METHOD AND SYSTEM FOR ASSESSI NG AND DI AGNOSI NG CONTROL LOOP  PERFORVANCE
FI ELD OF I NVENTION This invention is related to the assessnent and

di agnosis of a control |oop for valve operation based on process and
mani pul at ed data. BACKGROUND OF THE | NVENTI ON Val ves installed in a plant

are controlled by control loops. Figure 1 illustrates a schematic diagram
of such a prior art setup. An |nstrunent 100 for displaying a Process
Variable (P for exaqple flowrate erature or pressur
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a desired value or a setpoint 10dgrpOfnaNgrits a Manipul ated Variable (W)
to control the valve opening 106. This ensures that the valve is
functioning properly and the PV is within specifications. The performance
of the control |loops nust be maintained within optimal levels to realise

t he benefJ ?pﬂg ion. Typical control |oop performance indices are
used for Hélée"[% {:"ﬂég po bl y performng control |oops by comparing the

controll er performance agai nst a user-defined benchmark, such as a m ninum
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and resoufges idffed ﬁ\oéf'hféﬁfjar’éq{ont%a‘@@ b c%tﬁﬂﬂ:@ﬁé ﬁzlgd'@nQIﬁJstrét@@E%Ché‘?ﬂé’ﬂcneed f or
a nethod to |gprove t he assessnen ops. In

n
addi t i on,di39Fan S“ﬁ‘%?H’BBrsarH%f’t%tA”é'&?HEma'gﬂ08If%éjr‘39165‘89 8 §°C§ﬁ%ﬁa %\/(glk/ e wear
and tear forp@@rnpteuﬁumga,te lteakeg@re anp}kmure ngpmositoréd he abdoocHilogy WH. Clihecan

affect t hent(r)\{% Al 0 %stog( ”Bgf%a{%%t sa%(ar\;ar!u(azl onJ %%gtp?mr] %@araggeou%ﬁsegt

publ i cat i“SA" hu oses a net or evaluatin
per f or mandaninpfates Vealable (MVoin mﬂé‘olsté@ Wltt%oqufr@ 10PhTRs preutRsrigatiige E@YQ:@I ating

the di ffepeabdidd prgpéPlE/%ﬁ§ wee:\bﬁtvmaﬁ@pém;aw%tm%mnm ERBONISdRe

pressure of the valve and cavitati
must be maintained within optimal Ievels to realise the henefits of automation.

Typical control loop performance indices are used for detecting poorly performing control
loops by comparing the controller performance against a user-defined benchmark, such as a
minimum variance index. An example of the method of monitoring is illustrated in Figure 2.
For each control loop, data is collected and the performance indices are caiculated. The
calculated performance indices are compared against the benchmark for determining poor
performing control loops. Then a diagnosis for the control loop is performed. In a control loop
diagnosis, higher order statistics and spectral analysis are performed to provide an insight on

the source of the poor performance.

Precious time and resources are required for such a diagnosis. Hence, there is a need for a
method to improve the assessment and diagnosis of the control loops. In addition, prior
methods do not consider other factors such as valve wear and tear, poor tuning, leakage

and/or impulse line blocking which can affect the overall performance of the control locp.

Japanese patent publication number JP 02-150740 discloses a method for evaluating
performance of a valve from its service life. This is done by calculating the differential
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nunber, and finding the coordi nate point of the opening of the valve and
cavitation nunber. The calculation is based on the downstream side
pressure and atnospheric pressure. The position and tine, corresponding to
t he coordinate point, are integrated to find a life index. The service
life of the valve is evaluated based on the |ife index. The applicants’
prior invention, Japanese patent nunber JP 3219116 provides an abnormality
di agnostic met hod by collecting PV as data for a desired ra The data is
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in a Linear Regression Section to generate a |inear regression. A User
Setting Port is provided to define the tolerance band and the boundary
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The objective of the current invention is to provide a true dynamic representation of the entire
control loop performance and diagnosis by taking into account alt the factors which affect the

characteristics of all the elements in the loop.
SUMMARY OF THE INVENTION

The invention is a system for assessing and diagnosing a confrol loop performance,
comprising a Data Collection Section which collects data of two parameters of the control
loop for an installed valve during a steady state. The data collected during the steady state
operation, which can be referred as the Reference Data, is processed in a Linear Regression
Section to generate a linear regression. A User Setting Port is provided to define the
tolerance band and the boundary points, which are the minimum and maximum operating
points. The generated linear regression, together with the defined tolerance band and
boundary points are processed in a Linear Approximation Section to generate an acceptable

reference region.




BRI EF DESCRI PTION OF THE DRAWNG 5 Figure 1 illustrates a schematic di agram
of a prior art setup of a control loop for a valve. Figure 2 illustrates a
typi cal control | oop assessnment and di agnosi s nethodol ogy in the prior

art. 10 Figure 3 illustrates a preferred systemof the invention. Figures
4A, 4B and 4C illustrate an exanple of the generation of the reference
region in the invention. 15 Figure 5 illustrates a conparison of data

agai nst the reference region. Figures 6A and 613 illustrate a flowhart of
the invention. Figures 7A and 7B illustrate exanpl es of signatures of
control |oops used for diagnosis in the 20 current invention. DETAI LED
DESCRI PTIHQ\: £ hesERiP AT BRRH2 GABRIAENT 25 A preferred enbodi nent of the
invention Is a systemfor applying, assessing and diagnosing a control

| oop performance as illustrated in Figure 3. A Data Collection Section 301
col | est s Figlad AinGdtrals o RAGHatic\WhgRRs afeRirier st etuft dfe coatndl leb fdraoaiveor  an
installed valve during steady state operation. The first paraneter is the
Process Variable (PV), which is being nonitored and inputted to the
control IF@wp: 2 Therasescompicy apatrablogp absesshent ved viegnsgismaitpdopey indhe atiare
opening 3@ controlled by a conventional valve, which is not part of the
control loop, the control |loop outputs a Manipul ated Variable (M) based
on a setpoint. The val ve opening can be derived fromthe W and the val ve
char agt erFigutd Billgitfaws.a grefeirdti §/skase thdihensecond paraneter is the MW. 3 In
order to ensure that sufficient data is collected for establishing a
reference region which is representative of the installed valve

char act effigrasciA, BReny dlvigisbipie mnregaiele vhihe genargioolof Hierfeferace gicndsihendi ng
PV. Altemqék%%ely, the setpoint is varied to obtain the corresponding W.
The data collected during the steady state operation, which can be
referred as the Reference 5 Data, is processed in a Linear Regression

Sect i1gn 3QRurd SillganRessal @mpalisonedtath @gdies Seodfelehteregioki gures 4A, 4B and 4C
illustrate the generation of the established reference region. The x- axis
is the paraneter of the valve, which in the preferred enbodinent, is the
val ve opétigungp. 6A and 6B illustrate a flowchart of the invention.

Figures TA and 7B illustrate examples of signatures of control loops used for diagnosis in the

20 current invention,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

25 A preferred embodiment of the invention is a system for applying, assessing and diagnosing
a control loop performance as illustrated in Figure 3. A Data Collection Section 301 collects
data of at least two parameters of the control loop for an installed valve during steady state
operation. The first parameter is the Process Variable (PV), which is being monitored and
inputted to the control loop. The second parameter is the valve opening. For a valve opening

30  controlled by a conventional valve, which is not part of the control loop, the control loop
outputs a Manipulated Variable (MV) based on a setpoint. The valve opening can be derived
from the MV and the valve characteristic curve. In this case, the second parameter is the
MV,



The y-axis is the PV. The generated |inear regression line is plotted as
line 401 having a |ower end point (xlow, yl.,) 402 and a hi gher end point
(Xhi gh, Yhigh) 403. 10 The |inear regression line is generated based on an
equation in the form y=mx+b 15 where: the slope of the line, in Xll~Y)
Nn(EX2)-(Er), x and y are paraneters defined in the control loop; nis the
count for the nunber of data sets (xi, vy,), (x2,y2), ..., (xn, yn); an
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x and y are parameters defined in the control loop;

the slope of the line, m =

n is the count for the number of data sets (x4, v1), (X2,¥2), -., (Xn, Yol
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25 A User Setting Port 303 in Figure 3 is provided to define the tolerance band and the
boundary points, which are the minimum and maximum operating points. In Figure 4, the
minimum operating point {Xmia, Ymn) and maximum operating point (Xmax, Ymax) are

represented on the graphs by the reference numerals 404 and 405 respectively.




interpolated line 406 is formed froman equation in the formy=mx+b if
xmn equals to O, the interception of the line with the y-axis, b = 0 and
the slope of the line, m= Y/ Owv Xow if xmn does not equal to O, the
interception of the line with the y-axis, h = Y/ QO ; and xlow 1--11 xmn
(Ylo,v - h) the slope of the line, in = X(Onv Secondly, another line is
generated using a set of boundary val ues (xmax, ymax) which defi nes the
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Taking into consideration the set of boundary values, {Xmi, Ymin), Which define the minimum
values and (Xow. Yiow) as the set of values which define the lowest data collected, the

interpolated line 406 is formed from an equation in the form
y=mx+Dh

if Xmnequals to 0,
the interception of the line with the y-axis, b=0; and

the slope of the ling, m = =2 |

if Xmin does not equal to 0,
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the interception of the line with the y-axis, b = ; and

(ylow B b) ]

Liow

the slope of the line, m =

Secondly, another line is generated using a set of boundary values (Xmax Ymax) Which defines
the maximum values, and a set of values (Xuigh. Vnign) Which defines the upper limits of the
tolerance band based on an equation in the form

y=mx+bhb

where x equals {0 Xnax,




defined tol erance band around the reference line. In an exanple, 3
represents a user- defined tol erance band. A value of (3*stdev(X) is
applied to the maxi num operating point, higher end point, |lower end point
and m ni mum operating point as represented in Figure 4B by 408a, 408b,
480c and 408d respectively and the points are joined formng the reference
region 409 in Figure 4C. Wen the reference region is generated, referring
back to Figure 3, the Data Collection Section continues with data
col l ection for asstesnenitesediiat agndsi s ted t hénecont with | otl)s. Theaxigat a
collected are referred to as Test ta. The New Test Data is processed
in a Loop Assgs ,nL;ém@ﬁXE@ 15Y8ét i on 4305, Linear Regression Section
302 and Li near ‘oxi mat,i.on tiap,304. 'The results processed in the
sections are displayed on a graphical user interface display 306. An
exanpl e of the display when the hb%yﬂgs{btata is fitted to the reference
region i s shown i nteispweel e imhen mewdata 501 i s conpared agai nst t he

ref erence region 409. The invention 6W5V|des a method illustrated in

Fi gures 6A and 6B for assessing and diagnosing a control |oop performance
includinq_the step 601 of defining two paraneters for data collection,
step 602 f‘érrefﬁr@P‘F@e'é’telfﬂ@’eﬂétyéh? rest4Q8 Heranded7 Jpiaries 1Bf ShyPCietRic @bWerol | oop
during avafeady state operation. In a control loop for installed valve, the
paraneters are likely to be the Process Variable (PV) and the Mani pul at ed
Variable (M) or valve opening for a smart val ve positioner which is not
part of tThe Loeat Apdrodioaipn Bicipr BOBerdisfiessn referende redien datppidrd thectseon i s

conpl et eQ!ve]‘Aefd BRFancdabAd GRIUNE AR PBeleicdRRe Ir\*”%'éxam?@eﬁrr@&‘é&én?éjaau%unt of
data is collected. This wll ensure that sufficient data sanples are 6
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I n order s s

val ve opeediorgd8rin BigtiediCnt mhlch changes t he values for the PV or NV
respectively. For exanple, a setpoint with the control Ioop in a preferred
node, or a controller output with the control |gop i manual node, mhen

vari ed, r¥an iheirpferpape reaitnsisgenpgtedn ipferig padkplaciiywe 3 m VaadlRetieg or
However , ddamnv@hieds $@h gatanrbiecantiocaibispldneandodiigriasis oftts todve! bp.Iine t he

data collected are referred to as New Test Data. The New Test Data is processed in a Loop
Assessment and Diagnosis Section 305, Linear Regression Section 302 and Linear
Approximation Section 304. The results processed in the sections are displayed on a
graphical user interface display 306. An example of the display when the New Test Data is
fitted to the reference region is shown in Figure 5. The new data 501 is compared against the

reference region 408.

The invention provides a method ilfustrated in Figures 6A and 6B for assessing and
diagnosing a control loop performance including the step 601 of defining two parameters for
data collection, step 602 for collecting data for the defined parameters of the control loop
during a steady state operation. In a confrol loop for installed valve, the parameters are likely
to be the Process Variable (PV) and the Manipulated Variable {MV) or valve opening for a

smart valve positioner which is not part of the control loop.

Step 603 determines if the data collection is completed. If not, data collection is done until
the required amount of data is collected. This will ensure that sufficient data samples are
6




pre-defined specifications for the steady state operation. Wen the
required data collection is finished, a reference region of data is
established as previously described for the system The reference region
is representative of the installed valve characteristics during the
different states of operations. This is done firstly in the step 604 by
defining at |east one set of boundary values. Preferably two set of
boundary val ue efined, the ni mym oper ati.n oi nt he | ower
boundary SEEEber Areipds Fpperietg Mgty HeBaRaHPoHEs “OURGLYE A of ep
605, a t odotlecertie db‘enﬂnecSesmerf byepelcifyihigehebouricia piydaiabargges fancbli¢diberatee band
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gener at eg@ejd%ﬂ{%@rsi)gc@fgaﬁo%gif&%e 4@(}5(1?%%@0 Pati @al ise this invention, the
a ef ed. su

follow n ssunptions are consi stantl ally linear reI ationship
bet ween the paraneters, the PV and val ve opening or MW, can be obtained

around t hgnst @@d}éq@katdataqiwmbh rhgf;rrseagéj Ofief@Bifbedre§iUR St adth iédiabibhdaesy
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gener at ed6ff4 nlhg apl‘égﬁ E@tdof bfou:‘lotar)} \%Iueﬁclgr%%iﬁnw ﬁlo's@t §ftt§)9nc§a939val IJ it is

not acceptabl’e, eneratin erence region are repeated
from def i #F ﬁ@f'ﬁﬁettﬁdﬂl‘ﬁ'ﬁé‘ﬁyol‘?ﬁﬁﬁ e Poihas fhedowey kauairre 2pAfE. Nafiee seerstngps ar e
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refer ence regi on | ec? %pﬁ assessnent ?nd td| &)g a?f | contr ol
| oop can 3 %t Cﬁ“hu eingto R AR bR 8T Ih§ e o ”ha”é‘? p°r610 and

conpari ngapp@galmtiefmh@vzdmsa within the reference region, thereby assessing
and di agnosing the control [oop performance. This nethod of assessing and
di agnosing the control |oop performance elimnates the step of taking the
control |9&fPSP-1 ingar f?@fﬁs%%é Parforad pa thegriaceliedird e §ART &P alséﬁﬁ‘ﬁy state

region. in a linear approximation step 607, interpolation is performed from the higher end
point of the collected data to the maximum operating value and from the lower end point to
the minimum operating value to generate a reference line. In step 608, the tolerance band is

applied to the reference line to generate a linearized region.

in order to realise this invention, the following assumptions are considered. A substantially
linear relationship between the parameters, the PV and valve opening or MV, can be
obtained around the steady state operating region; and a substantially linear relationship is
assumed hetween the limits of the steady state operafing region and the boundary limits,
which are the maximum and minimurmn operating points.

When the reference region is generated, preferably the generated region is determined if it is
acceptable in step 609. If it is not acceptable, the steps of generating the reference region
are repeated from defining the boundary values and the tolerance band. These steps are

tepeated until generated region is acceptable.




does not have to be put in an off-line node, because data for any
predefined paraneters can be collected while the control loop is in
on-line, a continuous assessnment is possible. For each data set coll ected,

t he assessnent and di agnosis include determning if the data is out of the
reference region in step 611. If the data set is out of the reference
region, the signature of the data set is recorded and a diagnosis is
performed in step 612. Exanples of signatures of data sets are i|lustrated
in Figur ddter An gaerradle rprREINSE| regian dheverater. diepseENend and sfagreiinel the t he
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col |l ected when plotted against the reference region allows nmuch nore

efficient troubl eshooting. For exanple Figures 7A and 7B illustrate data
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the appligat f?xg r%rehg@rég[mqgéle‘ﬁrbﬁt ReEL akts sBOis Hub hHRL Ir9Brch& Fe@%ncfﬁ@t rol

| oop which is beln assesse di agnosed. The control |o perfor mance
can be cW?W%Qféhﬁ/d%ﬁ?tt'%feéﬁdaﬁénd a.d@gma PerfPrEed frbﬁt"éh‘?‘izyEi‘?i‘é‘flﬁ‘ﬁ?y poor |y
or under Q;anfa@féﬂ ddata@Blsr=pd nzh@@m in WiduFesuChdBC ITade is o bk of stéd@13 to

per forma t ont rol. re entlve LnLe | a n be

b1 or1 £ 1 Ernd e BROVER s IRERL " B aeht R b RARE SPa LS ER Do E i
reduces triee daeed pedermperthodingmegisofif be Weeﬁtetttml A d!dgeoata)lmdef@tmlh@ﬁp beor the
val ves whi, Frnge?de ects the productivity and performance of a plant having
control | oo 8 W claim1l. A systemfor assessing and di agnosi ng
performance of a control |loop for a valve including: (a) a data collecting

means f orneql hestibi thet d@ﬁtr@&d@ﬁﬁbﬁﬁ:ﬁorﬁfb theean@OFtfoMhanke abeihghargod byt eady
?‘;2‘}[,‘:\ ?gfr %(%agqu?téﬁc? rgl) tha nserandeﬁger %\fseI c?p%nﬂ&%?ﬁva?ﬁe S‘rolcésg Afue ARG fyma‘t ion
monitored over time, the valve performance is also taken into consideration. Hence, the
collected data is a true dynamic representation of the entire control loop performance. The
signature of the data collected when plotted against the reference region allows much more
efficient troubleshooting. For example Figures 7A and 7B illustrate data signatures for pipe

leakage and impulse line blocking respectively.

With the application of the invention, there is no disruption to the control loop which is being
assessed and diagnosed. The confrol loop performance can be continuously monitored and
diagnosed to efficiently identify poorly or underperforming controi loops. With such a clear
view of the performance of the control loops, preventive maintenance plans can be prioritised

and deployed in more efficient manner.

Advantageously, this reduces the need for performing offline tests on the control loop for the

valves which affects the productivity and performance of a plant having control loops.




| east one reference region of data; (c) a user setting neans for defining a
tol erance band and the boundary values of the two paraneters; (d) an
assessnment and di agnosi s neans for assessing and di agnosi ng new data
collected by the data collecting nmeans; and (e) a display neans for

di splaying the results of the assessnent and diagnosis. 2. A nethod for
assessi ng and di agnosi ng performance of a control |loop for a valve

i ncludin the steps of : (a) collecting data of two parameters of the
control Y¥@aBuring a steady state operation; (b) establishing at |east
one reference region of data; (c) collecting new data for the paraneters;

and (d) coHpari ng. new da%?”‘foai nst the reference rﬁgi 0 ereigéﬁna_ssessi ng

} £h
and di agrioSi® Sder{‘ﬁ%f elied P per POr maREe.” 4 SSoF B0R Sy 2 xa Vg idnd ™

cl ai m 2 wher ei(® & Hata soleptingfmeznk fa coliastinaiyb aadmetengofdhe cadrdllosn durieg a
operation inclydas iheatens of : defining the paranmeters for data
collection; and determ ning the anmpunt of data collection by either

speci fyi ng t héPnd HiF&F ragrosaigt a*eé‘aﬁﬁm%e lipear FBPTE PRt BEANSPT esé%?é%’l"fgﬁtng t he
period for datigasceld rektdno@regibn oAdatet hod as clained in claim2 wherein the

step of establishing at. |eas ne reference region pf data arqund_the
steady state (Sﬁe? g?gc)sﬁhtp%g]eﬁéiseg)rt%ﬁﬁennsg[%gdeg?ncf)é)‘rgg%rgrﬁq ﬁ]ge %%P?an z\ﬁaguesr%cgressi on
on the col | ecttesltwdategame®ers;A met hod as clainmed in claim4 in which prior to

the step of pesff Giddsferk iR MaghbH RRAAORr asdddlibd@hd IdhoIRSnd P @att eps of
. 9 defining at | east one set ofg boundaré val ues tTor the paraneters; and

defining a tolselestfddyimipta eleingEtsRBy @88 clainmed in claim5 further
i ncl udi ng t he (st gpispief means for displaying the results of the assessment and diagnosis.

2. A method for assessing and diagnosing performance of a control loop for a valve including
the steps of :
(a) collecting data of two parameters of the control loop during a steady state
operation;
(b) establishing at least one reference region of data;
(c) collecting new data for the parameters; and
{d} comparing new data against the reference region,

thereby assessing and diagnosing the control loop performance.

3. A method as claimed in claim 2 wherein the step of collecting data during a steady state
operation includes the steps of :
defining the parameters for data collection; and
determining the amount of data collection by either
specifying the number of data samples to be collected; or
specifying the period for data collection.

4, A method as claimed in claim 2 wherein the step of establishing at least one reference
region of data around the steady state operation includes the step of performing a linear
regression on the collected data.

5. A method as claimed in claim 4 in which prior to the step of performing a linear regression,
further includes the steps of :




perform ng a |inear approximation between the steady state region and the
defined boundary values to generate a reference |ine of data, and applying
the tol erance band to the reference line, thereby generating a reference
region. 7. A nethod as clainmed in claim4 wherein the step of performng a
| inear regression is based on an equation in the formy=mx+b where:
JI(EXY)-(1 ly) n(EXZ) (1 X)2 x, paraneters defined in the contro

| oop; n = nunbe of data point X (xn, Y) - M(
X) ra Yx= X d atigest \?EW%QS d% ﬁ}Je?f%%é,? %et%!ﬁcz‘?ﬁ _ + Xn Yn Y X2
:X12+X22+..+Xmam&x;$mmmrheﬁmas clalned in claim6 wherein the step of
generating a reference region of data further includes the steps of
generating a second line using a set of boundary val ues defining the

m ni mum ViaPuesthodzasdiaimedkip clgfm § althedndedinaihaglephe | ower limts of the

tolerance ban@eb@rﬁ% @ﬂqe%ﬂa@&bb&hét@ﬂ HefivechNfe Et5dY stat8Xddon WEheidefined, ; N= 0,
10 b=0 and 'V/OYV
boundary values to generate a reference line of data, and

applying the tolerance band to the reference line, thereby generating a reference
region.

7. A method as claimed in claim 4 wherein the step of performing a linear regression is
based on an equation in the form
y=mx+b

where:

B
AS ) -xf

X, y = parameters defined in the control loop;

n = number of data points (x4, vi}, (X2,¥2), ..o {(Xn. Vo)

()3

n

Zx= X1+ X t+

Z}’= yityat oo+,

ny: Xtys*Xp¥ot oot Xo Y

2
ZJC o X12+X22+ +Xn2.

8. A method as claimed in claim 6 wherein the step of generating a reference region of data
further includes the steps of

generating a second line using a set of boundary values defining the minimum values
and a set of values defining the lower limits of the tolerance band based ¢n an equation in
the form

y=mx+bhb

wherein Xmn= 0,
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wherein xmn ;~ 0 Ylow and x(ow C~ "Crain (Ylow - b) in xlow where
(xmfn, Ymn) is a set of boundary val ues defining the m ni num val ues;

(xiow, y,ow) is a set of values defining the |owest data collected; and
generating a third line using a set of boundary val ues defining the maxi num
values and a set of values defining the upper Iimts of the tol erance band
based on an equation in the formy=nx+b wherein x = xmax, Ymax X xhi gh
xJrigh b [Yhizh t - and xmax xmax (Ytdgh - b) In = xhigh where (xmax,
yax) is a set of bB dary valtes defining the maxi mum val ues; (xhigh
Yhigh) is a set of Vahﬁﬁf defining the highest data collected. 9. A nethod
as clainmed in claii®- ther including the step of : determning if the
generated reference ré@%on is acceptable, wherein if the generated
reference regibreins,NQl acceptable, the steps of generating the reference
regi on are repeated fromthe step of defining the boundary values. 11 10. A
nmethod as clainmed in claim2 wherein the step of conparing new data agai nst

t he b: y.IOW

(1 - ..“.“.,19}.‘5.._)
Lenin

(y fow ™ b)

M=
Low

s and

where (Xmin, Ymin) 1S 8@ set of boundary values defining the minimum values;

{Xow: Yiow) 1S @ set of values defining the lowest data collected;
and

generating a third line using a set of boundary values defining the maximum values
and a set of values defining the upper limits of the tolerance band based on an equation in
the form
y=mx+b

wheregin X = Xmax,

Vnax > Xhigh Xhigh
h= [ y high S I - o - an d
K max Xnax

= (.V]rigl'a - b) ,

thgl;
where (Xmax Ymax) iS @ set of boundary values defining the maximum values;

{Xnigh» Ynign) is a set of values defining the highest data collected.

9. A method as claimed in claim 6 further including the step of :
determining if the generated reference region is acceptable,
wherein if the generated reference region is not acceptable, the steps of generating the

reference region are repeated from the step of defining the boundary values.
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reference region, for each data collected includes the steps of:
determning if the data is out of the reference region; wherein the data is
out of the reference region, the method further includes the steps of: |
recording the data; performng a diagnosis; and determning if the

di agnosis is conpleted. 11. A nethod as clainmed in claim3 wherein the
first parameter is a process value and the second paraneter is a valve
opening. 12. A nethod as clainmed in claim3 wherein the first paraneter is
a processOvalmahahas elagedde ctsimg 2patessie ther sters obpP RAIpUNew 4Pi#e95fst 8 cont r ol

| oop.  13.cbreBd ROEN S ShRbisBdolicBtedirdivdbslihe bt Ber i ncl uding the steps of

varyi ng the second ,Bar rreréﬁ({ar, durifr}% tthe data, coll ection; and obtaining the
first paramet &PCEHH! %gg't? h§ P TSGR e §99Bcond paraneter. 14. A net hod
as cl ai medherain bk datmisl@yt ofthe reéerandehegioo fiternpdthdbiophdrasiudepthedieps nfed set poi nt

further including . varying the predefined setpoint, and
obt ai ni ng the corrg%gmﬁﬁ%d%’rst and second paraneters during the data
col lection. 12 performing a diagnosis; and

determining if the diagnosis is completed.

11. A method as claimed in c¢laim 3 wherein the first parameter is a process value and the

second parameter is a valve opening.

12. A method as claimed in claim 3 wherein the first parameter is a process valve and the

second parameter is an output value of the control loop.

13. A method as claimed in claim 11 further including the steps of
varying the second parameter during the data collection; and
obtaining the first parameter corresponding to the varied second parameter.

14. A method as claimed in claim 12, wherein the control loop has a predefined setpoint,
further including the steps of

varying the predefined setpoint, and

obtaining the corresponding first and second parameters during the data collection.
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