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CONTI NUOUS MANUFACTURE PROCEDURE Technical Field This invention rel ates
to the control technique, and specifically, relates to a Real -Tine

Optim zation (RTO nethod of Multiple-Input and Miul tiple-Qutput (MM

conti nuous production process. Background of the Invention A conti nuous
production 1orocess with continuous feeds and out put products could be

i |1 ustratlagless Fi g. 1. In Fig. 1, Ais the upstreamunit group of process,
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cascade. In the unit B, there may be sone key manipul ati ng vari ables U,
which are related to the technical objectives J such as the energy

consunptign, the eg m c benefits, the yields of the products and so on,
the vari abeclnieal referred to the input of the production unit(s), and
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prescri bqﬂocpeﬁmqﬂo@ﬁs time by manipulating the key variables, as show in
Fig. 2. It nust be noticed that the objective my be svm'tched according to
the requirenment of the production procedure. To describe optim zation
W th si ngBﬁc rouind of threInwventid® f ol | owi ng equat i on can be generally
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price, angrszeded). \Wereas, if the descri bed procedure is too conplex, if
the rrechanismitself is not clear, or if the basic equation is not accuracy

enough, it i s;0fLen, diikgtbt Wi shidld qhidlife RGRANIS Tollowlal cquiiveamee, t he
mechani sm mod® 96F°% emis gen y not universal; it is even
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the feed are gg@? Ofax the process is slightly nodified. Experience
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the nodelling works. 2. Online Search Method Search nethod is a kind of

uni versal nethod, the basic principle 01; the nethod is to change 2



the value of the optimzed variables on line, to observe the changi ng of
the objective function, and then to deci de whether the changing direction
of the optimzed variables is right. In principle, many nonli near
progranm ng net hods, such as the gol den section nmethod, could be used on
line. However, this nethod is often very sensitive to the disturbance. It
is well known that the objective function is not only the function of the
optim zed. v MathbmasicaldViodgling MetBod uncti on of ot her uncontrol | abl e

vari abl es (environnental variables). Thus, when the objective function is
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roducti og, I OCLAUI Guscs hemE neéhahizeditself jsomwt aleas, o if
b {}\g% 3 8%5((#11?5% é)?%%@lg'g% 18h cGRPEL d

uncont r ol MaHfeas ! ifficulties of i nt,
these var thalbags equtien isypobscsuiapnenosgh 40F QRGTﬁ%%g?%ﬁﬁgﬁﬁﬂgﬁ%aﬁgﬁﬁﬁdﬂ?

procedur emo?éo%ﬁxs BRScbhat®nt RoddI6f £ Ranges gaferatip mpomérersal; iAds aveR 8L ¢ he

i nfluence of c anges of conponent 0 e i 1 Yifl/de YRE de®Brel Ehalict &
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Therefore, the fluctuation caused by the variation of the turning variabl es
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anti-di sturbances capability. In this invention, the technique to
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gradi ent vectors of the optimzed variables and the objective functions are
cal cul at ed"®#%| i ne, and then the novi ng directions of the optim zed

vari abl es are deternm ned according to the gradient vectors, if the gradient
vector is positive or negative, the optim zed variables should be turned to
the directions to nmake tggi r (gradi ent approach to zero and maxi m ze the

obj ective 2unPmnliggSea ﬂb‘f dients are cal cul ated continuously online,
regardl ess of whether the objective functions have been opti gi,zed or not.

If zero gr agi@ihsihed & 41Ghd bEaahesh] netedsths bavie phincipleef (e mefied iHB M ed
variables to the direction to nake gradi ents approach to zero to trace the
opti mum Because the optimum of the objective function may be changed over
time, the optim zation procedure has to be done continually. The :
met hod to online cal culate the gradient vectors of the optim zed vari abl es
with the dynam c historical data could be the Dynam c Correlation
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tgttor g?,tﬁg)DgF {g . 80) i \Werein,s the zero mean noise, and then the

vector of ! o ok éhe optim zed variable to the objective function is

ol e Variabr umh; 1 k- _fTumm2T is a self DC matrix of

bt m, zed ¥ abl es, - ich is defined as koo klu2koum ku2ul k.22, 2ku2um
, wn, _ =1, 2, , m According to the equation: kuluikluz*.

kown ku 20 ku2u2 ku2t un
the value of the optlmlzcdu i1 iables on line, to observe the changing of the objective function,
and then to decide whether the changing direction of the optimized variables is right. In
principle, many nonlinear programming methods, such as the golden section method, could be
used on line. However, this method is often very sensitive to the distarbance. It is well known
that the objective function is not only the function of the optimized variables, but also the
function of other uncontroilable variables (environmental variables). Thus, when the objective
function is changed, it is difficult for the skilled in the art to judge whether it is caused by
changes of the optimized variables or by the disturbance. In the present online search methods,
the relationship between the optimized variables and the objective function is generally taken
as the sole causation. Therefore, when there is the environmental disturbance, wrong

judgment may be made, which could even cause reverse actions.

It is needed to point out, both of modeling and the direct search method are generally built on
the basis of the mathematical descriptions of 1-1. The relationship between the objective
function J and U is defined as the algebra map, without the environmental disturbance items.
As a result, calculation methods educed therefore is only adaptable to the static and

non-disturbance systems in principle.

In fact, situations are much more complicated. Firstly, there are not only the cause and effect
relationship between the turning variables and the objective function logically, but also the
dynamic procedures by time. That is, when the turning variables change, the objective
function doesn’t change immediately, but has a transition procedure. Secondly, from the view
of real conditions of lots of industrial procedures, the objective functions often fluctuate. It is
difficult to find a static condition. This is generally caused by those immeasurable and
uncontrollable severe disturbances. For example, in the production procedure, the changes of
component of feed often are uncontrollable. Due to the difficulties of online component
measurement, these variables usually are immeasurable. On the other hand, a lot of
procedures are sensitive to the changes of component. As a result, the influence of changes of
component on the objective function is often larger, which could be several decade times
some time, than that of the controllable factors, such as temperatures, pressures, and so on.
Therefore, the fluctuation caused by the variation of the turning variables ofien is
“submerged” in the disturbance of the component on the objective function. In this dynamic
disturbance situation, any research task on realizing the turning operation has both practical

and academic meanings.

Summary of the invention

The object of this invention is to provide a Real-Time Optimization method of MIMO
continuous production process 10 solve the problems such as the complex mechanism, the
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"k mut kutma r r LT u,0- r)u,(t)dtdr kuud im2T (t) =1"2"m of the
optim zed variables calculate the self-correlation integration vector k. of
the optim zed variables wherein, T, Mare the integral constants greater
than 0. According to the equation: = Kk k u2J lua = r -21u(t
-[))J(t)dtc%LZ (1 =1, 2, n)d Al 2T Tand the real-tinme nmeasurenent JO of the
obj ective unct| n are used to cal. Iate t he crgss-corr tion i e ration
vect or kfirongsistyrhance, Jpany; opbguized VAt %1 %@H&Wdﬁj‘i aq%utﬁ?:tp?)%f greln T
and M ar @usthdam ﬁmetgadaiondomi@ deahoiqutri Bhis sethog rsémltﬁes f‘h?a?{f@ of | prodyéRTe

equat i ONprodess,(and haS(Sﬁong adaptive propefiles &l th@ankitJistudared dagatiiipsur ement of the

opt i mi nd var ;g mgh@%eﬁmc i €0 &Uﬁr@tth@'bmﬁl&ﬁ@%ta' vghit oRhesply. k and
the obj eE’P}t\/‘é"t‘P"é n‘%ﬂ‘%’ﬁ“ e O 1 1on a&e%hod Inqgc %Batthom %hee:dcongg)ﬁﬁ}i)l e and

optimized variables in the productlon process are supposed as the optimized variables, and
one or more process parameters related to the optimized variables are considered as the
objective functions. Based on the dynamic historical data of the optimized variables and the
objective functions, the gradient vectors of the optimized variables and the objective functions
are calculated on-line, and then the moving directions of the optimized variables are
determined according to the gradient vectors, if the gradient vector is positive or negative, the
optimized variables should be turned to the directions to make their gradient approach to zero
and maximize the objective functions. These gradients are calculated continuously online,
regardless of whether the objective functions have been optimized or not. If zero gradients are
not reached, the system will adjust the optimized variables to the direction to make gradients
approach to zero to trace the optimum. Because the optimum of the objective function may be
changed over time, the optimization procedure has to be done continually.

The method to online calculate the gradient vectors of the optimized variables with the
dynamic historical data could be the Dynamic Correlation Integration (DCI) technique in this
invention or other algorithms, such as dynamic model identification.

The RTO with the DCI technique is based on the dynamic correlation integration theory,
which is related to a random process. In the DCI theory, the objective function, disturbance,
optimized variable are considered as the random process, and the optimized variables are

average controllable. In generally, the objective ﬁmctionJ(t) which should be calculabile or

measurable online is determined firstly, thus the objective function can be expressed as:

J (@) =f@(@),5@).0)

Wherein, u() is an m dimension vector of average controllable variables.

# (1)
_ u,(t
t,, (£)
Wherein, PO is the disturbance, f means the unknown mapping , the objective

function to be optimized is defined as:

J * (1) = max E{f[E{i(2)},5(0),¢]}
E{u{s}}

Wherein, E{u(s)} means the average value of the optimized variable, which can be the

set point of the primary controller or the valve position etc. To this multivariable optimization



k =k uu dE according to the equation{O}, the gradient dE{ri(t)} of the
dEf objective function could be calculated (the gradient dEfu-(0} of the
obj ective function my be estimted by Least Squares) Af t er obt ai ni ng
t he gradient of the objective function, the new set point 1114 + 1) of the
optim zed variable can be calculated by the directly iterative nethod. dEf
tb(/ +1) = us@+ oc According to the equationdEN(1)} , the new set point
tts,(/ +1) of the optimnmized variable dBfild be cal cul ated, wherein, ais a

constant, if the optim zatign objectdﬁl{g' 4 Xim z .is larger. than
zero, ot REPlEmsE can e rroied 5t tRiePdiRon obj( gg?ﬁ@‘é‘“@ q%\%ﬁoﬁiefté‘fi&?fgf’%ms_nal | er
than Zer fe ol 8 thd ik ACRENC SRS TONwiBEGuBIAL | | the gradient [s zero.
In the case of a plurality of objective functions, a simlar conclusion

al so can be obt ai ned. dlEfom_gl%Z\é)e, further detailed procedure of this
i nvention co'éwdzﬂ%md—ﬁ“@' tﬁe fol | ows: 1. According to the
requi renents of the optim’'zed production process, the optim zed index, that

is, the objecti v‘g functions" j2'. " j. , should be determ ned; these
obj ecti veyenct ¥ )]Ss RRéSterd Bretid h6id, adall @hdr theRacu abihe DOl dfitBe op¥irhiesd t hat, a
virtual integrated objective =-1 a-1J1+ 0-2 J2 1-1-1+40- nJn functionis

const r ucvetisbleip geobisctve fargomigdelned a8he wei ght s of the objective functions
respectively,mhdse value is between O to 1 according to the requirenent of
t he process. |It st be noticed that the weights may be changed over tine
because ghe li!ﬁﬂe tive function in the production nmay be sw tched or
nodi fi ed 0 tii me. cgopding to the process requirenents , the
control | abl e jgpt ijm ziggd wﬁi—&bfe@(ts—mu'(tddtde sglested, as the optinized
vari abl es 141 2", um 21T " The optim zed Vati aBl es are control | ed by
traditional controllers, while the set points of these controllers are
cal cul at ed b’§ma Rie géIf beyabtria pf optinziadd varialdenpdtichris définkd ashe DCl t echni que.
According to the process requirenents, the set points are adjusted
peri odi cal ly. kauA Pust ributed Contr ol System (DCS) or the conventional
instruments can|hke usgd as.-thg traditional controllers, and their set
poi nts are chkeyl ated 'by an opt.1m zntion conputer using the DCl technique,
and are adjusted periodically (the peri g{d degénds on }-bﬁur ppse speed of
the optim zed prégessk,.. - 2k.00l | ecti ng«t hesdat ar 61 t ef@;“?. m zed
vari abl es and the objective functions. The nethod is: based on the specific
dynam c tha;@,gg.e.r,}nsti cs of the process, a real-tinme data sanpling system
wi th novirig sanpling data wi ndow whi ch has some width is established, the
wi dt h of theAwoﬂﬂ%%a{aQqﬁﬁoﬁxe three tines larger than the transient tine
fromthe optimzed variable to the objective function, normally 8-18
hours). Usually the systemis conposed by the DCS to obtain the historical
data of the opti|zed #vari abl &sw.apnd the objective functions of the
production procggs. The systegp co|llects the data in every sanpling tine
(the sanpli nBti|mE™ nt'€val. al €8" Hepends on the process, generally 30 - 90
seconds). The ddta in the sanpliing data window is stored in a database. In
each sanpling, tjike sarkpl,j ng-data WM ndow noves forward by one sanpling tinP
interval, that is to say, the oldest data will be discarded, and the | atest
data w Il be addeg tjo £ he dat abase. The exanple of two optim zed vari abl es
is shown in Eifzgg?g, [;u,-(e.*fﬁéf;(@dfdlfhe data has been sanpled, the DCI matrix
Kuu of the optim 7t vari abl es coul d baital cleat edealAZE e BHSFE S e m
optim zed variabl es, then =r _1 u;(2)1- r)dAch-

u,(f) (i =12,-,m) of the optimized variables calculate the self-correlation integration

vector k of the optimized variables wherein, T, M are the integral constants greater than

0.

According to the equation:



V\herei n,h! 2T Tj =1,2, -fl mT and Mare integral constants. 4. The DCl
matrix Kuj of the optim zed variables and the objective functions is

cal cul ated. Assune there are n objective functions: KUl Kuj = Werein
KUl = K- kulJl ku2Jl _k runll K= k ulJdn k u2.1n k um& r u.(2)J (2-
ryd dr m2T 75 (i =1,2, , nr, s = 1,2, , n) T and Mare integral
const ant s. n the DCl theory, M above should be greater than the

maxi mal time conskant fromthe optinized variables to the objective
functions, and Tgs (1-5 tines of M 5. Wth Kimand Kuu , the gradient
vector K: ofkj dptii m zed variables to the objective functions is
calculated. In flirst], the following linear equation is solved to obtain Kd:

= KUUK k.

o= [ = [ e -V @dtdr, (=12, m) J@®

and the real-time measurement

of the objective function are used to calculate the cross-correlation integration vector k,;of

the optimized variable to the objective function, wherein, T and M are the integral constants
which are greater than 0 .

In above ecquation: 2 @G =12,-m) g J@) are the measurement of the

optimized variable and the objective function, respectively. Clearly, Ky and k"“can be
calculated by the observed data of the optimized variable and the objective function. Thus,
Ky =k —__pe(p) _dBt_
according to the equation dE{u()} , the gradient dE{(5)} of the
| _dEf
objective function could be calculated (the gradient dE{H(1)} of the objective function may
be estimated by Least Squares)

After obtaining the gradient of the objective function, the new set point w(i +1) of the
optimized variable can be calculated by the directly iterative method.
dEf
w(l+)=uw{l)+a——— ;
According to the equation dE{u()} , the new set point u(/+1)

of the optimized variable could be calculated, wherein, & is a constant, if the optimization
objective is maximized, & is larger than zero, otherwise, if the optimization objective is
minimized, & is smaller than zero.

This iterative process is continuous until the gradient is zero.
In the case of a plurality of objective functions, a similar conclusion also can be obtained.

From above, further detailed procedure of this invention could be described as follows:
1. According to the requirements of the optimized production process, the optimized

JioJy o d

index, that is, the objective functions n . should be determined; these objective

functions must be calculable or measurable online. After that, a virtual integrated objective



kuu O O

k uu 0O 0 Kuu O 0 k uu And Kd =

J =g J, + o, 4,0, G,04,"**,C

function =“r is constructed, wherein = are the

weights of the objective functions respectively, whose value is between 0 to 1 according to

the requirement of the process. It must be noticed that the weights may be changed over time

because the objective function in the production may be switched or modified some time.
According to the process requirements , the controllable optimized variables should be

selected as the optimized variables Upstay sl

The optimized variables are controlled by traditional controllers, while the set points of
these controllers are calculated by a high-level optimization computer with the DCI technique.
According to the process requirements, the set points are adjusted periodically.

A Distributed Control System (DCS) or the conventional instruments can be used as the
traditional controllers, and their set points are calculated by an optimization computer using
the DCI technique, and are adjusted periodicaily (the period depends on the response speed of
the optimized process)

2. Collecting the data of the optimized variables and the objective functions. The
method is: based on the specific dynamic characteristics of the process, a real-time data
sampling system with moving sampling data window which has some width is established,
the width of the window should be three times larger than the transient time from the
optimized variable to the objective function, normally 8-18 hours). Usually the system is
composed by the DCS to obtain the historical data of the optimized variables and the
objective functions of the production process. The system collects the data in every sampling
time (the sampling time interval also depends on the process, generally 30 - 90 seconds). The
data in the sampling data window is stored in a database. In each sampling, the sampling data
window moves forward by one sampling time interval, that is fo say, the oldest data will be
discarded, and the latest data will be added to the database. The example of two optimized
variables is shown in Fig. 3.

3. After the data has been sampled, the DCI matrix Kyy of the optimized variables
could be calculated. Assume there are m optimized variables, then

ky ko im
Ky = k:ZI k.z kz:m
kmi ka T kmnl
i
k.= — | u,(ADu,(A-7)dAdr
Wherein, [: 2r J: ’
b =L2, M 7 and Moare integral constants.

4. The DCI matrix Ky; of the optimized variables and the objective functions is calculated.



Kd __ The gradient vector K of the integrated objective function to the
optim zed variables is: K=K+ 0_2 KKt 6. According to the gradi ent
vector Kcia of the integrated objective function to the optimnd vari abl es,
t he change direction of the optim zed variable is calculated, the principle
is: if the gradient is zero, then the current values of the optim zed
variable are in the optimal state, and if they are not zero, the optim zed
vari abl edssne thal¢ yrs nobiectoedurgtions: t o t he val ue and direction of the
gradi ent. For exdypl e] the present values of the optimnmized variables are
known, and the val uds|after the adjustnent could be calculated in the
fol |l ow ng t o |ddwve the obj ective functions to be maxinum 00 a led0O o
2 2cr 00 mﬁ%ﬁ)" 2 (0 ~um (O0_is the lth step value in the case of m
optim zed variablif, nd UL (/ + 1) u2 (1 + 1) Lum(/ +

UJn

Wherein,
kul.fl kul.ln
K — kuZJl K — ku2Jn
un — ' UJa —
kum.fl kum.fn

i
ks = [ 5= [, (A -)dide

(i=12,--,m;8 =12,>,n) T and M are integral constants.

In the DCI theory, M above should be greater than the maximal time constant from the
optimized variables to the objective functions, and T is 1-5 times of M.
5. With Ky; and Kyu, the gradient vector K¢ of the optimized variables to the objective

functions is calculated. In first, the following linear equation is solved to obtain K%

Kys = K:JUKd

kg, O 0
0 kg 0 O
Ky = )
[410) 0 :
0 0 Ky
And
K5
Kd — Kiz
K3,

The gradient vector K: of the integrated objective function to the optimized variables is:

d_ d d _ yed
K; = oK}, +0,Kj,, - K},



is the (1+1) th step value after the adjustnent of the optim zed vari abl es.
Here, - /Ca la ka 2a kd _ allce2 | amare mpositive constants (if the
obj ective function are nmaxim zed). An exanple is that the RTOw th one
optim zed variable is used to maxi m ze the objective function, and the

adj ustnent procedures are illustrated in Fig 4, Fig. 5, and Fig. 6. Wen
the gradient calculated by the DCI nethod is zero, the objective function
has beenenBadoriized theagadiem vediorK & agfehd intektited @bjenpedtsaiby td the aptjmistd t he

optim zed variable, as showmn in Fig. 4. If the gradient is negative, the
opti rﬁzeqaeé,@ | i b Y b BEAdiNI@ist 1med 1 On,  as
illustrated |Ic!rs18tlg% gﬁg@wﬁﬁlé}?qtﬁégﬁgﬂﬁggﬁ (%111‘;l ¢ %o?iic?iia%g’qyr gdi_ eﬂt t he

opt i mi ze@radisny iapere. thendhe ercrsat yalnes ebtbe apiemizediysriable a'feﬁ%gﬂmp@ef it ithct i on. a
lc .1 d gﬁﬁéyyare %?Qeﬂo?ﬁ?bﬂiﬁ&e@@aﬂe@% uafubediccsideR wwidtvalub lsiuﬁdifdaﬁoﬂ he ith
optim zed vari e _u.lo s al s _took,an appropri.gate value, that is, a'
is set toftyeeEr W%F?rfexffﬂé\g’dg‘f RETen e HE?‘F 8?1“”9'23‘1??&??%%%;%0% %Se is set
t 0 negat ivMees dflee fhetddfusmieapcan dbdcAndhtal tmabé falowbtgnwiyetoatlive shieeabjative ect | y.

Af ter adjfuustrrertlt the data is sanpled again in a sanple interval (30-90
seconds), IERER ?%‘?Iﬁ?xﬁm'tm&‘ Step 3. The procedure of step 3 to 6 is done
online in cycle, therefore the optinmum of the objective function can be

achi eved. |t[4¢ypdeswgky that even tige drgdent has come to zero, the
steps 2 to skpub ke éfone. Because t.he mazﬁi ng function of the optim zed
vari abl es td 426" j-gcttve ‘f&ﬁqcti ns ray clf#_ e (such as changes in the
properties df raw matlerials, & he equi @ent altleration in the process,

etc.), it i arly 4o keep ohseryimg {thendradi ent constantly whether it
is zero or Jt']",?f:g adj%st ment i?rra(%/feﬁa tg‘g{/) time in case of any changes,
as shown i n Whgeid, When the rel ationship of the optim zed variables and the
obj ective func io(gi change for sone reason (such as the raw nateri al
change) which K the current operating point be not optinum the DCl
algorithmwi || |#p@) put that the gradient is not zero and the optimzed

variable will be:tufn to approach the opti num again. This nakes the DCl
nmet hod can fing out}| whether the production process deviates fromthe
opti mum at any #iutfd) and then trace the opti mum Conparing with the

traditional Iig&ltetﬁgqt'%ﬂ\(/yggé fn%‘@&ﬁ%‘%%ﬁ%ﬁmhb%ﬁcmi que has fol |l ow ng

features: the i ntion, t thod 1s utilized to calculate the
gradi ent of [tth&-objlective function, the calculation is based on the dynamc
hi story dat d)zf(llh optim zed variabl es and the objective function in a
period of tijmg,.that is, in sanpling data window. The DClI nethod is
different frljomthe |nodelling nethod, when the process is optinised, it is
not requi req_dmf(aH} he production process nust be in a still state, but can
be in dynam ¢ fluctuation state. It also a}llomwgﬁ%w@%ﬁeur nce exists in
the opti ni zed Wafkboh &sp wler dicaths slustmeot the et , ProtG® t he statistic
properties dfz4 fose fluctuation and di sturbance may be unknown. It is not
-necessary t flifl d the static and dynanic nodels in advance, thus the

conpl i cat ed 0 grﬂqui nplified in great deal. In tradition nethod, whatever
t he mechani gm:ngdel Fing or the statistic nodelling, the mathemati cal

rel ati onshi g ;hetjiween the optim zed vari abl es and the objective function
must be bui lt"#A advance, then the relationship nodel are used to find out
t he maxi num of the process. |If the process is very conplicated, it is

di fficul 119 0bt%i nram pogtiveatenstiodelif dre oljectivoundies aro nasinhizagh. Atowever
the DCI nethod in this invention only uses the information in the vicinity
of the cexamaie isofhetr tieiRFD pathnenei opfimizad wiriablgiis apsdgtoampdinize e abiectivpdel |

whi ch | egu@goPuhd R GdaQiRht frédcactedRd Slidstritgd WOFH 4, FiEhs, BT BigV 1 Whidwe DCl i n
this invention has a strong adaptjve prggerty., That | i 36 E\/nen t he. production
process. EBYicat eloufiv e LES e ety T it minstiondin BeRamE RIS vi ( h ¢ he

DO gf: h Bﬁcﬂhﬁ&lﬁi@ Qbedt ik inbichebetbary hﬁac?ﬁv ﬂﬁtdpﬁmiz]?m Graréut el 8¢ sh'ﬁhe ioPigi 4rilthel

vari able tq.the new. optinmm .The functi.o traci Az i .

aut omat i é‘é’gieﬁt fssn‘?g\é\{l"ﬂf’ Ef?e?‘twué dvﬂ’?g%r %hgﬁfiol?enretdﬁceedg galfnp g’r" gg%éc?%ggﬁwﬁr ocess

si nce t h@uncebrghs dosihuitgd ib EtgneceWhilhin thpersaci pritive prilientoths optithigedypriavte zed

var i abl eglofil g OPlSERVEHERELARM A EN Shifts along with the aging,
,an e modifi

the al ternation _ ation of the eqyi pnent, etc.. However, the
traditionalymodel |l ng, REQ Das il oml & R e 8d/o0k:: R Yin PG IRA Glriabie
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The nethod in the invention is a n
_ _ _ general RI O technique. If onl h
nggﬂfzglbf)g g:}f)icﬁss !ts con]tldnges and the optim zed igdi ces are ?/re;sﬁrabl e or
e, it cou e applied in the process easil whi
Eﬂgttthg_ nmethod i s independent of the particular process. Cg’ntralriCIhyShiO\r/l\B
the t[}g |t|do|nal RIO the nodel aimng at the special process must be built;
and 11 he;m el for optimzation is peculiar to this process and not general1
f1 uct uat 1o %E gﬁi |sa§1 gg't ﬁsetzﬁg?mrrgﬁlpma‘e WafuB @ ttianiv e fl¥ i issetus pesitivedl thapbipeive
_ Bl operation, and no additional test si i
%ege?éc 0 {iﬁfe @'r’?gij:xin%iﬁﬁl, BT k@ tb hegative desshoger widtownd dregiignran :’Og tn ?L >
] S e stron i -di [ :
IR Ol ?tbng, St g anti-di sturbance feature. Even in the cases

¢ , .the ohjective funct.
f a(r:]t ors, sukferadivstmentiicedatafs ﬁﬁf“@%gratgﬁlf‘ e ﬁ%?%e@gﬁﬁg@%seg?g%ﬁm@/g(rjlglher
\(M'CI ?ngte;slral,ﬁ&agd?ﬁtepbj ecltl ve functions caused by the optim zed variables), it
\ nor ma . S ke € e :
in the priofhegprpcedure O‘JT%%P glgt??- (%g]‘ Q‘?’%e&%&? 1%%&%!% fgfﬁf,o? mr?\sléepr?t } onﬁieglﬁ[ gper Y
{+]

cal cul at @bjebgvefuatior tdnsheathitved. bmnemsmtmww&&e&ad{'%t fﬁ%é"% LET ve

function WItEt e D v ry | i tigpdptiized dranizhie

( b ! %Jﬁ Fit dnhog pitifd
a;:cor di ngfte‘P?)._ tt?'ug Sgofuaq?eeirlf?lg.h he ectg‘lpglg]lJ at | %ﬁéﬁ nd adj ust r;mn'(t*amgt ﬂSﬁ?a)ﬂgfadi ents
of the opbjestiwethnetions aiyechapgce (sBeY £ PIADESSCHNTF RIS 8n|r?‘?'1e[£ th?u’sﬂgmhat ever

the met hod used fo . eal cul dii : jbaeti '
nent i oned” qgljgglve (:I%ﬂ ghge t%ts gﬁ&fbg’ &g?’fiésﬁﬁeém Py i rgrite Mﬁeﬁ PLe

al gor i t hreonsiansly whsthenigisizerorr Pt Rt 3BT P RE d%éér@%ﬁgng ﬁ[g(éaglé Qfﬁ%ﬁ?ﬁ;&%‘gg&; od to

esti mat e fhgoahafimgt7s Wiadtht helafdrshipf oft the optimezed srasighlesdanse Yfed based

on them =BX » Wi , . .
cont i uoURonE P FCPE PP T ha: B e R chang B e o ot i
Ero;:gss. dpefing pdint b dok opvrmem. ,tthQ)DCfiJ h&ﬂfbﬁhﬂ‘i ‘Fﬁllzf§ldi%‘ﬁte ﬁ‘?%d%ﬁe#zl ?nggodg? t![gg
Sggp : imrjlou"?silé [Qléeo‘\’(/jﬂ LC 1 %z'eﬁgm‘?arbi)ﬁcv@ﬁl%e tiih Whgprodich thedp@giaapanow ng the noving

anp i ng H4Y W HGW B30l | 0. Weh B ofoARcAR i fr oot -
di agram sho%‘srfﬁakf’h ec‘fﬁﬁ&%%‘#ag:za}grﬁ °re§§‘|‘e§%% m(? thctmlrlitrf?d%'lssja@%l'laElg e ¢

_ o' i e optimzed vari abl

t hed_ObJ ecoptineint aey ?‘ﬁﬁ.aﬂﬁk&ﬂﬁé"%tge WY r am showi ngpt he curve o:‘ at hgsn‘it gus
gradient of the optim zed variables to the objective function. Figure 6: A

di agram showi_ng t he . i1 ' iniYj
vari abl es tocf’ﬂ%BaTB‘&j %t%{‘ ;/tgeeqf S{rtllg 5}18{%?&1&(‘5\/&6&[@% Abveplihd DEIOpnt.2 o

following features:

4 In the invention, the DCI method is utilized to calculate the gradient of the
objective function, the calculation is based on the dynamic history data of the
optimized variables and the objective function in a period of time, that is, in
sampling data window. The DCI method is different from the modelling
method, when the process is optimised, it is not required that the production
process must be in a still state, but can be in dynamic fluctuation state. It also
allows the disturbance exists in the optimized variables and the objective

functions, although the statistic properties of those fluctuation and disturbance

may be unknown.

& 1t is not necessary to build the static and dynamic models in advance, thus the
complicated RTO are simplified in great deal. In tradition method, whatever the
mechanism modelling or the statistic modelling, the mathematical relationship
between the optimized variables and the objective function must be built in
advance, then the relationship model are used to find out the maximum of the
process. If the process is very complicated, it is difficult to obtain an accurate

model or the cost has to be high. However, the DCI method in this invention
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Figure 7: A diagram show ng the gradient varying with the change of the

rel ati onship between the optim zed variable and the objective function.
Figure 8: A diagram showi ng the structure of a conputer control system used
to optim ze the process. Figure 9: A flowhart of the reactor-regeneration
of an ARGG Unit. In the Fig. : |. riser reactor, 2. cyclone separator, 3.

settler, 4. catal ¥r§§nu%? gﬁepﬁfo?%_gtﬁd'& iﬁlt%u'vj\i:iﬁiﬁw &# (8 chRRk BRIRIApRint Gistead

fractionation sys e art of a joined unlé of ﬁenzene
dewaxi ng and deoi bf iildngsslargRecalr madelpadich; pavepputdhe yoaplicaiyd mqdgline
Fol | owi ng enbodi ngptis are just used to describe, but not limt, the

i nvention, which requires that the production process is controlled by a
conmputer. A DCS or other conventional instrunentation is used to carry out

selt po: nt gogt re¢ frﬁ{ R’fdj%vi?ﬁhé 1 ﬁ?mé i’itﬂeﬁ%hﬂn&ﬁs a am_gtau@tzepppergm §"hfaliset y

cal cul ated by an optimi zation control ,conputer usi is
invention, thus tNéebgie PRIEHOD AP Q%V'ag%eﬁ%%jtﬁ%tog%nﬁnetg%xgg Stgl{n?re
interval . The adj wstdienihe QT avithsthe ME tttmépie puld Hnddguidhe devigivgpamide speed
of the actual process,, as_shown i.n.Fi Igggag L Rt fudetioR@R kradih
Optimization of ARTRREE @ﬁwzﬁ%hvtaﬁghﬁéeg%ﬁ%“rﬁ ] %@P@ti on I nt g%rg;?fon
Techni que The ARGGfthtumspoenticalReisi vtueuehd addmeadart ifhdhe i PrHCioRe

pet rochem cal pl alg.d Sy AR Vb odsfpMERIdeR Bedpbaffifasmdiine(Rlpiafind

| owval ue oi |l int& the hi gh-val ue I'fquid hydr ocar bf%ip, as line apd diesel,
which is a.repr es@mﬁ@!ﬁﬁh@lfbﬁﬁtqw&ﬁsgw*&‘éé@e?ﬁ ift Oﬁ‘ér‘g{ S Bow chart of
reap:jor regener at iy &?é%g,t ?gao%etmg?iﬁ%i &f ﬁwwgnijnperﬁ,i @E..QHowrmc;hlﬁm i ih
resi due and wax oil fromthe arm are.mxe . ycle oil an e
shiny oil, after ﬁ’éﬁ*!“"é’*)(&ﬁﬁﬂbl‘%%%hﬁm abélﬁdﬂ‘ %%‘}/&l%%% a‘gdteif'onati on system
6, the mxed oil is sprayed into the riser reactor 1 through an atom zation

device at the | ﬁ\(lj\e[trbﬁg_l%ﬁito 8%{ @tgrggverr,g@heig al fag‘?FfO]technmg. 12bAYResodudinoi |, the

sprayed steam a nperature®catalyst fromthe regener r 4 are
m xed at the | owerprqeasstis abntirives aech&teoqptlmlze_driéldlﬁeﬁéﬁ? meashEiig gr E?g"“%tbg’ng Wi th
the riser reactor oﬁp Oitlc8ﬁlﬂ'bgqgﬁd%8 im&?}oxégseasq Asibinghowe aitt ihemettiedasct ed oi |
and gas with the ca

aﬁ’yst are sent to the settler 3 from,.t.he t he
riser reactor 1. mpmdlentaqfdhgagﬂwlﬂlhpr?ﬁés-Q‘PEF@& NHE &7 dllrnﬁ'tlatl) §hé%£:eycl one
separator 2 to be geRALAKIAS AUlhet fRcislapriysst musti beabhift; anfethoi hodghdoryas

| eave the separator 2, and. enter int.o the ' | ) for
product separ at i orPPUEHEUPHE PE%@Q’I t}?glfls PREGT %rgﬂ%gk%ﬁ%i lFOg 33‘%@3%6@4. The

separated catal yst enters the regenerator 4. A |l ayer of carbon produced in

cracking reactign has I8RO QBestHE nitifaA Februfont Mging ahahysial The
carbon deposition fs}ﬁomqugd;é“ E&rlﬁ{{éﬂggltl irsf thél rgg_e_rj,era,tor L4, this LEﬁocedure
y

i s called coke- buraperaton, Bré e addiionel tpsh sigpd s 15685 HPTTIQre; Wk dUTR}

out sourci ng ther & cheratiod Rehy@aner ated catal yst after coke-burning is
transported to the riser reactor | to crack the feed. For keeping the
activity of the catal yst and conpensating the |ost catalyst, a flow of
fresh catal yst s ngdedhiigioohishbe segenamiadisnrbance featiwe. Evén inthe §aws ©f om t he

separator 2 enter into.the fractignati SMh foh@ed $¢RMeA IR, Process
of the system theser’?rﬁlﬁ‘?t?f?m?g’rb%’aérﬂ %Me?@egiﬁ ucecdi.‘néﬁe_regi%l ed oil and the

slurry oil from t hechysthermaterdsl thepetty;t is lasggsthan e vepfdlotignabichaness B Wf ned t o
the riser reactor Jbr'\echoe tfli':F‘:.ﬁSﬁss afd tyembRFBmideaevirablegyiin gilbpel atdrkg
as onlin

condi tions are take e optim zed variapl es: %t.l el, Lenperature of
the riser pipe Fl WémY-MHPé&%tf‘ﬁsiSﬁ?ﬂgr?@t‘%ﬁu‘ ance property in the p :

The core of the DCI RTO of this invention is to calculate the gradients of the optimized
variables to the objective function with the DCI algorithm, then adjust the optimized variables
according to the gradients. The calculation and adjustment of the gradients of the optimized
variables are performed continually online. Thus, whatever the method used to calculate the
gradients is, the adjustment principle mentioned above could be used to perform RTO,
therefore other possible algorithm, such as the identification of the dynamic model, may be
used to estimate the gradients, and the RTO of the process could be performed based on them.
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Feed tenperature Flow of the terminator Ratio of the cycl [ [
Ratio of the cycle oil Ratio of the oil slurry Flow ofyfhg ??ZSLI ggtg: Iyst
Five objective functions are: Yield of the liquid hydrocarbon Yi el d of
the gasoline Yield of the diesel Liquidyield (liquid hydrocarbon yield +
gasoline yield + diesel yield) Economc benefit of the ARGG unit The
control st ructure of the real time optim zation systemis illustrated in
'|I:'IP%38 |mefs])e_ssanmenlmé'B§apﬂ_mgS control is carried out by HONEYWELL

00 systens; and the optimzing control is performed by APP(Application
Process Pigwredsor) of HONEYWELL TPS3000. According to the current request
of the prOGRSER,dianen olf] entinweskyufeeding ranfir erputing, BroaRgfe Bhthsc FBYMinct i ons

I's selec ﬁa a% tgpp& {sechni cal index t I mi '
_ u@onliGedst _ 0 be optimzed, and then is performnmed
Itgrr:)t;rGaI? ow,.ng steps. 1. Nami ng the optim zed variables Lir= gut | et

YBTBE {he riser pi - ppi
Bt e R LTI A L WAL N e T

e cycle

gasol i ne pigifie3: rati o of the cycle oil u7 =ratio of the slurry oi =
}‘: glVJVi gf h%@%ﬁgh”%%ﬁﬂﬁ”’?} %%h@ iy adbdove simplogi wits twgleglﬁrrgﬁlrﬂld of 3t he
Yariablés. gasol i ne :
Figure 4:
A diagram showing the curve of zero gradient of the optimized variables to the objective
function.
Figure 5:
A diagram showing the curve of the minus gradient of the optimized variables to the objective
function.
Figure 6:

A diagram showing the curve of the positive gradient of the optimized variables to the
objective function.

Figure 7:

A diagram showing the gradient varying with the change of the relationship between the
optimized variable and the objective function.

Figure 8:

A diagram showing the structure of a computer control system used to optimize the process.
Figure 9:

A flowchart of the reactor-regeneration of an ARGG Unit.

In the Fig. : 1. riser reactor, 2. cyclone separator, 3. settler, 4. catalyst regenerator, 5
outsourcing thermometers, 6. fractionation system

Figure 10:

A flowchart of a joined unit of benzene dewaxing and deoil process.

Detailed Description of The Invention:

Following embodiments are just used to describe, but not limit, the invention, which
requires that the production process is controlled by a computer. A DCS or other conventional
instrumentation is used to carry out setpoint control for the optimized variables, and the
setpoints are calculated by an optimization control computer using the method of this
invention, thus the optimized variables are adjusted in a fixed time interval. The adjustment
cycle is determined by the dynamic response speed of the actual process, as shown in Fig. 8.

Embodiment 1: Real Time Optimization of An ARGG Unit with The Dynamic

Correlation Integration Technique
The ARGG(Atmospheric Residue Gas and Gasoline) unit in the petrochemical plants is a

device to perform a process to crack the low-value oil into the high-value liquid hydrocarbon,

12



J3=Yield of the diesel oil J4=Yield of the liquid J5=Econom c benefit of

the unit 2. Establish a data sanplin '
: ! g systemand a real -ti nme databa
usi ng HONEYWELL TPS3000 and OPC in APP conputer. The width of the sz(rarplbiyng

data wi ndow is 8 hours, and sanmpling i im [
\ _ , Al _ g interval of the optim zed
22%3} Ih(ra] Ogjate;t :Myed(the obj ective functions) is 60 secoP\ds. The \d/g{ gaPlnefhe
R e e e
: _ . S3@ Interval, t [
ol dest daf@adtérirbeeh@atitinsgsterd efithe ARGG hshown adiig Qat agvvi Il be addedat oI fhet ne

database. g, \hen. 843 SATBY kDH dASuDRAR o aMRlShMlthe hde Btkndtht sy kuu of

the optim s'1's cal cul'ated, no i
. ; .. how there are, 8 opt, .z i :
?/ﬁe { ﬁl n: eﬂ,ﬁlaﬁeﬂ.lﬁe_atm(cﬂ@ugmg(vﬁthmqs; fny of a fragiipnation syYHER§: he gmﬁeld g i s g"‘%‘% filb lmfa tss
in rgs:o ?f{%eglre?%ﬁg&é%éz ttkﬁ ro}%nia%mﬁfﬂgmﬂé%werw ofthariger catter hi ned by
. : } e optimz var | ' -
functions The stmized gewsal, the sw@uﬁm a'i“ﬁghec Eféé' epﬂll ge?art‘%‘? g{a?g/ﬁp?‘ﬁ‘?g%"f \;f
gf‘ter } ?vﬁy%s%%t%?f g@]lg}ﬁi&@c% httBe Wlch plat efthe eeatioe |, oddaloni iv mofntnER Pl6RS ¥Itnd t her e
unct) : = !
f an the riser reactor 1 to joini%gsthe ggtz]ﬂg’&c crack%r}glgea&ion!(ﬁgacted 3 2nd YREKEH the kuut K
catalyst are sent to the seftler 3 from the top of the riser reactor 1. The oil and gas with the
catalyst enter into the cyclone separator 2 to be separated out the catalyst. Finally, the oil and
gas leave the separator 2, and enter into the fractionation system 6 for product separation, and

the catalyst returns to the regenerator 4.

The separated catalyst enters the regenerator 4. A layer of carbon produced in cracking
reaction has been deposited on the surface of the catalyst. The carbon deposition should be
burnt out in the regenerator 4, this procedure is called coke-burning. Excess heat in
coke-burning is taken away by outsourcing thermometers 5. The regenerated catalyst after
coke-burning is transported to the riser reactor 1 to crack the feed. For keeping the activity of
the catalyst and compensating the lost catalyst, a flow of fresh catalyst is added into the

regenerator 4.

The oil and gas from the separator 2 enter into the fractionation system 6. Afier separation -
process of the system, the liquid hydrocarbon is produced. The recycied oil and the sturry oil

from the system and the little part of gasoline are returned to the riser reactor 1.

In the case of the ARGG, the following operating conditions are taken as online optimized

variables:
® Outlet temperature of the riser pipe

Flow of the pre-stripping gas
Feed temperature
Flow of the terminator
Ratio of the cycle gasoline oil
Ratio of the cycle oil
Ratio of the oil slurry
Flow of the fresh catalyst

Five objective functions are:
® Yield of the liquid hydrocarbon

i3



tu;zss:} llg6ggm2_? _Eligsgé_ Ki1§5: kif8J5_ 600 1 /10800 u (A)J s(A - r)dAdr
= B =1,2, - ,8 s =12, ,5 5 According to Kuj
agq kO_, t he gragjl ent vector | C of the optim zed variables to the ?nt egra![ ed
obj ective function is calculated. Firstly, solving the follow ng |inear
equation to obtain Kd: = KuuKd UU 0O K uu = And Kd -Kd Kd Kt

Yield of the gasoline

Yield of the diesel

Liquid yield (liquid hydrocarbon yield + gasoline yield + diesel yield)

Economic benefit of the ARGG unit

The control structure of the real time optimization system is illustrated in Fig 8.

In this system, the setpoint control is carried out by HONEYWELL TPS83000 systems; and
the optimizing control is performed by APP(Application Process Processor) of
HONEYWELL TPS3000. According to the current request of the process, one objective
function from above five objective functions is selected as the technical index to be optimized,
and then is performed in the following steps.

1. Naming the optimized variables

® = outlet temperature of the riser pipe
® u,= flow of the pre-stripping gas

® .= feed temperature

® u,= flow of the terminator

@ u,= ratio of the cycle gasoline

®  u, = ratio of the cycle oil

®  u.,= ratio of the slurry oil

® u,= flow of the fresh catalyst

Naming the objective functions
@ J1=Yield of the liquid hydrocarbon
J2=Yield of the gasoline
I3=Yield of the diesel oil
J4=Yield of the liquid

T5=Economic benefit of the unit

2. Establish a data sampling system and a real-time database by using HONEYWELL
TPS3000 and OPC in APP computer. The width of the sampling data window is 8 hours, and
sampling interval of the optimized variables and the objective {the objective functions) is 60

seconds. The data in the sampling data window is stored in the database. In each sampling,
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The gradi ent vector Kdc, of the integrated objective function to the
optim zed variables is: Kda = alien s krdTe- d 2nJ2/' 5 J5 Werein, in
accordance with the current optim zation objective functions, cr, , az,. -
,0-5 are five constants, which may be 0 or 1. For exanple, the current
optimal objective is the yield of the Iiquid hydrocarbon, and o-1 is 1 and
the rest are 0, other cases are deduced by %naLo%ﬁi 6. Ac oQﬂ%ng to the
gr adi ent theesampling datzoyindeye with meaye fereardgpr seppling ipGhel iteh s g“et St i zed
vari abl eg) bdBsce B GRd Gt 1R85t dRNwDl bd d@edaptierdatabaievar i abl es is cal cul at ed,
the regulation rule is: if the gradient is zero, the current optim nd
variable is in optimal state, and if it is not zero, the optim zed variable
needs t o3b@WhadjatsdamgligCien bednngniptetdd) the DA enanivdkeli afaint optimizsfl vardeblegisadi ent .
For exanpl.e. the current,val ue f. the optim zed variables ( ul(1)- u5(1) )
are kno ?EQ%QD§%F&§§¥ﬁ8?%%‘Spéﬁﬁéﬁ% variables in the next step could be
calculated in the fhi!| &g ng-why [to drive the objective functions to
maxi mum us5(1+1) aigk, da0 Qa/ic' 2 2a 00 o0 a kd 8 8a _ Werein,
ug(1l)- is thelgiginal Value of*lthe eight optimzed variables , while next
val ue of the optimZed vari-ableg0 "La yd =

ky kg o kg

600 1 Aosoo

Wherein: k&, = u,(Au,;(A-r)dAdz

3600 QT 310800
The high and low limits in the integration are 3600, -3600, 10800,-10800, which are
determined by the response time spent from the optimized variables to the objective functions

in the process.

4. Calculate the cross-correlation integral matrix Ky; of the operating variables to the

objective functions, and there are five objective functions:

KU’JI
KUJZ
Ky = .

KUJS

Wherein,
kul.n kuIJ'S
ku kuZJS

Kyu = fﬂ ------ Ky = .
kuSJI ku&IS
600 1 Ao0soo

= Lo 3 gt (A= YA

((=12,-8s5=12,-,5)

5. According to Ky; and kyy , the gradient vector KS of the optimized variables to the

integrated objective function is calculated. Firstly, solving the following linear equation to
obtain K%

Ky = KUUKd
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yd 8a a2' ' Cl18 are eight positive constants, the values of which are
related to the convergence rate of the optiml control, and need to be
adjusted on site. In this case, they are all adjusted to 0.001. 7. Back to
step 3. Fromthe conparison test in this case, the data of the |liquid

hydr ocarbon yield, the liquid yield, and the econom c benefits are shown in
the followi ng_table: ast of the ob ective functions before and after

optim zation |Kubj 8ctive flinction Default val ue Optim zed val ue I ncrenent
Yield of Iiquidghyqrocagborg (| % 27.05 27.83 +0.77 Yield of total liquids (
%) 85. WyB85|97 +0.0§6.I_Econp c benefit (Yuan / Ton feed)

0 Ve 0 kUU
And
Ky
Kd — Kf]ll
K3,

The gradient vectorKj of the integrated objective function to the optimized variables is:
K; = GIKjl + Gngz:'“so'sKgs
Wherein, in accordance with the current optimization objective functions, 5,5, ,*+,0 are

five constants, which may be 0 or 1. For example, the current optimal objective is the yield of

the liquid hydrocarbon, and o, is 1 and the rest are 0, other cases are deduced by analogy.

6. According to the gradient vector K¢ of the integrated objective function to the optimized

variables, the change direction of the optimized variables is calculated, the regulation rule is:
if the gradient is zero, the current optimized variable is in optimal state, and if it is not zero,

the optimized variable needs to be adjusted according to the size and direction of the gradient.

For example, the current values of the optimized variables (i, (/)---uz(!) ) are known, the

values of the optimized variables in the next step could be calculated in the following way to

drive the objective functions to maximum.

w(@+D]| |aki 0 o 0 ()

w,((+1)| | 0 ks, 0 1 ()
S N 0o . 0 :

ug (1 +1) 0 0 gkl fus()

Wherein,
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153.20 194.46 +41.26 Fromthe above test results, it could be seen that
the systemhas a better effect. Enbodinent 2: Real Tine Optimzation of The
Sol vent Dewaxi ng- Deoil Process Wth the Dynam c Correlation Integration
Techni que The dewaxi ng-deoil is an inportant procedure of the

| ubricating-oil production in the refnery. A dewaxing-deoil unit, which is
used to sep rgﬁe the lubricating oil and the paraffin f oglLB raw
materials of¥d¥l|, performs a continuous process. The pr Gés5Yils i1l ustrated
in Fig. 10. lu,(O)t could be seen fromFig. 10 that the faWol)| is
distributed|intol 7 branches. There are 3 crystallizers |n each branch.
Before enteling [crystallizers, the feed is firstly dilufed wtlh the

filtrate in|eaénl.branch, .and this .operati ' | | pt s (b Dt i Then
the feed enters th eﬁ%%Fﬂgggﬁgng%?g Pp%%?ggﬁhgﬁggééﬁgbtine t he F?%%h

sol vent aed viloeoftbobptingzetiivatiatddse ar e added, that operation is called a
first (1y,didution. Wien flow ng out of E101, the filtrate is added into
the feed g ajn, which is called a first (2) dilution. After that, the feed
enters théa ia cooled crystallizers El 02 and EIl 03, and then the fresh
sol vent is:inj ed, which is called a second dilution. The crystallized
feed the Ls transported to the buffer tank D101 and entered into the
dewaxi ngiftdters at last. During filtering, a washing solvent is sprayed
into the filters. The filtrate fromthe filters passes through the filtrate
buf fer t @k H104sand ofohQsiite Sonktafts SRS VRIS of VBN 81 Yel @Y B8 cohigenex from
the filters is transported to the wax tank D105 and D106 , and then is send
to the fidtebf e optimdlicbitdl, and neaibibagdjastkd emsitel b thisrcapetdicy arctai@dfusted er, and

t he fiItra@gbfron1the first deoil filter is sent to the tanker D110. The
wax from< ¥irst deoil filter passes through the wax tanker DI 12, in
which a fresh solvent is mxed, then enters the second deoil filter and a
washi ng %oé¥ﬁq3ﬁh§1sprayed init. The filtrate fromthe second deoil filter
passes t hrough the tanker D111 and cones into the wax tanker D105. The wax
fromthe second deoil filter is mxed with the fresh solvent in D113 and

then fl owsonh ehel Einpa@dot QEE i BEOMBEVHE Wisth @fNthe liquid Rydrivarbex aieM, ehofiqlidi
process, %ggagg%ective.fun ion.is thﬁ§¥i§{d qughe deoi | ed wax. The

fol | owi ng® f sigpgrmickerelisarethoye 1 e TR I8t i mi zed variables, there
are all the ratios of the solvent to feed flow ratio_of flow

| _pre_dig tl,% of Eﬁcf[t{h?eeﬂ;e fdn?%sﬁ:reﬁ)rgilﬁdjytaﬂ) tiﬁﬁﬂtﬁnOf _flows_pre_dirution

ratio_o —pre—tt+ttror—ratTo o tows Jpre_urrutT o 1 atio_of
f 1 ows_pi ©hfeativt fuotion at i 0_of f | opPefaulf vdlueut|i Slptinpized o of Imespmentt | |
to_flow] ratio_of solventl_| to|flow2 - ratifo,Qesol ventli_| to_fl o\3
rati o_of—solvemti_t+—toftowd r1afio_of sofventi I o _flTows  rati o_¢f
sol vent | Xield of kiquidhygdygsarbpmt (& of | 3609 vent | || ¥ 1 ow?  rafPd’of so

| vent| 2 .to flow ratio-of——selventt—2teo—FHow2—

Yield of total liquids (%) 85.01 85.97 +0.96
Economic benefit 153.20 194.46 +41.26
(Yuan / Ton feed)

From the above test results, it could be seen that the system has a better effect.

Embodiment 2: Real Time Optimization of The Solvent Dewaxing-Deoil Process With
the Dynamic Correlation Integration Technique

The dewaxing-deoil is an important procedure of the lubricating-oil production in the
refinery. A dewaxing-deoil unit, which is used to separate the lubricating oil and the paraffin
from the raw materials of oil, performs a continuous process. The process is illustrated in Fig.
10.

It could be seen from Fig. 10 that the raw oil is distributed into 7 branches. There are 3

crystallizers in each branch. Before entering crystallizers, the feed is firstly diluted with the
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rati o_of solventl_2 to flow3d ratio_of solv [
_ _2_to_fl« _ entl 2 to flowd r
zglzgﬂtl g_zo_ilomg ratio of solventl 2 to flowe ratio of attoof
2 to flowZ ratio of solvent2 to_feed ratio_of s
: : _ _ ray_sol ve
;p_ffeg Note:solventl| refers to first(1l) dilution, solventl 2pre¥6rs tont
irst(2) dilution, and solvent2 refers to second dilution, rest can be

deduced by . anal ogy In this syste t.he |
1O Rt e e S g EBR ften %B‘Ef‘?é“ﬁ“i?@?%ﬂ ed out
oy A O%.((g‘llsébﬁlﬁ Biak @ sa&b&uﬁeathiplfteslgsdmnaaw hd ool filirare g 2Bttt zer has

obj ect i vEPSTaERY 1?8%?&@& 5t &{) dﬁ g% %Yheh oW t Dt ERA, e Kittak ioadeo (ihtdi the

L Qe g ont 15gJd A@ainCwhiok isealléds fust @ dikgipni AﬁQrH@rtﬁbg (f)e{%l)\;%f%g‘feg”\ég{“}/"l ¢ ﬁ"ﬁfﬁgdf he
8 Pt B o s e
f1 ow4_pr alildiis Theorystalbizedrfagd theroil “ﬂFﬁPﬁBe_dptrB? %h’f’ﬁbw eﬁ%refaetg b oF

rova _pre dir.uti f
to fl (ﬂﬁ/ ixm% fi 9[&'3 a??agt_ g?ﬁ%gi@%ﬁlé QLWZasﬁi’ng sOliventtis Gpraye.dsmtortb_q; ﬁber@f Tl@o| vent 1

t_o f1 ow3 filgas fromrta@ filfers Passes) theoyeh Fhe”fJBW?tT ?mtg"ﬁw {igbgﬁmggﬁégn%&m i

E 8 ]‘: : gﬁ e '_s?étérﬁ,me Wil eanihk Filte® is thaavgrtedibahewax iagk BTOSad 96 | and

to flow2 thgmzs sgr{;ltat};lgl'?ﬁrsts%ogi' ot lﬁiw?sgl slo&é\(lt]is spr:We@ m_{h@tﬂlt@t,ﬁlfld golivent | 2
from the first deoil filter is sent to the Tanker D110. The wax from the first deoil filter passes
through the wax tanker D112, in which a fresh solvent is mixed, then enters the second deoil
filter and a washing solvent is sprayed in it. The filtrate from the second deoil filter passes
through the tanker D111 and comes into the wax tanker D105. The wax from the second deoil

filter is mixed with the fresh solvent in D113 and then flows to the solvent recovery systeml.

In the example of this process, the objective function is the yield of the deoiled wax. The
following 23 variables are taken as the online optimized variables, there are all the ratios of
the solvent to feed flow:

® ratio_of flowl_pre_dirution
ratio_of flow2_pre_dirution
ratio_of flow3_pre_dirution
ratio_of _flow4_pre_dirution
ratio_of flow5_pre_dirution
ratio_of flow6_pre_dirution
ratio_of_flow7_pre_dirution
ratio_of_solventl_1_to_flowl
ratio_of solventl_1_to_flow2
ratio_of_solventl_1_to_flow3
ratio_of solventl_1_to_flow4
ratio_of solventl_1_to_flow5
ratio_of solventl_1_to_flowb
ratio_of solventl_1_to_flow7
ratio_of solventl_2_to_flowl
ratio_of solventl_2_to_flow2
ratio_of solventl_2 to_flow3

ratio_of solventl_2_to_flow4

.........'.....0...

ratio_of solventl_2_to_flows
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ul3=ratio_of solventl 2 to flowd ttio =ratio_of solventl_ 2 to flows u20
=ratio of solventl 2 to flowe u23 =ratio of solventl 2 to flow7
u22=ratio_of solvent2to feed u23 =ratio of spray solvent to feed Nam ng
t he objective functions Jl=Yield of the deoiled wax 2. A data
sanpling systemis established by using the YOKOGAWA Centum CS and a

real -time database with a sarrpﬁlpi gg data wi ndow of a width of 13 hours. The
dat abase co® et 9fkovgal £ & "PR& opti ni zed vari abl es and the objective

functions ewer yai@lofsetends2_tdlewdata i n the sanpling data w ndow is stored

in the database.. Egch. one-m ping sanpling data wi ndow will be noved forward
to one sanpf® nfYP: s°|1Vr"?f“ér—'i?a’fg’?‘rl

that is to say, the oldest data will be
di scarded, ®ndrdtioeofl spraystoldkat o féekl be added to the dat abase. 3. When
the data,sanplin e 5.2 ot 2RGkers B ifiite) Wilitionf andpbivantz ed
vari abl eys"%’rs@’baﬂ“gur%?eég% ﬁg&ﬂt ere ’a(r)g 23 optim zed variables: 1& cl12. kim

k uu = kéfers Bnsecondidiltion, rest cajtbe deduged &y a8al0gY o7 f | T u; (A)u, (2 - OdArti- 1
j =1,2, m m= 23, T=7200, M=14000 are the integral constants, which are

determ ned by the response tine spent fromthe t A ardahleest o the
obj ective functn dhis isystamethe spipaut control is P%.h"’“i‘ﬁde%%&‘&nétéﬁvi KW _o#ﬂe { he

opti m zed Vagdahy; e biniititg @Bjiat talgositin iscedndn artdycanl erpraing gtatien. Kl

Vher el . Kl%ampling data window of the DCI optimizer has a width of 13 hours, and the data of 23

optimized variables and the objective function (yield of deoiled wax) are collected every
60 seconds. the control calculation is performed in the following steps.

1. Naming the key operating variables

®  u,=ratio_of flowl_pre_dirution

® u,=ratio_of flow2 _pre_dirution

® u,=ratio_of_flow3_pre_dirution

® y, =ratio_of flow4_pre_dirution

® u =ratio_of flow5_pre_dirution

® u =ratio_of flowd _pre_dirution

® y, =ratio of flow7_pre_dirution

®  u =ratio_of solventl_1_to_flowl
® u,=ratio_of solventl_I_to_flow2
® u,=ratio_of solventl_1_to_flow3
® u, =ratio_of solventi_1_to_flow4
®  u, =ratio_of solventl_I_to_flow5
® u ., =ratio_of solventl_1_to_flow6
® u, =ratio_of solventl_1_to_flow7

® 1 =ratio_of solventl 2_to_flowl
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Kk = rl Li; (A. 11(2 - dr 2T T (i =1,2, -,m T and Mare the

integral constants, in = 23 ,T=7200, M=14000. 5. According to KIM and
Kull, the gradient vector Kthe optim zed variables to the objective
function is calculated, firstly, the follow ng |inear equation could be
solved to obtain KUl = KUUKd Fkuu O K uu = 0 and Kd = K, The gradi ent

vector lcal of the integrated objective function to the optim zed vari abl es
i s: = \Wher e®n, ug=ratio_df solventl62_tAdbwi2di ng to t he gradi ent vector |IC of the
objective function to the optim zed variables, the change direction of the

optim zed V%r'%bL$§KJ§f&§wgﬂ|§H§q1&%”d the principle is: if the gradient

is zero, then tHe curfent o tii—Z6ed "vari abl es are in the opti mal state, and
if it is not zero, the optlnlzed vari abl es are adjusted according to the
size and the® dmﬁeﬁﬁhgﬁjmh@mhglglébwént. For exanple, the current val ue of
the optimzed variables is known, the adjusted value of the optim zed

vari abl es i C%|Q¥&ﬁ§§98hﬂm1°§“9Wkﬂg way to nmake the objective functions be
maxi mum ul(1l +%)

®  u, =ratio_of solventl_2 to_flow6
® y,, =ratio_of solventl_2_to_flow7
® u,,=ratio_of solvent? to_feed

®  u,,=ratio of spray solvent to feed

Naming the objective functions
® Jl=Yield of the deoiled wax

2. A data sampling system is established by using the YOKOGAWA Centum CS and a
real-time database with a sampling data window of a width of 13 hours. The database collects
the data of the optimized variables and the objective functions every 60 seconds. The data in
the sampling data window is stored in the database. Each one-mining sampling data window
will be moved forward to one sampling time interval, that is to say, the oldest data will be
discarded, and the latest data will be added to the database .

3. When the data sampling has been completed, the DCI matrix Kyy of optimized

variables is calculated, now there are 23 optimized variables:

kn ku klm
kuu _ k:21 k:zz kz:m
kml km2 T kmm
) 1
Wherein, &, = E;2T f u (Du,;(A-7)dAdr

i,j=412,--m, m=23, T=7200, M=14000 are the integral constants, which are

determined by the response time spent from the optimized variables to the objective function
in the process .
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0 (1) 142(1 +1) O ce2k20 0 W2(Il) 0 um(1+1) 0 ane, um (1) _
Wherein, ul (/) U2(1) unm(1) _

4. The DCI matrix Ky; of the optimized variables to the objective function are

calculated:
Ky =Kun
Wherein,
kun _
Ky = ku:2.ﬂ
ks

1
bun= [, o [ (), -n)dadr

(i=12,---,m)

T and M are the integral constants, m = 23, T=7200, M=14000.

5. According to Kyy and Kyy, the gradient vector K‘: of the optimized variables to the

objective function is calculated, firstly, the following linear equation could be solved to obtain

K
Ky = K K*
kyg 0 0 ]

¢ k 6 ¢

K _ ) uu ] )
gu 0 :

0 0 Ky

and K* =K},

The gradient vectorK: of the integrated objective function to the optimized variables is:

KS =0y Kﬁ,
Wherein,

o, =1

6. According to the gradient vector K': of the objective function to the optimized

variables, the change direction of the optimized variables is calculated, and the principle is: if
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I's the original
val ue of the optim zed vari abl es.
positive constants,

control, and need to be adjusted on site.

adj usted to 0.001. 7.

shown in the table bel ow._ Conparison test data Q|

val ue of the optim zed vari abl es |,
ki,

kd 2a

and

is the new
m= 23, are m

they relate to the convergence rate of the optinal
In this case,

they are al

Back to step 3. The result of the conparison test

yield

(9% Wax.yield

i's

(9

Wast eWax the) gradjent iszerayhepdirceprient qnéipviged (yanables sargin the @#mabﬁ@ﬁafrndyf Ellsd 49. 57

not zero, the optimized variables are adjusted according to the size and the direction of the
gradient. For example, the current value of the optimized variables is known, the adjusted
value of the optimized variables is calculated in following way to make the objective

functions be maximum:

u (I+1) aflkl"; 0 -ee 0 u (D
w(+D)| | 0 okl 0 u, (1)
: : 0 - 0 :
u, ([ +1) 0 0 e ki |lu, )
Wherein,
u, (D) w, (1 +1)
u, () | . . . . u,((+1) | .
. |is the original value of the optimized variables , and . is the new
u, (1) u, ([ +1)
value of the optimized variables.
ki
k‘fa’ — K:
X
oy, 0y, -, &, m =23, are m positive constants, they relate to the convergence rate of

the optimal control, and need to be adjusted on site. In this case, they are all adjusted to 0.001.

7. Back to step 3.

The result of the comparison test is shown in the table below:

Comparison test data

Qil yield (%) Wax yield (%) WasteWax-Oil
yield (%)
Default yield 50.13 42.64 7.67
Optimal yield 49.57 43.85 6.9
Increment -0.56 +1.21 -0.77

From the above results, it could be seen that the wax yield is raised 1.21% after

optimization.
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43.85 6.9 Increnent -0.56 +1.21 -0.77 Fromt he above results, it could
be seen that the wax yield is raised 1.21% after optim zation. C ains:

1. Areal-tinme operating optimzation nethod of a multi-input and

mul ti-out put continuous production process, it is characterized in that:

t he key mani pul ating variables in the production process are taken as the
optim zed variables, and the technical targets associated with these

mani pul ati ng vari abl es are supposed as the objective functions, then the
gradi ent vector of the objective functions and the optim zed variables are
cal cul@a@ns:currently online based on the historical data of the objective
functions and the optim zed variables, after that the gradient vector is
used to decide the adjustnent direction of the optim zed variables, if the
gradi ent vector is positive or negative, the optim zed vari.ables are

adj ust ed t o1t ha rebtimegipatitieg bptithizeten wathpd of & pruftiinpphd tive
functions, the gradient vector is calculated online continuously,

r egar di&ssudls pRRICHER plobessoibjsatiniaverifedintthatrthe keymopphlaing wriahlst M Be t he
gradient 1s not zero, the respective optimzed variables are adjusted to

t he di {)&(ah&% L}%ceg@érg A dE Meloptidid vasatlysnamd the cwhniehldsrigeis associgigd adthon
(DCl) technique 1's used to calculate the current gradient vector of the

optim zed vari abl. bSsski Y€ thk BRLie BniRsedhanthbigsidant vatordét a.
2. Theﬁwé%ﬁng?lpﬁghﬁo%‘éﬁﬁe%gm%g?ﬁ%géﬂhon %t hod of claim1, it is

characterized ip that the d i i ?Qﬂ;]ih@ﬁﬁﬁ&ﬂ H€h

i ncl udg?ct%tlf’%gﬁ% ’ﬁé’“‘é?‘?poé’%" 1’% obj elg% ?‘%gagﬂllﬁ%?i%gﬁaﬂ (t), whi cﬁ sf?oul d be
nmeasur abl e or cal cul abl e, online, is,gdeterm : ed as:

. 7(t) histqrical ¢ata 9fthe gblﬁﬂlé’teg"%t’lopi #3d 'ig‘go sﬁg(ggmﬁ%éibg’ %%Et r gﬁ%aégl e optimi zed

variables, ii(t) is disturbance, and f i.g unkno Nk ar.di to
t he eqwettbois :ug degide the adjusympep, ﬂl%?‘iﬁ‘?ﬂ of fhe'Optimized vanadies) $the 25620 UebSr

ok

is positive or negative, the optimized variables are adjusted to the zero gradient direction for
optimizing the objective functions, the gradient vector is calculated online continuously,
regardiess of whether the objective functions are optimum or nof, if the gradient is not zero, the
respective optimized variables are adjusted to the direction of zero gradient, and the dynamic
correlation integration (DCI) technique is used to calculate the current gradient vector of the

optimized variables to the objective functions based on historical data.

2. The real-time operating optimization method of claim 1, it is characterized in that
the dynamic correlation integration technique includes the following steps:

the objective function J (1), which should be measurable or calculable online, is

determined, and can be expressed as:

T = £@(E), B, 1)

wherein W(f) is m-space mean controllable optimized variables, p(¢) is disturbance, and f

is unknown mapping,
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kuzum kumu | knu2 Kumum rul kung = J-A4-2T fru,(t -r)u
j(t)dtdr and the real-tinme neasurenment it, (t) (i = 1,2,-,m of the
opt|n1zed variables to calculate the self-correlation integral matrix k. of
the optim zed variables, wherein, T, Mare integral constants greater than
zero, according to the equation: kid = =f u(t - r)J(t)dtdz-,(i =
1,2,.-, m and the real-tinme nmeasurenent J(t) of 2T T the objective
function, the cross-correlation integral vector k of the optin zed
variables to the obje ective function is calculate, wherein, T, Mare
i ntegral coweerdingdo WicgWAUMe greater than zero, dEf the gradient dE{11(0)
of the objective function is calculated by solving the equation dEf = k.
dE{,a(0) z(t) JEum Kk - K
k

Kou = ku2u! ku2u2 wlum
U = - - -
k k 2 kumum

umul

1 - d the real-time measurement #,(t) (i =1,2,---,m) of
vig = [';-z—fﬁu,.(t ), (f)didt and the re ;

the optimized variables to calculate the self-correlation integral matrix k, of the optimized

variables, wherein, 7, M are integral constants greater than zero,

according to the equation:
kul.!
k

l{”“r - u'2J
kumJ

1 ) i £
g=} — - =1,2,-.-,m) and the real-time measurement J(¢) o
ko= [ - [ u(e -y @z, (i =12,-,m)

the objective function, the cross-correlation integral vector k,, of the optimized variables to the
objective function is calculate, wherein, 7, M are integral constants which are greater than zero,

dEf
the gradient dE{H(¢)} of the objective function is calculated by solving the equation

u ke i o0

dEf .
i ion us = us(]) + ¢ ————, anew setpoint us(/ +1) of the
according to the equation us(/ +1) () + EED] tp

optimized variable is calculated, wherein, ¢ is a constant.

3. The real-time operating optimization method of claim 2, it is characterized in that

further comprising the following steps:
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according to the equation tug + = us(1) aa new setpoint us(/ +1) of the
dE{u(/)} optim zed variable is calculated, wherein, a is a constant.
3. The real-tine operating optim zation nmethod of claim2, it is

characterized in that further conprising the follow ng steps: (1)
according to requirenments of the optimzed process, a nunber of objective
functions J1, "12 J", which nust be cal cul abl e or neasurable online, are

determ ned, then a virtual integrated objective function J = a-1.11+ a- 2.1

2+, ,+0- "J " is_construycted re al .az, 5- - 47 ar i faRktidde
respecti ve Qbpesordinetofrgiuiisy ,OQE*F&?P%%‘?‘IP&S"CS%‘% \%g%n %&QE\’%I 1. dependi ng
-on the process requirenent, the weights may_be ch ed over tin ecause

t he objlf;d; j-weJ § whichinosst bercaléydable oxmeasuEARls R NGRS a‘iq?‘E‘H’é‘?% then’ "r‘r‘%bas ed on
the anal ysis of the production process, the key mani pul ating vari abl es

ut, U2, jntegrattd objedive fagkies Vedaak HdW, opt-iri e ds cpaptryplideere 6.0, 1 e

optim ze(g’rvari ables are controlled by a traditional setpoint control

system, L& FoPRLIEEvbiddiOe aRitibRY, (iR}t aRTs arcdetaden Ol aatld dd¢pgnding on the
opti m zatd on control conputer by using the DCI technique, according to the

process requir { LB LRarREE ocHtihSd Rdailss thie ehpectiae funptior mdhef
time, procesi re %%ghggglﬁ%ﬁnghﬁgt a seg%pl ing systemw th a sanpling data

wi ndow i s, established ilo collect the data of the optim zed variabl es and
the obPEIRFHRR PBNRS KLY, om t he production process, thus their historical

OF T oot hsdon B S b PP AChE ORI B, T L
vart abl ee. .:t.hen: iil Itedka:gzthe 0 tigilze&\%arialéﬁis, kuu =
Uy, Uy, -+, U, are selec p
the optimized variables are controlled by a traditional setpoint control system, the
setpoints of the control system are calculated by an optimization control computer by using the
DCI technique, according to the process requirements, the setpoints are adjusted in a certain
period of time,
(2) areal-time data sampling system with a sampling data window is established to
collect the data of the optimized variables and the objective functions from the production

process, thus their historical data group is obtained,

(3) after data sampling, the DCI matrix k., of the optimized variables is calculated,

assume there are m optimized variables, then:

by kp o Ky

k ky - Kom
kw =17 5

kmi km?. o k.mm

. 1
wherein, k, = [:’fﬁ Lu,. (A)u; (A —7)dAdz

i,j=12,---m, T and M are integral constants,
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k"" k2  knt,
are integral

obj ective functions:
kul Jn

wher ei n,
const ant s,

K31 un Kujn

k u=0C-2177 u,(Au -
. . : (4) The DC
variable to the objective functions is cal cul ated,

wher ei n,

r)dadv |

=1, 2,

m T and M

matrix Ku of the optim zed

lew = kulJl

ku2Jl

assune there are n

Kuhl =

(4) The DCI matrix Ky, of the optimized variable to the objective functions is calculated,

assume there are n objective functions:

K U
K _ K iz
ur - :
K Ula
wherein,
k w1J1 k ulJn
K - kHZJ 1 K kuZJn
un - Uln :
kum.l 1 k wmjn

......

b= [ -2-11—, [ . (A-r)drde

(=12, ,m;s =12, ,n) T and M are integral constants,

(5) based on Ky and kyy, the gradient vector K¢ of the optimized variables to the

integrated objective functions is calculated, firstly, the following linear equation is solved to get

K%
KUJ=KUUKGI

Ky 0

0 k
K. =] . vu
w : 0

0
and

a

an
Kd__ K:Z

K
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ku2Jn k tag =ivr | fu (.2.)J s (A-r)d [ |

_ 1. - ad r mhi 1,2, , s =1,2,-
,n) T and Mare integral constants, (5) based on Kw and kuu, '[nhe gradieht
velctor Kthe optin zed variables to the integrated objective functions is
calculated, firstly, the following |inear equation is solved to get Kd: K

uu = and Kd = =K k uu 0 0 Kd 31 K32 Kd O kuu 0O 0 0 O kuu the gradient

vect or Kda of the integrated objective functio i m :
is: Ka. 0.1K an cr2K dip ...,KJaj. n to the optim zed variables

the gradient vector K¢ of the integrated objective function to the optimized variables is:
K! =0 K} +0, K%, K5,

(6) according to the gradient vector K4, the change direction of the optimized variables is
calculated, the calculation rule is: if the gradient is zero, then the current optimized variables are
in the optimal state, and if it is not zero, the optimized variables need to be adjusted according to
the size and direction of the gradient,

(7) after adjustment, the data is re-sampled in a certain time interval, and then returm to
Step (3),

wherein the procedure of step (3)-(6) is performed online periodically to achieve the

optimum of the objective functions.

4. The real-time operating optimization method of claim 3, it is characterized in that: in
step (1), the setpoint control of the optimized variables is performed by a DCS or other
traditional instruments, and the setpoints are calculated by optimization control computer by
using the DCI technique, and the setpoints are adjusted in a certain period of time.

5. The real-time operating optimization method of claim 3, it is characterized in that: in
step (2), a real-time data sampling system with a certain width sampling data window is
established, the width of the window depends on the specific time response of the process, the
sampling system collects the data of the optimized variables and the objective functions in a
certain period of time, and the sampling system is composed by the DCS to collect the historical
data of the optimized variables and the objective functions in the production process, the data in

the sampling data window is stored in the database, in each sampling, the sampling data window
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(6) according to the gradient vector K, " the change direction of the

optim zed variables is calculated, the calculation rule is: if the gradient
is zero, then the current optimzed variables are in the optinmal state, and
if it is not zero, the optim zed variables need to be adjusted according to
the size and direction of the gradient, (7) after adjustnent, the
data is re-sanpled in a certain tinme interval, and then return to Step (3),
wherein the procedure of step (3)-(6) is perfornmed online periodically to
achi eve_the optinum of the obhjectjve,f NS ; ; add the e
oper atWiledpt |eﬂif‘21§faf‘£1i? %P%ﬁﬁ%&tﬁ’rﬁﬂ @,%’i t 1 cslesct:ﬂaétarlgéltl g? fll-zgiﬁdﬁydﬁ that: in
step (1), the setpaint contral of the optimzed variables is perfornmed by a
DCS orlaTGStH@Pa‘Yllneh?ia@fi%‘Qlth‘?ﬁs?é?ol?"ﬁ‘?rents, and the setpoints are cal cul ated by
optim zation control conputer by using the DCI technique, and the setpoints
are adjusted in a certain period of tine. 5. The real-time operating
optim zation nethod of claim3, it is characterized in that: in step (2), a
real -tine dat Ateaegitinmpeyaing eptiinization wethod iof clginy P Ht SsharriHzeHr Dl Rdow i s
est abli shed, the width of the w ndow depends on the specific tinme response
of t heggy @§,aBS widihef tigemhplig dayswindowds theest tinesHargaethan B trapgitigptimgifoay

vari abl es and the objective functions in a certain period of tine, and the
sanpl i ALY 7P Sabidyvé RRci¥sS to collect the historical data of

t he opttﬂlgr%ﬁzed va?l?agﬁaes anthhe obj ective functions in the production
process, the data in the sanpling data window is stored in the database, in
each sanpling, the sanpling data window w |l be noved forward to one
sampling ingerpal , that is,.1 1-91!%@, icldim BCit H Hardctigided mNBat! ine

| at est dat QJ}W tferﬁ%l'tg%(ééﬁ?u&lgt%é a?gﬁg@ﬁw61ﬁm 6. The real-tine
operating optim zation nethad,of cl.ai Lt : -y LR phat: in
step (%P (QrRyeR UPSUPEILSIER "%‘g‘i‘?ﬂfﬁ jo %nges\%&%éﬂé%eﬁ@acf Ar ee tviéﬁgglé Ialz’ifx@er t han
the transition tine fromthe optin zed vari abl gs to the. obixe ti vebfuncti on.
7. Theshoaid be dppeopoiptsrvatueagn din Gan¢ QLmmamizies ﬁﬁa’ HPUYS WReH: i%‘o?ﬂéi ©
characterized in that: in step (6), every adjustnment step width is aikido.

wi t h r psqieed ofherwibes i tshowldbe megatitevar i abl e 111, ai shoul d be appropriate
val ues, in the case of maxim zing the objective function, a, should be
positive, otherw se, a" should be negative. 8. The real-tine

operating optimzation nmethod of claim5, it is characterized in that: in
step (2), the $RIRLIfiGe bpérafindptinfizatn|methodief ddim 5 dtiacleradtdrized pt that: wed
vari abl es and the objective functions depends on the dynam c transient
speed Qf the.ar gﬁc?g Ach S cotRe B B8 AR @S the optimized vafilisles aallth objective
oper at ?tﬁBE%pEb{gr%%zi t olgll met ho%l of %8% aim3, it is characterized in that: in
step ( L1 the aradi ' ¢ LA of IR hotesS Bhd RBVLYT seeshdvar i abl es are
in the P%ﬁiepg? toglgbgg#ghﬁ?ﬁ%&?ns l%%t ozer(?? the optim zed vari abl es need
to be adjusted according to the size and direction of the gradient, when
the maxi mal integrated objective function is assunmed, the adjusted val ue of
the optim zed variable is cal culated.by the. fol.l.ow ng. L Ehm: G, on
t he known c8rrdhe f%ﬂﬁ’@§P8qat1P$18ptHBHZPt?ﬁr‘§z/‘BﬁtE%\?f%%l&\ggs’ggls%*&?‘%téﬁ%mnpﬁ%f?ga 0
0 121(1) u2(1 +1) 0 a2k2da 0 U2 (1 } . .

( s%epli6)(, if the )gradient is zero, then the cug'rer)n optimized variables are in the optimal states, and

if it is not zero, the optimized variables need to be adjusted according to the size and direction of
the gradient, when the maximal integrated obj ective function is assumed, the adjusted value of

the optimized variable is calculated by the following algorithm based on the known current

values of the optimized variables:
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O O wu(l+1)_ O - - - 0 cek",da _ u", (I)_ wherein, ; (1) U2 (1) Unl)
Is the original value of the moptimzed variables, and ul(1+1) U2(1+ 1)
~u",(1+41) is the value of the optim zed variables after adjustnent, "I',

/210.d =K kn, ded al, a2, ,a", are mpositive constants if the optim zed
objective is to be maxi m zed.

w(@+D7] [akd 0 - 0 jud)

w+D| | 0 ak;, O )
: : 0 0 :

u, (I+1) 0 e 0 a b Ju, D

moma

wherein,

u; (1)
u, ()

u, ()
is the original value of the m optimized variables, and

u,({+1)
u,(I +1)

u, (I+1)

is the value of the optimized variables after adjustment,

ki
B | ke
]

Oy, 0y, > Oy, are m positive constants if the optimized objective is to be maximized.
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