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 COF 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 instrunent 100 for displaying a Process
Variable (PV), for exanple flow rate, tenperature or pressure, is

nmoni tored by a control |oop 102. The <control loop nonitors the PV agai nst

a desired VRIEYROD ARD SYSTENFORUSSEIHINGUAR DiABNOUR: BENIRRSL MBBRAD! © (W)
Thi's ensures tha

to control the val ve opening 106. t the valve 1Ss
functioning properly and the PV i BERF@RMANGE:ci fi cati ons. The performance
of the control |loops nust be maintained within optimal levels to realise

the benefits of automation. Typical control |oop performance indices are

used for detecting poorly performng control |oops by conparing the
cont r ol | eFlEldr OB INMENTEOMgai nst a user-defi ned benchnmark, such as a m ni num
variance index. An exanple of the nmethod of nmonitoring is illustrated in

Figure 2. _ For each control |oop, data is collected and the performance
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agai nst t bperb@hWABE ¢n frocesd @h@mBhipliigd Baar  perforning control [oops. Then
a diagnosis for the control loop I1s performed, In a control |oop

di agnosi s, higher order statistics and spectral analysis are perforned to
provi de aBACKSIRMINDDOF THEAINYENTEIN of t he poor performance. Precious tine
and resources are required for such a diagnosis. Hence, there is a need for
a method to inprove the assessnent and di agnosis of the control |oops. In
addi ti on, VAIVPoinstaisk in sarlartore senteaded byieentiot iseps. fRigsreof dlusteatés aschealatie wear
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must be maintained within optimal levels to realise the benefits 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 calculated. 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 loop.

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
1



The cal culation is based on the downstream si de pressure and at nospheric
pressure. The position and time, corresponding to the coordinate point,
are integrated to find a life index. The service life of the valve is

eval uated based on the life index. The applicants' prior invention,
Japanese patent nunber JP 3219116 provides an abnormality diagnostic

nmet hod by col lecting PV as data for a desired range. The data is expressed
in a linear function against tine by using the | east squares nethod.
Standard deviations between the linear function and the collected dated
are obtai n,standard devi ation
val ue and%ﬁ%sﬁge Mé‘én tﬂgaug? %gﬁ ({!1%0\}‘"%”%% EQ%\PQ gssaﬁe (9(?#2]’3"{8 ?1”(—5’ A aé'f’ I ons of
an upper ahmbﬁroamflﬂdlnmﬂnesccwrdlmaﬁ@p@lets:ifﬂf@cpnealngefthWVeheand paviistionedmdat a does

not exi st Tha chld@atioANYBadeBloNaRE d&\pﬁstr@% Béﬁi@ Qﬁésshr‘e%dfa{t‘rﬂ%dhgrrbsprﬁééﬁ?e m’né’ cess

i s diagnosed.to be abnor nal u Thi's net

noni to?s PRI A\ figpe. §(°r6‘?§P%1rfqa'E9nt°dPe B‘g:i"??ﬂie BfinG ?F?e'“?ﬁf?t‘%i’otéé'“ﬂét“fq ER@‘ into
consi der afThererviaelifebhtbe valyaniarivaustebasat sn the litdiedexont rol | oop such as a
control valve nmovenment in which wear and tear of the actuator plays a key
role in affectlng the PV. The objective of the current inventionis to
provi de aThe uePrisamsni REioF dpveatiemt aprorseopatehie nemberr dP 8319M B providss an

per f or nan@sn@mdmgdld@gm¢ bt b’*ykéd"lgcnhﬁ'tFQ/ AC8RH e aaldbs.ﬁemafﬁﬁcfrﬂé %aeém ch
affect the characteri st the elenents in Y OF THE

| NVENTI ONSFHESTeA Ve AcneH Hﬁgct'an @%‘P?n‘i"?eow el b 'ﬁ@StaSHHara? H&ﬁ@% ﬁkj”%aréont rol
| oop per f deviativoe , betveenpihé slinag unBiidinaarid Hee colieotad Sextdd are whtbiobd embltast s dat a

of two pa a
ot eady o meamE Sofle 0 PDbdrBhon AR Bty LSS Bnd BXFISGINNRE D ch
can be refepPeeie aglyaonal “Réf@lc@m’é@f%t@eria@ 'BW@Id@B@@&IthﬁﬁeareldlrerRergaeSS| on

Secti on t enedeied dit8 ddes doNBAst ik ﬂmgrrﬁr%%'ﬂéﬂveeﬁtﬂés;ﬁi'yg%lﬁlh@ﬂmgf@ﬁé theSprBdely i ded to
define the undary points, which are the m ni num

tol e hou
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movement in which wear and tear of the actuator plays a key role in affecting the PV.

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 all 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 control 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.



Figure 2 illustrates a typical control |oop assessnent and di agnosi s

nmet hodol ogy in the prior art. 10 Figure 3 illustrates a preferred system
of 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 against the reference region. Figures 6A
and 6B illustrate a flowhart of the invention. Figures 7A and 7B
illustrate exanpl es of signatures of control |oops used for diagnosis in
the 2(; current invention. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT 25 A preferred enbodi nent of the invention is a systemfor
appl yi ng, assessing and diagnosing a control |oop performance as
illustrated in Figure 3. A Data Collection Section 301 collects data of at
| east twoBRERDESERIPTHON ORGHEDRAWING oop for an installed val ve during
steady state operation. The first paraneter is the Process Variable (PV),
which is being nonitored and inputted to the control |oop. The second

par ane? er Figgrer hiusirgles @ sefrsmatia iagrsr ofa priar Irbsegeatipiegntsd loeb fareoklved by a
conventional valve, which is not part of the control |oop, the control | oop

out puts a_Mani pyl ated Var.i abl e based on a setpoint. The val ve opening
can” be: doF VR Tyt i arits' EHG oorient Ao ebh s e oo Gl 1 i i <
case, theasecond paraneter is the M. 3 In order to ensure that sufficient
data is collected for establishing a reference region which is
representative of the installed valve characteristic, the valve opening is
var i ed0t oFigHteal Hustrales arrfereashryplem i tevnveplianer nat i vel y, the setpoint is
varied to obtain the corresponding W. The data collected during the
steady state operatio ich can be referred as t Ref erence 5 Data, is
ot ocebsedr o it deand e Ptk GRSttt 611756550 hbe Seac rrean 1
regressi oimvemtioe. Fi gures 4A, 4B and 4C illustrate the generation of the
established reference region. The x- axis is the paranmeter of the valve,
which in the preferred enbodinent, is the valve opening. The y-axis is the
PV. The gElsureat déstrrienaspmparisoe 9Edaimagainsbthe sefpeataredoas | i ne 401 having a

| ower end point (xin,v, yifl,w ) 402 and a hi gher end point (419h, Ynigh)
403. 10

Figures 6A and 6B illustrate a flowchart of the invention.

Figures 7A 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 linear regression line is generated based on an equation in the form
y=nx+b 15 where: }(~} the slope of the line, in = nn x| Xx"E11 Y x2}xlZ
x and y are paraneters defined in the control loop; nis the count for the
number of data sets (x1, yl), (x2,y2), ..., (xn, y$, (L,y -mx) an
interception with the y-axis, b = n 20 Ex=xi +X2+...+Xn; J, Y=Y1+Y2+ +Yn xY
X1Y1+X2 Y2+.. +Xn¥Yn 2 ~x =x1 +X22+...+Xnz 25 A User Setting Port 303 in
Figure 3 is provided to define the tol erance band and the boundary points,
whi ch are the m ni mum and nmaxi nrum operating points. In Figure 4, the

m ni mum OlDr%raéﬂ tB@nﬂﬁ’é at {¥ent daYéﬂsr&LII&fé?d 1R dPHERIrRPE Rk d a8 r n%hdh)fgmx
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thelower operating po i mum operatin a line
406 i s%i nPéRpis rPEEsTd B m Linser Regessianpiaciion AR p(generateoa Iurhaer regreissioniineper at i ng

poi nt.  SFijuledrday 4Banki i4BankPdte itife ddHeRIiBRbAIE SslbRiMbd RecrbRREEqiORShatd Ng
poi nt 403 t.o. tHe maxi g oeelr ati nﬂ ?_ﬁnt 405, Takjing into consideration
the set of*BEUHARFMFIE giibe Vqlye, whic 5}’5;1 )prefﬁ'\frﬁ‘?%‘?fn?ﬂ-f"f"i‘% i3 he VAR PREIAY: val ues

and (xbu" Thé aw)usas theheV.ske geherated Uiesarwhgebsiatefiienie pldited bovies 40TBéving a
col | ect ed,ov\;epg?d ﬁ)gbg&jlo fdéalnh 8%gﬁg,66r4dsp0§ngf)&r§gyhfghr Qgyan equation in the

formy nx+b

The linear regression line is generated based on an equation in the form:
y=mx+b

15 where:

n(>" xy)- (ZX)(Zy)
(X5 )- ()

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 (x1, Y1), (X2,¥2), -.., (Xn, Yn):

( y)—m(ZX);

n

an interception with the y-axis, b =

20 Zx=x1+x2+...+xn;
Dy= vttty
ny: X1 Y1t Xo¥o+ oo+ Xn Y3

2
Zx = X2+ X2 L X2

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 (Xmin, Ymn) and maximum operating point (Xmax, Ymax) are
represented on the graphs by the reference numerals 404 and 405 respectively.



the interception of the line wwth the y-axis, b =0 ; and the slope of the
line, m=YtO' xlow if xmn does not equal to O, the interception of the
line with the y-axis, b =/tOWN; and xfow } xmm the slope of the line,
in =tl . xlow Secondly, another line is generated using a set of boundary
val ues (xmax, ymax) which defines the maxi num val ues, and a set of val ues
(xhl'gh, Yhigh) which defines the upper Iimts of the tolerance band based
on an equation in the formy=mx+b where x equals to xmax, the
interception of the line with the y-axis, 333 xugt>ui | ; and MK

the sl ope pf Ltrh’é%r |A£8|%xmmldn §¥dtion 384 -oF F%urédﬁ' Mear Iﬁﬁoﬁrﬁétﬁ)ﬁqg(b@rﬁlf) ﬁt(ﬁ or med

bythellnes i | lustrates the characteristic o e val ve.
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poi nt and Smml@rlmﬂm)ée'éua intprpststed frem th@plpeefeone@dnsi noifi ¢1f ® WB mpymurd8a,
408b, 480¢pauthgdffelahespectively 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 Coll ection

Taking into consideration the set of boundary values, (Xmin, 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+b

if Xmin equals to 0,

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

the slope of the line, m = Yiow ,

Xlow

if Xmin does not equal to 0,

Yiow

(1 _ Xlow ]
*min

the interception of the line with the y-axis, b = ; and

(ylow ~ b) _

Xiow

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 (Xnigh, Ynigh) Which defines the upper limits of the
tolerance band based on an equation in the form

y=mx+b

where x equals t0 Xpay,



Section continues with data collection for assessnent and di agnosis of the
control loop. The data collected are referred to as New Test Data. The New
Test Data is processed in a Loop Assessnent and Di agnosis Section 305,

Li near Regression Section 302 and Linear Approximtion Section 304. The
results processed in the sections are displayed on a graphical user
interface display 306. An exanple of the display when the New Test Data is
fitted to the reference region is shown in Figure 5. The new data 501 is
conpared agai nst the reference region 409. The invention provides a nethod

illustrated in Figu&ﬁs 6AnR ﬁﬁ for asseﬁglnghﬁpd ?m@gnOE{ng a cgntrol
| oop performance inc udlng t step defining two paranet % or

data col l ection, step 602, for,gollect)ngl data for the defined paraneters of
t he control Iodb- Hupnimg a stea htatE" per@ﬂﬂon In a control |oop for
a

install ed val ve, the para%e%ers e ik to be the Process Variable (PV)
and the Mani pul ated Vari able (W) or valvghopening for a smart valve

posi tioner which |s¢@g%pg%f$eqﬁegpe | oop. Step 603 determ nes if
the data collection is conpleted. If mpt, data collection is done until

the required amount of data is collected. This will ensure that sufficient
data sanples are 6i collected for a reliable representation of the steady

state Opef‘l'ﬁb Iréterendd iMe 3bMiéatby Qe fRLA0E %(heand%blllﬁl%é?& thé cﬁlﬁéﬁér{&l@%fjth@' t her
by specif @g t he nunber of data sanples for collection, or th period of
on

data col | In order to obtain data sanples, this is done preferably
by varying the val ve opening or setpoint which changes the values for the

PV or W Hgs gﬁ%gﬂ Xﬁdrc)/xmgt[% Oﬁel%tfmttﬁ“er c@ﬂr?e%teﬁpetf%&ce re%?n Y a?%’?)’ﬁ)qrﬁ“ﬁ %89 pina

preferred no or a er out nual
mode, whefeingdi talgrange Hang arwn@latherejer?eceotneptn andxampler Bgpmetantsea usat-ve

openi ng odefiéd tb‘l@ﬂéﬁb@ebandt V\e\/dﬁﬂa" brePstaBlRPk Hp Ile%ntg tﬁé)%ﬁ.ﬁhhlneépe%h&%ﬁt nust be
within th cations for the stead épstate operation. Wen

re-
the requi S@BQ é’oﬁ‘w‘?"é‘?ftelpgr‘?o'i” anq APEHEYoPesating Paink p EPreaRiterhindiowiate i s
est abl i shéy 488a, 408te viBdeiahd/4@Beisespebibdlyfaon thdpoisty stecitined foemihg ey @R@ence €gi on
i's represenatdoss, installed valve characteristics during the
dlfferentﬁg%ates oggggggetlons This is done firstly in the step 604 by
defining at | east one set of boundary values. Preferably two set of

boundary wvéedase r@ét@n&iﬁfdgmds deRéraidt NicfRHALBSIkab | FigLrP 8l He @&atdlﬁeétﬂwer
boundary s q thent %heﬁ &5 # @%f oint as the hlgher boundary. In step
605, a t ol SrSREEMBARY I AR FPIRELPN 'HHRSSEGLFTY (anfiis of the control foop. The
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 409.

The invention provides a method illustrated 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 control 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



and tol erance band can be defined by allowing a user to enter the val ues
manual |y or applying pre-defined values. In step 606, a |inear regression
is performed on the data collected to generate a steady state region. In a
| i near approxi mation step 607, interpolation is perforned fromthe higher
end point of the collected data to the maxi num operating val ue and from
the lower end point to the m ninum 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

fol | owi ng ssdstbi ORSaAs RprReGRBAGLEMe sBadpstapbiatd. Srhe Jarh&ﬁ%f Ja@i tHgonshi p
bet ween ”E%Il PV and. val ve openi can obt ai ned

ers 0
around the"s og‘ma&fe mfmeedoepg?r QY SRECiDg sy H;’g"ﬁj%’lpéﬁ?tf?%ﬂ°l"’ft'?’i' REHE
rel ations meﬂoqi of daé@sqﬁn@@nbletomem otfiain ldatai samptefs thisds géreqmiyfesb@tbe vagegat i ng

507, ST Y A D O BT AL Ty 1

gener at ed T@FPSnA F"stp‘a’étt"@tlhﬁli‘enﬁcﬁ'trplf'oﬂt'"|a§>"efa'tf€bfp39 Ioéalcﬁnt@dlgp)umgwﬁh freit is
not acceptcabir@,lodphie asmanal de@Qﬂféha/tahélg réshuﬁ ik @étﬁrs%f},c& F‘\ﬁgr'uoofﬁe BdpRchvepeat ed

from defi es a e toleran hese steps are
r epeat ed lr})ﬁl W ob‘%ﬁ#;&a ed rgveir evasnegégtggpgwgcoryro ?rtoéPpuﬁiH"%E%Mfﬂ'bWé
reference W%Q%fmﬁdsgecgeﬁ@natoeme stelady ststeepsmbiort. and di agnosis of the control
| oop can be activated. This is done by collecting new data in step 610 and

conpari ng inst the data within the reference region, thereby assessing
and di agntygl‘?%bt £ AR E71B | collqctigpis fisishest: r?afﬁf,eéemfﬂ'i?moﬂmftWlScﬁst@msgsng and

di agnosi ngrdviveislg aesdriobd fo e gerefmrrﬁal?&@ren@ lefoR & %%re%@rﬁat%%@tﬂéfmétéiébng the

control | ec ince the control |oop does not
have to bglggﬁg Mraétér%?csf? Urind ﬂ" ‘#{@d%"t Sf?i%a‘ifé’@”@ﬁ?“& ﬁi? ISfpe Hrdu g haetgr
par anet er §06 &w detiingcas|i¢ast oredsatiof bauintitng valuns. rRytfetablypwd Seti of b@ﬂhdal’yﬂ%lue@

cont i NUOUSrA8&SRRSE, Wﬁ@%ldlrﬁurﬂ%ﬁf'améapmﬁtoés ﬁ@qyweq%ancﬁag; cﬁﬂhg Gﬁ?sqtrgr ?Rer%lpgt he

assessnent and nosi s i nclude determnin
r ef er ence PPEGFY tg? %% hertkayngent In slep PPk ad@?@”@%@aﬂdss defined{The heundafyarabies e
region, thed tdegnat barel &in bde@efitat oys@lowing 4 @S eshtadNfle JadbLERASAIS drS

perfor med I lgranpl es of signatures of data sets are illustrated
in Fi guresb@y %E@@% ere is a check in step 613 to determne if the

di agnosi s is finished. If the diagnosis is not finished, the steps of

col | ect I nen stgeB0a1alifed: RgpRloR iRl diforhe Rg Thibcttbld oberdieReaLET i the

di agnosis i s d?t er m ned
region. In a linear apprOXImatlon 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 between the limits of the steady state operating region and the boundary limits,
which are the maximum and minimum 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

repeated until generated region is acceptable.



conpleted. In the invention, the control loop in addition to the valve
performance is being nmonitored by collecting data for both the PV and the
val ve opening or W. The process value is not only nonitored over tineg,
the valve performance is al so taken into consideration. Hence, the
collected data is a true dynam c representation of the entire control |oop
performance, The signature of the data coll ected when plotted agai nst the
reference region allows mich nore efficient troubleshooting. For exanple
Figures 7A and 7B illustrate data signatures for pipe |eakage and inpul se

I'i ne bl ockittag ah %Méb!eV@kéfencWrE@oﬁ @g&%t&&%é 98eQdmdt @nbi rb\é%ﬂ&élso& mbhere is

no disruption . to the control bei ng, assessed and di agnosed.
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In the invention, the control loop in addition to the valve performance is being monitored by
collecting data for both the PV and the valve opening or MV. The process value is not only
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 control loop performance can be continuously monitored and
diagnosed to efficiently identify poorly or underperforming control 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.



(a) collecting data of two paraneters of the control |oop during a steady
state operation; (b) establishing at | east one reference regi on of data;
(c) collecting new data for the paraneters; and (d) conparing new data

agai nst the reference region, thereby assessing and di agnosing the control
| oop per W& @i@gifice, wherein the step of establishing at |east one reference
region of data around the steady state operation includes the step of
performng a |linear regression on the collected data. 3. A nethod as

cl ai med TnAcPsiem orirspesing etk degaosing Perfrmarss alya Fantkeldeer )Y @& vaveady
state omeldingon includes the steps of : defining the paraneters for data
collection; a term ni ng the anpunt of data collectio ej t her
specifying th aqn%%%%Fo@f’t"@dﬁﬁa@g?ﬁﬁgg%d'f'% PgNpiaEal dne WPEOIS%)@C‘MW ng the

peri od for data asibadyctatenperdtionA met hod as clainmed in claim2 in which

prior to the : ] ' I : [ rther.includes the
steps of : de?olt) %Dlhnggc'#s{efg%é%rgfésa% ed[ap@%a[)%éﬁ%grﬁ%tﬁ)\?gﬁeﬁgév "5 %g’ 't'%‘ 'néé"lrflanet ers;
and defining a least eneietasensgnegionof dataret hod as clained in claim4 further

i ncl udi ng t he(ytLRsr QiMPbAdTondefing] I BRFarRP BLAX IR BBuRE stgpe st eady
state region and the defined boundary values to generate a reference line

of data, and appg"§MPPAHBEES er ance band to the reference |ine, thereby

generating a (df#rs36&meneghd Biaghosis’mbBishRdagsesGh@biEdiabrbsigaic datyher ein
the step of gener

tin reference region o data further includes the
steps of gener atqoﬁﬁt?g@'gﬁ%ﬁﬁalcf)'ﬂf’gﬁ'ﬂ%’i“ Y5298t of boundary val ues defining
the m ni num {(elaudisplayrdeansdetdisplayingl theeesdes of thenapsédstmehbaver didgnasiss of t he
t ol erance band based on an equation in the formy=m x+b
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,
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.

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 in which prior to the step of performing a linear
regression, further includes the steps of :
defining at least one set of boundary values for the parameters; and

defining a tolerance band.



wherein xmn 0, b=0 and m= tilosv xlow wherein xmn ;& 0 b =y/' ; and
11 - xlow ii xmn /J lylowb) xlowwhere (Xmn, Ymn is a set of
boundary val ues defining the m nimumval ues; (xio,,,, yiow is a set of
val ues defining the | owest data coll ected,; and generating a third line
using a 8et Msthodga staipsd io sleire & furter inFluging the stapsiofum val ues and a set of

val ues def i ni paidriifhouRREr ddofidfatl bERifeh siens e REiAAHEdhodbrBy €qual i on
in the orm wherein x = Xma max X Xhi gh r xhigh b= [yhigh

Xni ax J/ ci“%gaéﬂgrueﬁt%?e@e?FPf%r?PﬁedWelﬁ?fdat%ﬁ’Gh where (Xmax, Ymax) is a set

of boundary vapphesg theftblarange bhed BKe Mdfelevied RS therdbfiedbrating b Gbibrdnge a set  of
val ues defl n| ng the highest data collected. 7. A nethod as clained in claim

5 furthef*9%Nel udi ng the step of : determning if the generated reference
region is acceptable, wherein if the generated reference region is not

accept abb.eA rﬁéfﬁods'gl?agin%fd iq SI&h %tWﬁEgeiB l?ﬁe 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 on an
equation in the form
y=mx+b
wherein xmin= 0,
b=0 ;and

m= Yiow ’
Xiow

wherein Xmin#= 0

b= Yiow

(1 _ xlow ]
*min

— (ylow —b_)'

;and

Xlow

where  (Xmin, Ymin) is a set of boundary values defining the minimum values;

(Xiow Yiow) is a 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

wherein X = Xmax,

Vmax X Xpi Xpi
b= |:yhigh _ Jmax high j|/|:1 _ high j| - and
Xmax Ymax
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reference region are repeated fromthe step of defining the boundary
values. 8. A nethod as clained in claim2 wherein the step of conparing new
data against the 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(y;;,@,feb)ence region, the nethod further includes the
steps of: recordi My=the data; perform ng a diagnosis; and determning if
the diagnosis is conpletéeh 9. A method as clained in claim3 wherein the

first papg tg{m?é?nﬁgdpgg&eqﬁgoe{ﬂg%am dyi}ﬁ%g t\}}/ﬁ%% r ter is a valve

openi ng. 10. as clarmed’in clarm erein the first paranmeter is
a process val (fegrayrdntiha setobvaires griiniagdhedhighest data eellepted. val ue of the control
| oop. 11. A nethod as clainmed in claim9 further including the steps of

varying the second E@éarret er during the data collection; and obtaining the

first pafdnBelRd@sclaiRginglary °fthepaclydipg Bg sldBnd paraneter. 12. A net hod
as cl ai med i ndetemiining @ therdeperited refefenco Rddid is heseptadbrs a predefi ned set point,

obt i nt nlERE B SR R Props BOR ol e Bl B ePs o BAIIEIERES dat o

col | ect i mferencklregion are repeated from the step of defining the boundary values.

8. A method as claimed in claim 2 wherein the step of comparing new data against the
reference region, for each data collected includes the steps of:
determining 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;
performing a diagnosis; and

determining if the diagnosis is completed.

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

second parameter is a valve opening.

10. 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.

11. A method as claimed in claim 9 further including the steps of
varying the second parameter during the data collection; and

obtaining the first parameter corresponding to the varied second parameter.

12. A method as claimed in claim 10, 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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