historical data of the processing unit for model development.

43. The system of claim 42 wherein said model includes

transformed variables.

44. The system of claim 43 wherein said transformed variables
include pressure compensated temperature or flow measurements and flow to

valve positions.

45. The system of claim 42 wherein some measurement pairs are

time synchronized to one of the variables using a dynamic filter.

46. The system of claim 42 wherein the process measurement
variables affected by operating point changes in the process operations are

converted to deviation variables.

47. The system of claim 42 wherein the measurements of a

variable are scaled prior to model identification.

48. The system of claim 47 wherein the measurements are scaled

by the expected normal range of that variable.

49. The system of claim 42 wherein the number of principal
components is selected by the magnitude of total process variation represented

by successive components.



