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1 *159159* APPARATUS AND METHOD FOR MONI TORI NG AN

| NDUSTRI AL PROCESS Field of ‘the Invention The

invention relates to an apparatus and nethod for

monitoring an industrial process 5 and p m I ’

t hough not exclusively, relates to nonito I MMIHWWHNW

devi ations in process condltlons Backgr ound,, ;,Man

i ndustrial processes are h|gth conpl ex, |nvoIV|ng

many devi ces, -different pieces 10 of equi pnment and
AFeABYS AND ME EHODBOR MONITOREN GyANINDAIS TR Adr PROCESS

process variabl es that nust be nonitored and anal ysed

for online or offline fault detection to be perforned

and any process deviation to be understood, so that

PichDLEMS [ntie addressed, and simlar problens
avol ded or prevented fromrecurring in future.

WQ ilﬁ\%lflh{)‘lg réf'fﬂgé [ijr? %}?ﬂaﬂtu? h O(f ﬁ'%é'lohhfg{: ﬁfo?l[t %g{l lljrﬂl'ou%trlal process

monitoring t mance varil ous

AL S P S SR v

Eﬁg is a nonitoring anal ysis tool involving

19%ri ate statistical techniques that may be
applied to nonitoring industrial processes 20 that

i nvol ve many vari abl es. Usi ng nmat hemati cal procedures,
PCA transforms a nunber of possibly correl ated
Backigaduigls i nto a small er nunber of uncorrel ated

vari ables called principal conponents. The first

Main Ghdlrial BRREAENAredFAMY BEBpfeR! inds! lﬂv%gh d different
vzfr ?abl I |I}ay9| n the rgatgﬁ’gs pIc))SGS|lE)1 eV fg eac s, different pieces

§f" LG BshE) g}ci%?%seg \iﬁ% Elggst @O0 ereﬁ{n 5802 Drogess variables

ining varra écreasi ng

HP Y mus?rbeef (r)nro%ltgred and analysed for online or offline fault detection to be
performed and any process deviation to be understood, so that problems can be
addressed, and similar problems avoided or prevented from recurring in future.
Monitoring an industrial process therefore includes monitoring the performance of
various targets, wherein a given target may be a piece of equipment or a process

condition.

Principal Component Analysis (PCA) is a monitoring analysis tool involving
multivariate statisticél techniques that may be applied to monitoring industrial processes
that involve many variables. Using mathematical procedures, PCA transforms a number
of possibly correlated variables into a smaller number of uncorrelated variables called
principal components. The first principal component accounts for as much of the
variability in the data as possible, while each succeeding principal component accounts

for the remaining variability with decreasing magnitude. PCA may therefore be’
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*000002* 2 considered as revealing the interna

structure of data in a way which best explains

vari ance in the data. PCA nay be used to derive other
performance indicators such as Hotelling' s T-square

Devi ati on, Squared Prediction Error (SPE), and Scores

and Loadings informtion fromthe PCA itself. 5

Currently, PCA has been used to derive nodels that

cenpiderest as réemealies theopernali sigictyse adtdate sn af wapedii¢h best explains
i ndustrial processes. A typical best-practice node

detidneedn theodnta. FCAA mmay Breusdd 3pldasied other perfdehanoe adlidt@a such as
Monitoring (AAM Plot as a bound area conprising a

sRielitlg’ P T8GR | DSLARAN WHudred € PredRFioh " PROARSPEY @k Scores and
of variabl es obtained 10 when the industrial process

ﬁ%hg r accept abl e condi ti ons,
p@éﬁ?gﬁ? e g%n §ﬁ2§9?§§%§§gnts a normal condition of

the industrial process and can be considered a

normal -condition area. In use, an Advanced Area

Monitorin (AAN% Pl ot may be generated using PCA for
euraRita geny peedy i idgBy@ nesdsisaihisé deplicain sie best operating
i ndustrial process during a particular period of

practicesi afrspeciic shdwstrial rprédees 1A Fpecal\Bddtpraticd @fdel derived from
typically displays a best- practice nodel 2000 that

haa may b disphged ofl @hi AdAné«dr AfdaaNofiedringC(l AvI) Plot as a bound area
i ndustrial process, while PCA scores information 3000

sshpySak § 54 r@f%ﬂﬁ&ﬁﬁl' c%ﬁﬁ)ogéﬁ@dé’x‘?\}eﬁ%n‘?ﬁa%%lu\é?()f U BFes obtained

are proj ected onto the best practl ce no Wher e

o; f 20 WI
A%, SRR AR} (98 58 ot Batl ot B bl sqpaions. i,
thheboun uasrgg Iréag)re e%?scg Sn% ascondltlon of the industrial process and can be

considered a normal-condition area.

In use, an Advanced Area Monitoring (AAM) Plot may be generated using PCA for
data values of the variables obtained from an industrial process during a particular
period of operation, as shown in FIG. 1. The AAM plot 1000 typically displays a best-
practice model 2000 that has earlier been derived for that particular industrial process,
while PCA scores information 3000 derived from operations data values of the variables

are projected onto the best-practice model 2000. Where the scores information 3000 fall

- within the best-practice model 2000, it can be considered that the industrial process was

operating normally during that period of operation. If the scores information 3000 fall
outside the bound area 2000, it can be considered that process deviation or equipment

degradation had occurred for that particular period of operation.
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operating normally during that period of operation. If

the scores information 3000 fall outside the bound

area 2000, it can be considered that process deviation

or equi pnent degradation had occurred for that

particul ar period of operation. 3 Currently, PCA and

AAM plots are nostly used only after a fault or

process deviation has alreadf occurred in an

i ndustrial process, in an attenpt to anal yse the

Srusisheyn PG jagd Af‘sanlDtrslaye rosthy seedi anly sfter arfaultanguogeasg deviation
for the process engineers to prepare data sets of

\has aladaldg octoreddnah ysdistriahbmesspincer siteaiptltd)ghaljre the problem. This
results of analysis requires substantial 5 subject

XAty b&alige it Retime Q&%%ﬁnﬁé‘ﬂir@ﬁ‘@ﬁrobébs%gﬁéerg @ prepare data sets of
meani ngful interpretations of the anal yS|s reg Pts to

Pf%l{l%mgsgtt”olrgaﬁgl glg}géwoaﬂg(l]e@%thlgg ré Iﬁ?e {e‘g&lw st ar?a sn?e&\flgrless substantial

process 0O
S ry of. the,l nvention.10 Acco d|n to.a st :
SUURFD) pStiss bthie AIGESs ERaipger iR Offlesfp d’é‘&a"éﬁgéLB’é?rafelﬁélons of the
for nonitoring an industrial process conprising a

analyss resylipto %maéw@é forrisansigiipgrthe tesults ehpralgsisingo action to be
defining nodul e configured for defining a

nodeviekecby piocessopdatas.set nmay conprise data val ues of

the variabl es when the industrial process is operating
under a normal condition and for defining an

abnormal -conditi on data set may conprise data 15

Samuesy of the MGy eHabh abl es when the industrial process is
operating under an abnormal condition; a nndelllng

'A%g& U A AP LR L s o
RO o AT PPOSEeS SOProREch GUFPHY Souibles. The apparatus

conngur for plotting_a normal - condition plot from

FOMBPINSE Refefiduedned W crot@ired iy dafining agompal-condition data set may

abnor mal - condi ti on pl ot
comprise data values of the variables when the industrial process is operating under a

normal condition and for defining an abnormal-condition data set may comprise data
values of the variables when the industrial process is operating under an abnormal
condition; a modelling module configured for modelling a normal--condition model from
the normal-condition data set and modelling an abnormal-condition model from the
abnormal-condition data set; a plotting module configured for plotting a normal-
condition plot from the normal-condition model and plotting an abnormal-condition plot
from the abnormal-condition model; and an analysis module configured for analysing
live data values of thé variables for simultaneous display with the normal-condition plot

and the abnormal-condition plot.
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20 from the abnormal -condition nodel; and an anal ysis
nmodul e configured for analysing |ive data val ues of

the variables for sinmultaneous display with the

normal -condition plot and the abnormal -condition

plot. 4 The apparatus may conprise a display nodul e
configured for sinultaneously displaying the nodelled
normal area, the nodelled abndrmal area, and the

anal ysed live data values. 5 The apparatus may

fThe eprarate® Mol icompaiseiadisblas enddote enfigureg foremeltaeoasiy displaying
retrieving therefrom data sets, nodelled areas, and
treainpdelteddadranal alrere she Tiwletied iabhmwlfm@éﬂ, entale fahiﬁlyb&f live data
be configured for pre-processing data values of the
vaheabl es. 10 The nodel Iing nodul e preferably uses

princi pal conponent analysis. The plotting nodul e
preferably uses advanced area nonitoring. 15 The

apparatus may further conprise at |east one user

interface for VIdI acces zﬁ %?e defin n nDd _

ZH% 4Py SSIBF%&{Iﬁ’Bﬂ.U? PIRECHI BTG &r Stg'é’&% réin, and remevmg
enpl a ect, there is provi ded a net hod of

ﬁﬁrﬁfioa?,u%&sg , mofeleskareas) ansranelysed d¥ppiluet ng a

plurality of variables. The nethod conprises defining
a 20 normal-condition data set may conprise data
val ues of the variables when the industrial process is

Dhedefining mstids may rfofthe! beceondighitednfor @&f pl@k:&ﬁm%rklata values of the
abnormal -condition data set nmay conprise data val ues
dridbhe. vari abl es when the industrial process is

operating under an abnormal condition; nodelling a

nor mal - condi ti on nodel from the normal - condition

The modelling module preferably uses principal component analysis.
The plotting module preferably uses advanced area monitoring.

The apparatus may further comprise at least one user interface for providing access to

the defining module and the display module.

According to a second exemplary aspect, there is provided a method of monitoring an
industrial process comprising a plurality of variables. The method comprises defining a
normal-condition data set may comprise data values of the variables when the industrial
process is operating under a normal condition; defining an abnormal-condition data set
may comprise data values of the variables when the industrial process is operating under
an abnormal condition; modelling a normal-condition model from the normal-condition

data set; modelling an abnormal-condition model from the abnormal-condition data set;
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data set; nodelling an abnornmal -conditi on nodel from
the abnormal -condition data set; 5 plotting a
normal - condition plot fromthe normal -condition nodel;
plotting an abnormal-condition plot fromthe
abnormal -condi ti on nodel ; and analysing |ive data
val ues of the variables for S|nultaneous di splay with
the normal -condition plot and the abnormal - condition
plot. 5 The nethod may conprise sinmultaneously
alotiingya myrmpleconditial phwniom dhe prasmal-génglition model; plotting an
abnormal -condition plot, and the anal ysed |ive data
wbharem]-cdriitione ploo drofra yhec shptmslecaiditfonn@odeld and tnilgsih@ Give data
data sets, nodels, plots, and anal ysed 10 data val ues
valudef fhe @mqabls@foalaﬁﬁ@tanwﬁs dTes1aPdrithaNe hormidlbndition plot and the
conpri se pre-processing data values of the variab

t he normal -condi ti on nodel and the
g ﬁgﬁﬁg conéh??%n nodel . Model ling the
nor mal - condi ti on nodel preferably includes
constructing a principal 15 conponent anal ysis node
fron1ﬁge nor mal - condi.ti on data set. Mbdelling the
ABAdrstaed asydrammsise nvmultanspusly diglgying e, seimnal-condition plot, the
projecting the abnormal - condition data set onto a
prriaieiapednditymmiete and the ahslyses livsdiata adwest r uct ed from
the normal-condition data set and generating a
princi pal conponent analysis nodel for the 20
abnormal -condition data set. The nethod of any one of

ThenfBhdd they ddnpMRefi&idy eﬁ‘ld%&ier\‘/%g A8 s 1O B 1S PR, tah@ Analysed

pl ot |nclu es generating a nornal-condition advanced

?&Q@du gqhﬁgaaggb%fron1nodel geonetry exported

romthe norna con i on nodel 6

The method may further comprise pre-processing data values of the variables before

modelling the normal-condition model and the abnormal-condition model.

Modelling the normal-condition model preferably includes constructing a principal

component analysis model from the normal-condition data set.

Modelling the abnormal-condition model preferably includes projecting the abnormal-
condition data set onto a principal component analysis model constructed from the

normal-condition data set and generating a principal component analysis model for the

- abnormal-condition data set.The method of any one of claims 8 to 13, wherein plotting

the normal-condition plot includes generating a normal-condition advanced area

monitoring plot from model geometry exported from the normal-condition model.
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Plotting the abnormal -condition plot preferably

i ncl udes generating an abnormal - condition advanced

area nonitoring plot from nodel geometry exported from

the abnormal -condition nodel. 5 Analysing the |ive

data val ues of the variables preferably includes

perform ng principal conponent analysis on the |ive

data val ues to obtain live sc8res information, and may
further include projecting the |live scores information
Shtiong thg sa,bn@xynaéfcon%teorn detapreferablai iricbidep| generating tame abnormal-
abnormal -condition plot. 10 Brief Description of the
Evradifiorg advanced dega trvaitotime plotvkori modelagedieetiyukkyorted from the
understood and readily put into practical effect
hbraabbaiditidnanodg. descri bed by way of non-limtative
exanpl e only exenplary enbodi nents of the present '

i nvention, the description being with reference to the
acconpanying illustrative drawings. 15 In the

raw ngs,; Fl l1is a hemat,ic illustration of a . .
ArpisREThe (i siibas oS RRERAHLER W TeBbY Mcfidgs DertSining principal
architecture diagramof an exenpl ary apparatus for
RIAPINSAT ARl Yss P gl?slﬂ‘fq data velpeclosebtaiplige sgores ipfofmatign, and may
chart of an exenplary nmethod of nonitoring an
furthgs tindlade progasting :the biveIs@reg informaticex emtpl adisphuyagththef normal-
data val ues of a variable during a period of operation
céndition slxeadl the yoronduiséondalonpl@cess; FIG 5 is a
schematic view of an exenplary Advanced Area
Monitoring Plot derived using the apparatus of FIG 2
and the nmethod of FIG 3; 7

Brief Description of the Drawings

In order that the invention may be fully understood and readily put into practical effect
there shall now be described by way of non-limitative example only exemplary
embodiments of the present invention, the description being with reference to the
accompanying illustrative drawings.

Inl the drawings:

FIG. 1 is a schematic illustration of a prior art Advanced Area Monitoring Plot;

FIG. 2 is an architecture diagram of an exemplary apparatus for monitoring an industrial
process;

FIG. 3 is a flow chart of an exemplary method of monitoring an industrial process;

FIG. 4 is an exemplary graph of data values of a variable during a period of operation of
an exemplary industrial process;

FIG. 5 is a schematic view of an exemplary Advanced Area Monitoring Plot derived

using the apparatus of FIG. 2 and the method of FIG. 3;
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FIG 6 is a schematic view of another exenplary
Advanced Area Monitoring Plot derived using the
apparatus of FIG 2 and the nmethod of FIG 3. Detailed
Description of the Exenplary Enbodi nents 5 As shown in
FIGS. 2 and 3, an exenplary apparatus 10 and net hod
100 are provided for nonitoring an industrial process
80. The apparatus 10 conpriseg a defining nodule 12
configured for defining data sets. Data sets are

G had & schematit avieil afeanotifer prxomplasy Vedviaabdde AreanMdnitedng Plot
in the industrial 10 process 80, obtained during
dgrevedtusing thé appaeatyy GRFISS 2 30d eheahetBodof FIml 30f ti ne.
Preferably, data values are obtained for each variable
in the process 80 for a duration of a conplete
process cycle. FIG 4 shows an exenplary curve of data

BRLEP CROAH: AR e IR E Rt Bilidimgl ' 0L e 10 15 an

deflnlng nodul e
2 s con ch that it allows a

A3 shewB 3L FiT £5af 4 i Seidnliy avbmstiiel € atihmeihodn Wars provided

set 12-N, 102 fromthe raph. For exanpl e, defining

fqﬁén%ﬁoﬁagawd@mabwos%sﬁgoset 12-N nmay be as sinple

as selecting data values of a variable (e.qg.

tenperature) that fall within a certain acceptable

threshol d val ue 12-T when the process is operating

Thel @ppeati® N0BdongRised 8 definfiy. mbduld IRoEdTHgufdN b tdeBifing data sets.
data set 12-A is also defined 104 by selectlng dat a

Palues dllalerat® fRkt aétg Ql1det grfn F?Qﬁ‘?a%?ecs lnglr\}e(ﬁ Ii]r? the industrial

process operates under an abnormal condition, b
b n tion V. varia
baFeR. o L R B T B & 8l B e
Different abnormal, condjtiaq of the industria
BTaE o Ve B PRetetong b RETaDE PhinkdroRsau PG s dygation of
appropriately selecting data 8
a complete process cycle.

FIG. 4 shows an exemplary curve of data values obtained for an exemplary variable in
an exemplary industrial process 80. The defining module 12 is configured such that it
allows a user, such as a process operator, to define a normal-condition data set 12-N,
102 from the graph. For example, defining the normal-condition data set 12-N may be
as simple as selecting data values of a variable (e.g. temperature) that fall within a
certain acceptable threshold value 12-T when the process is operating under a normal
condition. An abnormal-condition data set 12-A is also defined 104 by selecting data
values that are obtained from the process when the process operates under an abnormal
condition, i.e. the abnormal-condition data values of the variable are values that exceed
the acceptable threshold value 12-T. Different abnormal conditions of the industrial

process may be defined using the defining module 12 by appropriately selecting data
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values to define data sets for all the variables

involved in the process and by appropriately grouping
abnormal -condition data values of different variables

under known and di screte causes that resulted in

process faults or deviations. For one industrial

process 80, nultiple abnormal -condition data sets may

thus be defined by 5 coIIectiﬁg and observing data

val ues of the variables over a nunber of process

vgleedo define dathi setndommetluthe variabtesf mvablkeg ial $® process and by
conpri ses an extensive data pre-processing function
eppropgatelyd gtonpipgeatnoerah]l-andfioa- ddto oafies cail gkt vdahBles under
val ues. For exanple, where there are missing data

¥abwh Sand2diVtiefe ichkas itHatVRLMER fHPRoRSs Fudlislk BCUePRISRS For one
due to 10 errors in data collection, the
S

h
TSR FEROR HPEHIR A8 SR i e

[
O
e m Ssing a valu
gg@in&ted val ues renmoves, i nvalid

nd desel ects.

08 GRLAPSTERT Al VEIHES QB vaiables £y SR murmber ofpgocess cycles.
defining nodule 12 is therefore configured to allow a
process operator to prepare data sets for analysis in
a sinple, thorough and efficient manner, aided by the
dae aefinmgpmodws sli2ngrefanatdy iabso. carbprides ianecktelmivae datd pre-processing
12-N, 12-A are preferably stored in a database 22 for

sutkesion uenfigurettd i @ealeaB Ol pasSProcksy tdIRcRYEdER daMieSEFHOExample,
100, the defined nornmal -condition data set 12-Nis

whert th¥reardReSInkidag VIREE|12-Mi%r Avalill Q/aﬁl@?%fcﬁtag %}'tflfgct.ts ikes due to
nodel I [ 106 by

-a normal -condition PCA nodel 1 perform hg

B0 Whe Q&[&B@C ﬁrr%g.Eﬁtei'é}?%%ﬁ%‘geﬁl%“olnz_"w t%g ddeif}zngrllg module 12

constructing a nor mal - cond

data set. 12-N. The nodel]ing . nodule 14 is al so used.to
ARBRRTSHY 57 o SmiSRE sl S V1B e fsigp aarghgesclects or
Each abno_gal-con ition nodel is nodelled b¥ ) '
b«?f%?VéémVﬁE yalugy Moy delaning thedstroretial 2-No hdih ¢ Thmdeftning module 12
set 12-A onto the PCA npdel constructed fromthe

tsohengfore configured to allow a process operator to prepare data sets for analysis in a

simple, thorough and efficient manner, aided by the data pre-processing function.

Defined data sets 12-N, 12-A are preferably stored in a database 22 for subsequent
retrieval and use. In the exemplary method 100, the defined normal-condition data set
12-N is used by a modelling module 14 of the apparatus 10 to model a normal-condition
PCA model 106 by performing PCA on the normal-condition data set 12-N and

constructing a PCA model from the normal-condition data set 12-N.

The modelling module 14 is also used to model one or more abnormal-condition PCA
models 108. Each abnormal-condition model is modelled by projecting a corresponding

abnormal-condition data set 12-A onto the PCA model constructed from the normal-
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9 condition data set 12-N and generating the

abnormal -condition nodel. In this way, mnultiple
abnormal - condi ti on PCA nodel s may be nodel | ed usi ng

the nodelling nodule 14. The nornmal -condition and

abnormal condition PCA nodel s produced by the

nodel 1'i ng nodul e 14 are preferably stored in the

dat abase 22 for subsequent retrieval 5 and use.

Preferably, the nodelling nodule 14 is also configured
conditigiodetaj sedi MrNudild gangedting phe abypomnad-chnditiomlmorel. In this way,
nmoni toring purpose and to export individual node

gebtipt abesmab coralifidroP €A ngodebttibebd hodéllddnsirpha hiddeBing module
10 for plotting correspondi ng AAM plots 110, 10 112.

Vo dqhe PRsrAIAR ESH G And B EhAIC 8ot BorP PRI AL TABd s ?roctﬁlced by the
stored in the database 22 for subsequent retrieval -

ARSI RO WD M2 sy

%ﬁﬁﬁggry exported fromthe normal -condition PCA nodel .
' ?arly, abnormal - 15 condition AAMplots are

generated 112 from nodel geonetry exported fromthe

abnormal -condi ti on PCA nodels. Al generated AAM plots

are preferably stored in the database 22 for

Braferablive the medellieg ahodiel 1dsis. alés cemfigured o kst ibdisiddal model
6, a graphical display 20-1, 40-1 of a conplete

parempleay for AAVhPIOhiteGHOpEHOG 4nd tb RRpHE aRVIHual iR EédRetries to
si mul t aneously shows the nornmal -condition plot 16-

apbttiie mdanRy 1Bbf 2R syadidd o0 fH @bﬁinﬁgfdgeﬁ%ggl@%%\f plots 110,

bound areas. Each abnormal -condition

f : ecific Kk ahnor.nal.i t
{PL? M5 lp.){raﬁ{‘aeperrf %?@%%og?etrﬁgs dgre. re erlagfgzvgfso s*%grs?dgla _theF%q;abase 22 for
g@ﬁelkghfkn ak%&qical catal ytic cracking furnace of an

at can occur ustrial ‘proce
ytene SIS SF‘acility where feedstock is

conti nuously heated and cracked inside the furnace
t ubes,

Using the plotting module 16, a normal-condition AAM plot is generated 110 from
model geometry exported from the normal-condition PCA model. Similarly, abnormal-
condition AAM plots are generated 112 from model geometry exported from the
abnormal-condition PCA models. All generated AAM plots are preferably stored in the
database 22 for subséquent retrieval and use. As shown in FIGS. 5 and 6, a graphical
display 20-1, 40-1 of a complete exemplary AAM plot according to the present
invention simultaneously shows the normal-condition plot 16-N and the abnormal-
condition plots 16-A as discrete bound areas. Each abnormal-condition plot 16-A
preferably represents a specific known abnormality that can occur for that industrial
process 80. For example, in a typical catalytic cracking furnace of an ethylene cracker
facility where feedstock is continuously heated and cracked inside the furnace tubes,

one abnormal-condition plot 16-A may represent over-heating of the furnace, while
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one abnormal -condition plot 16-A may represent

over-heating of the furnace, while 10 another

abnornmal -condi tion plot 16-A nmay represent pluggi ng of

an inlet or outlet. Oher abnormal conditions could

be | ow burner efficiency or excess air, all of which

have identifiable data val ues %or t he process

vari abl es i nvolved. The pIottﬂ g nodule 16 is

therefore preferably configured for the process

Spethet ahnormakeqnditonnpliob H6ahomay tepSesphtuplaigging aff an inlet or outlet.
abnormal conditions are to be plotted and / or

@itkgyl abperinali donditioas toul&IbeJowsSbuanet Efialeacy shoxeeks ¥ie, all of which
scores information 18-L projected onto the graphica

taepidamsfiable data 48luds RF thd oMV MIS inlbIVEd. SIER PBstting module 16
information 18-L is generated by analysing live data

Y tHeeSork 1gre RPN ngﬁ@rg%nfﬁrsﬁl%gﬁr‘?)@éss %gl‘é{/a%ri t%nsc‘e(ljﬁ%F evxtll'ﬁgl among a

i ndustrial 10 proces an anal ysis no

R 0o B GadthcRPlsad b5 Bbrisand P G ol asal

perform ng PCA on |ive data values obtained fromthe

i ndustrial process 80 to generate the |live scores
information 18-L, and subsequently projecting the

FIGR 2@ad s alspfsbewali Yeoscor®- infermation HS-1AAibjptted onics tHeagraphical
20- 1, 40-1. Projecting the live scores informtion
dBplayprefleranl yf thecAadeplamivagedits ifomsaidhyl 8-L M€ glfierated by
online tags with reference to the earlier generate§

alﬁwsn?iﬁlv& datdvalRees eNlobhghddNfomes WubEnOBpQatidie ¥We industrial
pl ot di

di splay 20-1, 40-1. The live scores "information

Uk R 8 51 CLEy 1O LR Bl s
Aemvane LOn ahaRgheg b7 pge ot o pes mine b onderge vaes
S10FmER 1 1S REBTo g 800 BTl Seeres mfagmation 18-L, and
outside the normal -condition plot 16-N, it can be

subsequently projecting the live scores information 18-L onto the AAM plot display 20-
1, 40-1. Projecting the live scores information 18-L preferably includes mapping
necessary live or online tags with reference to the earlier generated PCA models and
presenting the results onto the AAM plot display 20-1, 40-1. The live scores

information 18-L is preferably also stored in the database 22 for subsequent retrieval

and use.

Where the live scores information 18-L fall within the normal-condition plot 16-N, it
can be considered that the industrial process is currently operating normally. Where the
scores information 18-L fall outside the normal-condition plot 16-N, it can be
considered that process deviation has occurred or is occurring. Live scores information

18-L falling outside the normal-cohdit_ion plot 16-N can therefore be taken as a trigger
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consi dered that process deviation has occurred or is
occurring. Live scores information 18-L falling
out si de the normal -condition plot 16-N can therefore
be taken as a trigger 11 or alert for the process
operator to take action on current operations of the

i ndustrial process 80. Preferably, a display nodule
20 is provided to simultaneou$ly display the abnornal -
5 condition plots 16-A together with the

norfesl for dhelptrdcess qriepttor] ®- takd 26ti@monm ceirerg| aperagivap i ¢ied industrial
di splay 20-1, 40-1 that is provided to a user on a
pemessc8insol e 24. As shown in FIG 5, the AAM pl ot
20-1 may be displayed together with deviation or
variation reports 20-2 obtained by other statistica
met hods in order to corroborate results of the PCA

I r I { ot her, reports. 20-2. ma
BRSO, 0 oy FRBE AR Sy S KUGTRRRN Buffly 0o
and..results from SPE anal ysis 32. The AAM pl ot 40-1 .
RARAITGN 2ot 467 dpeihee Vit dam RemiakicpRiEpmANot, iNed16 on a single
contai ning informati on such as current conditions
grabical dipplan 24, 4Grathai sepromigad tor hey on@-wgengongole 24. As shown in
di agnostic history 40-4 over a certain period of

FlGes, it BAMIipietl 2Grhemaglbe disslpyeyioggthehevith deviation or variation
abnornmal -condition plots 16-A with the nornal -

£epoets ROMotrhiakd B obherBALIMIAI BREHIAY id BRIel k/ BorBHITAS results of the
information 18-L onto the display 20- 1, 40-1, a user

E@Ai SEAARE Blo¥s. Pf)f)é{)ia?ﬁﬁe,%é 5‘%%11 rl%galgs h@-@rﬁ% écﬁ'ﬁ%@sn%t}#éelling’s T-

ow the i ndustria process evi at'l

Adi 100, ~d .6 . T ] scoy es Jj.nfornat.i o
GG aRs) M ol URSOANRESRRLSR 7 TR -1 may
q %be. l.acement . of the cor% 20 infornmation 18-L on
el DA RIPXE) peher yithypther (ables contgiuipg ipfprmator, gpehygs current
di screte abnormal -condition plots 16-A. Such visua
Fonitiansi49re, Vel essthatwreed aranitosing 403serra diagnostic history 40-4 over a

certain period of time.

By simultaneously displaying the abnormal-condition plots 16-A with the normal-
condition plot 16-N and projecting the live scores information 18-L onto the display 20-
1, 40-1, a user is immediately provided with visual indication as to how the industrial
process 80 is deviating from the normal condition, i.e., the live scores information 18-L
visually indicate what abnormality is occurring by the placement of the scores
information 18-L on the AAM display 20-1, 40-1 with respect to the various discrete
abnormal-condition plots 16-A. Such visual indication reduces the need for a user to
perform process diagnostics to find out what problems are occurring since it is already
shown on the AAM display 20-1, 40-1. The user therefore does not require substantial

subject expertise in order to understand the results of the PCA and AAM pl'ots. The
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perform process diagnostics to find out what problens
are occurring since it is already shown on the AAM
di splay 20-1, 40-1. The user therefore does not
require substantial subject expertise in order to
understand the results of the PCA and AAM plots. The
12 apparatus 10 and nethod 100 thus allow a user to
identify key vari abl es responé?ble for deviation from
the normal condition so as to understand the cause(s)
@ppafetys 49 janth mettod 10Qhay altays a berdn ddambifihkel dTabkes sesponsible for
al l ow patterns of degradation to be captured, thereby
devietiorn fomytht @ottaleionditidnisd ab e upd@sesd tHkalse(Heof deviation. The
identified and corrected. 5 Wilst there has been
dp5erathd 80l ahd miehR dfl 10089Q) NBwISsR ks d%@raﬁét%?{oq{ey captured, thereby
enbodi nents of the present invention;, It wll be

Y i1l i.n.the t.aechnolo
eNEInE s Rl RS Bl RS04 e e B AR et g,
construction and/or operation my be made w thout
departing fromthe present invention. For exanple,
besi des PCA, reference 10 nodel s may be nmade using
S¢hilst therehas depr describerd in the faregaing fescrintion exempdanylembodiments of
industrial process using information fromnultiple
thedeesent iikentmoni eyitl befundéiMond py bleose Bidlet @ theaachnology concerned
si npl e graphical interface such as a Mcrosoft Excel TM

that ey hahtidiRr inadetaiRl dfededithi ¥enstatidaRl/oR65@ i ay be made
the information. 13 The Cains 1. An apparatus for

IRAb A pattirAN frbMIHRL freént REQHASS. ]f:(ng\jg)ﬁzf;ngg#?éési%%ePCA, reference

process  conprising a plurality o _
%@??% ?1&] léé: ﬁ{gg%ﬂgl.nggoﬁ}&%t s?%%&iggﬂgolg&%ieestﬁp prfoln%grriggd t}{eolrndustri al
process using information from multiple models. The concept of AAM may be imported

on to a simple graphical interface such as a Microsoft Excel™ spreadsheet for an

alternative method of accessing the information.
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5 conprising data val ues of the variabl es when the

i ndustrial process is operating under a nornal

condition and for defining an abnormal -condition data

set conprising data values of the variabl es when the

i ndustrial process is operating under an abnornal

condi tion; a nodelling nodule configured for nodelling

a nornal -condi tion nodel fromt310 the normal -condition

data set and nodel ling an abnormal -conditi on node

{he@laintse abnor mal - condi tion data set; a plotting

nodul e configured for plotting a normal-condition plot

fir omArepparatugBlorc aidvitbfing ddeduseill ploeédsi NBe Afdustrial process

abnormal -condition plot fromthe abnormal-condition

nodel., I I [ or
comPAsingd ] pRitalRy %k¥ﬁ%é&g&%ta§gﬁ%g .cgrgrnggné.

analysing ITve data va vari for

simul tan [ i t-h the.nornal.-conditio | ot

and t hg g no?gra’ﬁgé@% n%&“&l S .dg%mﬁf’ hd %WF%‘?’H@“‘B? dataset
claim11, .further conprising.a_ display nodule ) )
Con PEPERING GAa vAicS ohihe ARG Yhen D5 Bguseplimrecess is operating
nodel | ed normal area, the nodel |l ed abnormal area, and

t he HAGAryaerprmial; conditian vanduder. defining. arThbneppacenditonfdata set
any one of the preceding clains, further conprising a

dat abersprifiog dstaoralueg dffike eantablanehderethei iatusagal process is operating
therefrom data sets, nodelled areas, and anal ysed

dat auiddrdfabndndl coldgigppar at us of any one of the
precedi ng clains, wherein the defining nodule is

furthep ncofflinguh&8lué QonfuTedfc? %osfellﬂ% JR 2 BbY8R 0P thodel from

t he vari abl es.

the normal-condition data set and modelling an abnormal-condition model from
the abnormal-condition data set;

a plotting module configured for plotting a normal-condition plot from the
normal-condition model and plotting an abnormal-condition plot from the
abnormal-condition model; and

an analysis module configured for analysing live data values of the variables
for simultaneous display with the normal-condition plot and the abnormal-

condition plot.

2. The apparatus of claim 1, further comprising a display module configured for
simultaneously displaying the modelled normal area, the modelled abnormal area,

and the analysed live data values.
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5. The apparatus of any one of the preceding clains,

wherein the nodelling nodul e uses principal conponent

anal ysis. 10 6. The apparatus of any one of the

precedi ng clains, wherein the plotting nodul e uses
advanced area nonitoring. 7. The apparatus of any one

of the preceding clains, further conprising at | east

one 15 user interface for pré&viding access to the

defini ng nodul e and the display nodule. 8. A nethod

8f ndhe appdrays afi anndos df thel precedoesdaintsh éurthed uepiisihg a database
process conprising a plurality of variables, the

met héat storipg itheroy, ahdf tofiieving th@efdh; dadidtd, Omodeled areas, and
set conprising data values of the variables 20 when

the pRyelidafdlvaRfe@cess is operating under a nornal

condi tion; defining an abnornal -condition data set
conprising data val ues of the variables when the

i ndustrial process is operating under an abnorna

%gpggflé o%}?az?ntgg (S Alﬁgﬁlga%fg]?fg {)rr%l ongllprgxés? g@rg?e?ne Ithefdre(f:llglr}ntghrr(:i‘odule 18
abnormal - condi ti on nodel fromthe abnormal-condition

dat afuster cordiguraddpr prgpracessingditacehgs of b vptidies r om

the normal -condition nodel; plotting an

abnormal -condition plot fromthe abnormal -condition

nodel ; and analysing |ive data values of the

yari ahé epparais 6f 4y dRNEFAHS prbicsdih@¥lahhs, wleb@n the modelling module
normal -condi tion plot and the abnormal -condition plot:

5.9.u&gﬁﬁggbgqgnﬁ%nﬁh%hgz§& further conprising
si mul t aneously di'splayi ng the normal -

6. The apparatus of any one of the preceding claims, wherein the plotting module

uses advanced area monitoring.

7. The apparatus of any one of the preceding claims, further comprising at least one

user interface for providing access to the defining module and the display module.

8. A method of monitoring an industrial process, the industrial process comprising a
plurality of variables, the method comprising:
defining a normal-condition data set comprising data values of the variables
when the. industrial process is operating under a normal condition;
defining an abnormal-condition data set comprising data values of the variables
when the industrial process is operating under an abnormal condition;
modelling a normal-condition model from the normal-condition data set;

modelling an abnormal-condition model from the abnormal-condition data set;
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condition plot, the abnormal -condition plot, and the
anal ysed |live data values. 10. The nethod of claim8
or claim9, further conprising storing and retrieving
data 10 sets, nodels, plots, and anal ysed data val ues
in and froma database. 11. The nethod of any one of
claims 8 to 10, further conprising pre-processing data
val ues of the variabl es befor& nodell i ng the

nor mal - condi ti on nodel and the abnormal -condition
nodel . plpgtinga normal-penditden pipt fiom theeorofal-comditien Motlel; 11,
wherein nodel ling the normal -condition nodel includes
const r phttinpoaneabpoinmal icpadition o fiont thanbhyrdias-comiedn Mo@el and
the normal-condition data set. 20 13. The net hod of

any ongndisifd ave®a Jabuehof tﬁ@%ﬁhﬁlem%ﬁlhﬁ&eﬁﬂ@ dlsplay with the
abnormal - condi ti on nodel |ncludes projecting t

abnoa&%meaﬂp&a it 42 dat  Bhe 380:BM-Bo fti Bl W' pal

conponent analysfts cons ruc om t he

normal -condition data set and generating a principa
conponent analysis nodel for the abnormal- condition

dat a 14. The method of any one of clains 8 to

73, %fr@ﬂwdmf&!ﬁtninr?g funther sompHEping sivanltaneepshy displaying the normal-
i ncl udes generating a nornmal -condition advanced area

moni enditinp Pbio thefaboarmakwdeditige plostang tieepmitytsed lif e data vhlaes.
normal - condi ti on nodel. 5 15. The nmethod of any one of
claims 8 to 14, wherein plotting the

abnormal -condition plot includes generating an

PNOTHRhTeRRAVII A REYEARRY, AlrfRr CORPHQhE ¥riRk Ahd retrieving data

sets, models, plots, and analysed data values in and from a database.

11. The method of any one of claims 8 to 10, further comprising pre-processing data
values of the variables before modelling the normal-condition model and the

abnormal-condition model.

12. The method of any one of claims 8 to 11, wherein modelling the normal-condition
model includes constructing a principal component analysis model from the

normal-condition data set.

13. The method of any one of claims 8 to 12, wherein modelling the abnormal-
condition model includes projecting the abnormal-condition data set onto a
principal component analysis model constructed from the normal-condition data
set and generating a principal cbmponent analysis model for the abnormal-

condition data set.



10

15

from nodel geonetry exported fromthe
abnormal -condi ti on nodel. 16. The nethod of any one of
claims 8 to 15, wherein analysing the |ive data val ues
of 10 the variables includes performng principa
conmponent analysis on the live data values to obtain
live scores information. 17. The nmethod of claim 16,
wherein anal ysing the |ive datéa val ues further
includes projecting the live scores information onto
44.di $he mpetlofd efremyranerd] clams @i toi B whieotin plidtimn thetrtoemal- cond1t1on
abnor mal -condi ti on plot.
plot includes generating a normal-condition advanced area monitoring plot from

model geometry exported from the normal-condition model.

15.  The method of any one of claims 8 to 14, wherein plotting the abnormal-condition
plot includes generating an abnormal-condition advanced area monitoring plot

from model geometry exported from the abnormal-condition model.

16. The method of any one of claims 8 to 15, wherein analysing the live data values of
the variables includes performing principal component analysis on the live data

values to obtain live scores information.

17.  The method of claim 16, wherein analysing the live data values further includes
projecting the live scores information onto a display of the normal-condition plot

and the abnormal-condition plot.



