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i nventi onwoebal®ss1io a nmet hod and apparatus for antici patirngynedcs31
detecting the failure 5 of instrunments. Measuring-instruments such as

anal yzers and sensors, along with contjol valves and other field
instrunments, can fail over tinme. Typically nmaintenance of failed sensors
only occurs a significant tinme after failure. The instrunents will often
have fai | eNMETROD ATD AFEARATVS FOROMONITORING PERFORIVRANCEWNDquent | y
the data fromthem for an unknown | ength of tinme preceding the

i dentification NTHIRAIEFAILIRES BWTAHSER%ME KNes the
operation of the instrunment is critical and any length of tine in which it
is unknow naly.faulty can cause create problens i.n, f anpl e, t
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t has megswyRmfessgen, pH, purity, purity, noisture etc, can be very powerful
tools in allowing the running of an industrial plant to be optim zed.
However, at present their lick of reliability and Iikelihood of failure
means that  t-hei ) t fide LN, t » EOV]
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many niedd afseupiehts, usethill ofer M. tIypically praifeaarse offallédodenddts dapnectukeh i abl e
enough for _opti.m zi hg those processes.- At present in order to inprove the
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anghyzet: ¥ikd "Bl | r et i dnfdd te: al ways
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ar e f aipreqeding2be Tdmtification cfothre faihoeswitteichenreliabtalInrsomeicass the opemtien bf ng

failed sensors for neasuri,n rocess .paraneters .such as thg described in
US 563000BHARCRt S FHCAGIICEY PR SRR YHEA & ¥ SREROARE JORAY R SBRE or
est i Matgeatd prioBletns/Mi foll eRdifpl8fthe AmnMBLStHAhBustAl G1aMl y detect sensors once
they deviate strongly fromthese estimates. Additionally such systens often
wongly identify sensors as failed when they are sinply providing a routine
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o] etecting an 5 unhealthy/potentially ai ling, instrunment usin i
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of the instrument producing such a characteristic neasurenent, or a value
f ur t herM$IptSARRGEAS HAPQRIbensivigand sHl anastnatiabwaysiix fapling amalyzershesaupgibsinohy

conpari tobahi.li 0, %ﬁﬁ' ured characteristic being produced by .
t he insa@gﬁgerrjéﬁpg dgrgh%ﬁl%{%%/ﬁlgig& eniimhealthy,' and produci ng a confidence-

val ue indicative of the likelihood of the instrument 15bei ng unhealt hy.
According to another aspect of .the invention there is provided apparatus

ad2pt ed e 48t &eme kRowRHBahemyticab rewines| fof/ detesfipg fgilad, senservelor  MeasHERE si ng
a proCER§OLs ﬁﬂx%{@?é?%é(ch wﬁg&r g&%ﬁﬁ&i ix?i@ﬁmg 63&18 iHEhEbALARnCHoWRYE Ve a
val ue a characteristic of the output of an Instrunent, to conpare

t he valtheseatlyt dre prividing sersos stitndte sipnalxpleich ek dftat inabauratenamf ohlyaietect

characteristics ﬁfgt e.instru t when healthy, tq. calculate the
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of 30he memstwenmreatit when unheal thy, to calculate the probability of the

i nstrunment 25 produci ng such a value, or a value further fromthe nean of
the expected distribution, if it was unhealthy, conparing the probability

of the. j 0 b [ n heal ;
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t he i nsieforetindy dveing unheal t hy.




30 According to another aspect of the invention there is provided a

conput er program product conprising conputer executable instruction which
when run WO 20n€080F14nor e conputers provi des the nmet hod deSEM29d0/0005¥D

2011/ 081514PCT/ MY2010/ 000331, 3 Further aspects and ains of the invention
w || beconme apparent fromthe appended, cl ai m set. Enbodi nents of the

i nvention will now be described,- by way of exanple only, and with reference
to followng drawings in which: Figure 1 is an illustration of an exanple
of a mpaiudn bbjetnsf thenpretent iflvesion Cto ahitigaiengtuleastesoneof fHegibioge anérgionad
illustration of analyzing apparatus 10 in accordance wth invention; Figure
31is apfqbé%ni)rocess of providing a confidence health index in accordance
with invention; Figure 4 is n illustration of fluctuating data from an

anal yzer; 15 Figure 5 is an. illustration of past fluctuating data froma

f ai | ed Axcetdymerto & guspect 6of shaninvédtiont theré de plovitiet ametntabfii detecting pake; 20
Figure 7 is_an illustration of probability distributions;, and Figure 8 is a
Venh diEgPlfRY o ialy R ing iaSurhentaising fgpiigtis IREISE e e OF RO
exanpl & Qha@cERARY O Nhe! BSHLH BTN hn | insthlth&, 'dar&gaﬁﬁ 2fhe CARESurdnéhtf bPWhdTEL €T
The neasuring instrunent | "detects an output d pen%ent on an 1 nput device
P, whi chariantetibiic tc as expected gistiphutitheoffthewnstetmant whesthealient chlculatingdbs ur i ng
the rate ,of .flow_.of. fluid generated he pu P. In Figure 2.is.shown
Rt e T e R R R DR
2011/ 08 4RECTHhIN268 B0 b3 ed4dibimulbs ¥4t RRY REnG9Nempiraiathe tdeadk®s its
data frominstruments | including field instrunents, analyzers and control

vallQes characteripféc fom eppestadadistribytion ppthe iasiremens when wbcaldlsy, velculpting (kg ch
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conput eforMlicmparoefhs ekpaunell distribuion, (it s unhealthy, uaaparing the arobability BAM and

data storage: such _as a r rive rogramed to performthe processes and
‘the ngeasured charactenr;faic CLe?ng prgducgd b%l the instrumer% when healthy %n when

=tD

‘unhealthy, and produciﬁg a confidence value indicative of the likelihood of the instrument
15  being unhealthy. '

According to another aspect of the invention there is provided apparatus adapted to detect an
unheal'thy/potenﬁaily/ failing instrument, comprisiﬁg a processor and memory, the processor
programmed to determine or receive a value of a charactéristic of the output of an -
20  instrument, to compare the value of the characteristic to an expected distribution of the
charactérisﬁcs of the instrument when healthy, to calculate the probability of the instrument
:producing such a characteristic measurement, or a value further from the mean of the
- expected distribution, if it was healthy, to compare the measured characteristic to an expected
distribution of the instrument when unhealthy, to calculate the probability of the instrument
25  producing sﬁch a value, or a Valu_e'ﬁirther from tﬁe mean of the expected distribution, if it
was unhealthy, comparing the profaability of the value being produced by‘thé instrument
when healthy and when unhealthy and to produce a confidence value indicative of the
likelihood of the instrument being unhealthy. | |

30. . According to another aspect of the invention there is provided a computer program product
comprising computer executable instruction which when run on one or more computers

provides the method described.



10 algorithns that will be described bel ow. Using these processes and

al gorithns, analyzing nodule 16 then provides outputs such as confidence

| evel indwoaborostyiat wi || be described bel ow, al ong w t RCTMY202&000831me
between failure of a particular instrunent (MIBF), the mean tine between
repair of a particular 15 instrunent (BR), and availability rate (the
percentage of tine a given instrunent is always avail able). The confi dence:
| evel indicator describes how confident the apparatus 10 is that a given

i nst r urRethes aspscth@ad hilms. oflthe invemici will kecomle uppdrentieem the apenddd0daiorseds a
deci mal between 0 and 1. If the indicator reads 80% (or 0.8), it neans that
it is 80%confident that the instrunent is healthy. In a predictive

Mai Nt eRGRGRIRERE . : f'-eﬁg}@ A ndi I r -

mai ntenancen%é]r?tgoﬁlﬁelf%ngﬁgc lﬁt e iﬂr?g(%/e‘rsa{ﬂnryeeﬁt b?%%ﬁ?’%ﬁ@%t%ﬁd@% el ow
a pr edetferanice tdfollatirg drawingzssn $886h: The MIBF can then either classify a .
fail.ure as an instance when the i.nstrunent fell below this value or when it
is donfirmed as failed/faili ng by mai ntenance personnel. 25 These outputs
nmay be Festirut jd n U1EARbR YT BT &@Bnpi@fé’f%r m@ésuﬁﬁ@tﬂtﬂmﬁ?édi‘ &ind CRIRHE] Pnpu®!
conput ér prograns for further analysis and actions. As an alternative the
anal yzidewicapdul e 16 nmay be inpl enented solely in hardware such as in
silicon circuits. WD 2011/ 081514PCT/ My2010/ 000331 5 Before a neasuring :
instrument | fails, it will exhibit some distinct behavior. These behaviors
may | N@igde 2ds a4l dHRtaticiCs RaSEzing dppadinidd ofih deddiddrce th BPédtRS; | N readi ng,
or slow response to plant processes. 5 The anal yzi ng nodul e 16.runs

al d8rithms which use the data fromthe OCS server 14 (ori gi nating fromthe
instru . angd 1S iet t i I V-

anal yziae s PORgWopREs OF plliBE e eDERAEL Bl Madel) B MncP it

i nstrunevensionj t i-S possible to anticipate a failure before it actually -
happens. 10 In use the anal yzing nodul e 16 takes data froman instrument |
(via DCS 12 and server 14) over a predetermned length of tine to act as a
sanpl e b idAAYAGGon SPSCHEANY BiShs6/ deRdiyhacan be varied but .too small
a sanpl e can increase the chance of the apparatus 10 not observing any
patlfern and taking too large a sanple will have an averaging effect on the

anal ysi:s_wWhi.ch_c educe. or, cancel o di screfe pattern. Three hours has
been f&s P %%-ﬁgls&%hosnu?eftpgﬁ tiuﬁt‘é%d‘lgr#%fﬁa?qlﬁﬁ% Linstrunents |. The
frequency of the sanpling is also predeterm ned but can be vari ed.
Preferably the sanpling frequency foll ows Nyquists sanpling theorem such

t hat t Hag&a Rt ph glustralipnedfcdpts eonfginingaspikeii ce t he observabie pattern
frequency. A high sanmpling frequency wll generally 20 inprove anal ysis but
too high a. frequency can run into bandw dth issues on a conputer network
an@0t hddigfre(7as tin dlusfrptéon ofi probabiltydiégeindmnt; amd t he physi.cal hardware used as
part of anal yzing apparatus 10. For slow noving instrunments such as process
analyzers, it is efficient to use a |ow sanpling frequency. For nost

I NSt r uBaire 8qsg\%ﬁqmé§aﬂlafﬁlro‘5§$ﬂiiﬁgs.found”to be suitable but for slow
noving instrunents, a one mnute interval or data is adequate and with 25
consequent benefits in reduci ng bandw dt h and conputer processing.
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more test algorithms 60 are applied to them by the 30 anal yzing nodul e 16.
Each ofdevice Pamdpach intihis caw ip eqwimre The diow metentingfounent F0is fegasuinghe rate of

instru / l,yzel i ar e,conbi ned to provide a single confidence
heal.thq?’rqi’&d%ifﬁ]@& géradgg\c‘:yﬂﬁ%%. Rfent 1. WO 2011/ 081514PCT/ MY2010/ 000331

In Figure 2 is shown analyzing apparatus 10 in accordancé with inveﬁtion.

30
Analyzing appafatus comprisés a Disuiblited‘COntrol System (DCS) 12, an OPC server 14
and an analyzing module 16. | | : ' '



6 In the illustrated exanpl e an anal yzer reading 50 is provided to three
different algorithnms 60. One of these algorithnms 60 uses this reading 50 in
i sol ati orwenditvdsesiat her two use it in conjunction with the/mMeasusmszEnt s of
a process variables 56 that are believed to be associated with the
instrunent | in sone way. 5 The test ql gorithnms 60 can include six
different algorithns a/Fluctuation |evel, b/Fluctuation period, c/Nunber of
Spi kes dNal ue e/ Deviation and f/Mnent Correl ation, which will not all be
appr opThatprcs an 848" Ve icofvdnidRa! I SakEl 6t dtacorhOimd R et MPinchfling Field ern
strength indicator and an al gorithm confidence |evel. The pattern strength
i ndi caingtrumngntprandlyzers ay copkel v@lvgsri t hm 60, the format of which may vary -
bet ween al gorithns 60. The al gorithm confidence |level is an indicator of
the probability of the instrunment | being healthy (or unhealthy/failing or
fai | edrhMped 10agends i6X pitpas dataito the VAPCeletval 14)ayhich UetvelSnay RRITEGAtaAge Or
a decimal ranging fromO to 1. 15 The -health index 80 represents the
perTenfeyeninahe@naefat the instrument | is healthy based on all of the test
al gorithns 60 and can be expressed in a sinmlar format to the algorithm
confidence | evels. 20 Taking each of the six pattern recognition test

al gor.i Therservé lidnoudtpuit datadh ORE formbit torth&ehslyzing inddald-l 6 The adaliyting asodoke seen
that there are fluctuations. in the data 90 froman i pstrument | an%

t her ef BYS CAMPESEI SHMRER FHAATRSFSSOp Sl mAmeTY, BFMPEL Heing HaR famea? Rt n t he
level RiANEIMA! RS sRfadeABhidBCast'S §rd 8ridd)! pFd ARl Ne! fHIRR! thbhrbttsSes! hdBNY.

i nstances. Healthy instrunents can be expected to fluctuate between certain
| eVl salginthnisghapevidlrbet descrsbedlHeldw.uct uat i ons may. i ndi cate unheal t hy
instrunments WD 2011/ 081514PCT/ My2010/ 000331 7 is the magnitude of this
average peak to peak fluctuation. An exanple of this algorithm60 is shown
as fol U@M@}the§éppr86@skescaimhl%6ﬁffmﬁ§|aﬁﬁyé’ﬂg\&»ﬁocﬂﬁéhG%émbﬁﬂidés Foutsifts Gcht 45 ough
each data in sanple, If current data > last data, then HDown peak counted =

fal se totisease lepelhimdicatosithat will brodescribed belowhalangtwith theameanytimg)betweany Peak
count e?afilﬁregg% iegérgaﬂar-r%sﬁ"um%ﬁ? h\/ﬁ‘BB),t Elle g%ﬁjf titnel betieBE quaﬁlo g taeﬁja.rﬁcﬁgxue

15End nd "1
15  instrument (MTBR), and availability rate (the percentage of time a given instrument is always

available). The confidence level indicator describes-how confident the apparatus 10 is that a
given instrument I is healthy. It is a simple value between 0 and 100% or as a decimal
‘b,etween 0 and 1. If the indicator reads 80% (or 0.8), it means that it is 80% confident that the
instrument is healthy. In a predictive maintenance program, the confidence level indicator
20  should prompt maintenance personnel to check the instrument if the indicator drops below a
predetgrmined' value such as 95%. The MTBF can then either classify a failure as an
instance when the instrument fell below this value or when it is cdnﬁrmed as failed/failing by

maintenance personnel.

25  These outputs may be output to a display screen and/or or sent to other computers, or

- computer programs for further analysis and actions.

As an alternative the analyzing module 16 may be implemented solely in hardware such as in

silicon circuits.



If current data < last data, then Up peak counted = fal se Total Down Myve =
total down nove + 20(current data - |last data) If Down Peak Counted = Fal se
then. Toval0R&8KS1* Total Peak + 1 WO 2011/ 081514PCT/ MPEO/MNYDOUBR3I318 Down
Peak counted= True End if End If Fluctuation Level = (Total Up Move + Tot al
Down Move) -/ Total Peak This is used tp produce the output pattern strength
i ndicator which in turn can be used to produce .a confidence |evel as
explained l'ater. 10 In Figure 5 can be seen a fluctuating trend of

i hst r uBefire daheaswtigy Mmstriveettol fadarit afill axhibit sepe edstimcsbdhanier. THese betabiorer in .
this case s 3n NI R anal yzer. whi ch asures the percentage aronatics

cont enfayripginde a suddeniipcreasedp reading Huetpaiians; spikss 18 readung. OF slofaissponse toy

poi nt 'F)&n%ﬂ%e% {he analyzer | has been reported as conpletely failed by
oper at f ona sta?f who have worked in a conventional manner. The data after
point Z can be seen to be unusual in the extent of its fluctuation. Up

o B i 20 et 3 IRPBAC BT s 5 B oo
the bagi:seinltidash HURlHaREART) LAYEL b BRAIARE WA otQhkhdGuHEl! by

However after point Y the change in fluctuation levels has resulted i'n the
score dnappingdfs trondbehayias. By detgaling prerfhilinedghadgyr offidstommentsy ittibpossiblé tul t i s

very likely., | rtantly. poj Y occurred ni-ne whol e days before point Z
i ndi caﬁ%ﬂthﬁé%ﬁg?éf%@gi‘ﬁ}gﬁ%ha@é“n%ery powerful at predicting failures in
advance of . their detection. In fact the score 25 had been falling from1

(or 100% to O for the tine between X and Y allow ng even earlier
defl@ct onse the aBhlyzinganodide P6taked datagiperm tannmstitin @ 1 (¥ A6 4RGHA kB4 04000331

fluctuati on peri ods i ndi .e unheal thy instrunents. The al yzin
modul 6018 Baermncd fendlh 4t iRl ity SNEORE AHAVASh o i SR,
upper  pRaHerpe tR0bOVard iR Ash sTRAE a QunBle calah&Bade thb CRARE DFkdippatadls 165 t he

average fluctuation period. An exanple of the algorithm60 is Shown as
f ol | owdot obsserying amkpatisu ared) takinestog darpe wrsamplekwil bhavecan averagingeelgst omtlsugh

each d%eﬁy&i@ Maﬁ reduce or cancel out a discrete pattern. Three hours has been found to be a
15  suitable length of time for many instruments I. '

The frequency of the sampling is also predetermined but can be vaned Preferably the
éampling frequency follows Nyquists sampling theorem such that the saﬁpﬁng frequency is
at least twice the observable patternfrequ‘ency. A hi»gh' éampling frequency will generally
20 improve analysis but too high a frequency can run into bandwidth issues on a computer
network and therefore the upper limit is dependent on the physicél hardware used as part of
- analyzing apparatus 10.‘ For slow moving instruments such as process analyzers, it ié .efﬁcient
to use a low sampling frequency. For most instruments .a 5 seconds interval is found to be
suitable but for slow moving instrunients,-a one minute interval or data is adequate and with

25  consequent benefits in réducing bandwidth and computer processing.

Referring to Figure 3 there is shown a process of providing a confidence health index. For
each instrument (in this instance analyzers) a series of readings 50 and pfocess variables 56
are taken at the DCS 12 énd one or more test algorithms 60 are applied to therﬁ by the
30 analyzing module 16. Each of the algorithms 60 produce a differént score 70 for each
instrument/analyzer I which are combined to provide a single confidence health index 80 for
each instrument [. | ' ‘



101 f current data > | ast data, then Down peak counted = fal se Total up
Period = Total up Period + (current data tinmestanp - |last data tines tanp)
151 f up P¥@ROtINShileéd = Fal se then Total Peak = Total PETMY2010/0493Reak
counted = True End if End If - 20If current data < |ast data, then Up peak
counted = false Total Down Period = Tojal Down Period + (current data-
tinmestanp - last data tinmestanp) WO 2011/ 081514PCT/ Mv2010/ 000331 10 If
Dovvn Peak Counted Fal se then Total Peak = Total Peak + 1 Down Peak Counted
= Tr ue Iictigk illﬁs’cEdEmﬁeﬁaﬂnpR: et bk yzep meddend Smiis=pravi1dec( toothede diffedeat algorithmEdioal

Down Perio Peak 10 Again the output patterp str th indicator.
used t<9n5r%% geam%gﬁdgeq; Dys e ‘Q&‘&Séﬁk‘@ igefation fﬂi“aéh‘? other $Ha SR if fer ease
(or de o n egiyn ekg frpung. .t t :
.nsuu%ﬁﬁﬁ&’& o TR gl PO e fropks, DATRRETSS (Ot PRl B2 o

i nst r uassotiates! wgith thy inginfnadnt I in some way.pr ef erred enbodi ments the apparatus 10

|de8t|f|es a spike if a data trend satisfies two 20conditions :- 1/ The
i nstrument reading junps higher than 2.5 tinmes it's long term average

fl uct ugthk@est 'a%%ﬁ%m@é@ chr i&&d%'s&&&&if?e}élﬂ% oRitiths a/'FﬁmRﬁh%nQéve'l eﬁﬁluétu%&@r to
four tinmes standard deviation. Four standard deviations will cover 99.994%

of act patiogr d&s@wafﬁe&es néalnepaeviato0asDEMomenp Gotrklatipn,owbish witl ot hat a

spi ke be an rocess (ji.e. not indicative of instrunment failure).
The |OE8%F£PP50898 lée‘f%ﬁ ﬁﬁ?’lé‘h is measured simlarly to the fl uct uati ons

using the fluctuation level algorithm (a/ above) but is preferably taken

froma long termsanple described bel ow.
10  The scores 70 each comprise a pattern strength indicator and an algonthm confidence level.

The pattern strength indicator is produced by test algorithm 60, the format of which may
vary between élgorithms 60. The algorithm confidence level is an indicator of the probability
~ of the instrument I being healthy (or unhealthy/failing or failed) which can be expressed in a
variety of ways such as a percentage or a decimal raﬁging fromOto 1.
15 o |
The health index 80 represents the percentage chance that the instrument I is healthy based on
all of the test algorithms 60 and can be expressed in a similar format to the algorithm

confidence levels.
20 Taking each of the six pattern recognition test algorithms 70 in turh:

~ a/Fluctuation '
Referring to Figure 4 it can be seen that there ~a.re fluctuations in the data 90 from an
instrumént I and therefore a level of fluctuation.
25 _
It has been found that patterns in the level of fluctuation can be used to antlclpate instrument
) fallure in many instances. Healthy mstruments can be expected to fluctuate between certain

“levels. Too large or too small fluctuations may.indicate unhealthy instruments

30 The analyzing apparatus 10 calculates fluctuation level by averaging the peak to peak .
fluctuation of a trend in the sample. The output pattern strength indicator as part of score 70



WO 2011/ 081514PCT/ My2010/ 000331 11 Using a hi gher standard devi ation
coefficient will give an even nore accurate spike but may run into

possi bi | iwg 20f1/08e;ahi ng the instrunment's nmaxi num range. pCi/MY®10/0BB31UNENE S
reaches it's maxi mumrange, the spike detection algorithmw Il not count
anything higher than it. 5 2/ The junp,takes place within half of a |ong
fluctuation period. Long fluctuation Yevellperiod is the fluctuation

| evel /period cal culated using the fluctuation |evel/period algorithm
descri hegheahotftudd B?ﬂﬁ@h\)@r&’gef Hakap pRakt FhuchAtioh. ”%neéﬁm%ie &5thiR0algBRthm 601  ent
sanple, the Ionger tine sanple is used. It is reasonable to start at a
defauIUS$EWﬁa¥1b60waﬁple to obtain this long fluctuation | evel/period.
Conventionally, a spike'is often described as a sudden increase which is
imredi ately foll owed by a sharp decrease in. a reading. However, the spike
algorithns will generally define a spike only as the sudden

i ncrease/ decreasqyPapdak | Fogheddi DCESRse IS followed by a 15 decrease, it
wi.ll detect this Jg anothé? sp?ﬂ Ebnce giving two spikes in the reading.

The .out put patter rengt h indi cator based on and is preferably equal
to the Nunber of E%Mrke%ezgﬁ ‘H‘é"tﬂ@ g%{irf) An exanple algorithm60 is:
shown as follows 20SL = 4 x Long fluctuatlon | evel ' Spike Limt PL =0.5 x
Long fluctuation Period / Data Sanpling Period 'Period Limt 251F PL < 1
then PL =1 Go through each data in sanple, CD = Current Data Spike

Det ect ed = Fal se GoAGlptduglosaadh PdTtaPo19a0pd831 12 Go t hrough the next
data in sanple, ND = Next Data Spi ke = Spike + (CD -ND) 5If (Absolute

Val ue( Spi ke) > SL) therf Spikeedet@ated=1dstedata, then

- Down peak counted = false

10 | Total Up Move = total up move + (current
data - last data)

If up Peak Counted = Fa1se.thén
Total Peak - Total Peak + 1
Up Peak Counted = frue
15 End if
'End If
If current'data < last data, then

Up peak counted = false

Total Down Move = total down move +
20 . - (current data - last data)

If Down Peak Counted = False then

Total Peak = Total Peak + 1



Nunber Spi ke = Nunmber Spike + 1 End If 10Data Counter = Data Counter +.1
Repeat until (Data Counter > PL) OR (Spi ke Detected) Data Counter = 0 End
Repeat 15wbnofigwie 6 i s shown real plant trendi ng of Pacaxyymneodess ty
Anal yzer using a gas chrormat ograph. 20 Spi kes such as the one at point Q
were detected by apparatus 10 which e due to failure of GC peak
detection which was in turn a result of carrier gas pressure regulator
failure. d/Value 13 Wth a stable plant process, a healthy instrunment can

be expected to read withi n Ger ' or ol e, furnace excess :
Oxygen shoul d -typically be Or%ﬁ*aéalyt ﬁﬁ}e&h—e ﬁgﬁ e algorithmconstantly
noni tors a novi ng average of he instrunment reading. |If the readi ng does
not read within an expected the instrunent nay be considered faulty.
The al gorithm cal cul ates the aver age The output pattern strength indicator
is the Average Val ue CD = Curré&nd Ddt a Go through each data in sarrple

10Tot al Total + CD Data Counter = Data Counter + 1 Average Val ue Tot al

| Data _coun.ter 15 e/ Deviation The deviation algorithmtakes readings form
two simlar instrurrents | and cal cul ates the average devi ati on between the

twozi nstrunents. ﬁ_LaFEel(ﬂ,r |é],sé-|r urre&(ﬁ: t_pe.l-ﬁﬁge B&gﬁ't shoul d

have a standard aI I"owa average dev orithmi s denonstrated
as 20 fol | ows. THOWEU: putTqiak é’rehalgtrength |nd| cator is the Average
Deviation: CDL = Current Data 1 CD2 = Current Data 2 Go through each data
in sanpl e, ' '

This is used to produce the output pattern strength indicator which in tu'm-can be used to

produce-a confidence level as explained later. |
10 o |
| In Figure 5 can be seen a fluctuating trend of instrument data where the horizontal axis
represents time. The analyzer in this case is an NIR analyzer which measures the percentage

aromatics content after catalytic reformer reactions in an aromatics plant.

15 At point in time Z the analyzer I has been reported-as completely failed by operational staff
who have worked in a convenﬁonal manner. The data after point Z can be seen to be unusual

in the extent of its fluctuation.

Up until point X the fluctuation level test algorithm produced a score close to 100% (or

20  exactly 1.0 ro the nearest two significant figures) so on the basis of these ﬂuetuations levels
the analyzer was working well. However after point Y the change in fluctuation levels has
resulted in the score drqpping to 0.0 (to 2 significant figures) indicating that a fault is very
likely. Importantly point Y occurred nine whole days before point Z indicating that apparatus

| 10 can be very powerful at predicting faflures in advance of their detection. In fact the score

25  had been falling from 1 (or 100%) to O for the time between X and Y allowing even earlier

detection.
b/ Fluctuation Period Algorithm

30 The fluctuation level algorithm, analyzes the fluctuation period of an instrument. Healthy

instruments can be expected to fluctuate between certain periods. Too large or too small



14 Total = Total + (CD2 - CDl1) Data Counter = Data Counter + 1 Average
Value = Total / Data Counter f/ Mmnent Correlation Al gorithm This has been
found to we 2pavdsaas t he nost powerful algorithm 60 and ipsTpeYlvapeoosile nost
successful when used in isolation.across a nunber of different instrunent
types. The nonent correlation algorit measures the nonent correlation
between a particular instrunment and other process variables. For exanple:
steam fl ow shoul d correlate with the rate of change of tenperature; rate of
| evel dnRRiatibn ped6ESRhy HliReHS uAINMAIRY Mtrucaly. dﬁwaﬁaxﬁﬁgﬁddam I?Eﬁcuﬂ_ﬂ@k S
algorithmw [l “require two sets of data one.of which IS typically '

i nst r urfistuation genod baradenagimgi the mppércpdak yto aipperopekpeviad iodlal teend. The Notiut e 16
uses a variation,aof .Pearson' s product nmonent.correlation ef fi ci.ent

f or mul 248 SR ERARYESRL T e AvSRES HaEHARPEiRo A SoPRP RfhF ¥ EoT B 60

coef fi G sH¥bwn dstBI16WE-0ul a being as fol | ows: - r is the Correlation
Coefficient 15 s is long standard devi ation. The standard deviation is not
cal gul ated fromthe sanpled data on which the algorithnms 60 are applied,
but calculated froma longer tine called the 'l ong sanple data'. Again as a
default value, a fifteen day sanpple uld be good enough. The purpose of
dividing with st r%ﬁkkgb@h¥%ﬁlst¥gsﬁave a 'zoom effect or 5
normal i zati on on the data to the correlated. This is because the data's
absol ute val ues &awnjiReak GAUntedeastal®g units or nagnitudes. So, instead
of | ooking at absolute values, it is nore appropriate to look into it's
relative to standard deviation, X is a sanple in the data set, X
with bar is the sanple average and n is the sanple size 10The al gorithm 60

can be based onIdyaﬁﬁngﬁdﬁwbécﬁqggyéainEgg@bq@p 1 will produce a- :
conventional correlation coefficient ranging fromO (no correlation) to 1

(fyhl- correlation). Si - e i on 4 X ed.ipn.a healthy instrunent
a ggefficient t hat is:ggg?gggﬁﬁ% %%ﬁéﬁﬁd1%%fe8§%%ain§6 instrument. The
coefficient or change in the coefficient is conﬁgiggd to a score between O

and 10 to be conpared to tI@"‘fLrSo?q%'f RHMRd Al

Total Up Period = Total Up Period +
(current data timestamp - last data
timestamp)

15 If up Peak Counted = False then
Total Peak = Total Peak + 1
Up-Peak Counted =.True |
End if
. « End If
20 If current daté < 1ast‘data, then

Up peak counted = false

‘Total Down Period = Total Down Period +.
(current ‘'data timestamp - Tlast data
timestamp) a



Equation 1 may not be suitable at all times for all instrunents and
processes. This is because if the process does not change, little change
will be eXpeotid81ila t he i nstrunment data and.the i nstrumBRI/MY29a0/000331
fluctuation frequency will be the dom nate change. Since instrunent's
natural fluctuation frequency is indeP ndent of the process the result 20of
equation 1 will be a near zero correlation coefficient even though the
instrument | may be perfectly healthy. For exanple flow neter | in Figure 1

may fluctuate between 2-4 i [, hy. np P stops
punpi ng, the flow neter wi ﬁ'%%%&é f(fou@fﬁ%(? e. 'Flﬁ%%lh@q%gse if the 25
fluctuation algorithmis applied, it will not_detect any fiuctuati on and
hence give a | ow confidence | evdlot&lRealh ¥ h@?‘?ﬁv@?%@fe‘?' * heal t hi ness.
This woul d be an inaccurate judgnent on the flow nmeter. 16 To avoid this a
trigger condition can be used.DOWB Peraljg€oundwedi =5 dirues to ensure that the
al gorithm does not execute if there is no novenent change in the trend so
the trigger condition identEnd g a novenent in trend. In the exanpl e of
figure 1 the conditionwill be set in a way so that if the punp is not
punping, the fluctuation Ievel g9 t hm should not 5 be executed. A
suitable trigger condition is tound to be when the difference between

hi ghest and | owest value in the sanple is larger than twice it's "l ong"
standard deviation S. An exanple of a trigger condition algorithmis as

follows: 10 A = highest value in data 1 B = lowest value in data 1 C =
hi ghest val ue i nFd¥ckuation Period = 2 x (Totalhddp Reriedih Betal 2 15s =

| ong standard deyiogini @ rHbd)( A BotaPHedR [(CD 2s] then Calcul ate
correlation coefficient of sanple 20The noment correlation test algorithm

can al so be adapted to be applied to situations where there are nore than 2
data sets such as when two process variables are relevant Each set of data
do&d not need to go through all pattern recognition algorithnms. Sone

pat ter M@%@%&g@ﬁh@@ﬁéggﬂfﬁg@& Mse{i’?ochf&fﬁh%&é‘%nﬁidfeﬂ% kfgt particular .

instru exanp nmonen el[atron and average devi ation
al gorithm These algorithns require two sets of data. Sone instrunments work
i ndependently. They have no correlation to any other instrunments. It is

t her ef é’ﬁffot sensible also to run the algorithmon that instrument. WO
2011/ 081514PCT/ MY2010/ 000331 17 Referring back to Figure 3 the first part

of output scores 70, the pattern strength indicators, have been produced by
t h&S t edt spakeyisrd sdden dacrease (or decrease) in an instrument reading, It has been found that

healthy instruments do not spike and that a spike is a good pre-indication that at instrument is
going to fail. - ‘ A

In preferred embodiments the apparatus 10 identifies a spike if a data trend satisfies two

20  conditions :-

1/ The instrument reading jumps higher than 2.5 times ‘it"s long term average fluctuation

level. 2.5 times ﬂuctuaﬁon level, is more or less similar to four times standard deviétioﬁ. Four

standard deviations will cover 99.994% of ‘ac_tual process values. The remaining 0.006% is

25  the probability that a spike may be an actual process (i.e. not ihdicative of instrument failure).

| The long term average fluctuation is measﬁred similarly to the fluctuations using the

ﬂuctﬁation level algorithm (a/ above) bﬁt is preferably taken from a long term sample.
described below. | -



5The next stage is to use these values to determne a |ikelihood that the
instrunment is failing. The horizontal axis in Figure 7 represent the

readi ng owotbe/qeas1i cul ar i nstrunent | or operating poi rCT/MYmi1verns3ical
axis represents the probability of the reading/point 10 occurring. In
Figure 7 there is shown a healthy proggbi ity distribution function 100 for
when the particular instrunent | is healthy and the unheal t'hy probability
distribution 110 for when it is not. As illustrated in Figure 7, these two

functi gpg, : %&(ﬁr 5@&{1 - el : s%fnca%gf,l ' uced
by a nor nﬁlg gllggt@g?t utl(g{r{gVl n t%‘fe%%,gﬁf‘ﬁtg %&%ﬁgg‘%\dcggﬁ%e 0 ?@%%P‘%tﬁ%%gss i's
an appraximepbssibilify efireagiangthiecinstoaheembdiane tauge 1Hihe beshihiehty reaches

poi nt | T HERBTAT GigPaDasPIks ARPE R A o PRV RPUH S RO RGP thnd o
probability than an instrument is unhealthy P(U). The confidence |evel .is
the relative portion of P(H) against P(H + P(U i.e. can be represented

20by t BéThepmap takeCGoladd withindalfofalloBf AdtRitidngeticl. Once P(H) and P(U) have
been obtained, it is therefore easy to calculate the confidence 25 |evel.
Since there will be several algorithmconfidence |evels fromeach different

patter 'Lohg FRERIatLR Teval/p&idd ke GRictdaloR q&feﬁgéﬂi @ﬂ&ﬁﬂéd’%@ﬁ% thd BR6uAMich
i nt'egr at ed/ conbi ned as the confidence health index 80. Methods of doing so

are exptval/periddelgovithnssiescribed sabover €hé onipo diffarerne isntbat isteat ofyusinglachi 1 ity

di stributiqn_f i on for.th .30 i th | e
1 uct ugtirg il e ltret e apdfiis el B B T AR Brboh fof o
whed | karhpleftd ubtaitathisgnd Gasubtoraledelsegbd.f ai I'ing slowy. In these case two

confidence.levels will be cal cul ated which can al so be conbi ned/i ntegrated
as will be explained later on. 18 A'theoretical normal distribution has

endl es L o e i-ndicat are: | i mh- in
val ues?jo!ggéﬂt galrl]%?ﬁn%\éﬁ{& 1sz§| UB% %(?]rﬂ{eg % %n%%:dg?j Iggjegst%og’%gcg gst u%ullﬁlgasl%t%ﬁi mts.
Si nce ftélbbwead by ar sharp deagasat inoa reddireg. riioweer,dths t spikeuslgorithffsr witl genendllyni ty
to +infipit must al ways he 1 (or 100%the fyll area inte tion, must
Lo el b e ey i 0 Seen faPascamete bt I PR i BoploHEy by &

Pr 9habigbirbase Dt ifl dbidbt 1813 25'aR6thELHIND TRAte SdgabAlspMRs in the reading.

The output pattem strength indicator is based on and is preferably equal to the Number of
Spikes in the short sample. An example algorithm 60 is shown as follows

20 SL = 4 x Long fluctuation level
‘Spike Limit

PL ='0.5 x Long fluctuation Period / Data Sampling Period- *Period
Limit o '

25 IF PL <1 then PL =1
Go through .each data in sample,

CD = Current Data

Spike Detected = False



Normal Distribution truncated at +1 and -1 Fluctuation Level Norma
Distribution Truncated at O Fluctuation Period Normal Distribution

Tr uncat edwetofi/Bvanage Val ue Normal Distribution Truncated/nat20/0do3Euch
value is inpossible to be zero (e.g. length, Kelvin, flowrate and etc)
Aver age Devi ation Normal Di stributionlﬁﬁthout truncation Spi ke Detection
Binom al Distribution Truncated at .0 OThe spi ke detection al gorithm
produces a discrete pattern strength indicator (nunber of spikes) and
therefore uses the di g etteRMH ith€Mexef dwEded n dsgmpleution function
which is the, binomal distribution function. A Binom al distribution
i's based on the nunber of ce ifL @y series of independent
150bservati ons. Each spike I's conSidered a "success". The nunber of
observations, n, will be the .ganple_ sjze diyvided by fluctuation level. 19
Pr(K = k) (nk)ipk (1 for kS:P@(,ef, Spike + ¢/F'%m‘d re (K)kl(n klI)! n' n-k
[ Equation 2] - ' '

5 | If (Absolute Va1ue(Spiké) > SL) then

Spike Detected = True

Number Spike = Number Spike + 1

End If

10 ' Data Counter = Data Counter + 1

| Repeat until (Data Counter > PL) OR (Spike
.Detected)

Data Counter = 0
End Repeat

15

In Figﬁre 6 is shown real plant trending of Paraxylene Purity Analyzer using a gas
chromatograph. ' '

20  Spikes such as the one at point Q were detected by apparatus 10 which were due to failure of

-GC peak detection which was in turn a result of carrier gas pressure regulator failure.

-d/Value



Where n is the sanple size divided by fluctuation period, k is the nunber
of spikes, Pr is the Probability of spike, Pis the Probability of reading
to go hi gherotihsnsiiour tithes standard 5 devi ati on or 2peTiMY®s0/6dosxat uat i on
| evel (this value is 0.007% for the probability distribution function when
healthy).. P should be equal to 0.006% because this is probability of an
event happening that's higher than fo Poti mes the standard deviation and
thi-s is how a "spi ke" has been defined i.e. it is the 10 probability of a

heal t hyyignst & r iLn ' ‘ e ' be.fou at an
et Sy SHTE Ml SRUEL 0 1) SRl et B Rptod. R iy el

cal cul atlme® Py enmhplg, fumeackaxoessOmipen shouRé tgicdllyhd arotmd U@ 7%. Thehedhd hy
operation, P(H) is the total area of the rjght hand side of the curve. The
curve PEOHMI capstantly) BopHers moyve aparsn Phicpigstiment readipg. Kibe reading
curren: ' I NLo 1S ke hEedrufi bﬁﬁaddi ng
up all H?%bgﬁétgfé&gs ¥or I%?Ze)ipﬁ%e(t?g h)th%)r nmor eﬂtsi %I 99?%08?2%2%&% (1) -
P(0). algorithmn ddculates ted avetame cThdentpithhattamdstiengfh imdidatohistled AveragdWalue
confidence | evel, the shape of the 20 healthy and unheal thy probability

di stributions 1-02 and 104 should be known. This is can be produced by
nodel i ng based on past behavior. For a binomal distribution the two
paraneters needegpare {"D size of the sanple nis easily
determned and in the case o the spikes P is also easily .determ ned from
the definition of a spike. WD 2011/081514PCT/ MY2010/ 000331 20 For normal
distributions the "long" standard deviation and the nean are either known
or estimated. For the healthy distribution 102 the |ong sanple can be taken
starting from t hgoanhinssigh daich afxkd uimi Swnl @) edet er mi ned nunber of

days.. For Exanple, to calculate the confidence |evel -at 25/6/ 2008 6: 32 am.
Thegl ong sanpl e shoul gostadr & gioray 6/ 2998 6: 32 am and use data back on tone
formthis. If the long sanple as 15 days, the sanple size will therefore be
from15 to 25/6/2008. For the a robahi | it i strjbution function
110, this is preferably deduceggﬁgohwbgﬁtgﬁar‘y@lagaoxognlsc&?g+s | e when the
instrunment reading is known to be faulty. however, this is 10 soneti nes not
practical since the instrument nmay not failed since installed. Even when
historical data is present and the instrunment is known to have failed, it
may not be easy to ideAveragenh¥aluge=wietalt /f Matad GCoumM@rconventi onal

met hods. Reference can be nmade to mai nt enance records but mai ntenance
records are not always- accurate. Preferred enbodi nents use a defaul t val ue
system It is possible to have standard default 15 values for specific

i n$3 r useDeviaghgr | cati ons. Exanpl e are:-a/\Waste water treatnment plant
instrunents, b/Reformer unit instrunents, c/Boiler feed water instrunents
d/ Furnace and boiler control instrunents = Starting default value for each
pat t er Mhe @eviafibd aliorihid AhilkdsEBAYE FREL Ryd ARl inSithmdits 3 208! WifeutAls BR used
if little is known about how the specific instrument wll behave when it's
about 2owegerdeviationhetweepithe tyed patrinents. Boowinites isvwneatsonesshEngtivelameg
OphanT RGP it bdvery htatd BowWRISHY dradedeiPiion The SgBrifiud B Bembholral s MY

Unheal a ,
20  follows. The output pattern strength indicator is the Average Deviation:

CD1 = Current Data 1
CD2 = Current Dataz

Go through each data in sample, .



Unheal thy Al gorithm Di stribution Probability Distribution Function
Probability Function D Function Distribution Mean Functi on
Par amet erwo 2011/081514 ~ PCT/MY2010/000331

10

15

20

25

14

Total = Total + (CD2 — CD1)

Data Counter = Data Counter + 1

Average Value = Total / Data Counter

f/ Momén_t Correlation Algorithm

This has been found to be perhaps the most powerful algorithm 60 and is perhaps the -

most successful when used in isolation across a number of different instrument types.

The moment correlation algorithm measures the moment correlation between a particular
instrument and other process variables. For éxample: '
steam flow should correlate with the rate of change of temperature;

réte of level .drop in é. vessel should correlate with downstream flow rate.

This algorithm will require two sets of data one of which is typically instrument readings

and one is typically a process variable.

‘Module 16 uses a variation of Pearson’s product moment correlation coefficient formula. -

The output pattern strength indicator is the correlation coefficient, the formula being as

follows:-

T lle'(XfX)(K*Y)
o B=la\ Sx ) Y [Equation 1]

r is the Correlation Coefficient




WO 2011/ 081514PCT/ MY2010/ 000331 21 St andard Devi ati on Moment
Correlation Normal Distribution truncated at +1 and -1 Mean : Sanple a tine
when t he wobruseny is faulty OR Starting val ue =0 SanplreTaiyion®oosbmn t he

15

s is long sfandard deviation. The standard deviation is not ca-lculated from the sa’mpled‘

data on which the algorithms 60 are applied, but calculated from a longer time called the

‘long sample data’. Again as a default value, a fifteen day sample would be good enough.

The purpose of dividing with sfandar_d deviation is to have a ‘zoom’ effect or

5 normalization on the data to the correlated. This is because the data’s absolute values are
~different in measuring units or magnitudes. So, instead of 1ooking at absolute values, it is

more appropriate to look into it’s relative to standard deviation,
X is a sample in the' data set,
X §vith bar is the sample average and n is the sample size

10 'The algorithm 60 can be based on the Equation 1 formula. '

Equation 1 will produce a conventional correlation coefficient ranging from 0 (no
correlation) to 1 (full coﬁelaﬁon). Since a correlation is expected in a healthy instrument
a éoefﬁcient-that is decreasing may indicate a failing instrument. The coefficient -or
change in the coefficient is converted to a score between 0 and 10 to be compared to the

15 other output values.

‘Equation 1 may not be suitable at all times for all instruments and processes: This is
because if the p;ocesé does not change, little change will be expected in the instrument
data and thé instrument’s natural fluctuation frequency will be the dominate change.
Since instrument’s natural fluctuation frequency is independent of the process the result.

20 of equation 1 will i)e a near zero correlation coefficient even though the instrument I may
be perfectly healthy. | | ‘

For example flow meter I in Figure 1 may fluctuate between 2-4 m3/hr when it’s heélthy.
If the pump P stops pumping, the flow meter will no longer fluctuate. In this case, if the
25 fluctuation algorithm is applied, it will not detect any fluctuation and hénce give a low
» confidence level score on the flow meter’s healthiness. This Would.be-ag inaccurate -

judgment on the flow meter.

)



instrument is faulty OR Starting value = Standard devi ati on when heal t hy
Long Sanpl e Standard Devi ation : - Long Sanpl e Fl uctuati on Level
Nor mal Diworobwisiza Truncated at 0 Mean : Sanple a ti e Ppemenyob@odosat r unent
is faulty :

16

To a\}oid this a trigger condition can be used. The trigger condition 1s to ensure that the
algorithm does not exeeute if there is no movement change in _fhe'trend so the trigger
condition identifies a movement in trend. In the example of figure 1 the condition will be
set in a way so that if the 'pump is not pumping, the fluctuation level algorithm should not -
5 be executed. A suitable trigger‘ condition is found to Be when the ‘difference between
‘highest and lowest value in the sample is larger than twice it’s ~“long” standard deviation .

S.

An example of a trigger condition algorithm is-as follows:

10
A = highest value in data 1
B = lowest value in data 1
C = highest value in data 2
D =lowest value in data 2
15 s= long standard deviation
If [(A-B) > 2s] OR [(C-D) > 2s] then Calculate correlation coefficient of
sample |
20 The moment correlation test algorithm can also be adapted to be applied to situations
where there are more than 2 data sets such as when two process variables are relevant.
Each set of data does not need to go through all pattern recognition algorithms. Some
pattern recognition algorithms may not be applicable for that vparticular instrument. One .
25 “example is the moment correlation and average deviation algorithm. These ‘algorithms

require two sets of data. Some instruments work independently. They have no correlation
to any other instruments. It is therefore not sensible also to run the algonthm on that
instrument.



OR Starting value = Mean +4 standard deviations (for unheal thy heavy
fluctuation), OR Starting value = Mean - 4 standard devi ations (for

unheal t hywbawmffdsusatuat i on). M ni nrum value is 0. Sanpl e acriMmeoumiensithe
instrument is faulty OR Starting value = Standard devi atiron when instrunent
Is . healthy Long Sanple Standard ;5 Deviation : Long Sanpl e .

Referﬁng back to Figure. 3 the first part of output scores 70, the pattern- strength
indicators, have been produced by the test élgorithms 60.

5 The next stage is to use these values to determine a likelihood that the instrument is

failing.

The horizontal axis in Figure 7 represén't the reading on the particular instrument I or
operating point. The vertical axis represents the -probability of the reading/point
10 occurring. In Figﬁ;e 7 there is shown a healthy probability distribution function 100 for
when the particular instrument I is healthy and the unheélthy probability distribution 110
for when it is not. As illustrated in Figure 7, these two functions 100 and 110 are each
represented by bell curve/Gaussian produced by a normal distribution. In theory, the
confidence level of healthiness is an approximation of an operation between these two

15 probability distribution functions.

At :any specific instrument reading or operating point, there is a probability that an
instrument is healthy P(H) and a probability than an iﬁstrument is unhealthy P(U). The
confidénce level is the relative portion of P(H) against P(FH) + P(U) i.e. can be represented

20 by the equation A -

Confidence Level=P(H)/P(H)+P(U)

Once P(H) and P(U) have been obtained, it is therefore easy to calculate the confidence
25 . level. Since there will be several algorithm confidence levels from each different pattern

recognition algorithms 60, in preferred embodiments these are integrated/combined as the

confidence health index 80. Methods of doing so are explained below. |

Sometimes there ié more than one unhealthy probability distribution function for the same
30  algorithm. One example is the fluctuation level. A particular instrument can be in an
unhealthy state when it is ﬂuctﬁating heavily and when failing slowly. In these case two
confidence levels will be calculated which can also be combined/integrated as will be

explained later on.



Fl uctuati on Peri od Nor mal
when t he i nstrument

t he i nst rwoenti/dsssifiaul ty
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10

15

Distribution Truncated at O Mean : Sanple a tine
Is faulty OR Starting value = Mean Sanple a tinme when

Long Sanple Standard PCT/MY2010/000331
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A theoretical normal distribution has endless limits. However, some pattern strength

indicators are limited in valueés, so the normal distribution is truncated or stopped at these:
limits. Since the full-area integration of a normal distribution (from —infinity to +infinity)
must always be 1 (or 100%)the full area integration must still be 100% after the

truncation.
‘Pattern Probability Distribution Function
Recognition
Algorithm -
Moment Normal Distribution truncated at +1 and.-l
Correlation
Fluctuation Level | Normal Distribution Truncated at 0
Fluctuation Period Normal Distribution Truncated at 0
Average Value Normal Distribution Truncated at 0 if such value is 4
' impossible to be zero (e.g. length, Kelvin, flow rate and
etc) '
Average Deviation | Normal Distribution without truncation .
Spike Detection Binomial Distribution Truncated at 0

- The spike detection algorithm produces a discrete pattern strength indicator (number of

spikes) and therefore uses the discrete equi\}alént of normal distribution function which is _

the binomial distribution function.

A Binomial distribution is based on the number of successes in a series of independent

observations. Each spike is considered a “success”. The number of observations, n, will

be thc'e‘ sample size divided by fluctuation level.



Deviation : + 4 standard deviations (for unhealthy slow OR Long Sanpl e
fluctuation), Starting value = OR Starting value = Mean -. Standard
devi at i orwef2en/aspdtr ument i s heal t hy. 4 times standaPGTOEYI0A/0098.

19 .

7/

Pk 1) (J)era-or

fork=0,1,2, ..., nand where

(n) __nt - |
\k/  kfn-k)p [Equation 2]

Where n is. the sample size divided by fluctuation period, k is thé nuniber of spikes, P.f is the
Probability of spike, P is the Probability of reading to go higher than four times standard

5 “deviation or 2.5 times fluctuation level (this value is 0.007% for the probability distributibn
function when healthy).

P should be equal to 0.006% because this is proBability of an event happening that’s higher
than four times the standard deviation and this is how a “spike” has been defined i.e. it is the
10  probability of a healthy instrument producing a spike. ' ‘

As an example it may be found that an instm’nﬁent reading spikes a single time. in the sample
data. We first calculate P(H) using the formula above. Reférring to Figure 7, a healthy
operation, P(H) is the total area of the right hand side of the curve. The curve is crossed by
15 the current operating point. In this case, the current operating point is ‘1 spike’. P(H) caﬁ
thus be calculated by adding up all the values for P(2) ﬁp to P(n) or more simply it is just 1 —
P(1) — P(0). : ' ' '

In order to calculate the P(H) and P(U) and therefore the confidence level, the shape of the
20  healthy and unhealthy probability distributions 102 and 104 should be known. This is can be
produced by modeling based on past behavior. ’

For a binomial distribution the two parameters needed are n and P. The size of the sample n is
easily determined a_ild in the case of the spikes P is also easily determined from the definition

of a spike.
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For normal distributions the “long” standard deviation and the mean are either known or

estimated.

For the healthy distribution 102 the long sample can be taken starting from the 'analy'sis date
' and runmng a ﬁredetermined number of days;. For Example, to calculate the confidence level
S5 at25/6/2008 6:‘32.' am. The long sample should start at 25/6/2008 6:32 am and use data back
~on tome form this. If the long samplé as 15 days, the sample size will therefore be frofn 15to
125/6/2008.

For the ﬁnhealthy probability distribution function 110, this is preferably deduced from an
analysis of a long sample when the instrument readiﬁg is known to be faulty. however, this is
10  sometimes not préctical since the instrument may not failed since installed. Even when
historical data is présent and the instrument is known to have failed, it may not be easy to
identify the'time wheén it failed suing conventional methods. Reference can be made to

maintenance records but maintenance records are not always accurate.

Preferred embodiments use a default value system. It is possible to have standard default

15  values for specific instrument applications. Exa.thple are:-a/Waste water treatment. plant
instruments, b/Reformer unit instruments, c/Boiler feed water Ainstru‘ments d/Furnace and
boiler control instruments ' |

Starting default value for each pattern recognition algoﬁtﬁm have been identified. This value
can be used if little is known about how the specific instrument will behave Whe_n it’s about

20 to fail.

The table below lists down the source of the modéling parameters and it’s starting default.

value:-

Pattern Probability | Healthy Unhealthy Probability ' Unhealthy
Algorithm | Distribution Probability Distribution Function | Probability

Function D Function Distribution

: Mean o
4 Function
Parameters




OR when the O if such value is Starting value = Mean instrunent is
faulty inpossible to Standard +4 standard devi ati ons Devi ation :
be bel ow wo 2011/081514 PCT/MY2010/000331
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Standard
Deviation
Moment Normal Mean : Sample a time when the | Sample a time
- Distribution - instrument is faulty .| when the
Correlation | Long Sample
truncated at . OR instrument is faulty
+land-1 - o |
OR
Starting value =0
Standard : : :
- o Starting value =
Deviation :
. Standard deviation
‘Long Sample |
when healthy
Fluctuation | Normal Mean : Sample a time when the | Sample a time
Level Distribution instrument is faulty when the
' , Long Sample : :
Truncated at OR instrument is faulty
0 Standard :
: . OR
Deviation : Starting value = Mean
Long Sample | + 4 standard deviations | Starting value =
(for unhealthy heavy = | Standard deviation
fluctuation), when instrument is
' health
OR 7
Starting value = Mean -
4 standard deviations
(for unhealthy low
| fluctuation).
Minimum value is 0.
Fluctuation | Normal Mean : Sample a time when the
| Period Distribution instrument is faulty '
Long Sample | . ~ Sample a time
Truncated at ‘
0 ' OR when the
) ' instrument is faulty
Starting value = Mean
Standard : '




(for unheal thy higher
OR OR Starting value =
- 4 standaododésiabi ons when i nstrument

val ue),

zero (e.g.

| e
St and

ngth, Kelvin, etc)
ard devi ati on

i s heal thy.

val ue) Average Normal Mean : Sanple a tinme when the

Long Sanpl e .

Starting value =
PComavh@eadosdty | ower

unhealthy higher

22
Deviation : | + 4 standard deviations OR
Long Sample | (for unhealthy slow '
4 | fluctuation), Starting value =
' | Standard deviation
OR when instrument is
Starting value = Mean - | Bealthy
4 times standard
deviations.
Minimum value is 0.
Average | Normal Mean : Sample a time when the
Value Distribution instrument is faulty : _
Long Sample , Sample a time
Truncated at o
: OR when the
0 if such )
instrument is faulty
value is Starting value = Mean .
Standard
impossible to o + 4 standard deviations
_ Deviation : ‘
be below (for unhealthy higher
: Long Sample : OR
zero (e.g. value),
length, Starting value =
gih : | OR ‘ S
Kelvin, etc) Standard deviation -
Starting value = Mean - | when instrument is
4 standard deviations healthy -
(for unhealthy lower
value)
Average Normal ‘Mean : Sample a time when the | Sample a time
Deviation Distribution | ' ' instrument is faulty when the
' { Long Sample , )
instrument is faulty
OR
‘Starting value = Mean
Standard ,
o + 4 times standard | OR
| Deviation : :
deviation (for
Long Sample :

Mean
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, value), Starting value =
OR’ Standard deviation
) : when instrument is
Starting value =Mean - |, althy
4 times standard ‘ .
deviation (for
unhealthy lower)
Spike Binomial p p: n:
Detection Distribution . .
: 0.00007 Sample a time when the | sample size divided
Truncated at :
0 : instrument is faulty by fluctuation
n:
period
Sample size
: OR
divided by
fluctuation Value = 1/n from
period healthy sample
It is pdssiblé that the instrument I is showing healthy behavior, but it’s confirmed to be
unhealthy, or is showing unhealthy behavior but it’s confirmed healthy. Whether this is
the case can not be calculated in advance and therefore it is worth knowing the
5 probability that these issues will come. ‘
Rgferring- back to Figure 7 there can be seen an area of overlap between the healthy and
unhealthy distribution 100 and 110 that is the area below curves delimited by both
distribution 100 and 110. This area in fact represent the probability of showing unhealthy
10

behavior but it’s confirmed healthy. This value can be denoted as P(UB[H). The same
. areas is also the probability that it’s showing a he,althyAbehavio‘r when it’s confirmed .
" unhealthy which. can be denoted .as P(HB|U). Since the total area of the bell curves is

always equal to 1, P(UB[H) = P(HB|U).
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This area 120 can be calculated by an é.lgorithm performed by apparatus 10 as follows

x is the value at the intersection

cbF(a,b,c) is the cumulative distribution function
5 with

a = value at x-axis of normal distribution
b = mean of normal distribution
c = standard deviation of normal distribution

10 mean of healthy behavior

standard deviation of healthy behavior

mean of unhealthy behavior

standard deviation of unhealthy behavior

< ® 3 Qa =3
Il

= A f1ég that indicates the mean of an unhealthy
15 : distribution is most 1ikely to be higher than a
healthy one. :

dA2 - eAZ
| b=-2x (hx dA2 - m x eA2)
20 C

= nNA2 X dA2 - mA2 x eA2 - 2 x dA2 x eA2 x 1In(d/e)

,I§ Y = True, X = (-b + root(bA2 - 4 x a x c))/ (2 x

. .

If Y = False, x = (-b - root(bA2 - 4 x a x c))/ (2 x
25 : a) . : . .

Ifd==e, x = (M2 - nA2)/(2*(m-n))

If Y = True, Area = CDF(m-abs(x-m),m,d) + CDF(x,n,e)

If Y =

False, Area = CDF(n-abs(x-n),n,e) +
30 CDF(x,m,d) :



value), OR Starting value = Mean - Starting value - Standard devi ati on when

I nstrunent is healthy 4 times standard deviation (for unhealthy | ower)
Spi ke Bi nwoi2ai1/q3151p: . n: Detection Distribution . - Op0@OOV20taoqba a tine
when t he o : '
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Referring to Figure 8 there is shown a Venn Diagram 150 of a particular instrument T's
behavior. The Venn diagram 150-is a snapshot of ‘a particular analysis time. The diagrarh
includes ﬁeé confidence levels which. have been calculated from three different
algorithms, these are fluctuation level X, Moment cortelation Y and Number of Spikes

5 confidence Z with the probabilitiés of each of being healthy' or unhealthy for each of X, .
Y, Z represented by six rectangles A, B, C, D, E and F.

The widths of X, Y and Z are each the same and represent a value of 1 or. 100%
depending on the value used for the algorithm confidence levels. The points along the
10 -width W at which unhealthy rectangle A, D and E end and healthy rectangles B, D and F
starts is equal to the value of the respective algorithm confidence levels. ,
The heights XH, YH and ZH are different for each algorithm 60. In order to present the
relative reliability of each al gorithm the height represents the probability that the analyzed
behaviof matches the confirmation of the instrument being healthy or unhealthyie 1-2 -
15 x P(UB|H).. This canv be calculated in each case from the area 120 using the algorithm-
described above. The test algorithms 60 with large overlap between the healthy and
" unhealthy distributions 100 and 110 will be deemed less reliable.

Each height XH, YH, ZH does of course remain the same for the healthy and unhealthy
20 rectangle from the same test algorithm 60 so that:

The confidence level for Fluctuation Level PHX)=A/(A+B)
The conﬁdénce level for Moment Correlation P(H|Y) = C/ (C + D)
The confidence level for the Spike Number P(H|Z) = E / (E+F)
25 | | | | | |
The overall confidence health index 8- Will‘be the total chance of being healthy. From
Bayesian probability theorem, the overall proBability PV(H)' can be derived as follows:-

P(H) = P(HIX).P(X) + PHY).P(Y) + P(HIZ).P(Z)



sanpl e size divided Truncated at O n: instrunent is faulty by fluctuation
peri od Sanpl e si ze divided by fluctuation period OR Value = 1/n from
heal t hy SWOp@EbH/081314i s possi bl e that the instrunent | i sPSROYWG/0331t hy -
behavior, but it's confirned to be unhealthy, or is. show ng .unhealthy
behavior but it's confirmed healthy. Ykether this is the case can not be
cal cul ated in-advance and therefore it is worth know ng the

P(H[X), P(H|Y) and P(H|Z) have been determined above but the values of P(X), P(Y) and
P(Z) are also needed.

P(X) + P(Y) + P(Z) = 1. P(X), P(Y), and P(Z) is the probability between each other. i.e.

5 P(X) = X/ (X+Y+Z). P(Y) = Y / (X+Y+Z) and P(Z) = Z / (X+Y+Z). These values inform
the probability that a pattern exists in the current snapshot of tﬁe instrument reading.
Since the width W is the same in each case P(X) = XH / (XH+YH+ZH). P(Y) = YH /
(XH+YH+ZH) and P(Z) = ZH / (XH+YH+ZH). |

10 Accordingly P(H) the overall health index 80 can be calculated.

In a predictive maintenancé program the value of P(H) can then be used to determine if
the instrument I should be serviced immediatély or to adjust the next date when it will be -
maintained. operators of an industrial plant may decide that for any instruments for which

15~ P(H)<0/05 (5%) that it should be treated as a failed instrument. In alternative
embodiments single algorithm confidence levels niay be used in a similar way. Where
multiple algorithms 60 are used, rather than combining them, each can be used for a .
threshold test but this will likely create more examples of false detection of faulty
instruments than if the combined index 80 is used,

20



S5probability that these issues will cone. Referring back to Figure 7 there
can be seen an area of overlap between the healthy and unheal t hy

di st ri butworom@8isad 110 that is the area bel ow curves ®€EMY20¢e/009§31bot h
di stribution 100 and 110. This area in fact represent the probability of
showi ng unheal thy 10 behavior but itys confirmed healthy. This value can
be denoted as P(UBIEl). The sane areas is also the probability that it's
showi ng a heal t hy behavior when it's confirnmed unhealthy which can be
denoted as P(HB 1U). Since the totalClajea of the bell curves is al ways
equal to-1, P(UBIH) = P(HBIU). WD 2011/081514PCT/ MY2010/000331 24 This
area 120 can be cal cul ated by an al gorithm perfornmed by appar atus 10 as
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distri Icuinpﬁsmgthemqarbfof normal di-stribution c = st andard devi ati on of
normal distribution 10m = an of heal t hy behavi or = 'standard devi ation
of heal thy bERaHIBE aﬁhgaﬁﬁg&ﬁ“%?f@ﬁﬁé‘éwﬂgaﬂd@ﬁ&w = standard devi ation

ol ny 1LefipEsdhe measuremen 5 thelceldfhcleniBhio %er R &@“ﬁﬁﬁﬁ%ﬁy

dA2 - afPrumedt whémhealtih?2 - m x eA2) 20c = nA2 x dA2 - mMA2 Xx eA2 - X dA2 X
eA2 x In(d/e) IfY. True, -b +_.root (bA2 -4xax)/ 2:.X a)
v, Fal se, lovisipe O artRSy 35LRE) Pprmeny pRapbng S’ o Sherscteisti

measurement, or a value further from the mean of the expected distribution, if it was healthy,

10 comparing the measured characteristic to an expected distribution of the instrument

when unhealthy, o ,
calculating the- probabilify of the instrument producing such a characteristic
measurement, or a value further. from the mean of the expected distribution, if it was
unhealthy,

15- comparing the probability of the 'measured characteristic being produced by the |
mstrument when healthy and when unhealthy, and producmg a conﬁdence value indicative of
the likelihood of the instrument being unhealthy

2. A method according to claim 1 wherein the confidence Value 1s calculated from the ratio of

20  the probability of the measured characteristic being produced by ;che instrument when healthy

" or the probability when unhealthy = with the sum of the probabilities of the measured
characteristic being produced by the instrument when healthy and of being produced when |
unhealthy. |

25 3. A method according to any preceding claim wherein the characteristic measurement is

produced from monitoring output over a length of time preferably over a plurality of days.

4. A method according to any preceding claim wherein at least one expected-distn'bution is
produced from the output of the instrument or a similar instrument when known to be healthy
30  or to be unhealthy over a period of time preferably over a plurality of days.
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a particular instrunent |I's behavior. The Venn diagram 150 is a snapshot of
a particular analysis time. The diagrgnincludes three confidence |evels
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mat ches the confirmation of the instrunent being healthy or unhealthy i.e 1
-2 15 x P(UBIH). This can be calculated in each case fromthe area 120
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P(X . +nR(fplied t(tHS standard B¢AWptiorP(Y), and P(Z) is the probability between
each other. i.e.

9. A method according to any preceding claim wherein the characteristic isthe discrete

number of instances of event occurring.

20 10. A metﬁod according to claim 9 wherein the classification of an event occurring is

measured in terms of standard deviation of another measurable characteristic of the output.

11. A method according to claim 9 or 10 wherein at least one expected distribution is
calculated as a binomial distribution based on likelihood of the instance of an event

25  occurring.

12. A method according to claim 11 wherein the probability used for the binomial
distribution of the unhealthy expectéd; distribution is taken to be substantially equal to
the probability used for the binomial distribution of the healthy expected distributio'n..
.30 | ‘
~ 13. A method according to claim 11 or 12 wherein the number of the sequence
of 'independént yes/no experiments used for the binomial disfributidn of the unhealthy

expected distribution is taken to be the reciprocal (multiplicative inverse) of the number of



5 P(X)y = X (X+Y+2). P(Y) =Y | (XtY+Z) and P(2Z2) = Z | (X+Y+Z). These

val ues informthe probability that a pattern exists in the current snapshot
of the i WOr0mAs1SIHeadi ng. Since the width Wis the samPCIiiMeatdowase P( X)
= XEl /| (XEl+YH+ZH). P(Y) = YH / (XH+YH+ZH) and P(Z2) = ZH / (XH+tYH+ZH).
10Accordingly P(H) the overall healthygndex 80 can be calculated. In a.
predi ctive mai ntenance programthe va%ue of P(H) can then be used to
determine if the instrunéent | should be serviced i nmedi ately or to adjust

t he negie shguencshefindépentibdt yeenoaixperimbgtd ,used domther EinohiaA distritusdn bfikthepl ant
may decide that for apy instrunments for which 15 P(H)<0/05 (5% that it
shoul dheplthycxpected distrbutign) ed i nstrument. In alternative enbodi nents si ngl e
al gorithm confidence |levels may be used in a simlar way. Wiere nultiple
algorithnms 60 are used,- rather than conbining.them. each can be used for
a thr dshohethodsicedrding thiagy pwrdceding ket welieeeih ¢henairasactermtipise 8 nadasdralo ¢he
detecti on of, faul instrunents than if the conbined i ndex -80 is used, 20
V\DéOlW’S&@YDﬁ%&IK}Fﬂ@%‘} seesipsument flycuates. A nethod of detecting an
unheal thy/ potentially/ failing instrunent using apparatus conprising the
steps of: bmeasuring a characteristic of the output of an instrunent,
conpar i hgAtmethod asoordingnto claimhkt sthare tthe icharactetisticars ex pexrespdndsi &t thebut i on
of the instr n{ .whe eal t.hy, cal culating the probability of the

i nst ruﬁ%?{?gep%;%&%f‘%ﬁe%fg%ﬁ?%ﬁ%&&e&ii stic measurenent, or a value further
fromthe nmean of the expected distribution, if it was healthy, 10conparing
the nmeasured characteristic to an expected distribution of the instrument
whth ubheblmethod accordinggliocayapieaeding elapnowhes fenepdestt qmhelajm & whesshy the

pr oduci ¢ch. a..char eristi sur : I f her t he
mean o Ha?ﬁ%&g(ﬁﬁelét %3}1%3, e%ttc’?o#l&,%ﬂ)le? O%M%es?’ %%ga%? ht;}/ig %n%%rre{"%g rT(}rhe
pr obabidkdrtase efgnifivantty &ster od withagrastbrehhgdifude Beaihnguydr oduced by the instrument
when heal thy and when unheal t hy, and produci ng a confidence val ue .

i ndi cative of the likelihood of the instrunment being unhealthy. 2. A

met hody#c i =l aj j o Is d from
The. rat oo B ol e S o B P B

pr bduc éwla mllingeveragetafibeotpwhalneelzhe mptramenthe probabil ity when unheal t hy
with the sumof the probabilities of the measured characteristic being
produced by the instrunment when heal thy and of bei ng produced when

unheal {$§1YA m2thod: acéoraﬁigh@cangtpewedi‘nggﬂm Whbteil RS Ethirt@eristiaiisnheneRpd tifnee
characteristic nmeasurenment is produced from nonitoring output over a |ength
of ti mieppdinsyhiph thedyatrurgens ouipif flugfuges briysen two values. net hod according to
any preceding claimwherein at | east one expected distribution is produced
fromthe output of the instrunent or a simlar instrunent when known to be
he20 t h{9.3Qanethod laecardingatot dny preeeding phimodhat the rhamctefisticals y nmasuresof
plurality of days. 28 5. A nmethod according to.claim3 and 4 wherein the
peri od%%@‘?%%@%ﬁ%‘ﬁ‘@ﬁ&%ﬁﬁg‘laé FY9T388 deIRlAn P¥ETSPLHMEe t he expect ed
distribution is significantly longer than the length of tinme over which the
characteristic is neasured for conparison to the expected distribution. 6.
A et h2@ Aot angotdingtoyayr precetiing) cleinaicomptisingitle step b€ asaswing apwectsed

di St Bt b Rer Whidh ORETxp8teed o Qftel Al with the output of the instrument when healthy, -

25  and wherein the characterstic is based on correlation between output of instrument and the

~ measured process parameter.

21 A method according to claim 20 wherein the charactérisﬁcs measurement is a correlation
coefficient. |

30 ,
22. A method according to any preceding claim wherein the output is only measured and/or

used to contribute towards the characteristic value when a trigger condition has been met.



7. A method according to any preceding claimwherein the standard devi ati on
of the unhealthy expected distribution is at least initially taken to be
subst ant iwbly1e3uals to the 10standard devi ati on of the kreammoiexpsst ed
distribution. 8. A nethod according to any preceding clai mwherein the
mean of the unhealthy expected di striggdtion is at least initially taken to
be substantially equal to the standard.“devi ati on of the healthy expected
distribution plus.or mnus a predeterm ned, preferably integer, coefficient
15 mul tisplal RdihbdY dcbstdfizaBdadith SEWhaEdiP e trigoer vdMBItAGs A6E O4iliag ﬂi%uﬁﬂy
precedi ng cl ai mwherein the characteristic T's the discrete nunmber of

i nst ancigsreading glave aquredaterimiged @@gdiude/andior hestdancor assonjated devivets Btivifier ei n
the cl 81$SIfI cation of an event occurring is nmeasured in terns of standard
devi at i ' §H° of anot her neasurabl e characteristic of the output. 11. A

met hod according to claim9 or 10 wherein at |east one expected
distribution is calculated as a binomal distribution based on |ikelihood
of Phe 24nét mvthodohcepndiag et amsonswdmgnglalmmhermnnﬁxeh@fcpmxfowdmﬂ@ngoamd ai m

11 wher oy t he binom al..di st

s ErbetlE o AR ok Bt Blent B BBl Bl oRfgRE e ¢ e
pr obabi valieg. used for the b| nom aI di stribution of the healthy expected
distribution. 30 13. A nmethod according to claim11l or 12 wherein the
nunber of the sequence of independent yes/no experinents used for the

bi nom i to be
he o phaabpo i Rilplo AR, SUESILN R BEERES I Wl JUbIGcd Rih S0
2010/ 08d&ins PGk IMe 2] 1:0/dGe88 ] dfarddeistié duimnaceordindendiepe diféstént\oas /ofi olaims
experi ﬁntdg%yszeld for the binomal distribution of the healthy expected
distri 0 14. A nmethod according to any preceding claimwherein the
characteristic is a neasure of the 5 anount by which the output of the
instrument fluctuates. 15. A nethod according to claim 14 wherein the

char act2ér Asmgthod gceordipp to asy olais %mﬂ%ecoammmawhgfstep@élcomapegkoﬁﬂdmtm ation

of a tre hod aceor di n ec ai m when dependent
on claim aﬂ%s rec}'léf?rr?nﬁ%hem("nsggﬁ%l} gsanao @g‘iﬂp’ﬁﬁ%‘h‘% 3# “hunber of spikes,

whés the the output increases or decrease significantly faster or with

great er._magni f ude t han usual A nethod according to any preceding

cl ai m WhePansthothaccoripg o aw claim:26 zvheiemctap rs@wéaa@ueegttbe avergll FomHigleacrer age
of the jou th&]bﬂi%L W Gardct sh@ E&ﬁﬁﬁ’éﬁ&é leveS wéd Dd4 36 GRS ﬁ%éiﬁm&? oft .
preceding claimwherein t racteristic i e average tine perirod in
whi ch trkporting tnhealithy behavmrtwhémthbummnndmumm heathyesr. vie®védrSa add/oet hod

accordi 1o he char istic i.s a neasure of
devi at i%%s%%?%éﬁef% %Iﬁgg??ﬁrgﬁ?ggh%%&é{?m%e@ é@‘emﬁew ation over set
tipg. 20. A nethod according to any preceding claimconprising the step of
measuring a process paraneter which can be expected to correlate with the
out put 28f Apethedhagce o apty@rededimigtdidim whenrilie wistnmient is lap ap#lazeact eristic i s
based on-correl ati on between output of instrunent and the neasured process
paranmeter. 21 A nethod according to claimz20 wherein the characteristics
measur @OEAppiratid adapteé ltatdetset afainhealtiBiotenddlly/ failing instrument, comprising a

processor and memory, the processor programmed to
25 . determine or receive a value of a characteristic of the outpuf of an instrument,
to compare the value of the characteristic to an expected distribution of the characteristics of
" the instrument when healthy, | o
to calculate the probability of the instrument producing such a characteristic measurement, or
a value further from the mean of the expected distﬁbution, if it was healthy, -
30 to eompare the measured characteristic to an expected distribution of the instrument when
unhealthy, | A
to calculate the probablhty of the instrument producmg such a value, or a value further from
- . the mean of the expected distribution, if it was unhealthy, '



WO 2011/ 081514PCT/ My2010/ 000331 30 23. A nethod according to claim 22
wherein the trigger condition is the variation in output increasing above a
pr edet er ivoedifdgiHt ude and/ or based on an associ at ed d@CTOMEYX1HQOB3MI ty
level . 5 24 A nmethod according to any preceding claimwherein the steps of
calculating and conparing are repeategifor a plurality of characteristics
providing a plurality of confidence of. val ues. 25. A method according to
claim24 wherein a first characteristic is in accordance with any of

10cl ai wemPariig thetmoRdbilityctbfahs @@ﬁ@cbeﬁ;i@pmdﬁ&rdi st the msmimemmmmy wand h a
different one of clainms 3 and 9 to 21. thod r claim
24 or Z9oppealhngndne Brdpco R e‘zﬂa&si&p%qal&s ’éPé'fﬁY,“eo é& Q@? io? fté? ent

characgﬁ&hﬁﬁéfﬁmﬁg dﬁ? ding an overal |l confidence value. 27. A nethod
according to any claim wherein the step of producing the overal

confidence | evel conbines the characteristic confidence | evels wei ghted
basgd the Iikelihood o%ﬁ{hen1re ortlnggynhealt behaV|0r wgfgttge

i nstrunenf* PR PIOSER REUCH GORPIIYNgG COTPILT CXf © {FEruchon: whichy yaen
over | apuRbn g oPRBtd EbnRes 1 ww(@éldlmﬁeﬁf&a%qraﬁgofﬂaaﬁﬁul@m ons.  28. A

nmet hod according to any pregedlng claimwhen the instrunent is an anal yzer.
29. Apparatus adapted to detect an unheal thy/potentially/ failing

i nstrunment, conprising a processor and nenory, the processor programred to
25 determne or receive a value of a characteristic of the output of an
instrunent, to conpare the value of the characteristic to an expected
distribution of the characteristics of the instrunent when healthy, to
calculate the probability of the instrunment producing such a characteristic
measurenent, or a value further fromthe nmean of the expected distribution,
if it was healthy, 30 to conpare the neasured characteristic to an
expected distribution of the instrunent when unhealthy, to cal culate the
probability of the instrunent producing such a value, or a value further
fromthe nmean of the expected distribUion, if it was unhealthy, WO

2011/ 081514PCT/ MY2010/ 000331 31 conparing the probability of the val ue
bei ng produced by the instrunent when healthy and when unhealthy and to
produce a confidence value indicative of the |ikelihood of the instrunent
bei ng unhealthy. 5 30. A conputer program product conprising conputer
execut abl e instruction which when run on one or nore conputers provides the
nmet hod of any of claiml1l to 29.



