METRI C BASED PERFORMANCE MONI TORI NG METHOD AND SYSTEM
FI ELD The present invention relates to perfornmance
nonitoring systens, and particularly systens desi gned
for use in process plants. BACKGROUND COF THE | NVENTI ON
Pr oEersac B ASES PERFORMAREBEMORITORNG METHUIS BNOPSYSTEM
pl ants conprise hundreds of thousands of interrel ated
conmponents rangi ng from i ndividual devices, such as
Flgepntrol  val ves, to conpl ex plant equi pment such as
mul ti-stage conpressors and heat exchangers, for

exan sresdGhvention REKEs (PPRVMPRAS %ﬁﬁore?%%%s and particutarly

continuously in a safe, efficient and féctive node

systemOdd@ynel r Js@f?n ﬁfﬂcb§§plght§nt to operate within
predetermned |evels of safety, quality and

production. Accordingly, hundreds of such devi ces,
| oops and equi pnment are required to effectively

BACRGROUND loF PHEMIVERTON N turn, these assets nust be
constantly nonitored for their optinml operations.

Coumrbb&ssSpI it QUcitbs cRE&RIAr ARNEArdMBicar blH&s%Ynﬁ?pﬁg@ hundreds of
have been devised as attenpted sol utions, but
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t hensel ves. For exanple, those based only on

vahRer ftar aenAgex | PdhC a@lptndPigh 99 RRAt- st@éé’déb‘ﬁﬁ)r@é?aors and heat

i ntegrated presentation of the necessary informnation

excﬁérﬂj%#s tf&eé&a @&Eﬁ %F fes® B&Mp%n@'ﬁu@? P c&r‘&l?ﬁ:ﬁ@ély in a safe,
| oop | evel larly, other systens focus on highe

effiGEHeny| e?!eﬁ@aé t%‘é@é $n ofid} RN chifre RARYS 'oﬂgra?egﬁltﬁlﬁtpr&?é‘iérmmed
performance and projected targets. These systens are

levdlObt ATl RRftyYantph6dicabed i nto the operation and
mai nt enance | ayers, as does the present invention

whepnebytdiagly! RLSGEAS @F saBf eORBE CRBPS e & u?ﬁ%én‘f re required to
provi ded o? the total plant perfornance ac{ ev c%
effdc@MR) cor@@NtNPhiahO@Ra!ifV&h, #RYe assets must be constantly monitored for
their optimal operations.

Countless prior art performance monitoring systems have been devised as
attempted solutions, but all have had serious shortcomings and/or created problems
themselves. For example, those based only on Key Performance Indicators (KPIs) do not
produce an integrated presentation of the necessary information since they concentrate
only on the process control loop level. Similarly, other systems focus on higher,
supervising levels, but only by measuring against past performance and projected
targets. These systems are not seamlessly integrated into the operation and maintenance
layers, as does the present invention whereby an integrated and comprehensive view is
provided of the total plant performance at the device level, control loop level and
equipment level,

Moreover, while there have been prior loop and device performance monitoring

systems, such prior systems have required highly skilled operators to interpret the resuits,

.




equi pnent | evel. Moreover, while there have been prior
| oop and device performance nonitoring systens, such
prior systens have required highly skilled operators
to interpret the results, - 1 and the results do not
anddihegesulip da eottdiretthetikRl thed(Ris entrbntlyi in ussasaeddls sydiem of the
systemof the present invention. O her prior attenpts
prepent engarftier dhdrr prorcattenents ihage daffareav fomoathvepingbd@asoverioad
for the operators into information overl oad probl ens,
problemsdarsthe lopesyms @rio offoradion prarbed tprotierentwhaneas the system of the
normal i zes the conplex results into only 3 states such
presgnt inventigxamplalizes thExwoeiplentiyls'idGoamyDe teitdsosuahiaggfor exampie,
and "Bad", Further, these can be col our coded so that
"Exbélght”y “"Gadd/ Deidriaptingtands'Bade Fucther, diopsier @oh, babslo@r adled so that
of interpretation are avoided. By way of exanple, a
highly pkited oratnerdre nosreguired tandteedrsi of ifegretationhare eivoided.
production run is started at 40 and the production 42
conBy waresf, exahiplec adyridal seenetieskibisttdtedireFipet ey production run
until the product is detected to be offspec as
is siaptad ebdeandithe pedutiing Fheantiness, whiterousdlyichscka 4etrapel bérdormed, until
shootin program 48 in an effort to determne the
the pepgleet ipFelepied i bploBprecaRs indisaiest atxtbe dhdpperater theh begins a trouble
t he raJrobI em may i nvolve the PID (Proportional

shoSU i egPmAban o BRP FaatE) R R PAige B0 TspOIET GRS by way
of SRR U8 Praers i e A3 (REGTHATL - GRedin PR Deifegre) turing
0. B At A ToRES PRuel 52 AN RS DeERE rBea: P broskcown
52 ABLHATS S RR3e? o, A1 hip REC R RhIT bl %o TR puBfiom perorrectea

whi@enb @ {TBINE GniRBhLAE ?’”g’?%ﬁ%r l%gégfeépo&;ct .bgéagené’@ﬁgci%ﬁﬁ may be

I nventi on conpares a e sensed condi
resinfdee different levels as will be nore fully
expl ai ned hereinafter, and produces an integrated,

OV aTakrbryad thisledrve Al oRbBAgdpfoach RS BB AMbAYE héhnifoRy control system of
operators. In addition, the conplete presentation my
the presdit Olventici@ompbits Gl of the sensed conditions, at three different levels as will be
more fully explained hereinafter, and produces an integrated, overall and deterministic
presentation to the operators. In addition, the complete presentation may be broken down into
information segments of particular concern to different classes of plant personnel such as, for
example, maintenance, operations, and management.

Other problems of prior art systems include such disadvantages as being limited
to the diagnostics of the component supplier, or discounting the current heaith of the
existing equipment and relying only on periodic maintenance, or an over reliance on RBI
(Risk — Based Inspection) and RCM (Reliability Centered Maintenance) analysis rather

than immediate identification a problem or potential problem before it occurs. These and

other problems of prior art systems are solved by the present invention, along with




i nformati on segnents of particular concern to
different classes of plant personnel such as, for
exanpl e, nmami ntenance, operations, and nanagenent.
O her problens of prior art systens include such
prodiding difeantsabstantis abeinteyekiagivtibdecdnee tiber feiragreoielidwdsg déscription
t he conponent supplier, or discounting the current
of dnegréfhrred etribedimext sftthegreagut ipvattibnand rel ying only on
periodi ¢ nmai ntenance, or an over reliance on RBI
(Risk - Based Inspection) and RCM (Reliability
Centered Maintenance) analysis rather than imedi ate
identification a problemor potential problem before
it occurs. These and other problens of prior art
SUMHARY's are sol ved by the present invention, along
wth -2 providing other substantial advantages as
wi | Thebqeesert chemtiof rampribes fol dystshmgande sethdat if@n mddftoring  the
one preferred enbodi nent of the present invention.
perBUMVIRRYf aThiant casigtperforeng diegnedinpei mes tharsysd erelarithe plant,
nmet hod for nonitoring the performance of a plant
convering cishlis peeaglizdnasgticdiiatg gys.i exmringniireeKP lssagaingt predetermined
| evel of the plant converting results of the
berghmgike s d’éo“i"ﬁ'lgomkpfaéed wiRpaliannge tonige @F@t%hjjéy lexe! of the plants’
redeterm ned benchmarks and providing integrated
per{c))mweg}c,emti on as to the acceptability level of the
plants' performance. BRI EF DESCRI PTI ON OF DRAW NGS
Fig. 1 is a flowdiagramillustrating a typical prior
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Figs. 3-5 are illustrative examples of the displays of information which may be
provided by the present invention to different types of personnel involved in the plant
operation;

Fig. 6 is a flow diagram illustrating the metric based performance monitoring
system of the present invention in further detail; and

Fig. 7 is a flow diagram illustrating the metric based performance monitoring

system in a bottom up mode.

DETAILED DESCRIPTION

Referring to Fig. 2, diagnostics are performed at plant level 10, loop level 12 and
device level 14 by diagnostic means 15. For example, at the device level, factors such as
the device healthiness, device and process interface, and the deviation between design

condition and actual process conditions are formulated in diagnostic step 16, and




Fig. 6 is aflowdiagramillustrating the netric based
performance nonitoring system of the present
invention in further detail; and Fig. 7 is a flow
diagramillustrating the netric based performance

algarithiine det ige  digonoetinsi area dbovddofierupxamyue . frABTAI ddeibination of the
DESCRI PTI ON Referring to Fig. 2, diagnostics are

equipanerd sapplicas specifivatibrevand 80d usesmpxbenice 18t thrdioopl éaviel; evarious
| evel 14 by diagnostic neans 15. For exanple, at the

factdeswiveh Induence duabltyaing asiaotity a$ pradbeticieare dimghesdd iniskas 8. At the
devi ce and process interface, and the deviation

plartietr wewipnues ilgpel, roethdde serh as Ovactivaduipneads $$fectiveness (OEE) or
conditions are fornulated in diagnostic step 16, and

otherknaivgondthitssarb onodelied th stgm@8td ownitoreraductioedofdtiime as a factor
exanpl e, froma conbination of the equipnent

of agsgd peifemsarspepofiidiatiqoakty antlreardundser s experi ence. At
the loop level, various factors which influence
quallrietdiagnodticesntts 23, 2dfarpir26defcaclonf te ¢hrdé &yphsed comverted by a
step 18. At the plant or equi pnent |evel, nethods

conggrtihg aseaDsel alihto BgapgutieatPIEf 2% CTHev BERES 28 (dBEBhe®@rtransmitted to
ot her known net hods are nodelled in step 20 to nonitor

compacdorc 80 omhido wotipaesathem fagainet predibteasbet pachoBr@NBE, Those
production quality or turnaround. The diagnostic

perfoasing tas op 2bo@Atharten2mefkseae thaf idbhidict lise'gob e pelfanare versus
converted by a converting neans 27 into respective

thogdéPbslo@8as ThedédPesora@rdr € hehparfdrmansarilévetd of dhe former are then
conparat or 30 which conpares them agai nst

tranpméiedt bravighefdedimmk Homr B4 B2necbhesthe peisédr sdrregt dencimarks for
above the benchmarks are then identified as "good

futuppesdnaramsos Witk eewlysensdrbsed bedipwdasitputaiten pres thesenfeves..
The performance levels of the forner are then
t r ams milditied tohrdsteytnirfire dthec korbidenp; 3.t thedemaig@pdrivemer(s), the
revised, current benchmarks for future conparison

perfaimnidncadelals seal ed tan dthenakyizes lootdspartd efuipmehiseart dodBnuously
| evel s.

determined and displayed for monitoring by the operators, and other personnel. For

example, data such as quality and production rate may be segregated and displayed to
personnel such as management and on-line operators, while the operators may also see
other operating data such as that at the device and loop level. Figs. 3, 4 and 5 further
illustrate this important feature as the segregated data may be displayed and viewed by
three or more different types of personnel such as Management, Engineering and
Operators, each of which groups is interested in entirely different types of data illustrated
by way of example.

A further example is shown in Fig. 6 in which a user may use the present
invention to manage plant performance KPI as previously described. In this scenario, the
production KP1 60 for a given day is determined to be lower than the target, or lower than

that of the previous day as illustrated at 62. The user then uses the present invention to




In addition to determning the problem i.e. the
underperforner(s), the performance levels of all of
the other devices, |oops and equi pnents are
continuously determ ned and displayed for nonitoring

go by theheespmet dew|), iandhetiber et sodnedntifiEnthatethanplP@, loops are
data such as quality and production rate may be

opesayge garehuahdnalies pithytsd ABC pecBenmel sisavah aas64. Control valve
managenent and on-line operators, while the operators

contrafjabdlity aliagpesticst her trepevsad hy idbatify that thasconhralt vaite tifed been
device and loop level. Figs. 3, 4 and 5 further

expeliénitg bigh dekiaon frprortharset peiat ar shars 4thes, dlegeeg &dreidg it to hunt
data nay be displayed and viewed by three or nore

as ididifpdryedtort fnedstedicepas sbowrekbt 88L.cThat $s, Maen agjesreniiting has affected
Engi neering and Operators, each of which groups is

the iprideicest qublity) asdtherabre, thiwiered tetproguatisn &P dhich has been brought
illustrated by way of exanple. A further exanple is

to tehower'd attéhitign Iy the pdEeohirventker. Thmyuses & thbefgeesdnto identify a
i nvention to manage plant performance KPlI as

caupe-effeduslajiodgsr betvedn tha ddvice sckparitrad,lodphdiagnostics to take the
production KPI 60 for a given day is determned to be

neckssaey chdrhentivé beticnar get, or |l ower than that of the

previous day as illustrated at 62. The user then uses
t heAquoesegiy, the\pestilérorhasdeenddagerniined trersaaxé cbovetion of the loop
level; i.e. the |loop level and identifies that the APC

tunihgogssshame atgpeTiad vathge huntingiuthlis solded #f 22 ahdh éheAfBtrollability 74 is
i nactive as shown at 64. Control valve
impovat mothl theiARG hadki tagithet mode at &6 1 Trenprodedion G 8iislédn dryspec as
that the control valve has been { experiencing high
shode\dt a0l Ghefpresant ireesten ipdharefors cababie oaibilldbng tHeeusdto identify
forcing it to hunt as is displayed on the interface as
the sheanfor dtnpfiemEBhaby obsertihg aveadridatinnbdtngern as eddigatet loop and
the production quality, and therefore, |owered the
devige athgobsins. KPI whi ch has been brought to the user's
attention by the present invention. The user is
t hdn ehother abbezt bbthieeeddnt jnvantion, as shown in Fig. 7, it will be assumed
that there is a problem of inadequate air supply to one of the control valves which is
displayed on the user interface at 90. The personnel also see, at the loop level, that there
is a deviation in the corresponding control loop between the set point and measured
value as illustrated at 92. Additionally, it is seen that there is an effect on the production
quantity or quality KPI at 94, and the overall effect on the KPI of the entire plant as shown
at 96. Therefore, it will be apparent that the present invention provides monitoring the
plant in both a bottom up as well as the top down mode.
In the foregoing examples it will be noted that the entire sequence is performed

while the production continues, whereas in the previous example of the prior art, the user

is not made aware of the identity of the problem until after there has been a device or




cause-effect relationship between the device and
control |oop diagnostics to take the necessary
corrective actions. Accordingly, the problem has been
determned to require correction of the loop tuning,
equigmen deilvraitafteowhithenmaralpredustion timg is Bst inuwoublel shedtirag by trial and
72, and the controllability 74 is inproved with the
errgkPC back to active node at 76. The production 78 is
then on spec as shown at 80. The present invention is
t hefrefrothe tragaaing descrptibowif et érebadeent of thréeimvérdtion, it will be
the area for inprovenent by observing a correlation
apriseenidbat nurecregsiivpriginns wibde apwhrenletoi thesaliskitienb st itres art without
I n anot her aspect of the present invention, as shown
depiantingi fepm The spirihvehd sbepeasisthasaventibrat Accoatingly, st ia tproebliretarstood
of i nadequate air supply to one of the control val ves
thatihie ddregaing despiphgred intanddietolmaliustmatier bidbe panci@es offthe invention
personnel also see, at the loop level, that there is
ratheer diean extiaoativenthehssf,card thap tredirueg inventianols rod dperretivieesre limited
the set point and neasured value as illustrated at
the@Ry, e dimited maddope ottter thmnsaseaxptdsaly sehforth in hedolloafiigecitims.
on the production quantity or quality KPI at 94, and
the overall effect on the KPI of the entire plant as
shown at 96. Therefore, it wll be apparent that the
present invention provides nonitoring the plant in
both a bottomup as well as the top down node. In the
foregoing exanples it will be noted that the entire
sequence is perfornmed while the production continues,
whereas in the previous exanple of the prior art, the
user 1is not made aware of the identity of the problem
until after there has been a device or -5 equipnent
failure, after which nore production tine is lost in
troubl e shooting by trial and error. Fromthe
foregoi ng description of one enbodi nent of the
invention, it will be




apparent that nunerous variations will be apparent to
those skilled in the art without departing fromthe
spirit and scope of the invention. Accordingly, it is
to be understood that the foregoing description is
CLAIMENded to be illustrative of the principles of the
i nvention rather than exhaustive thereof, and that
the true invention is not intended to be linted
thereby, nor Iimted in scope other than as expressly
1. A aetHodrdf mdnitoringethe glelformange of aipfait inchidiBgAleMBes, onifol loops and
nmet hod of nonitoring the performnce of a pl ant
equiproéntdomyrisieyi ces, control | oops and equi prent
conprising: a. perform ng diagnostics at a device
lze vipd rformongt diam nols baxpatl asdezice dematl, eqofrgd et leled aat! equibment level;
converting results of the diagnostics of each of said
Ibe vedrereiting oesults pé tiei dragridBlics; of eaclc ofrgaitt lengls 4 cbsiiPttse KPIs:
wi th predeterm ned operating benchmarks for each of
tchecorsarithg deand &@%s with reddternireguis oardtireqbénpumaratrks fondiadh of the
determ ning the perfornmance | evels of each of said
devsaiedevitazo penterhtbopganpeguipmen2andhe net hod of C ai m
I including the step of displaying said perfornance
lde vedtsrntining ttenperfqpebsaniped!s oeachhé satdecideqfloddsadno e2uipment,
i ncluding the step of displaying different performnce
levels to different plant personnel. 4. The nethod of
Caim2 including the step of colour coding said
2. Prermhethodntélaineiehdudiby thEheemeft dispdavirig Gidpenf@miancd ledesdo plant
the step of displaying the performance |evel as only
perttmre | evel s of performance. 6. The nethod of Claimb5
wherein the displayed | evels correspond to performance
| evel s as being excellent, good but deteriorating or
bad.
3. The method of Claim 2 including the step of displaying different performance levels to

different plant personnel.

4. The method of Claim 2 including the step of colour coding said performance levels.

5. The method of Claim 2 including the step of displaying the performance level as only

three levels of performance.

6. The method of Claim 5 wherein the displayed levels correspond to performance levels

as being excellent, good but deteriorating or bad.

7. The method of Claim 1 including the step of drilling down from the equipment level to

the device level.




7. The method of Claim1l including the step of

drilling down fromthe equi pnent level to the device
level. -7 8. The method of Caim1l including the step
of drilling up fromthe device level to the equipnent

level. 9. The nethod of Caim1 including the step of
conti nui ng plant production while performng steps a
8. Fhef melbdod oA Ggist dnmélodingdime stepi ofgiriling ypefrérthanieeiceflew! to the
pl ant i ncluding devices, control |oops and equi pnent
equipmgnt iesehg: a. a diagnostic nmeans for perform ng
di agnostics at a device level, control |oop |level and
equi pnent level; b. a converting nmeans for converting
results of the diagnostics of each of said levels into
9. Tles peathod eof KPBEL ‘Aridcleding tioe mbeyr iof gcombawiisg fptent production while
conparing said KPIs with predeterm ned operating
perfopenobstapes f br each of the said devices, control |oops
and equi pnment for determ ning the performance |evels
of each of said devices, |oops and equiprent. -$

10. A system for monitoring the performance of a plant including devices, control loops
and equipment comprising:
a. a diagnostic means for performing diagnostics at a device level, control loop level
and equipment level;

b. a converting means for converting results of the diagnostics of each of said levels into

respective KPis; and
c. a comparing means for comparing said KPls with predetermined operating
benchmarks for each of the said devices, control loops and equipment for

determining the performance levels of each of said devices, loops and equipment,




