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process values.

QE's are usually identified from collected process
data. In order to have a useful meaning in real time
implementation a QE has to be calibrated using historic

15 quality measurements, which can be taken on-line or off-
line depending on the type of process and/or the type of
measurement envisaged, so as to minimise, or preferably
avoid, any drift in the predicted quality. QE are
preferably used in situations, which allow rather

20 infrequent and/or delayed measurements of product
quality. This may be the case when, for instance, the
amount of time needed to produce the measured value is
rather long or when the method is relatively costly.

There are a number of difficulties to be faced in the

25 process of automatic on-line calibration of QE such as
the occurrence of varying or uncertain process/
measurement deadtimes and dynamics between the QE inputs
and the measured qualities as well as a phenomenon
normally referred to as changing of the process gains,

30 i.e. a drift in the ratio between inputs and outputs.



- 2 In order to conbat these unwanted situations, it is customary to
calibrate QE when the process for which they are applicable is inits
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30 with a di f 7RISR it slrateTrietncdsant s mesitlite tdherefdse
relates to a ref hatbw fllerd 0L i Idhe &@lddbration of a process nodel

for real-time prediction of process quality fromraw process
It has now been found that the disadvantages referred

15 to herein before can be minimized or even overcome by
applying the process according to the present invention
which allows for a real time method for automatic on-line
calibration in a robust manner. The Robust Quality
Estimator (RQE) according to the present invention

20 provides a more accurate and robust quality prediction,
which improves the performance of any quality control
scheme in which it is applied. For instance, it improves
the performance of a lineér model predictive controller
when the process is such that the steady-state gains

25 and/or the dynamics (such as the deadtime) between the
manipulated variables and the controlled quality are
varying in an unpredictable manner within certain
identified boundaries. Moreover, it can also be used to
facilitate closed-loop control of any process variable

30 with a difficult dynamic behaviour.

The present invention therefore relates to a method
for automatic on-line calibration of a process model for
real-time prediction of process quality from raw process
measurements which method comprises:

35 a) collecting raw process data,



measur enents whi ch nmethod conprises: 35 a) collecting raw process data, WO
02/ 06905 PCT/ EPO1/ 08288 b) processing data collected in step a) through the
process maer/049es obtain a prediction of the quality, c) pPOTEBS&IGSEESt hi s
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d bl bt eeding with
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zero, or, proeaedregrlmwthgsbepthk tﬁméhefabseéuleaﬁalHQlQHatbﬁ dgviation
20 obtained in ste er t han, zero orporating the deviation
into the proc@??sﬁgag%nt Sﬁdt F F8F éFVnSrgpe%Q ;lﬁgorfhéhgr89§§§uﬁ€del,
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f) calculating the deviation as being the difference
between the real and validated measurement and the area
15 encompassed between the minimum and maximum prediction
possible as obtained in step e),
g) proceeding with step i) if the absolute value of the
deviation obtained in step f) is zero, or, proceeding
with step h) if the absolute value of the deviation
20 obtained in step f) is larger than zero,
h) incorporating the deviation into the process model,
and
i) repeating steps a)-h).
The process model, which is calibrated with the
25 method of the present invention, is suitably a so-called
input-output parametric model, which has been obtained
off-line from history process data and quality
measurement. Examples of such models are Multiple Linear
Regression as described in for example, Introduction to
30 linear regression analysis by Montgomery and Peck, John
Wiley & Sons, 1992, Linear Dynamic Model (in the Laplace
transform Domain) as for example described in Linear
Systems by Keilath, Prentice-Hall, Information & System
sciences series, 1980 and Radial Bias Function Neural

35 Network (optionally with Gaussian function) as for



transform Domai n) as for exanple described in Linear Systens by Keil ath,
Prentice-Hall, Information & System sciences series, 1980 and Radi al Bias
Funct i on W o2/ed90385 Network (optionally with Gaussi an funcPCOERPOIZS2980r WO
02/ 06905 -- 4 -PCT/ EP01/ 08288 - exanplé deScribed in T. Poggi o and F.
Grosi. Network for approxinmation and |earning. The Proceedi ngs of the
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Figure 3 isgang%pF?fFgg%Fggwﬁgﬁgitf%? gﬁgigggﬂ?%¥i8ﬁtgg8%&ﬁﬁ bgﬁﬁg
control |l ed byfatansgotha geaketiyedstomitor. Figure 4 shgms tre dyn?nic
response of the njni d,.maximum value of .t he.expecte uality after a
steg 20 change EPQFH§H§§? Bgiﬁ?g§f0¥héH rggéigwﬁgngF98Fﬁgdgo Figure 5

il lustrates thélusprevedttieshielhatii ofi oher akkssnbefarenandnafhbee an on-1ine
quali&x estin% or _.is incorporated in the control |loop. Figure 1 shows a
procedd nodel LT hEvi ng input from 25 raw process data (2). The process
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controller (12), which may contro or exa e a valve not shown). Figure
1 al so shows Q%ﬁgaargg(gy%ﬁﬁépgpﬁ of the mgghod of the present

invention.
Figure 2 is a graph illustrating different terms of
15 the method of the present invention.
Figure 3 is a simplified flow chart of a distillation
column being controlled by means of a quality estimator.
Figure 4 shows the dynamic response of the minimum
and maximum value of the expected quality after a step
20 change of the set point of the process is performed.
Figure 5 illustrates the improved distillation
operation before and after an on-line quality estimator
is incorporated in the control loop.
Figure 1 shows a process model (1) having input from
25 raw process data (2). The process model (1) provides an
estimated quality (11), which i1s used as input for
controller (12), which may control for example a valve
(not shown). Figure 1 also shows a module (3) wherein
steps (c) and (d) are performed. Further shown is a
30 validation module (5), which validates the real quality
measurement (4) to obtain a real and validated quality
measurement (6). Based on the input from module (3) and
the real and validated quality measurement (6) a
deviation is calculated in (7). If the deviation is

35 greater than zero as described in step (g) the deviation



steps (c) and (d) are performed. Further shown is a 30 validation nodule

(5), which validates the real quality neasurenent (4) to obtain a real and
val i dat edv@qouahdovy neasurenment (6). Based on the input frpaT/EDeuisess(3) and
the real and validated quality measurenment® (%) a deviation is calculated in
(7). If the deviation is 35 greater than zero as described in step (g) the
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prediction steuctStep {dpdtatilressenddAlrstan indherethadfor, automatic
on- Ilgle calibration. This and further steps wll also be il Iustrated by
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measurenent (s) of the quality is perfornmed. Step ( sult
by applyi ng t & dyhdfam rehsthase faifieltlisshsi i sfélél:a?llilted uncertal n dynani cs)
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of the raw process data (2) collected the above referred
15 to process model (1) will be used in step (b). Step (b)
is thus the quality prediction step.

Step (c) is an essential step in the method for
automatic on-line calibration. This and further steps
will also be illustrated by making use of Figure 2. In

20 these steps the calculation of the minimum, and maximum
prediction possible at the time of the real and validated
measurement (s) of the quality is performed. Step (c) is
suitably performed by applying two dynamic transfer
functions (so-called uncertain dynamics) to the

25 prediction of the quality (11) (the undelayed real time),
thus creating two intermediate signals. Suitably two or
more independent dynamic transfer functions are applied.
Dynamic transfer functions are well known tools to one
skilled in the art and are for example described in

30 Linear Systems by Keilath, Prentice-Hall, Information &
System sciences series, 1980. In step (d) these
intermediate signals (20, 21) are stored as a function of
time in history. This will result in essence in an
(uncertainty) area (22) in which the actual process

35 response should be placed and which will become very



thus creating two internmediate signals. Suitably two or nore independent
dynam c transfer functions are applied. Dynamc transfer functions are
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At
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quality esti rm:taqrueg efoat)i W tthddRe thef ateimakare o é;r ls qual,i )i S
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and the specific mninmm maxi mum ossible qual ity
measured, time for the real quallty to be measured and

15 other process conditions, for example flow rate and
liquid hold-up. The deadtime can be easily determined by
one skilled in the art. From this input a maximum (26)
and minimum (25) deadtime is defined representing the
time period of the process history in which in step (f).
20 the real and validated quality measurement (29 -> 29’) is
compared with the predicted quality area (22) and the
specific minimum (27) and maximum (28) possible quality
values.
Before reaching the steady-sate situation, the area
25 (22) can be very wide. The state of the art systems will
either only calibrate during steady-state or have the
risk of making a false calibration in case the real and
validated measurement (s) of the quality is within the
above mentioned area. The method according to the present
30 invention, however, is specifically designed to calibrate
only when the real and validated measurement (s) (29) of
the quality are outside the uncertainty area (22), thus
preventing instabilities in closed-loop. Advantageously

the calibration method according to the present invention
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conditions. | StRYYE) B3 r?etor}:gf oct?r}ﬁ%&?rst&i% RP G dﬁes“éﬁrqudn\%%ﬁi on
part of5the caly wedtdudmtimecess idevdarticed (th)) (&He)t/) sﬁﬁl&il;ﬂhlﬁ\atdd_ng t he
deviation (30) (the so-called prediction error) as being the distance

bet ween t he réﬁgﬁﬁ&%ﬁ]ﬂ:&%d %M@ é@t)a%"f’d k{e%é’esz’eéﬁh(ezzt)eal .
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measur enent ( SHCBPATED REWES AP B A WBh- 14 e 284 grimuge (#8dsur enent

of the qualitpredike igalgdss il e deasiiedLatrdRe dNoRaies of process
strea[ﬁ) or products, like for exanple viscosity, 15 viscosity index, vapour
€,

press boi 15§ UPGitHOR - free and cloud points, density, octane number

and cetane nunberneand Q0HRES 1 kbiteRak A1 AR kA k@l (@%3mplee «sul phur
content, aromatics content, benzene content and olefin content can al so be

neasured at fIRGERY GRebrales 20ddnev&F eFfildoeusermurenenyr wekithg use
of off-line oguality. The quality to be measured can be properties of

process streams or products, like for example viscosity,

15 viscosity index, vapour pressure, boiling points, free
and cloud points, density, octane number and cetane
number, and compositional information like for example
sulphur content, aromatics content, benzene content and
olefin content can also be measured at frequent intervalé

20 or even continuous manner by making use of off-line or
on-line analytical apparatuses. Such apparatuses may
measure the property directly making use of for example
on-line viscometric analysers, GLC or NMR analysers. The
quality may also be measured indirectly by making use of

25 near infrared prediction methods as for example described
in EP-A-285251 for measuring octane number.

In step (g) the usefulness for calibration purposes
of the real and validated measurement of the quality is
determined. Only measurements (29’) of the quality, which

30 are outside the uncertainty area (22), can be used for
calibration of the model. In other words, if the
calculation of the deviation (30) as described herein
above shows that the absolute value of the deviation
obtained is zero, meaning that the validated and real

35 measurement of the quality is within the uncertainty area
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directly maki ng use of for exanple on-line visconetric analysers, G.C or
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of 25 near infrared prediction nethods as §or exanple described in
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is determ ne I urenents (29'),.9f th uality, which 30 are
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nodel . 1 n ot hefoumar dsi, 11 fndthée cadexlilzat ifartafert Heipdeviiat itere (30) as

descri bed herein.,abqve shows that the absolute val.ye of the deviation
obt ai ned is zecra(r)l,lbr%a iHy Qq?ﬁes[%éb%ﬁ%ts&? Weal o958 tHERSuPSent of the

qualitysis w trhaipaaatﬂimgéﬁﬂ@rtsaieq:tsy c&{ﬂ&é@%@@ﬂ&%l@cﬂoﬁpgy ?%%)&% is _8b|
22 re precise etween t m ni num an maxi num . possi bl e
((qual)i '?;/ \r/rgl uegl,O tnlﬁgddér\ﬂ aﬁeifgr?e( © Sfy(ﬁ?r-l?&‘wq r ROV EETus édCadoidtHen i nput

in the calibr@)orspreQess dnd twsy sirem wWHd aeertiurue viv & ePeald ng the
steps carried out, up till now as there is no need to refine the system
If, however, OF&@&VioRilG) @50) 349 althaArazsd oshés Shran the Filsaleutle

val ue of the wieviekiiani30)(3I IM@amdDan12eHe 13303heWa tied Frdy €12
the deviation (30) obtained will be incorporated into the 10 process nodel
in sted (h) aRFAReSpredcdud side® vill)l el thepearadoust epepp. Wil et
result will bedfhegeneialdon ) ofra Rl ffe%%ltrrwi%lpE;%C;t%l% ﬁ%%%%&'o\ﬁe
process nodel, which will "then serve as the basis for further .
modi fi cati ons cdefeAdIHF 6t Mo e Ralecdfs de wirariiond vieepmgceS sobboeieded dur i ng
the course of fhenCalinlr aking RHRESS £he ?)f %&%b'flérSEEBt%@r | s perforned,
such that incorporation of the deviation §) into the process nodel
modifications depending on the level of deviations being
15 observed during the course of the calibrating process.
Preferably step (h) is performed, such that
incorporation of the deviation (8) into the process model
(1) is performed with the use of a Kalman filter (9) (See
Figure 1). The result of performing step (h) in such a
20 manner will be that the deviation can be incorporated
into the process model by adjusting its linear parameters
thereby updating the prediction band and improving the
process model. The use of a Kalman filter is well known
in the art of process control operations. Reference is
25 made in this respect to "Stochastic Processes and
Filtering Theory"” by Jazwinski (Academic Press,
Mathematics and Science and Engineering, Vol. 64, 1970).
Since Kalman filters are in essence optimal stochastic
filters they also filter out, or even eliminate, the
30 noise on the measured quality, which makes them very
suitable for use in the method according to the present
invention.
It should be noted that the use of Kalman filters is

not limited to calibration operations, which are carried

35 out under non steady-state conditions, as it is equally



(1) is performed with the use of a Kalman filter (9)(See Figure 1). The
result of performng step (h) in such a 20 manner will be that the

devi at i ow@anodses i ncorporated into the process nodel by PBOJ/EBe1/03gsSi t s

| i near paraneters thereby updating the pr¥diction band and inproving the
process nodel. The use of a Kalman filter is well known in the art of
process contr clapgiereatdDnscoRefierencefitsl 2hfwmdatiod hiten espetdcdd®: is

"Stochastic Processes an iltering Theory" by Jazw nski (Academ c Press,
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filters are in essantasopidemmlfsirerhastd Oy fdohxﬂﬁrninfgh%&‘lewK%meaLrﬂ tﬂflr;c@it , or
even elimnate,, . the 30 noise on the asure uality, which makes them very
suitable for U5& %}}%é)rr?ecter?osd a&ﬁ?ﬁ%&%%&e_%ﬁe‘%@rﬁ IREHTORD | t

shoul d Be not edrdrhadorteh e disss tofedfad 1N nfddHRY S 5 DotRAhdd. Mted sk of

cal i bration o%er atio i¢ch are carrjed 35 out under non steady-state

.. Wh
condi tions, aslftars el&t}'ﬁql ARD 10 GEE5 eER ERCTRIS2gs thag idapddile of

provi di ng usefideg Ah@ruEBiineN tMeRRUHRGLST ithe RRIANG tQPIAiGE tURGEr
steady-state conditions. It has been found that by conbining the Kal man

filter with fHEGSGeed 4o diHy (S ath@presdnernihvediidgtesh 5 even nore
robust controlpiNQehdnt Qi %H@ﬁ;naﬂl@:y—‘%% Qfeqelﬁ‘%le@%n cfa'lliﬁogzratll%%f tat%ﬁe

addi ti onal advantage that it wl keep inproving the accuracy o

qual i th? est i miefdmedprise e3P ®:t He 2@t ishartnearedledandtvallihgat ed
measur enent Ol ARuINAlill Y de i Ghlapd o CALRGA! 0T nLE delinedd n steps

e, f and g is not carried out. The "systemw || repeat steps a-d until a
further real &&didgdiecdaeed unsistepdntthef quiad iGyaliist yeiceivedsi ved. The

calibration procegs.as degcrilied 'y}otc@%spfa%S%1'%%crii%‘é%”tiho@h%aﬁr%%ent
extrapol ated for robust nultivariable
invention can be extrapolated for robust multivariable
15 predictive controllers to cover uncertain dynamics in the
control model for all the transfer functions between the
manipulated variables and the controlled variables.
A further advantage of the present method is that as
a by-product of the calibration process (Ehe steps
20 described above) performed by the method of the present
invention, the real time accuracy of the prediction is
exactly known at any time (via the calculated prediction
error or deviation (30)). This avoids costly and
extensive quality measurement campaign for validation
25 purpose as required with conventional Quality Estimators.
Examples of applications for the present invention
are:
Distillation processes, wherein the quality to be
estimated by the quality estimator is for example the
30 quality, for example composition, viscosity, density or
boiling point, of the fractions obtained in the
distillation. The raw process data as collected in
step (a) may be the flow rates, feed and product
temperature, tray temperatures, overhead temperatures,

35 system temperatures, reflux ratio, circulation reflux



15 predictive controllers to cover uncertain dynamcs in the control nodel
for all the transfer functions between the nanipul ated variables and the
cont rol | adovandedbl es. A further advantage of the present PET/EB@/(8288 hat as
a by-product of the calibration process~—(f&He-steps 20 descri bed above)
performed by the nmethod of the present invention, the real tine accuracy
of the predi ctduwy iand execttgbdkinom daitanyEtdme {mr adidrel Cadicidat ed

prediction error or deviation (30)). .This avoids costly and extensive
qual ity measurenent: canpai gn- 1 ore v%#?‘ﬂ]a]tkhleoﬁ?’ﬁfaﬁﬂ%s%}%%fﬁ&ﬁﬁw e W h
conventional Qumald tgplEsttiemt as. folxamiEse de-apldcaldons Jor the present
invention are: Distillation EF)rocess,es, wherein the quality to be estimted

by the qualit P& HetTrsq < ‘bt?uté&ﬁﬁﬂ%s'p - FR e R el e
conposigion, yirsgesidiprdaensd taporttdad,| ing HiButdle the fraatd ons
obtained in the distillation. The raw process data as collected in step

(a) may be the fl SRAREE.CT QIPHRF Fodhar e ekl Suale ty rtgy be

tenperatures, coxamhead ISMRHAIHIES)ty I SHaHeP LR AL 1 d &fddix ratio,
circulation reflux WO 02/06905 PCT/EP01/08288 - 10 duty and the reboiler
duty. Exenpl ardfediidth | 1T0Y Giami s csdwosditd gy e wissid | Iverssosddatum

distillers, |igsit8ndosiplidd &sims (i Mamind de- et s ehsuw de-
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propani sers, de-butanjsers, €ethane-ethane splitters, 5 propene-propane
splittlrs, bumMedé Bidaie Xplthe aredudtommecditednaddes dds ameragisiarhe
qual ity to berreStARLARG, Y4 heqrald (h 1988y o 18 T X%{Qy d .hﬁ%e
quality, for exanple Conposition or yield, viscosity, = density, boilinhg
poi nt, oct ane fH@rbertasst difedwimositoael tdensddxy ofcatded yatodunt, asc

obtained in the cOIVErSIAN. &b IAY RIRGRIS 48 A% SYdLegd in step (2)
may be the polymerisation processes, hydrocracking, fluid catalytic

15 cracking, hydrotreating, hydrogenation,
hydrodesulphurisation, (hydro)dewaxing,
hydroisomerisation, reforming or delayed coking.

Blending processes, wherein the quality to be
estimated by the quality estimator may be the octane

20 number or cetane number, viscosity, viscosity index,
boiling point or composition. The raw process data as
collected in step (a) may be temperatures of the
different feed streams or compositional data of the
buffer tanks upstream.

25 The application and advantages of the Robust Quality
Estimator according to the present invention is
illustrated by the following more detailed description of
a control of a simple two-cut splitter as shown in
Figure 3. This Figure shows a schematic representation of

30 a distillation column (33) provided with a feed (34) and
top product outlet conduit (31) and bottom outlet conduit
(35) . The unit is further equipped with a condenser (36),
a overhead drum (38) and a reboiler (37). Various
controls are present: a level control (39), a top

35 temperature control (40), a level control (41) and a



flowrates, feed conposition, density, catalyst age, or tenperatures.
Exenpl ary conversi on processes are polynerisation processes, hydrocracking,
fluid cavedy2/0a0s 15 cracking, hydrotreating, hydrogenati oRCT/EP01/08288

hydr odesul phuri sati on, (hydro)dewaxi ng, - Bydroi sonmeri sation, reforming or
del ayed coki ng. Bl ending processes, wherein the quality to be estimted by
the quality estélmtbrecomyrde {4@) ocliamere20 dquenbety o6 f CE@NEom UsbSduct

viscosity, vis ity index, boilin oint or conposition,_ The raw process
data as ycoI I egﬁz)ld %/71 I&?%f)t”f%c? kﬁééygb OV ue?nlg%f%?e¥ h&32 ki f¥t®nt feed
streams or conposlitpnedndes afef ieramed ferfimaksoappifigamind Jhe

application and advant ages of the Robust ality Estimator according to
the present i W%T?%\yigonwﬁjsr?%‘?%t b?/ft%‘%‘a‘f%lﬂ’%‘%ﬁ“h@t ot eLRRtERY ed

descripion ofpredeentrol of a sinple two-cut splitter as shown in Figure
3. This Figure shows a schematic representation of 30 a distillation colum
(33) provided wit PR eAISHLHICOR GFofistidti buta®t onritoW819n and

bottom outl et £ondstkdmplS5]) - stdie #ld dis Fni thes eauboped, v th, a condenser
(36), a overhead drum (38) and a reboiler (37). Various controls are

present: a | eVaI2RDHT otl¢ 335t Reip @6 theptiererrives qamrokhleryel

control (41) aubhp a\/@ﬂ%% 059 0o PTLARGLPB2A8 (42111 ‘I(}{%Qﬁﬂéll trol (42).

The real quality of the top product (31) I's neasure y a conti nuous

anal yzZt (32) memrurequay i ¥ carpliedor (3dstainkle extiinkl $oid ifigrpoi nt or

St 114 on poseen T e e (BTt MO P A S on the

top tenperaturferdyy totagepnptie shtomdiim ofp tde ¢copunenp? )atiur eche

control ler analyzer sampling point (32). This deadtime depends on

how much product is made and will vary accordingly

15 (resulting in an uncertain deadtime phenomenon). If now
we look at the dynamic response, slow dynamics will occur
in case the liquid hold-up of the overhead drum (38) is
small (corresponding to a low level) and vice versa
(resulting in an uncertain dynamics phenoﬁenon). The

20 dynamic response including the deadtime will thus be
influenced by the level controller LC (39) on the
overhead drum (38). From the above the minimum and
maximum deadtime can be determined.

Figure 4 shows possible responses to this test step

25 on the top temperature controller (40). On the y-axis the
quality as measured by analyzer (32) is projected. On the
x-axis time is projected. On time (tl) the temperature
step is performed as shown by line (51). Between a
minimum (52) deadtime and a maximum (53) deadtime the

30 quality as measured at (32) will start to change from
steady state quality (56) to a next steady state quality
(57) . Between steady state quality measurement (56) and
(57) the quality as measured at (32) can vary between the
minimum (55) and maximum (56) quality prediction

35 possible. In a situation as shown in Figure 4 and



(40) acting on the reflux valve (42). The quality 10 neasured by the

anal yzer (32) will exhibit sone first order dynamcs wth deadtine. The
deadti me vo@ oot es fromtransportation fromthe top of BPOT/ERW/(83B) to the
anal yzer sanpling point (32). This deadtih® depends on how nuch product is
made and will vary accordingly 15 (resulting in an uncertain deadtine
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using raw process measurements such as key temperatures

15 in the column, pressures and flow rates. By controlling
the process based on the quality estimated by the virtual
analyzer (RQE) (43) instead of the real analyzer all
tough phenomena, such as varying deadtime/dynamics due to
the location of the sampling point and/or.phenomena such

20 as varying gain due to change in operating point, have
been removed from the control loop. The real-analyzer
(32) in its turn provides the real and later validated
measurement for robust calibration of the predictive
process model according to the present invention. Thus

25 the RQE (43) will provide the controller with an early
and accurate prediction of the product quality.

The above method has been applied in practice to a
commercial benzene-toluene splitter. In this distillation
unit benzene and toluene are recovered from an extract by

30 means of distillation. The production objective is to
maintain the amount of toluene impurity in the benzene
below some upper limit. When this upper limit is
exceeded, the product must be re-processed leading tot a
reduction in production capacity. The commercial toluene/

35 benzene splitter was known to be a difficult column to



uncertain dynam cs between the top tenperature and the quality nmeasured by
t he anal yzer as expl ained above and shown in Figure 4. The above

di sadvantve@e2/@odver come by estimating the 10 quality atPCHEPOS288ect i on
of the colum with the Robust Quality EsiBmator (RQE) (43 in Figure 3)
which is calibrated on-line according to the nethod of the present
invention. Thedqrtedilct ive: podagss Hmdel mefntihireROEdsporldd NG BN -PrHELESS

measurenents such as key tenperatures 15 in the colum, pressures and fl ow
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or analyzer predictor (43) instead of the real analyzer

15 (32) (see Figure 3). The RQE allows for an early
prediction of the Benzene quality without having to wait
for the transportation delay in the overhead line as well
as the measurement delay due to the analyzer itself. The
RQE was periodically calibrated according‘to the present

20 invention from the on-line analyzer measurement to adjust
to any process non-linearity/disturbance. Figure 5
indicates the improvement in performance - tighter
control - after RQE was incorporated in the control loop
at day “155”. On the y-axis the zero value refers to the

25 desired or set-point value. The variation on the y-axis
is the normalized variation of the analyzer (32) output.
Figure 5 clearly shows that the variation when the

. control was performed on the quality (32) alone was much

greater than after day “155”, when the RQE (43) was used

30 to control the quality of product (31). In hard figures
the Aromatics plant had been producing approximately
640 t/d (200 ktpa) of Benzene. The incorporation of the
RQE in the control loop has realized a situation where
the plant now has a capability to produce at least

35 850 t/d (287 ktpa). This has led to a record production



product quality. Typically, the continuous anal yzer took several m nutes
to detect changes in the quality of the 5 product. The response tine of

t hi s analwaer/06%s al.so dependent upon the production rat BCT/RPOUIGRSSt he
colum. This neant that the anal yzer wasl1d4l ower to reflect changes in
product quality during |l ower production rates. The original Miltivariable

Predictive Contaant, eteMRG &0 Wasaablawbustuudintod R Lchangasd n dead
time and process non-linearities, The MPC cantroller was subsequently

modified to CBHETSINANRE prudi @Yl i 15, the eeathdamimadio aimdyser  or
anal yzer predigrotfudt4dn ismiaatkoidided aale analyzy b Bdseadd gure 3).

The RQE allows_for an early prediction of the Benzene quality w thout
having to wai tfXFbrHE4s fspdit At ¥alay in the overhead line as wel |

as the measurenent delay due to the analyzer itself. The RQE was
periodically calibrated according to the present 20 invention fromthe
on-1line anal yzer neasurenent to adjust to any process
non-|linearity/disturbance. Figure 5 indicates the inprovenent in
performance - tighter control - after RQE was incorporated in the control

| oop at day "155". On the y-axis the zero value refers to the 25 desired
or set-point value. The variation on the y-axis 1is the nornmalized
variation of the analyzer (32) output. Figure 5 clearly shows that the
variati on when the control was perforned on the quality (32) al one was mnuch
greater than after day "155", when the RQE (43) was used 30 to control the
quality of product (31). In hard figures the Aromatics plant had been
produci ng approxi mately 640 t/d (200 ktpa) of Benzene. The incorporation of
the RQE in the control |loop has realized a situation where the plant now
has a capability to produce at |least 35 850 t/d (287 ktpa). This has led to
a record production WO 02/ 06905 PCT/ EPO1/ 08288



14 year, despite a 37-day plant shutdown for major planned naintenance
work and later in the year having to reduce production sonmewhat due to the
| ack of aveant/eddb® feed from outside of the refinery. WO PCI/BBANB288
PCT/EP01/08288 - is CL Al MS 1. A nethbd-for automatic on-line
calibration of a process nodel for real-tine prediction of process quality
fromraw process neasurenents which nethod conprises a) collecting raw
process data, 5 b) processing data cdl et ddM 8 step a) through the

process nodel to obtain a prediction of the quality, c) processing this
predi ction through dynam c transfer functions thus creating two

i nternedi ate di.gnal metdh)odstfmﬂ g tokre: tHiwo ohﬁﬂeimsediaattbrsitg@aﬂ gfobtained in
10 step c) as_a functlon i.me in hi.stor retrieving at the ti, of a
real and val i §ACEF° mBgSE %? 5 &tﬁénﬁh§%iﬁﬁCF98ﬁlP CSESPy ity
absol ute ni nifmom atad mmmd@sﬁ‘méaﬂmnmmamhe mwachnh@tﬂb@l@bmp&hg@&|s in the
time period carrespaondin m ni mum and maxi mum 15 specifi ed deadti ne,
whi ch val ues dé f.ﬁgﬁﬂﬁgt nﬁiﬁﬁﬁlgﬁgceﬁEX| fprediction possible, f)

cal culating the deriakisennas daeangotihectielf eneseep bet whebuyhe theal and
val i dat ed neasur enent and the area, enconpassed between the m ni nrum and

maxi mum pr edi EEPEFSS2HNEds T i§§l€bﬁaFﬁ@§lcﬁl§Peﬁf Fhegﬂuﬁﬁé$§édlng with

step i) if the) ab@@b@b@su@buehgk b&%dl@@ﬂb@ttﬁﬂogghad mh@ $teRsfkLd s
zero, or, proceedlng with step h), if the absolute va t he devi ation

obtai ned in st&PSERONS FQP&eFrFﬁéﬁnﬂéﬁﬁo Z@tﬁfm@ﬁééﬁﬁoﬁéﬂpﬁdsbhe devi ati on
into the process BRdeling ahd two intermediate signals obtained in

10 step c) as a function of time in history,

e) retrieving at the time of a real and validated
measurement of the quality from the history the absolute
minimum and maximum value of the two intermediate signals
in the time period corresponding to a minimum and maximum

15 specified deadtime, which values define the minimum and
maximum prediction possible,
f) calculating the deviation as being the difference
between the real and validated measurement and the area
encompassed between the minimum and maximum prediction

20 possible as obtained in step e},
g) proceeding with step i) if the absolute value of the
deviation obtained in step f) is zero, or, proceeding
with step h) if the absolute value of the deviation
obtained in step f) is larger than zero,

25 h) incorporating the deviation into the process model,
and
1) repeating steps a)-h).
2. A method according to claim 1, in which as process
model a Multiple Linear Regression model is used.

30 3. A method according to claim 1, in which as process

model a Linear Dynamic Model is used.



i) repeating steps a) -h) 2. A nmethod according to claim1, in which as
process nodel a Miltiple Linear Regression nodel is used. 30 3. A nethod
accordi ngvo@02/ed%6i m 1, in which as process nodel a LinearPOyRBOWS28%0del is
used. WO 02/ 06905 - 16 - PCT/ EP01/ 08288 4.16A et hod according to claim 1,
in which as process rmdel a Radial Basis Function Neural Network is used.

5. A nethod ac orﬂ%dg ne or npre of clains 1-4, in which in step h) a
Kal man filter FENRAd eFCEDTBLRAC? potat® }helmiahbeh ors imteceshe

process nodel mydendhUshiinglibssié nﬁ@ﬁc@@é@nﬁé@féﬂ oYy upgr g the
prediction and_inproving the process nodel by self IlTLTetirear n]fnpg %9&2 met hod

according to c?ai mFReFROINR RO K Prepne 1@1‘ fRPxerof sclﬁﬂems -4t ejn h)
under non steaglyrshal® s€&PUh} i HNSa phart hﬁlﬂ@f%@th&d f%rqgaégé)dtgccordl ng to
p [

any one of clajnms 1-6, wherein the prediction in ste S processed
througR two i HeeperRedte dybanievizbhet eintanidié amsocess model by

adjusting its linear parameters thereby upgrading the

prediction and improving the process model by self

learning.

6. A method according to claim 5, in which the Kalman
10 filter is used in step h) under non steady-state

conditions of the process.

7. A method according to any one of claims 1-6, wherein

the prediction in step (c¢) is processed through two

independent dynamic transfer functions.



