Title: REAL-TIME OPERATI NG OPTIM ZED METHOD OF MULTI - | NPUT AND
MULTI - OQUTPUT CONTI NUOUS MANUFACTURE PROCEDURE Technical Field This
invention relates to the control technique, and specifically, relates to a
Real -Time Optimzation (RTO mnethod of Miltiple-Input and Ml tipl e-Qut put
(M M) continuous production process. Background of the Invention A

conti nuousTproducti on process with continuous feeds and out put products
could be liItlgstrated as Fig. 1. In Fig. 1, Ais the upstreamunit group of
process, and the products of A are the raw material of the process unit B,
whil e the pradueisEofoBRAEINGEOPIWMIBEDT IMETHOD dORNMUEBMNPEEeddhg unit
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group C. It nust be pointed out that these material flows are continuous
in cascade. In the unit B, there may be sone key mani pul ating variables U,
‘which are related to the technical objectives J such as the energy
consunpti o;t% he emﬁno RC benefits, the yields of the products and so on,

t he vari abl e Y68 r eferred to the input of the production unit(s),
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in a preseridbd@npeckssd of tinme by nmanipul ating the key variables, as show
in Fig. 2. It nust be noticed that the objective my be swtched according
to the requirement of the production procedure. To describe optim zation
wi th singl Batkeground é6fitheilonwentienf ol | owi ng equation can be generally
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units, these downstream production units are referred to as downstream unit group C. It must
be pointed out that these material flows are continuous in cascade. In the unit B, there may be
some key manipulating variables U, which are related to the technical objectives J such as the
energy consumption, the economic benefits, the yields of the products and so on, the variables
U can be referred to the input of the production unit(s), and J could be regarded as the output
of the production process of B. The task of real time optimization is to maximize the objecti\fc
{one or more targets combined, such as the economic benefit and the energy consumption) in
a prescribed period of time by manipulating the key variables, as show in Fig. 2. It must.be
noticed that the objective may be switched according to the requirement of the production

procedure.

To describe optimization with single objective function, the following equation can be

generally used:
J' = J(UH="3J(U) (1—1)

In the equation, J denotes the objective function, and J" denotes the optimum of the
objective function J; while U is the operational variable, or is refetred to as the optimized

variable. U’ is the optimum of the turning variable.
Generally, the functional relationship J (U) between U and J is an unknown analytically.

For getting U’, two methods are commonly used: Mathematical Modeling and Online Search

Methods.



1. Mathematical Mdeling Method The principle of the nodeling nethod is to
build a mat hemati cal nodel of the objective function J and the optim zed
variable U firstly, and then to evaluate U with nonlinear or |inear
progranmm ng based on the mat hematical nodel and the constraints. According
to the different nodel building principles, mathematical nodeling could be
classified_ in chani del d experience nodeling. Mechanism
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oper ati onal, ggnge departs or oversteps the data sanpling range when the
nodel is built during online application, the error of nodel nay be too
much to be applied normally. Slight change of the process_equip
cause huge V@i’fmg,efmé deshebaiDmtededaierivitop wroplontf G meaRaplstsitel 1§ a‘fﬁc "bif the
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Experience modeling is to fabricate the experiential relationship between the optimized
variable and the objective function based on plenty of data of the experiments and the daily
operational report. The advantages of this kind of modeling are simple and universal. No
matter how complex and different the procedure or the system is, the same simple method

could be used to build the model, and no special process knowledge and pretest equations are

needed.

However, the reliability of this method is not very good. If the operational range departs or
oversteps the data sampling range when the model is built during online application, the error
of model may be too much to be applied normally. Slight change of the process equipment

may cause huge change of the model structure, which results in failure of the modelling

works.

2. Online Search Method

Search method is a kind of universal method, the basic principle of the method is to change
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principle, many nonlinear progranm ng nmethods, such as the gol den section
nmet hod, 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 variables, but also the function
of other uncontrollable variables (environnental variables). Thus, when the
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the other hangistubah@tsyams proieeider es are sensitive to the changes of
conponent. As a result, the influence of changes of corrponent on t he
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mechani sm uglponttoiiable 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 offen 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 to solve the problems such as the complex mechanism, the
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3 strong di sturbance, many optim zed vari abl es, the narrow usabl e range and

the poor effect existed in the traditional RTO technique. This nethod

sinplifies the RTO of production process, and has strong adaptive

properties and the anti-di sturbances capability. In this invention, the

technique to solve the problens is a special multi-input rmulti-ougput
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average controllable. In generally, the objective function ) which should be calculable or

measurable online is determined firstly, thus the objective function can be expressed as:
J(£) = L), p(t).1)
Wherein, () is an m dimension vector of average controllable variables.

(1)

i, (1)
M

u, ()

i) =

Wherein, p@) is the disturbance, f means the unknown mapping , the objective

function to be optimized is defined as:

T * (1) = max E{[E{H)}, BO,11
E{u()}

Wherein, E{u()} 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



function to be optimzed is defined as: J * (t) = max E{f[E{u(t)},p(t),1]}
E (it (1)) Wierein, E{u(t)} neans the average val ue of the optim zed

vari abl e, which can be the set point of the primary controller or the

val ve position etc. To this nultivariable optimzation 4 dEf problem it
can be proved that the gradient E{u(t)} of the nean of the objective
function to the nean of the optim zed fi abl e satisfies the follow ng
equation: ~) Kk,d - k"dEf dE{u(t)}+E P~ggfaein, E(t) is the zero nean
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(t - a)J(tihdmsan pf the optinuzqdyariphle,sefisfiesithe fllouang oBoTar i x of opti ni zed
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k,2,", MMMM 1=K k-="21f4e((} -v) uf (t)didz kunnl kunn,2 A kunu,,,, ilLf
f ~ i,j=1,2, A mAccorlifigfjo the equation: krcl,, k,,2 A kulaor k,, =
k,,2,1 k,2"2 Ak~2.,,,, MMMM k,,,,,,,1 k", ,2AKk,,,,,. k."f1

Wherein, S(I is the zero mean noise, and then the vector of the DCI of the optimized

variable to the objective function is defined as:
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=
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Ko is a self DCI matrix of optimized variables , which is defined as
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According to the equation:
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and the real-time measurement

(D) (=120 ,m) o (e optimized variables calculate the self-correlation integration

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

pil

0.

According to the equation:



= -1 u,(t-v)ul(t)dtdz E 2T T and the real -tinme neasurenent u; (t) (i =
1,2,A, m of the optimzed 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: 5 k,,1 k"2/
k, M k,,,,"/ () 1 u(t-z)J(t)dtdz,(i =1,2,A, m k... _ 1 A 2T "' and
the real -tine nmeasiyf enent '~ t of the objective function are used to
calculate the crosls-correlation integration vector k,,, of the optim zed
variable to the aqbj'ewtjive function, wherein, T and Mare the integral
constants which areMgreater than 0 . In above equation: u,(t),(i =1,2,A

,mM and J(t) are tn@ asurenent of the optimzed variable and the
obj ective function;, "espectively. Cearly, k" and k""can be calcul ated by
t he observed data of the optimzed variable and the objective function.

t
Thus, dEf dEfk,,@gcdg;dLgfgumm@)gmg@i:am,)g bk dE{u(t)} + Etl the gradient
dE{u(t)} of the 2Tobtj ective function coul dnbie cal-Cmk aeedirgndie “gradi ent
dE{u(t)} of the objective function may be estinmated by Least Squares) us(l

After obtalpyngnthe gﬁxﬁ:ﬁbl?gxte R4 HNG1coRicard d¥&-biBielidiORtegtakion DSk, opoi Nt +
1) of the optlﬁlzeg vari abl e can be calculated by the directly iterative

met hod. u, @lotlhmdred Wikl to e dbjeckile AACEART dhbigint Dakd®l &euatibegral co@htants t he
new set point U (1 ?f }Q% optim zed variable could be cal cul ated, wherein,
ais a condtBRE g {2 S5t i mi zati on

In above equation: u (1), (1 = 1L.2,A ,m) and J(0) are the measurement of the

1 k til
optimized variable and the objective function, respectively. Clearly, = * and can be
calculated by the observed data of the optimized variable and the objective function. Thus,

JdEf dEf
k u ~ + S(f) F
dE{u (1) , the gradient "} of the

dEf

objective function could be calculated (the gradient dEQU{)} of the objective function may

kuJ =
according to the equation

be estimated by Least Squares)
. . (I +1
After obtaining the gradient of the objective function, the new set point W +1) o the
optimized variable can be calculated by the directly iterative method.
dEf
dE{U())} , the new set point w(/ +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 18

l.h‘(l + 1) = U.v(l) +o
According to the equation

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

index, that is, the objective functions JisJpsAA ’J", should be determined; these objective

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



objective is maxim zed, a is larger than zero, otherwise, if the
optim zation objective is mnimzed, ais smaller than zero. This
iterative process is continuous until the gradient is zero. In the case of
a plurality of objective functions, a simlar conclusion also can be
obtained. From above, further detailed procedure of this invention could
be described as foI o) cecording to the requirengnts Qf ot he optim zed
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the wei ghts may be changed over tinme because the objective function in the

producti onSmedggthg\@g;“g%@vmab@d% el -one tine. Accordl ng to the process
requirenents , the control eoptlmzed vari abl es _sho se Iec% ed as

the opti m zed Rharpahized variblep am contrplled his tradtipns setroUes: ‘&Bieé %?FBO%H rol | ed
by traditi g coadslleidrt eflslatwhby €hiphevslaiptipoiatidrsconfputer itk theddplt te@inice?-s ar e

cal cul at ed y Qé’mﬁn Doghe ]!)i%ye%g leﬂmélﬁ'@n?saithb%p@lﬂﬁ@k&tﬁjust&ib&x&dr@l!ﬂﬂ t echni que.

According to t | ed ¢
per i odi cal | y. AAOBHLRASTHUE S oy e B aRhe SAOLR:E8 2he.
i nst r ument gadidenabeoniyeBers.aud thedr sef pyipls preciienlate ra5|qu}1gzatlggh&0“fﬂlf§r USI

poi nts ar ee@@uéchhigde, yd aw adjpttedpaaticadly (@@mpu@cédep@sdsmg thetlﬁ@OE?SISP?eéé’ﬁm que,

and are adjﬂ{é%glqlzp@ﬁiloggz)cal ly (the period depends on the response speed of
the optim zed process Col l ecting the data of the optinm zed vari abl es

and the objective functl bns The nmethod,is ase C nam c
characteristids dfolesigngpipdatasol the oplipized N ‘a(]:}’gf é"lgsfgerrﬁﬁﬂe ehve “ncmns Tq%/h

movi ng sanpleiting islatasedwbm dowspabific iy hamic sbarectaistie of Qwe@t”é’ﬁq’las’ﬁ*é'dt““e ffa wi dth
of the wi ndyy 1§EQWtan Beht 68ty Ednrwﬁg & gendoshahict hes smanwidénts esiablished; om t he

?Etel ;nyg,?gm\/h%;\ku Sf hiQ gn\?o&bipﬁéﬁ ethfelénﬁﬁ%?%rgteﬂ(ﬂfagathlé )hrags:é-xiﬁ t%ﬁ?jlﬁsg&thgrs]gal ly
optim zed \9%“1“&‘51 éfg‘aalﬁdmttﬁ‘éo B &t e rﬂf’r’ll@f“l!yorg% Puisﬁ ﬂj&l% “%8 r ocess.
The syst emcoupdsetbs thhdGRata obtainetherlystesipapdptagl e r?ét“@fzﬁ "§’e{ P ﬁ {?

i nterval abpjectieperesnsaT tiiroficooesscesgdhe sgkdny c@Bets ti@Clateio endy faml’m‘é dat a
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added to t hendgatiaeies dorwikebyesusrismel s Unguntesinli Batisdp say, t e bl Bl

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

kll k12 A kim
k - k2] k22 A k2m
o M M M M
k ml km2 A knmr
Y
k= [ = [ w0, (A -)ydAdr
‘Wherein, ’ IM 27

5,7 =LZA M T and M are integral constants.

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



variables is showm in Fig. 3. 3. After the data has been sanpl ed, the DCl
matrix Kuu of the optim zed variables could be calcul ated. Assune there
are in optimzed variables, then k" k12 A kl,,, k21 k22 A k2 knu MM MM
k", 1 k,,,2 Ak,, 1 k,; =fni f u(7)u, (A z)dlidz Werein, 2T 7 i, j =
1,2, AmT and Mare integral constants. 4. The DCl matrix Kui of the

optim zed wafihRbhesaandvlebeeabjctichd ve functions is calculated. 7 Assune
there are n obj ectik fanctions: K UP _ KulJz KuJ M KUIn Werein, k~n.n
- a1

K'"i.m k" 2.n K k" KWI= MuJa= Mkl ...01 k,,,,./, k..... , 2T u;
(AJ.,. -z)dAdr. (i | ®yu2/A, m s =1,2,A, n) T and Mare integral
constants. | n ¥ne=DC eory, M above should be greater than the maxi nal

time constant fromfthe |optim zed variables to the objective functions, and
Tis 1-5 tinmes of @ J]Wth KuJ and Kuu, the gradient vector Ka of the

optim zed Vari\?ﬁ’é;&% to the objective functions is calculated. In first,

the following Tinéar equation is solved to obtain Kd: J KuJ =KuuK kuu 0 A
0 0 kuu 0 0 kul.li ku].ln
ku . kuZJn
Kun = 12\:; Ky = M
k 1end k i

‘V{ 1 oy
b = [y 57 [ (= rddz

(=12,A ,ms=12,A.1)  TandMare 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 Kyy, the gradient VectorK: of the optimized variables to the objective
. . . . . d
functions is calculated. In first, the following linear equation is solved to obtain K"
Ky = KUUKd

kyy, 0 A 0
0 ky 0 O

Kw=l'my o 0 ™
0 A 0 ky
And
K,
Kd_KgZ
M
KSj,

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

d _ d d d
K, =0 Kj +0,Kpu.A K,



Kuu MO O MO AO kutdJ And KJ JI J Kd=KJ2 M KdJn The gradient
vectorKo of the integrated objective function to the optim zed vari abl es
is: JJJJKa=~KJ +C2KJi,A Kla 8 6. According to the gradi ent
vectorKa of the integrated objective function to the optim zed vari ables,
t he change direction of the optim zed variable is calculated, the principle

is: if 1 he ccogft %ntg tl'le %tgcﬁ 19 ’ve&&ﬁi@“ t(tfghé:i'ﬂ{eéﬁ@ﬁ o\éj'%l:ﬂi&%sfuﬁ)cftioﬁ fﬂ@t 1@[@'@)!;1’(1122@(1

vari abl e are stat e, they are not zero, the optim zed
vari abl es are stedacordln tot n Clyb QRnciQE id bar
gradi ent. EHD ?eaf fhansg éeCB‘?"e% A ORI} ﬁeélsva“%ﬁ ‘f% Cqmqla{e?ﬁ gleg {1/%11% abl esm are

known, and giabient iv adrolabenahit enrehhehadjolite wpihizerbiarigbl éled&F’I?Lﬂpaﬂ“é]cPfqt% 2pdhe
fol I ow ng Vﬁ% L9 gcrgl(z%% ﬁl %plg:ngﬁgér}éﬁles fid E%gguktgcn%c&(aano RXJalRdihd Wirdctind) a

' 0ADU of the pptymi 0 l géo 1%!'5&116
ko u,,, (l)thWedentnmexal(lmy thgpresept vaﬂne@n eriymized yaRiablps He PP O U |n

the case of, & £Rf I ARGMEA! UM B8 cai@ﬂkﬁled M t(lé-foll)awﬂ%(\itawﬂ)) drive the objective

functions to be maximum.

u ({+1) aikl‘; 0 A 0 u, (1)
u,(I+1) 0  aki 0 M | u, ()
M |l M o0 0o o0 | M
u, (1 +1) 0 A0 aks, . D
Wherein,
u ()
u, ()
M
u,, (D)
is the Ith step value in the case of m optimized variables, and
[, (1+1)
u, (I +1)
M
u, (I +1)
is the (I+1) th step value after the adjustment of the optimized variables. Here,
ke,
Ko |_ge
M
K,

a8, a, are m positive constants (if the objective function are maximized). An

example is that the RTO with one optimized variable is used to maximize the objective
function, and the adjustment procedures are illustrated in Fig 4, Fig. 5, and Fig. 6. When the
gradient calculated by the DCI method is zero, the objective function has been maximized,
and in this case it is not necessary to adjust the optimized variable, as shown in Fig. 4. If the
gradient is negative, the optimized variable should be reduced to improve the objective
function, as illustrated in Fig. 5. While in the case of positive gradient, the optimized variable
should be increased to improve the objective function.

Clearly, the length of every adjustment step width is k“f for the ith optimized variable

9



M u (l+1) is the (1+1) th step value after the adjustnent of the optim zed
vari abl eso Here, kic la k' 2a =W Md -k ""a a"a2,A ,aare mpositive
constants (if the objective function are maxim zed). An exanple is that
the RTOw th one optim zed variable is used to maxi m ze the objective
function, and the adjustment procedures are illustrated in Fig 4, Fig. 5,
and Fig. 6. Wien the gradient calculated by the DCl nethod is zera, the
obj ective fiuneldngns H4s isteenamappiapiiatedalue afrhelt bn t H et éapasitive ifjthe %‘?“’t“’e
necessary to adjust the optim zed variable, as shown | . 3 wan &p
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and the optimized variable will be turn to approach the optimum again.

This makes the DCI method can find out whether the production process deviates from the

optimum at any time, and then trace the optimum.

Comparing with the traditional methods mentioned above, the DCI technique has

following features:

& 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.

4 It 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



functions change for sonme reason (such as the raw material change) which
makes the current operating point be not optimum the DCl algorithmwll
find out that the gradient is not zero and the optim zed variable will be
turn to approach the optimum again. This nakes the DCl nethod can find out
whet her the production process deviates fromthe optinmumat any tinme, and

then trace the opti gum,sCoRPRTdARioN ib o NEnfty athé barat opeeithagsintentidned

above, the DCl technique has foll ow featyres: In the. inventi t he
DCl nethod is util iQfelaﬂ&dwgcaala&ﬁﬁa%l%“PH% &Eﬁfiﬁ“é‘ﬁ‘fs ot f[‘]%%"‘“%ﬁj‘f‘l%‘gq}‘)\‘?@nﬁg

function, the cal cujyatki on i s based on the dynam c history data of the
optim zed variables and the objective function in a period of tine, that
is, in sanpling data wi ndow. The DCl nethod is different fromthe .
model | ing met ho®, TWieRT® hethphold@kis this inpttionihgeastrang adaptivopropsyui #éH- t hat

t he production pr Oﬁﬁgﬁ f"g%%#ﬁ%&,@m?ﬁ%t d kiatétf?én‘?,thebk!ét_ilﬁﬁﬁ‘ b!a@auisen ofl¥agm c

fluctuation state. . i sturbance exists in the optimzed
vari abl es and the otsp®os.ithe REUREDithin ©CL Apdhnigug Koyl dind (ot e fev '%P’bﬁg ties
of those fluctuati opyanehedipsihi-DINCHIe @RYe RS UFtKNAAWThe fluictibs oNoicimpebessary
to build the static and dynam ¢ nodels in advance, thus the L.cat ed
RTO are sinplified PRiMgpattogattally it veyy a‘&fief‘l‘?(?ﬂd rﬁ??‘ﬂ%’ﬂ? llh}]i]z‘it ‘53‘&3%?4?'_88‘@
mechani sm nodel | i ngp@kest Biacshatdistonshipbeebdn thg opdrit@nranditenst(the alptimized

rel ationship between. optim zed. vari abl e - RbiEGLhY 8oihibingE i ONn
nust be built in aWﬁhIg@, W Oﬁﬁ%‘“regflﬁgﬁ%gsngﬁ%ggﬁ%%gﬁ %re usledg]tl% find out
the maxi num of the alprotiessand fthe heodpietes f| @ev%]“yp’%ﬁpftﬁcdﬂ‘é&"e’btthf’s
difficult to obtain,afaeeHbdihe KRURL Ofbkiteu@Rsdbastbmde. hi gh. Hovever,

the DI method in this inAventio 10 only uses the information in the
vicinity of the current operation point instead of building a |arge-scale
nodel , which | eayesTRULehbEInGRORVELBE 8t genetel RTO gchnigudk If onThhtbe RDOwtico h t he

DCl in this invention has a st ron%ﬂggggﬁt:hﬁ%mpé@gceg Y m%ﬂ%];abliesm' calighict he

producti on process BEGSATEEOTNEH 4 use of sone reasons, the
RTO with the DCl t egkibicfitoutobd appfitdid tieutrodelrecadiéy imaich shoveribiat tegapei8ed i€ he
optim zed variable tqg the new.optinrum. .The f AN 19%het faGtE kRDe, thept i mum
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optimization is peculiar to this process and not general for other processes.

@ The method in the invention uses the natural fluctuation during the normal

operation, and no additional test signal is needed. Therefore, the jamming to the

process operation is very little.

® This technique has the strong anti-disturbance feature. Even in the cases of
severe interfering, i.e., the objective function change caused by other factors,
such as the material property, is larger than the useful signal (changes in the
objective functions caused by the optimized variables), it will still work

normally. No RTO has this strong anti-disturbance property in the prior art.

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.



vari abl es) and the objective functions often shifts along wth the aging,
the alternation, and the nodification of the equipnent, etc.. However, the
traditional nodelling RTO has to rebuild and/or nodify the nodel. The
method in the invention is a general RTO technique. If only the production
process is continues and the optim zed indices are neasurable or calcul able
online, it _cqu be a %Jied i the process easily, which shows that the

net hod is 1§ 3@%3335 Hﬂlpﬁgﬁﬁﬁwﬁpéﬁlar process. Contrarily, in the
traditiona &Iﬁ'llj?ol the nodel aimng at the special process nust be built;
and the no or . optimization is culiar to this process.an ener al
for other pr 8loslk chiagram 1 cCOrHRYOYHY | ﬁg‘ﬁ% ai"il\f)é’%ﬁu%lﬁ ?fgg%C%t e tr%%t%%lg{a}oug

fl uct uati oprodudtiongrackse. nor mal  operation, and no additional test signal is
needed. TheiRfese, the jamming to the process operation is very little.
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of severe_ interfering, 1.e., the objective function change caused by ot her
factors, &iEeds the material property, is larger than the useful . signal
(changes i i theramobjaxdng vee Mmoniei winplisdused vHEovVh@mphPe mTe &V SPPREFSs) | it
will still yywamlks, normally. No RTO has this strong anti-di sturbance property
iR t he Srigilﬁgﬁr Ehe core ofdthe DCl ﬁTO of this invention is to calcuLate
the gradie g%.o the optjmze vari abl t i ] bR t
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gr adi ent s. fipgeoreal cul ati on and adj ust nent of the gradients of the optimzed
vari abl es @garpsrfornmed continually online. Thus, whatever the nethod used
to cal cul atyggfgn sighvash @Bteve 8 thé Rewadiauphiarie dptimiet phriablee nd thonkidctebove
coul d be u?ed. o perform RTO, therefore other possible algorithm such as
the identi 14" on of the dynamic nodel, may be used to estimate the

gradi ent s, Figwie #he RTO of the process could be perforned based on them 11
Bri ef Descri phiem sfowDrathcmysve i Qeamesitive aradieoick! Hhearptiaraedsvaiaies fultsl y

f eedi ng angbj%ﬂvglg&r;c&i&g products for the continuous production process.
Figure 2: %ifulrgx;\phart of the optim zation of the operation of the

conti nuous production process, Figure 3: A diagr show ng.: oVing
sanmpling d At glagﬁaﬁcﬁ%vwg@ntbf: igﬁaéhw f/ﬂ?]f%w@lpt[hle rf‘ﬂ%“ e rccm’loﬂ%lﬁ BEWIDY Ui

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 compuier 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 Techaique
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,
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vari ables. Figure 4: A diagram show ng the curve of zero gradient of the
optim zed variables to the objective function. Figure 5: A diagram show ng
the curve of the m nus gradient of the optim zed variables to the objective
function. Figure 6: A diagram showi ng the curve of the positive gradi ent of
the optim zed variables to the objective function. Figure 7: A diagram

show ng th asg %dﬂnﬂ% ? a{}v}ﬂcpgs é"'?eb&sénl&ﬁw@h@rﬁ&@m@fpr&d@@ ih e¢falkeiyomah fipw keirmeen
the opti vari abl e and the objectijve functian. Figure 8: A di agram

showi ng thgfrggthe@gyp@afeﬁn SéiSf%‘BHf)UPé\R%HtSP%‘?’n%‘ é& mused to optim ze the

process. Fi ‘Qdé[l@n Dssidbe EAOWBDAT fromfihet thgk ﬂ’aﬁﬁ@ﬁe@ﬂhx&fcbgﬂnée aydloe! afd thnsIARGG
Unit. In th

reac r r, 4.
cat al yst '3 ’?lﬁb?“h%lgméd"f@ f](ﬁw of ﬁgﬁ%)ﬂ%t{oqggg&gg tﬁé ngzxefiggéstslﬁs)%b(gyst em
Fi gure 10 m@o fuk pives hector dhraughai aedmumpm docelethe e Q@V\%ﬁéh%@s@aﬁé"tﬂeb I
process. ’ﬁgegtongn? (%g\;wf %;1' Qlﬂe 1ay£§estéa&h§1m 'tlf%nhi =R lp@:\MﬁQ c@tﬁ@ﬁdﬁﬂiﬁl’ﬁl& are

just used t SCr I e |l nven 1 on, c!w re§1 t hat
the pr oductﬂg@mmrdb@ssnm@ ft!éll‘rﬁt lowkl et Hythareagpfplitagd the}&’ n(55‘r ”*b? !

conventiongl, ﬂée{;fefagt’d:m? ng %1!119@ tlﬁescﬁhﬁﬁﬁ éxﬁl:kﬁ%r fe¥ctiohlt RcSaeiteO@Irﬁndcgamtvnthl thf or the
optim zed varia set

re cal cul ate t tion
control coRBHYERIUEINHG t%?‘“ﬂf"é@l‘f tf"h Pg he risg SRACH 0(5& Xﬂ g"%ga%o&i'gﬂl tﬁ‘?z ed
vari abl es @itﬁyﬁ(éhtléfsﬁﬂﬁhb Byofork Is%;ﬁehtdum b Béparava] out fﬁheataldjstuEmﬁfbfnthe Oé:[y"éﬁ eis

det er mi ned t he d namc. re nse spe { R 38, apflown i n
Fro B ERBUBT AR R P TR Sy R S o R B e o e

Dynam ¢ Cﬂferoeﬂaaz%meuurmsmmgr@tmemmoflzéchnl que The ARGH At nospheric Resi due Gas
and Gasoline) unit in the petrochemical plants is a devi ce to performa

process to crack the lowvalue oil into the high-val e | i hydr g bon,
12 The separated catalyst enters the regenerator 4. A layer of carbon pro Heed inYetacRif

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. After separation
process of the system, the liquid hydrocarbon is produced. The recycled oil and the slurry 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:
® OQutlet 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

13



gasoline and diesel, which is a representative continuous process in
refinery. The flow chart of reactor regeneration systemof the ARGG i s
shown in Fig. 9. Vacuumresidue and wax oil fromthe tank farmare m xed
with the cycle oil and the slurry oil, after heat exchanging with nmass
flow of a fractionation system6, the mxed oil is sprayed into the riser
reactor | thrguakigh.@hopséiall on device at the lower part of the riser
reactor 1. The atom zed taw oil, the sprayed steam and t he hi gh-tenperature
catal yst from® h&iel¢ gbhdiesst or 4 are mixed at the lower part of the reactor
1, and then i Mpiynidsyidld([Rfuldtgdmicirbon yibld trdaswine yieBict diesel yitld) j oi ni ng t he

catal ytic cracgki reaction. .Re ol and gas with the catalyst are
sent to the s&ttEg‘?mg“cf?eB 'toﬁgle?\g%&gfm# he riser reactor I. The oil and gas

with the catalyst enter into the cyclone separator 2 to be separated out

the catalysgl, Bl oAkl Yord il tiﬁ#@% 11985 dre9uen thBusQRanAERR. 2, and enter
into the fractionation system o6 olp p

( roducf separatio t he cat al yst
returns tolt Hés pelgenteatipingcommmbissapisd by E Y%?LQH? g?@)otsﬁgelp%gag%er at or
4-h A 'a%/ef 1 f@ﬁﬁ%{g pJoﬁdMCagi h&'f&fﬂ@%khﬁgAPP@Q@lib@iﬂn h@solcbseerPrmméi toéd on
the surface of the catalyst. The.carbon depositiqgn ou e nteoout in
t he regene?@@YW?L{JhTPSS%ﬁQ)d%‘ﬁB‘idé‘gi © t@%lcf‘g%{%ég%g“%bouﬁﬁ? r%ofjc %théé;g&ﬁ%tg? in
coke- bur ni mghciisn trak efovaiay obiyctou fiaptiosiingldeke nsrmetcnisal BideT Feber epgairefat ed
catal yst after coke-hurni S tr orted to the riser reactor 1 to crack
the feed. Ig’?)cfthﬁlé&?l‘e’ﬁaﬂeﬂgltggfou%fv %gagge?@ the catal yst and conpensating the
| ost cat al ysNamiag fHeoptinfzed reshleeat al yst is added into the regenerator 4.
The oil and gas fromthe separ at 2 enter into the fractionati on system 6.
After separ at i®n uliPW@é?ﬁ’PB‘@wf%‘éf%‘i/‘éSteéWet he |iquid hydrocarbon is
produced. The recycled oil and the slurry oil fromthe systemand the
little part ofe gagelfioRevfalicepré-etigpingdast o the riser reactor 1. In the case of
the ARGG the follow ng operating conditions are taken as online optim zed
vari abl es: %tlet_te eratyre of the riser pipe Fl ow of the
pre-strippi ng ®gad s FE8F VSRS at ure Flow of the ternminator Ratio of the
cycl e gasoline oil Ratio of the cycle oil Ratio of the oil slurry Flow
of the fresh ®at al,ySlow Hitwatealipaat i ve functions are:

® u,=ratio of the cycle gasoline
® = ratio of the cycle oil
® . = ratio of the slurry oil

® .= flow of the fresh catalyst

Naming the objective functions
® J1=Yield of the liquid hydrocarbon
® J2=Yield of the gasoline
® J3=Yield of the diesel oil
® J4=Yield of the liquid
® )5=FEconomic benefit of the unit
2. Establish a data sampling system and a real-time database by using HONEYWZELL
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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Yield of the liquid hydrocarbon 13 Yield of the gasoline Yield of the
diesel Liquid yield (liquid hydrocarbon yield + gasoline yield + diesel

yi el d) Econom ¢ benefit of the ARGG unit The control structure of the
real time optimzation systemis illustrated in Fig 8. In this system the
setpoint control is carried out by HONEYWELL TPS3000 systems; and the

optim zi ngth%%%% g da¥a @%&\meqhdw fHRRLARR shdplidgonteRmp cles s, Rreodéssdat)  of
HONEYWELL TPS3000.

Accor curre st of the process, one
obj ecti ve “?hﬁ%@?%ﬁw@@6ﬁ$ﬁ V%&ﬂ gl d@%ﬂ?& ‘gﬁﬁ%Flons is selected as the
technlcal index to be optim zed, and then is perfornmed in the foll ow ng

steps. pi p em@gdgrte* sieag\RP 15)% 1?3[5 224, c\f)?‘x{pll %pc! ﬁ}% D(E’I ma't'x 1>9H;5 ! (ﬁ{thé SARRLALMFiSI&Ts the

riser pre- st = feed tenperature u4
= fl ow of bﬁeﬂﬁafnvmamanwe&EWMﬂmqimeHﬁsthe cycle gasol i ne ué = ratio of
the cycle oil u, ?t|Q;ofAth% lurry oil u8= flow of the fresh catal yst
Nam ng t he objectlve uncti ons =Yield of the liquid hydrocarbon

J2=Yi el d of the asolkmeﬂhﬂs Yléh of the diesel oil J4=Yi el d of the

liquid J5=Econdi'c beyef iM qM t unit 2. Establish a data sanpling system
and a real-tinme data ?se by ? HONEYWELL TPS3000 and OPC in APP
conputer. The wi dth of#tHeé sanpltng data window is 8 hours, and sanpling
interval of the optim zed varlables and the objective (the objective
functions) is 60 seconds in the sanpling data wi ndow is stored

in the databasewilefeigadh =s£n:f) E{i Oul(éﬂ)ujf(dﬁa)rmﬁbfirng data wi ndow will nove
forward one sanpling intervaiP2TtHAC is, the ol dest data

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:

K oy
K. = Kun
ul - M
Kyss
Wherein,
L Koris
k
w2J1 | fuaas
Kuyn = M Ky = M
kliSJl kuSJS

3600 ] 0800
b = [ [ 0, (A0, (A=7)dAde

3500 7 J-10800

(i=12,A.8s5=12A5)

5. According to Ky, and kgy , the gradient vectorKg of the optimized variables to the

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

obtain K%

KUJ = KUUKd
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wi |l be discarded, and the |latest data wll be added to the database. 3.
When data sanpling has been conpleted, the DCI matrix kuu of the optim zed
vari ables is calculated, now there are 8 optim zed variables: kIl k12 A
k18 _ k2l k22 A k,8 kuu MMM M k81 k82 A k88 600 1 f Wierein: k = f3 - f
u; (2)uj (A - z)dAdz 600 2T 10800 The high and low limts in the
integration are Qp, 03600, D8O, - 10800, which are determ ned by the
response tine sp fFon1t€e qﬁtinized vari ables to the objective functions
in the procesg. = Cal'¢tl ate thel cross-correlation integral matrix Ku3 of

t he operating va |Mble9 t &t heM jobj ective functions, and there are five

obj ective functi r@ Igz\U?,lg Kk Ku2 K ua MK UPS V\hereln k,In k".15
ku2J1 _ ku2/5 =M...... “Kui5 Mk, , 811 k,,8.15 00 1 0800 k,"Js = 60
-10800 u, (A)JS (, z)dAd2 13600 2T (i =1,2,A ,8;s =1,2,A,5) 5.

Accordi ng ten&Kuj and kuu , the gradient vectorKQ of the optinized vari abl es
to the integrated objective function is calculated. Firstly, solving the

follow ng |inea ﬁquation to obtain K'; KuJ =KuuK J 15 kuu 0 A O
K
Kd KgZ
M
K,

The gradient vectorK: of the integrated objective function to the optimized variables is:
d 4 d d
K, =oKj +0,K),,A 0K
Wherein, in accordance with the current optimization objective functions,o,,o,,A ,o5 are

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

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

6. According to the gradient vectorKﬂ 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 (u,(I)A u,(/)) 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+D)| gkl 0 A 0 [ud
w({+D |0 ok, 0 M 50

M M 0 O 0 M
g ([ +1) 0 A0 agkd | u(D
Wherein,
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O kuu OO KuuMOOM O0AOkuu And KJai d KJ =KI2 M KdJ. The
gradi ent vector Ka of the integrated objective function to the optim zed
variables is: Ka =6KJ1 +62KJ2, A ,a-5Kj 5 Werein, in accordance with the
current optim zation objective functions, a 1, a2 A a5 are five constants,
which may be 0 or 1. For exanple, the current optimal objecti ?b s the
yield of the|ki(Gui d hydrocarbon, and 6, is 1 and the res ”é [ ot her
cases are ded by anal ogy. 6. According to the gradientuuéetipy Ka of the
i ntegrated objettive function to the optim zed variables| t change
direction of héﬁoptinized variables is calculated the regul’ation rule is:
if the gradient, sl zero, the current optlnlz glablp uj(h+adp |§@
state, and if ‘it |SSWGP“@é?dauePﬁ@céﬁPV%WE%@ vﬁPI lfeds to be ‘adj ust ed
according ?195{&/9@&3 St k€0t divaamiéson of the gradient. For exanple, the
current values, of the optimzed variables (u, (1)A u8 (1) ) are known, the
val ues of e optlnlzed vari ables in the next step could be calculated in
t he fO||OMA%9 way to drive the objective functions to maxi mum u, (| +1)
a,k,”v .0 A Oba fﬁé 112(1+1) _ 0 a2kd 0 Mu2(1) MMO O O Mu8(lI+1) 0 A O
a8k” u8(1) erein, 16 U, (1) ui (I +) u2(l) u2(1+l) MM U8(1l)_is the
original valge| of the eight optimzed variables , while u8(1+1l) is the
next val ue of the optim zed variables. k "C

Q15 0 O are eight positive constants, the values of which are refated to the convergence

rate of the optimal control, and need to be adj usted on site. In this case, they are all adjusted

to 0.001.

7. Back to step 3.

From the comparison test in this case, the data of the liquid hydrocarbon yield, the liquid

yield, and the economic benefits are shown in the following table:

Contrast of the objective functions before and after optimization

Objective function Default value Optimized Increment
value

Yield of liquid hydrocarbon (%) | 27.05 27.83 +0.77

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 fubricating oil and the paraffin
from the raw materials of oil, performs a continuous process. The process is i{lustrated in Fig.
10.

1t could be seen from Fig. 10 that the raw oil is distributed into 7 branches. There are 3

crystallizers in cach branch. Before entering crystallizers, the feed is firstly diluted with the



k 'r MKa kd a"a2, A as are eight positive constants, the values of which
are related 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. Fromthe conparison test in this case, the data of the |liquid
hydrocarbon yield, the liquid vyield, and the economc benefits are shown
in the fol kawng eﬁcﬁlbjrﬁmh %ﬂttlﬁlé-spelﬁfontlh& lob pratilutien. fThercthe dred ehwfsohehethd

after otim atlo jetlvefunc a 4 nt
Sal oo i chuateer PUTT ACHG b S Bkt PRy ShRELng YR MRS et "Hotal
i qui ds (%pp@Ficals GBed7 find(19@ilutEnoWbm Sowienettdf F1883 txofilrgs iygidadipiofBe  (yuan

/" Ton feed) Erom th ) leFeens@e e bi@onfaheolsy st em
has a bett)éere 3F7's V\?l?{:hé%ge\ﬁ%d%%gt @e&% BFA%M&C)%& ?n Za!.ltl oggof Tﬂe S(())I ent

Dewaxi ng- Detystbillﬁnf@Eé%%alWEW?’ uehytha fed heptdh TS FREEJ A POA SF8ni que
The dewaxi g fii:ﬁofﬂe dry%ta@li‘ze!i fRQ "tﬂeﬁrﬁ i REeE W e Bxﬁffeh ittelklmlon Iaﬁdiéutﬂgd wid the
production 1n the ref meres g waxi ngJ geml | &utéﬁqeuﬁﬁ?e Lrﬁ
separat et Hevaxisriiliest tiigstoPrrighn ligrig: H AP ‘fa??"efl 5rﬁpfa|¥8 raw naterials of

oi |, perf orilffutcdfr &R Aicl MQUSISRE ACESSH. thél'ﬁma@rbmffastsnh B194 sndsfiaqvainedthp golmng.  10.
It coul d be seen fro t he raw i ahd
branches. TIS8YY &FiEms F%g %(oﬁll 1eaft11tets 15ty ansgo; ‘to {h§ vglk a%'i( ifhgt a6k bideo

1°Zers ' n ef ore enter|ng
crystal | i zefes s dehétdf e dirst Sedli il w vabhing edvens it Iﬁpfﬂ‘ﬁé in fie fliertand the {'H4%8ach

branch, an % ommae E%8§J0%tﬂ]8pﬁ s§ntqg e%i]kgtr BT . lTHé JNQ)Dﬁ omRNfilsN&ofl Q‘ﬁ[dr ;&i@stee r S t he

heat exchan | vent

res
filtrate arteomdidieﬁwax faalter Ddﬂ)%rlat“i Wﬁ alfS{’S’éé{?l}’@ﬂ‘sa{“‘f‘?cﬁél’te“(eise EF? fftc?%j eo\/\hen

fl ﬂM 39 O]l;'tﬁltgf atlgla%ashinﬁ%ofv‘al ttik @;S:@yddsin addrdfiitatedfrdrnéhe deead drgaifiter pdieeh i s
called a 11rs

ion RN cool ed
crystalli zé‘P%UgEgWa‘ﬁﬁﬂDEib%‘d cﬁﬁ‘ﬁs t“f'Peﬁe f”ﬁ’émf’lfeéi)ﬁﬁgc}ﬁlstéﬁ lloyglhtlﬁ% scted, which
is called gsacendd wdihlted freh sol¥he iich ViStaal klier 8dw eabe sdheant nesovterYaﬁﬁétﬁBrted to
the buffer tank D101 and entered into the dewaxing filters at last. During

filtering, a washing solvent is sprayed into the filters he
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 flowS_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_flowé
ratio_of solventl_1_to_flow7
ratio_of_solventl_2_to_flow]
ratio_of solventl_2_to_flow2
ratio_of_solventl_2_to_flow3

ratio_of solvent]_2_to_flowd

ratio_of solvent]l_2_to_flow5
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filtrate fromthe filters passes through the filtrate buffer tank D104 and
flowinto the solvent recovery system The wax fromthe filters is
transported to the wax tank DI 05 and D106 , and then is send to the first
deoil filter. A washing solvent is sprayed in the filter, and the filtrate
fromthe first deoil filter is sent to the tanker DI 10. The wax fromthe
first deoil fi.ltfalhopﬂseﬁ)%ntlti’lltd)tﬂlghm he wax tanker DI 12, in which a fresh
solvent is m ed th nf: tirzst Iﬁ gecond deoil filter and a washing

sol vent is spray’éaciif0 oren tfate fromthe second deoil filter passes
t hrough t he t &nkettioDIf_solveatBdoclesres i nto t he wax tanker DI 05, The wax from

the second degi | .fi thnga |§)lmle(%dfe\%t h the fresh solvent in D113 and then
flows to the solvent T 8ver yStem |n the exanple hJS

th
obj ecti ve MNatseselvenil llsrefqiﬁstoﬁlét(]d d(ljpuq%éoibeé]bll R oA ﬁts-rleﬁ%dl YISy %wsﬂlégg% e

vari abl es @ takendaduidiereoithh BedQRtddByzedomar i abl es, there are all the
ratios of the solvent to feed flow ratio-of flow pre_di rution ratio

_of flow2 pre_dirution ratio_of flow3 pre_dirution
rati o_of fl owd_pr e diiy bgtstemn the Bapdin- @fitrll owsrfomeddiyr WOKEHOA Wia Cegiuigf CS

]]: : gﬁ pr ? a,([j : (r)!sj)%%ems fhe 3 Ell"ﬂ? of fl]fII%W\%EQJItﬁm 5. cléltx leg%ut b \@/12#?61‘3&11?%‘3‘( Sntihel to

ratio _of sol wenting Hate omﬁdowrf the PgY pisimiggt hgw wefhlﬂ Pf 13 hoyry, pphehe da‘r’f‘é}\ﬁ

solvent! 1t 0, étlnql\fé! var 1PI§E§ Q}dqfne ﬁﬂéc\ﬁ@@hllnctgont(ﬁefdl BWRoiled vk @re collecaalovant | 2
to flow ratio of solvent of .solventl 2 to flow3

rati o of sol véhsacorpstthe ?Q“@\ﬂh"al“'“}a&?ﬁ‘ 8 PS‘ffO‘é‘ﬁfi\?éW? fotlowing $9Pgws 18
ratio- of - sol ventiathing te&e§ bfing viadbil@- of - sol vent | 2 to fl ow?

® = ratio_of _flowl_pre_dirution

® 1y, =ratio_of flow2 pre dirution

® y,=ratio_of flow3_pre_dirution

® u, =ratio_of flowd_pre_dirution

® . =ratio_of flow5_pre_dirution

® y =ratio_of flow6_pre dirution

® y, =ratio_of flow7_pre dirution

® iy, =ratio_of solventl [_to_flowl
® u,=ratio_of solventl_1_to_flow2
® y  =ratio_of solventl 1 to_flow3

® 3, =ratio_of solventl 1 to flow4

1
® 1y, =ratio_of solventl_1_to_flow5
® . =ratio_of _solventl_1_to_flow6
® y,, =ratio_of solventl_1_to_ flow7
® 1y =ratio_of _solvent] 2 to_flowl
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ratio of solvent2 to feed ratio_of _spray_solvent_to feed Note:solventl_1
refers to first(l) dilution, solventl 2 refers to first(2) dilution, and
solvent2 refers to second dilution, rest can be deduced by analogy In this
system the setpoint control is perforned by YOKOGAWA Centum CS systens;
the optimzing control algorithmis carried out by an operating station.
The sanpli nggdat,a_w.nd f.nfih ptim zer has a wwdth of 13 hours, and
t he data of 2§ %Htﬁ%@zgﬁhgg?ﬁa%ﬁggkgﬁd t he objective function (yield of
deoi | ed wax) are collected ever 60 seconds. the control calculationis
performed i n ®heuf,cirdtiowpingplendpd toflowdami ng the key operating variabl es
ul=ratio_of flow |l pre_dirution u2=ratio of flow2 pre _dirution
ud=ratio_of flgow3 pre dif Wj.an 2 t84ewuatio_of flowd_pre_dirution

u5=rati oof flowspPe diTution ~uU6 =ratio of flowe pre_dirution

Ur=ratio_of flowr7pre_dirution u, =ratio-of solventl | _to _flow

ud=ratio_of s@® veptiratio_plsqlyesz2_tofi=r ati o_of solventl 1 to_fl owd
ull=ratio_of solventl | to flow4 ul2=ratio_of solventl_ | _to flowbs
ul3=ratio-of g@olvenilid off &1fdneW6 o wlé=rati o_of solventl _| _to_flows
ulS=ratio of solvéntl 27to fléw 19 ul6=ratio_of solventl 2 to_flow?2

ul7 =ratio_of solvent|_ 2 to_flow3 ul8 =ratio_of solvent] 2 to flowd ulQ
=ratio_of sol ®Penth Patcoof st _2u90%%t i 0_of sol ventl 2 to flowe
u2l=ratio_ofsolventl 2 to flowr u2, =ratio_of sol vent 2t o_f eed

® i, =ratio_of_solvent2_to_feed

® 1, =ratio of spray solvent to feed

Naming the objective functions
® J1=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:
ky ko Ak,
Koy = ko kn A Ky,
M M M M

km} ka A kmm
i, ko= [ w (u, (A —1)dadr
wherein, £, = w3 Tui( Ju (A-7

i, j=12,A m, m=23, T=7200, M=14000 arc 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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u23 =ratio of spray solvent to feed Nam ng the objective functions
J1=Yield of the deoiled wax 2. A data sanpling systemis established by

usi ng the YOKOGAWA Centum CS and a real-tinme database with a sanpling data
wi ndow of a width of 13 hours. The database collects the data of the
optim zed vari abl es and the objective functions every 60 seconds. The data
in the sanpl énghdap@ wiantoW i of shoredmizd tiagatdet b Hse obiEdivh BHEOHI 3 ng
sanpl i ng daygmpdow wll be noved forward to one sanpling tine interval,
that is to say, the oldest data will be discarded, and the | atest data

wi Il be added +& [ ,he database . 3. \Wen the data sanpling has been
conpleted, the DCI matrix Krrrj of optimzed variables is calculated, now
there are 23 optWintehed vari abl es: ku k12 A k11 _ k21 k22 A k2,, kuu MM MM
ki k2 A k,VL wherein, k,, =fulf u,(A)u (A-z)dA.dz na 27" r i, |j =
1,2, Am, m= 23, T=720 M=14000 are the integral constants, which ar
determ ned by the re dbns time spent fromthe optimzed variables to the
obj ective function ikt process . 20 4. The DCl matrix Kua of the

optim zed vari aﬂ(a;s:toéu'lp objective function are calcul ated: Kw =Kua,

a

Wierein, 1.11 k"2.n =Mr 2Tr ; (2)J, (7, - z)d2dz k,,,.i, 1 = 1MIt
(i =1,2,A,m T and Nfje|the integral constants, m= 23 , T=7200, M=140000
vl &
k;,f,ji = M-z‘? T'IJ,-(/“L)J[(/'L“’T)Q’MT

(i=12,A ,m)

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

5. According to Ky; and Kyy, the gradient vectorKﬁ of the optimized variables to the

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

K%
KUJzKUUKd
K., 0 A 0
K. = 0 k, ©0 0
WS MO0 0O M
0 A 0 Ky
d _ d
and K° = Ky

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

Wherein,

o, =1

6. According to the gradient vectorKi 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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5. According to Ku,j and Kuu, the gradient vectorKQ of the optim zed
variables to the objective function is calculated, firstly, the foll ow ng
| i near equation could be solved to obtain K ': u Kua KuuK kuu 0 A0 O
kuu 0 0 Kuu MO O MO A 0O kuu and K =K al The gradient vector KQ of the
i ntegrated objective function to the optim zed variables is: KQ =6IK d ar
Wher ei n, 6Lzlyadfent ACRRS, denGhd Quricho@inagti eatianackomkeE oftindl etagh peici itvie

function to t eoptlm r irecti imzed
vari abl es P&t &5 & %Weﬂ "ﬁbla\? ‘f‘?ea‘?)ﬁfhsé‘?‘g?céo'ﬁ 245 ]n% Z% t“d%l: &)EFCEJ)]FM?@& zero,
then the Ctgraﬂemt Fa;péxam;ﬂeedhevamemm alrtbe Dptlmlh@i meptabhalls lgtoamethea?ﬁd’ﬂ?@ it is
not zero, e o m zed. var i ahl, es. t tiheostdge and
the di rectl valde %\ehoptumze vau%ie@ sacraﬁzul?{ghuiﬁ ﬁﬁ%e g&?%‘eﬂ)?ﬂ{/agel ue of the
optim zed \ﬂawhaialbeslarimldnnom the adj usted val ue of the optim zed
variables is[g )Hbl at cgk"’” fo@lovykng vy o (nmelke the objective functions
be maxi mum ? to 1124 2(b|)_0a,k"0|v|u2(1) MMO
00Mu,,, (| )ﬁl 0 a0, ka"/éeu 3(1) O, U (1) ul (1 +1) (I u2
(1) is the origival| val ae of (l}he@ptlmz Wwarji ables and u2 + 1) Mis the

new M u,,, l,,?(l u(ﬂ + 1)O A 0k |u,@
Wherein,
() (I +1)
w,(I+1 1
#2() is the original value of the optimized variables . and ? M is the new
Hy (l) i, (1 + l)
value of the optimized variables.
ko
r’C;cr o Kg
M
kd

ma

a,,0,,A ,a, 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

il yield (%) Wax yield (%) WasteWax-Qil
vield (%)
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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value of the optim zed variables. k' to k 't 20 = K* M-k"" a" a2,A, ana
= 23, are in 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 conparison
test is shown in the table below Conparison test data G| yield (% Wx
yield (9% me x-Ql vyield Default yield 50.13 42.64 7.67 Optimal yield
49.57 43.8 ‘Increment -0.56 +1.21 -0.77 Fromthe above results, it

coul d be seen that the wax yj.eld € 1% af t er L Zatihs 22
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mul ti - out ptptoda@mhl MUQUS it pis oﬁumtueondpmodemthelkew Ela@hléﬁiatgt wiriaplsy ip nihg hat :

the key manipul.atin e LA HRMOGERS! Bobts hakeheds the
optim zed vaortal aBJPé)s&eSSaa i ?‘EL“? tnﬁl dto\éa?ggtg%s aaséoctl at ed V%I tsh t%g;?
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mani pul at i mathvkase abh@glaan@@@blpm@duww%@ tb%P‘éE‘ﬁ"@é“‘FU?\‘Et fhgm e g

gradi ent  yegt,ofr olBJ@&w@%&%ﬁsV&dftH@@ ti:@i@&i admbitam @mulamdmdemarr bt es i s
calculated currently online base

data o h ctive
functions &#gd toﬁéhedﬁiti)"r‘ﬁa% a2 ohihp Qgﬁe@éve f%.‘?“f 8‘?3 at"ﬁé € Oﬂt%md vﬁd‘il%%’f gﬁt/eg(?}%agr is
used to de@ﬂecgeadiehev@djl h@ﬁs@@mdedmé getaijosmeht difaetionptt nimemeuhwawmailbleesfthﬁ t he
gr adi ent vect.or ositive or at i

. € & shAL&
adj ust ed t §%a! Eeeﬁt S pesiliv e st “8% lé%’ttly%r?p‘%mmeg)%ﬂ me;sl %8 aﬂLE@% tj ect | v%
functi ons, gtadengdiadtiienforvetingzing ﬂaecﬁi}@uvfaf@dtmn@,nﬂ g rpeadiesh v gig ol Spipulate

regardl ess oglme%gttunl%[as % r}ggapgés@%q’ \)v‘lllgtlléll*lﬂ&%}%% Alneti Rtk dﬂﬁﬂr@ﬁn &ratot, 1f 1fhet he
gradi ent is not t |,flsted

respective op Imzed varlaﬁw 4 1 db t d
to the di rgmmeotnlsofot 7(2@; kbe g@sa@ﬁtl@ﬁpptglalzgc} ¥a iables avilh f’l to the diréction

zero gradient to trace the optimum.

2, The real-time operation optimization method of claim 1, it is characterized in that: the
dynamic correlation integration (DCI) technique is used to calculate the current gradient

vector of the optimized variables to the objective functions by means of the historical data.

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

dynamic correlation integration technique includes the following steps:
Firstly. the objective function‘]([), which should be measurable or calculable online,

is determined, and can be expressed as:

J (1) = @), D)0
Wherein, u() is m-space mean controllable optimized variables,

pe) is disturbance, and T is unknown mapping ,
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2, The real-tinme operation optimzation nmethod of claiml1, it is
characterized in that: the dynamc correlation integration (DCl) technique
is used to calculate the current gradient vector of the optim zed
variables to the objective functions by neans of the historical data. 3,
The real -time operating optimzation nmethod of claim2, it is characterized
in that the dﬁﬁﬁﬁﬁ%“ﬂg??%@%?¥on i ntegration techni que includes the
followi ng steps: Firstly, the objective function''(t), which should be
neasurabl e or cal gyl abl e, onl jne; i1s determ ned, and can be expressed as:
J(t) = f(u(t),p(t), ty Wéfein, U't) is mspace mean controllable optinized
vari abl es, h(t)_iéﬂdisﬁumbahce&aan f is unknown mappi ng, 23 according to
t he equation: KUl,|, Ngtr2 wh kidinuivg km = k, 2el k,,2u2 A ku,uut MMMM

kK,,,.."l k.,""2 Alk,,,, ””Ak y = - u (t a)u (t)dtdz ~ 2T and the
real -time measur emeni: &wﬁﬁ) (1 "meld 2. A, m of the optimzed variables to
calculate the self-correlation integral matrix k,,,, of the optim zed

vari abl es, wherein, Tl I§ inte constants greater than zero,

according to th& e uagTZEéﬁk"?%fg%%?i Kasg- Mifge 1 leak@he= J meabi(rément
z)J(t)dtdz, (i =1,2,A, m 2T 1 and the real-tinme neasurenent i(t) of the
obj ective fygfgypg j§he cross-correlation inte?ral vect or k,l_of,thel

opti ni zed VaY{ 5ot &5 '8 ohéeotptienzady eriable tte salcpigiecte csltzpecaieidse! T, ™
are integral constants which are greater than zero, dEf the gradient
CE{u(t)} ofnatrbe kohjfelt dpiienifed vatidbim, WisrdamlTe ¥ at ededn consiapisggratehe2B§dat i on
dEf

according to the equation:
kulJ
kK = ku?J
wf M

k

umt

S [ utt -y, i =12,4 ,m)

M2T and the real-time measurement

J(1)

of the objective function, the cross-correlation integral vector k , of the optimized variables

fo the objective function is calculate, wherein, T, M are integral constants which are greater

than zero,
dEf

the gradient dE{u(1)} of the objective function is calculated by solving the equation

JdEf
ke fog(s
kx.u’ un dE{ﬁ(f)}+8()

dEf
w(+D)=uw()+a————

u : ws(/ +1
according to the equation dE{u()} , a new setpoint ( ) of the

optimized variable is calculated, wherein, @ is a constant.
4. The real-time operating optimization method of claim 3, it is characterized in that further
comprising the following steps :

(1) according to requirements of the optimized process, a number of objective functions
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k"] =k,,,, d{u(t)} +Et u.c(l+1)=u.,(l) dEf +a | {1+1) according to the
equation {nG , a new setpoint ulof the optimzed variable is calcul ated,
wherein, ais a constant. 4. The real-tinme operating optim zation nmethod of
claim3, it is characterized in that further conprising the follow ng
steps : (1) according to requirenents of the optim zed process, a nunber of
obj ective fynctAqus 4 J1,J2" A . J..., Which Sst. _be c - L€ Qlyip

neasur abl e Ho%i ne, a?’é“’l&l@tuétg%cﬁéﬁlfm? ﬁle"rfeaﬁu%){rg#)ﬂg’lw’ gﬁen({%lggﬂlgf@rgé@g%jvg&ail ve
function J = 0'1J1 +a2J2+, A , +o- 5“ i§ g%ngtgﬁg\cgreod,‘] here 61' 62 ,A 16" are
wei ght s of idideatéces peedtivee folajtiest i V€ TUhcti?ons, thei'r vial wesstaredpebsigen 0
and 1, depending on the process requirenent, the weights may be changed
over tine ae,ot he objective functiaon i : j 10

owi tched, baced on chie BRbFy ST E s HRE SRt MIGIRLRUELLRR 2k Bl

mani pul atin i L2 A G5k @snddd@veinidbezade

vari abl es, a%h}éadgfﬁ)e?ﬁgh@%gé. é?l gﬁbﬁ%cel%llé;ﬁegt’ g%ﬁ%e?%:tsﬁecfeby a % radi ti onal setpoint
control sydretjectveduraippdl the Brodystion Ry BpiYFBFdsyst em are cal cul ated by an
optim zation geRlr&l EORRINSR! obYhdl$idagetioReprloédss, theckeyi sasipuladeoratishgst o the
process requirenments, the setpoints are adjusted in a certain period of
time, (2) &seald-ting, dadcadsamRlobfidizey $drRBledd t h a sanpling data w ndow is
established to collect the data of the optimzed variables and the

obj ective funebptamsed vaombithee psrodleat bontrplitmelssipoint bangrot $ystem, tic setprinté al
data group i.§ obtaine 3 fter data | h IR L cof the
optim zed \9%&9’&’81’%@ S?/gtélﬂ(aaf%fﬁ?cgiaecél , byaas”s?f)r%r%nﬁ'ltt Eﬁlgrggltg)ri gml_ tE(:)lp,t i ﬁll?zgetgyg)

vari abl es, tdcheinue, kicokddR ththe, process requamete 2heseiopintyaigadipstadn mreerfan BP9 A
kK,,,, u (7I0}€méA-z)dAdz k. _f"f 1 -7 Werein, """ 2T " i, j =1,2,AinT
and M are integral constants, _ . ) L .

(2) a real-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 kyy of the optimized variables is calculated, assume

there are m optimized variables, then:

k” k|2 A klm
k = kﬂ kzz A kZm
ut M M M M
k”'l ka A kmm
o 1 e
k{.. = — r»ut(ﬂb)u‘(ﬂ_f)dldr
Wherein, Ji"f 27 +i i

Li=12Am , T and M are integral constants,

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

assume there are n objective functions:

K [SA))

KUJ — KUJZ

M

K Udn
Wherein,
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(4) The DCl matrix Kul of the optimzed variable to the objective functions
is calculated, assune there are n objective functions: KWl K U32 Kua M
K uln Werein, 25 k"i/t k,, k"2/t Kk,,2/,, KWJI = Muln =M k,,,,,/,
k"us = 2T u; (A)J.s(Ar)d2dr (i =1,2,A, m s =1,2,A, n) T and Mare
integral constants, _J (5) based_on Kuj and kuu, the gradient vector Ka of
the optin zed varki,abl es to thekintiegrated objective functions is
calculated, fir %Izy, the foll )tVi?_P | i near equation is solved to get Kd:

KuJ =KuuK' Kyy=0 A0 0 Kuyy, ©/0."Koo MO 0 MO A0 kuu and KJ " Kd =K
JJ2 M Kt' n K Mthe gradi e t Ndctor of the i nt egrated objective
function to the qr%j ized variables is: wWdd J

Whn

s 1 &
b = [y 57 [0 (A0, (A=m)dAds

(=12,A .ms=12A 1) T and M are integral constants,

a
(5) based on Kyy and kyy, the gradient vectorK“ of the optimized variables to the integrated

. . f . d
objective functions is calculated, firstly, the following linear equation 1s solved to get K':

KUJ = KUUKd

and

d ) )
the gradient vectorK° of the integrated objective function to the optimized variables is:

a a a ¢
K; =0 Kj +0,K5,A K,

d

(6) according to the gradient vectorK“, 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 return to Step

3

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

optimum of the objective functions.
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Ka =6t KJ1 +a72KJ2, A KJ" K" (6) according to the gradient vector Q, the
change direction of the optim zed variables is calculated, the calculation
rule is: if the gradient is zero, then the current optimnm zed variables are
in the optimal state, and if it is not zero, the optim zed vari abl es need
to be adjusted according to the size and direction of the gradient, (7)
after adjustnent, the data is re-sanpled in a certain tine interval, and
then return tg, 511@1%1 439 opatktREpimtAtorpnabeefidainf4, it tseppap@yrized yn fhat: in
per f or med Onl I(ge %esre{pggllt %@1” othheaSﬁlnﬂye% tdgbleORL pitorh&f by heDObjoeother e

f unct X 4,it
LS. i WA T SRSty LT SRERBIELIR Gt 4.

optinized veing ébDES tecknigies ﬁi@rfhﬁﬁtwisaa‘%“éﬁd ’Bﬁﬁ"éFa’“ W‘Qa f “Bﬁal
instruments, and the setpoints are calculated by optim zation control

conputer by wusing the DClI technique, and the setpaints are.adj ust
certain peri ¢dThs reei-tpe operatifigeopiiganation Wﬁth‘é‘béﬁ: dfithg bt PRRYRITE i o fﬁ%d of

cl ai Im 4, i Tste]% ) CQ@éﬁ-@ﬁrﬁrd@@%ﬂﬂl‘mg gﬁitem ivith &tepil R)dth aamplalg- datmndaﬁllas hed.
sanpling systemwith a certain w di i she
the width sfatipedyinaiii aifetﬁaf‘em@ozﬁﬁ’ﬂm "fEt gt e L ‘°t“*““’%5'r5§‘gw8'rﬂ§1§ B e
process, t Ig@npmgrgmdlmgo IRy tiendazobf e dgintibrel \daalaesﬁndtthﬁeomwlivﬁfuﬂé‘ép%é? fabl es

and the objecti Ve, f.u per t 8. DEN e &(he tsﬂwpl i ng
system i s Seaf?ﬂ d’d of t%tﬁe, %@S{.ﬁeasamgﬁf . sﬂam & doﬂlgcs)%gr chal e c

optim zed wator 1aeb|das oﬁﬂnd ophelzcﬂb}/ae@bieS/@dfthm@?thCBh%fUi”ﬁ‘OPﬁé* Bt %ﬂ%’oﬁﬂloﬁ?sgicess
the data i i etdgﬁ n$ﬁnlgg<ln %%!%W@Wokeﬁ e rd@tdbds@ it &&Eld@h@%Sﬁ& sanrplisach
sanpl i ng, the f ata w ndow wi | mbtge nove & {iwa1 1Q t%nﬁg Same! i ng

i nterval, tdhtathrﬁ@W wilebegnenss tforgachoine Fanping dteiealy 84S WRGFHE Pat est dat a

will be ad@%@‘m@léa ixﬂﬁiacﬁi@c{eabﬁ&aml%e addee 4 @atiatiliase Operating optimization
met hod of clai m6, is characterized in that: in step (2), the width of

t he sanpling data WI ndow is three tinmes larger than the transiti on tinme
fromthe opt lmedaalﬁﬁﬂilbawbéteﬁng. @tmhmnoszemod\soécfraunét it dnchagctemprd i digti 1P e

operating O (g]a aIt“El gggﬁg‘ 1 CO{TP(@N 1§ threb%nfép@é’ tien i tELGansiiot biak: i n

T
step (2), gln “erv ecting data of the optim zed
vari abl es dmmrhheptnmque@tmb)@ tb tirpctbicothe f@éﬁ)‘é’ﬁds on the dynamic transient
speed of the process, and is 30 - 90 seconds. 9. The real -time operating

optim zation method of claim4, it is char rized in eﬂ(g)
i f the gradi & nkhejrgaldigreooPet HiBR OpﬁlélZétLﬂnrla cg%ti(ﬁ (gd[t cha1 eré.?éédglp et§z%t nl

optimal st %&:95(2), the sampling interval in collecting the data of the opt1m1zed variables and thc

objective functions depends on the dynamic transient speed of the process, and is 30 - 90

seconds.

9. The real-time operating optimization method of claim 4, it is characterized in that: in
step (6), if the gradient is zero, then the current 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 objective 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:

u (I+1) okl 0 A 0 u, (1)

w,(+D ] | 0 aky, O M | u, (D)
M | | M o o 0 M
um (Z + 1) O A 0 am k,::or um (l)
Wherein,
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and if it is not zero, the optim zed variables need to be adjusted
according to the size and direction of the gradient, when the maxi nal

i ntegrated objective function is assuned, the adjusted value of the
optim zed variable is calculated by the follow ng al gorithm based on the
known current valuas of the optim zed variables: u, + 1 k[ 0 AO u,
(1) W2(1 +1) [@,@xk2, 0 Mu2(I) MMO 0 0 Mu (I+1) 0*A/dT4], k' Q u(1)
Wherein, 27 ul é ul (I +1) u2(1) u2(1+l) MM wu,,, |¢J¥+13 the origina
val ue of t hem opti m zed variables, and u,,, (I + 1) i tﬁﬁ val ue of the
optim zed vari abfles after adjustnent, k" la kd 2a =K r na al, a2, A

,a,,, are in pesi/i|ve constants if the apti UbUeJO
maxi mi zed. 10. (9 rethe otigiid VB%%P%HWFﬂfRB ﬁe V?&@PBn&%ethod of ¢ g?ﬁ?

i's charact %fhé@ﬁhduaectmmblegd’ﬁe; sli@pnéH) , every adjustnent step w dth is
a,k'a wthrespect to the ith optimzed variable u;, a' should be
appropri at ues, in the case of maxim zing the objective function, a,
shoul d be Qij i¥§P ot herw se, a, should be negative. 28

g

kd

na

@, 80 - are m positive constants if the optimized objective is to be maximized.

10. The real-time operating optimization method of claim 7, it is characterized in that: in

d )
step (6), every adjustment step width is Aifis with respect to the ith optimized variable u;,

&

% should be appropriate values, in the case of maximizing the objective function,

" . (44 s
should be positive, otherwise, ~ should be negative.
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