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 nuouf. i)r.oducti on process wth continuous feeds and output products
coul d be It§%ystrated 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,
whi | e t hREXDAUME OPERATINGt MRPTIMIZIER cMEJHIQR Oﬁomgi?é'iﬁ?ﬁ]roc%?%i ng unit
group C. Because the nunber of the kinds of products of B may be nore than

one and thes REPROCEPURROWNSE r eam producti on
units, t%?ﬁ&%@ﬁ?ﬂ@ggﬁ%‘?%ﬁ‘%ﬁ?ﬁfge referred to as downstream unit
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

consunptign,; the m c benefits, the yields of the products and so on,
t he variaﬁ? m‘ﬁllggﬁél e referred to the input of the production unit(s),

and J coul d g (RGRHSHa@StolthE caoP i, tahé spifidaltyt redaiespp eeskTiok B.  The
task of real tine im zati 3 o] L FAudiieoekheiiMe) céaimeowr nore
targets cOMBRARED @E@h néesﬁ‘otdhgpg}{':l(ﬁ)trl%grr}@ genefit IJf;lééd&?he@gner gy consunpti on)
in a preyedichetipipedt-od of tine by manipul ating the key variables, as show
in Fig. 2. It nust be noticed that the objective my be swtched according

to the requirenment of the Eroduc'gi on procedure. To describe optim zation
wi th si ngBackgroundeof theinyention fol | owi ng equation can be generally

d J. =J(U)=mJ 1-1) In th t j I
Funct i on, and conmaRbPIGEE BEEFHITE SPLCHLS 55! 4 o0 Q?Q*?@tﬁﬁgfé’:f?jmﬁﬁ e U

is the op@tstaanalFig Arindhgd, Ads thegppiepmryng ey oL Eracrs BB IBES T4 | api e.
U | i's the,QRid T&Eridlb@tﬂe%rﬂ&e&%uﬁiﬁf&j uhilleetmh;]ﬁ?dgctapf ﬁhare@ ;hg ar‘myi ﬁtagfqr@h%ﬁ
relati Onrsrgi nsée U%ro é?;&ﬂ%grgnﬂt Lo@pe. Bodalscafic MkRPWNhaRALY b wadicts.of BRoay get ti ng
UNEt hg\é\g bz‘gn%resthgn one na ¥ Qsle%rclyjd%(catg ‘may fNEORL acfﬁlxramdtﬁ{ do%st?éaﬁ febducién Sear ch
- 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 outl-mt
of the production process of B. The task of real time optimization is to maximize the obj.ectn‘fe
(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'=JU)="3J(0) (-0

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 referred 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 i,nto nechan i and experience nodeling. Mechanism
nodel i ngﬁcoh@?ﬁ&mﬁﬁ% oﬁgﬁﬁéjgfin&ﬁr;&hani sm equations of all parts of the
equi pnent in the systemaccording to the flow structurgéél?r% th§ gésis of
the mass TaBGriecigleqy thbalcdeioe pethert isplodaild\ghmatiernaica™ B oHE R enat i cal
equat i ons, adaptable far. I Cinll QRenPioCs/alelate &8 . willi nalibsar ot he

rel ation cgogéoaﬁ%%%eh{gﬁ'g{}%gc‘{aﬁ%ele H:jfr}%tqr’on and the aoptimzed variable Uis
deci ded dimemmeigmyunios bised gy teapatematisal Mads endha SHEEEL?. the price, and so
on. Whereas, if the described procedure is too conplex, if the nechanism
itself is not clear, or if t basi c equation i : @ugh, it
i s of t en Aficpidingytot th@odlgﬁ‘iei‘tdmtoﬁé ‘?‘?ﬂa@%ni’% ptrl%ﬁgrfa?h%ml%‘%aleg@g%&fﬁ%ﬁnec hani sm
nmodel of Gassivied BW hech@taematidlingnnd expaiiense atiglingt i s even necessary to

nodi fy or change conpletely the nodel when the product and/or the feed are
changed or when the process is slightly nodified. Experi ||nce ”gtdﬁml ing is
to fabri cateahise @uduting entbies e apiraipshprhBRIFRIHAHT Dépaﬁ RMPed "Wari abl e

and the objective functi Bt oture ordkb Bas s o
t he daily® B’ﬁ}gflta%t%ensg?tgﬁl%gc&ﬁﬁg% B0 6% 8 ey o ofttifeem

report.” The advant ages of this_ Ki ing are
si npl e arichlasoé \peneiples, Which fermsed stiodh BAHEP S?alaﬁ?ilaé?l?sf %Jé%t%r:@e %%H%?%%:ledur e or
the syst e]gpoh@fio,q SRS, SHiRANyE e tdiabnsiip whtinp ehaibitctivs Burctian etk teodel

and no special process kno dge and pret i eshd
Covever . eisiredieeiEig D e ARG Rarr peomafal bl anT b, depaes

operationgl,d ange departs or oversteps the data sanpling range when the
nodel is built during online application, the error of nodel may be too
much to be applied normally. Slight change of th ,roceslf.e {,Jilarrreor}tif may
cause hugshehasiehefestiiedrppatedurs isrtoe EUPRICS W MEFREFRIE K ParTUr e "of t he
model |11, MOLKS 4fen bl AEuSRAGHLHRIDORnSR A ah RiHORS inechanikh mdel

e

uni ver sal Wb basic principle . .of the nethod is.t B8arv %o t he
val ue of Muecayps theimeekpnisay sl aka Fytem; lﬁ%?“e’iaﬁy B%tsué“rv\g/g!ﬂf ﬁsesoeé’ ﬁ‘gﬁ&u ng of the

obj ect | VenIonff; bk @fbnge completely the model when the product and/or the feed are ¢ anged or
when the process is slightly modified.

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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and then to decide whether the changing direction of the optim zed
variables is right. In principle, many nonlinear progranm ng nethods, such
as the gol den section nmethod, could be wused on |line. However, this nethod
is often very sensitive to the disturbance. It is well known that the

obj ective function is not only the function of the optim zed var|abl es, but
al so theﬁ)efvg[]l%{){‘ﬁ{go f miot Rk iabBCEI Tine O loadeine theahiangingef theehisctpniverioas

vari abl es)". us, when_the objective,. functd L8mERARSEMles Iid ripm. Wi fficult
for the sid Fiepdo idecidewhefpsr tg?)cﬁ%ﬁ‘é e ﬂ'eéflt%? 0*Jsmcaus,ed b% chlggges of the
opti m Ze(grma.mé;q\beln?%oﬂfnempmgmmingmmammharsﬁletg?@ewf'é%fh%le pPHEd B2 ar ch

nmet hods, = t he rel ationshi. t Liiid @ik dishirbalet dsis artl khiven

obj ect i vasqpidine W?erggﬁ%fl%ﬁ?&;@tgg?é%%%g ‘the sol e caus tisopl.lt ;metggf ore,
when t hefg e dtjetientunctimnie mpadniyithe upeien @& hapRRY=S; GHgHEnt may be nmade,
whi ch coyl d even ?‘dﬁé? L VB Eridkits (@Sroniéntal vanabtdp Thosy whei the okjertive bot h of

model i ng "4KHOT rect gearch met hod are general | L - asi s of
t he nmat hetmmsibe & cheegsdy it it digfealt dor the -SRIEQQ’ ‘“fﬂ"earﬁé‘l I eoﬁggﬁ%l% lﬁ%t“\?\%&ﬁ b?he

obj ect vech?r[ %Qgéthgﬂ]t%m@aad,m%ﬂl& 6§ inaaikhabants & thi grebm ontigg seaiABIAdst he
envi r onnent al di'sturbance itens. Asbg reéﬁgl[eébje&g)e%cagﬂgrgeﬁ@gli?qa@neduced
t her ef or ehé wlatinpsjuirhesyren fepiigized Xabls 220 38 ™ Ron-di st ur bance systens in
Principl &g B dHRCEaus@iohUdhérefuse, aviennthete fwothe engirphmaail disurpde: FPEt her e

are not only the cause angd. eff r tdvORs Bndet ween the turning
vari abl esudgwent may bppale ‘fvg‘éﬁfﬁuﬁé%‘fegﬁﬁlsggivcal Iy, but al so the dynanic

procedures by tine. That is, when the turning vari abl es change;b 'éhe
obj ective_ . function .doesn! G600 AR deed syarcibmtthidhare gerterally Suilt agn

pr ocedur el ‘SS’(?S‘%H&? ﬁ?lgtfoﬁ%%?%hhcgmﬁ?ewg o{ r efl ﬁeorgﬂ#iéﬂsﬂi‘ﬂ%e@eeﬁ Heoktive

i ndust ri athe pesicefthe sethempticabfgsedtionnok drict 1 Ols orten fluctuate. It is
di fficultgto.find.qy glighie a6 anRdiidebmap] hithout shegamizoraenial disysBEF G Fhose

i measur abl' € an uncontrol | ab] e severe di st.ur GEStableOfo E¢asiceand n t he
product i oAs pr srsBlgusaiculatine Iﬂﬁg?i;de ugt {hgﬁe%%nlgno?@;f @%eaed often are

uncont r ol | ahkisurbBhe sisedidia peindiplecul ti es of online conponent neasurenent,
these variables usually are i nmeasurable. On the other hand, a | ot of

procedures are sensitive to the changes_of conponent. he
i nf | uence pfacks bianges aof mudonpe vemplicfedt HEUBHHPEE Ao E ?Iﬂﬁéle%g'%sg |%{s{(!l %)ffetc{e n

I ar ger, miétﬂapéﬁéj %%ggeq] SEVahAk vieaAdant ieshjecsiosmtuntiianelogicHlyn betpkio B¢ ¢ he

control | abt such as tenperaturges, pres , i

Ther ef or e dysangc fprasedurest Pbﬁh@a(réléﬁlsbw?‘?‘ﬁéﬁ?/glrﬂﬁg ivgﬁa{b%fi 1 ﬁeé fal%nigﬂacflﬁari abl es

often is f{é&ﬂ?ﬂ&&e&?%haﬁ@ AR diitess, butias e eransitianipeocsdirpieendio HOMHR BBY ect i ve
this d

function. Tn _dynam c _di,sturban i .01 fRRYofs&ea fiaftudtadiis on
real i zi ng of kral ?‘E‘flﬁ*ioﬁ“g"fdﬁtéPg’t“lstﬁnﬂgrsocg‘gltr%’ {pl#ggjfi&cal %;r)lc? acadeni ¢ _neani ngs.

Summary ofgiffib@t ik iadta aatic condition. This is generally caused by those immeasura

uncontrollable severe disturbances. For example, in the production procedur
le. Due to the difficulties of online component

On the other hand, a lot of

e, the changes of

component of feed often are uncontrollab
measurement, these variables usually are immeasurable.

procedures are sensitive to the changes of component. As a result, the influe
n larger, which could be several decade times

nce of changes of

component on the objective function is ofte
that of the controllable factors, such as temperatures, pressures, and so on.
ables often is

some time, than -
Therefore, the fluctuation caused by the variation of the turming varl

“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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The object of this invention is to provide a Real-Tine Optim zati on nethod
of M MO continuous production process to solve the problens such as the
conpl ex nmechanism the 3 strong disturbance, many optim zed vari abl es, the
narrow usabl e range and the poor effect existed in the traditional RTO
techni que. Thi s rret hod si nplifies the RTO of production process, and has

strong a% uﬂniédtdaﬁab@egt e Hat b r@@d@&ﬁg&m&m bb&r)éffeétn this
s Recn ke

il 1 - ouEse S o it e TonBet g B0 AL e

control | ab!lcess avp hasrstreegiadapiiveonesies W@fm%émcwaﬁ?@ééss are supposed as
the optim zad m&r imbltRs, tlentchiife o soivé ehprppcdass [fmmaspetiel sulielngtted to t he

opt i m ZeguuYi”‘ﬁ | Eifiofis GOMLSnCHRRhiANOA NRnADIL G WRulin Gl QRGolIBRsed on
t he dynam &

tor tim zed ective
f unct i onSPUF !ﬂeﬁﬁ’t é’{:o[dB?téoncﬂmctc T PP Pﬁezgé varlgﬂé%ggla}é%zﬁ ﬁﬁl
obj ect i veng ahmmn@cesarpera@aie&m&wd%h@ loptiraized, kariables 9ra FRESIRERGT @Y }Hﬁ rections

of the opbjectivedthctiasi Bided on streadynalei distriveldlagecafchel ppignited vahisblgraaditlent
vectors, btactfv@?ulﬂfl@tg' tﬁ@tgra?i%ﬁttv@étoﬂs of ﬁ@%bﬁthiﬁ&i %aﬂ@%ﬁ'tﬁ%bj&h@ fuﬁ:ﬂb;&sm zed
vari abl es s a?“é'ﬁl &Hr ned e dlvi) e%gnst X %kg dhelr oAl

c

appr oach #f%° m ze Tive f un

hese | ents are
cal cul at deferngd ﬂ\%ﬂs@gg {p thegredisnt Ve?t@@d H‘Ieé?éhe&? VW&%SW@F‘“Y% ’Wjﬂg%t%?
f unct i onsptiraized eebieoshpuldibe unairto Hetdire¢tiony torraakg thedd sradient mpeoacmwtzeroe ached,

the system Wakﬁmﬁdihﬂ%bjeﬁth@ RRdtiond. m@sevigglam a% dalulahte Ghtieishooniine, nake
gradi ent g RRALS hePth%%%% v%ﬁ&r{?ﬁ&% 2P t{Hﬁeedﬁ starr%smtgmwgetawmm of

the obj eft
or e R LA K st R e?wén%ﬁsﬁ‘gﬁl e degigh R BGR o ¢ ne

gr adi ent apotchiiezan totiteee thpoptitumaBegaist Hisloptmuiniof thelgbiectivgensiion mixkeor i cal
dat a coulcganded éd&m&y ARG pEimGRri6epratddan hstodg daid ontifudly.) t echnique in this
i nvention ory odatggzgﬁﬂet Jﬁ[&ﬁlabestﬂg %aalﬁntqbé&@ﬁ‘ o S Bmiled %Eﬁa‘bfe’s Gahitgn. The

T b e e b S i B D5 iy BB o

obj ect i venwmqrawcrﬁigm%%és dyn@ﬁlﬂqlﬁﬁ"%b’é‘eﬂig’rcf‘%} e are considered as the
random pr oc eBg, R dith fhe Difittéchhizedis based abtheslysmec canetatiay atagottion thedabl e. | n

?rggglrj?;'b?@énéggﬁf Rt Pl r‘éﬁdomlﬁl‘ééésmﬂ (He)mm@day &%&ng@ﬁﬁai&ugmb@?&r o be
expr essed? %Iglze(‘i] ¢ ?r}albfé afre s efe% 3 tt“f( ?and%{%l P\Aﬂ’é?sé e dtp)ﬁﬁllygﬂlgln %ﬁgla&né;nm on
vect or Ofavggg%rcaorglter}olﬁglgt Irnoglelleafgllly? th\éaé%leg'tti)\lfee Ctlon uy (tﬁ ‘?vhHg Qould be caI(:ulglble or |

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

J (@) = @), p).1)

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

#,(?)
() = ()
i, ()
Wherein, P is the disturbance, f means the unknown mapping , the objective

function to be optimized is defined as:

J *(t) = max E{[E{H()},P(), 11}
Efu(th

Wherein, E{i(5)} 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



W (t) Wherein, p(t) is the disturbance, f neans the unknown mapping , the
objective function to be optimzed is defined as: J * (t) = max E{f
[E{u(t)},p(t),t]} E(u(n)) Wierein, E{u(t)} neans the average val ue of the
optim zed variable, which can be the set point of the primary controller
or the valve position etc. To this nmultivariable optim zation 4 dEf
problem it can be proved that the gradient dE{u(t)} of the nmean of the
obj ective function to the nean of t_h@&p_ti m zed vari able satisfies the
follow n uat dEf {i [ zero
mean noi g’éo(,%%% nberpr?‘ﬁgﬁ\lfg%t &t adlein ‘ tcﬁg (Sgéﬁt%m %fﬁie%b %fh@gﬁ]@bl eto

t he obj e@ieinydn bftthe bptiizédSvatlsle meﬁeashefkndw&ngeqnamh kum] kuu = M2T

rul (t-r)Jd(t)dtdr i —12 5 ,mk,,,, is aself DC matrix of optim zed

vari abl es, V\ﬁl ch ned %s( 1 kulul klrr2 kulum ku2ul ku2u2 ku2lm
[kumti _ (l{ {)ﬂ{}j}th umu2 i, J =1,2,..., mAccording to the
equati on: kulul k12 kuarm ku2t 1 ku2u2 ku2m k,u = kunul kum , 2 kunruu
K,,iuy _ M1f U(t (t - r)u (t)dtd z 2T r and the real-ti me measurement u;
(t) (i =m;ein & )T‘)IS dlfe tehe mept neise cald veani the vestorcef] the DS eof tthge optimized

self-cor I;f%a 1S [he OgJBCtWE%lan()n is defined as:
k ulJ
kuZJ

: 1
K kw=f;2—TfTu,.(t—r)J(t)dtdr, i 12m

k, =

K. is a self DCI matrix of optimized variables , which is defined as

kulul kluZ T k
ku2ul ku2u2 ek

u2um
kuu = . . N .

k | Ky = f; ! f w,(t—Thu; (H)dtdr

umu2 Tt umum 2T

ulum

k

ternel
i,j = 1323"':m

According to the equation:

&

kulul lk1u2 ulum

bl

K = ku?.ul ku2u2 u2um
= . .

k kumu2 ot kmmun

wmul

1
kuiuj = f;ﬁ fTui (t —T)uj (t)dtdf

and the real-time measurement

(1) G=12,,m) of e 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:



vector ku,, of the optimzed variables wherein, T, Mare the integral
constants greater than 0. According to the equation: 5 kaJ ku2J k,u =
K"u- u(t-z)T(t)dtdc,(i=1,2,,mM "' 2T r and the real-tinme neasurenent J(t)
of the objective function are used to calculate the cross-correl ation
integration vector k,u of the optim zed variable to the objective
function, wherei and Mare the integral constants which are greater
than O . In abovghéquation: u; (t), (i =1, 2, , M and 'J(t) are the
measur enent of tlhe,, jopti m zed vari abl e and the objective function,
respectivelykafearl , k,u and k"" can be calculated by the observed data
of the optim zed var| abl e and the objective function. Thus, dEf / °~ dEf
according to thelfeguati onkuJ kuu dE{u(t)} s tl 1, the gradient dE{-u(t)}
of the dEf objective function could be calculated (the gradient d{"(0} of

t he objectl y ed by Least Squares) After obtaining
t he gradient "6f‘ [‘Aca ggf‘@:aﬁ)tfg&#%ﬁtff i ’? t dﬁ A gﬁtngg%n u{éﬁlx%nf"]w of the
optim zed varlable can be cal cul ated by the direéec erative net hod.
us(1+1)=u, (1)+a ' Ef According to the equation dE{u(l) the new set_  poi nt
us( 1t+1)t oﬁélfto?ﬁctaﬁtﬁtmﬁ%ere\véﬁ% tasﬁléulefeawr%ce*a?lﬁwa%td ‘@r—f;@{ K of | ﬁ a
const an [ e _opti 1 ctive is zed, a.is . larger than
zero, ot Heropfigized V%@Wéogﬁt‘?%ﬁﬁcﬂﬁ FHOBL R FIRJe2dM 2R the fptoexy co gﬂs smal | er
t han zer whicRhiegréatesttanOve process is continuous until the gradient is zero.
In the case of a pluralit ct f , iml | usi
al so can be]ﬂbﬂﬁwgedwmuﬁry%iéﬂg_g%’fh%@hﬁgngbbggfemfp;;gkdgéﬁcg;%mﬁ?;On
invention could be described as follows: 1. According to the requirenents
of the optini zed h k@x Hat .Sy the
obj ective tf mc‘f?’%ﬁéﬁj@ﬂﬁ%e &39“19%%%% l%ﬁ fos %‘?Wm%%e Tt hese& obj ectl ve
calculated by the observed data of the 0pt1m12€d variable and the ob_]ectwe function. Thus,

dEf
ko =k iy 0 EED)
according to the equation {u ( i , the gradient WO} 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 u(/+1) of the

optimized variable can be calculated by the directly iterative method.

us(l+1)=u.v(l)—i~at-~—dEN—f

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, & issmaller 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

Jis Sy 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



functions nust be cal cul able or measurable online. After that, a virtual
integrated objective 6 function J - 61 JI + 62 J2 +, , +6"J" is
constructed, wherein 61, 62 , ' 6" are the weights of the objective
functions respectively, whose value is between 0 to 1 according to the
requi renent of the process. It nust be noticed that the weights may be
changed over tine because the objective function in the production may be
swi t ched fgfeuediT Pel <ot W /Ac Gor einggicted, tWiRrdal 0Ce€s i'efuifeent s , the
controll able optimzed variabl es should be selected as the optim zed
vari abl edeightsof fhejobjectiyy funqioms gispecHivebdvipss vl isdetyean € dhd 26Tordee By
traditi otisl requinetoed|of ¢reprocedsi It enustHe etedgbat tteswaights minekrechguget owdritines ar e
Z alc ugat %el:tabée tﬁe $Yi&hfivd RN&ion APihk Plodddtion ﬁ%a SEBwitBEd W rkdllifidagomEtimt.echni que.
ccording to - pr.oces . S .
per odi oal |y SRsef RIS B Sy S h B S BLAC HBIOR,
instrunents can be used as.the ytdg,adi,ji onal controllers, and their set
poi nt's ar@eqs B thephnizgd v LGf)t iI%rizgati oh conputer using the DC technique,
and are adj usicaptipged 0Ha6rb byt coiithlep 8y tadtisapesndslie:) vibile tHeasp@nteofspeed of
the opti eéeeé’on%l‘i’e?fﬁé ):al&xlat%))_lpﬁﬁéﬁ—fégelt ﬁmf&éﬁ(ﬁxbc%fn LW RPthE ol $dnyald abl es
and the objective tunctions. e _nmethod Is: as§d on. the specifrc dynamc
char act er{°8fHRg tohe pigeesyeguErzients fthe &t poipis gre a&é‘ﬂf‘tﬁ p?’é’ﬁﬁ Mg systemwith
movi ng sanplA Bistatated Gonfrelciysismi (B Shexthe eopventjogalinsirgments eas| hegiseddps thet he wi dt h
of the wiadiGwnas baitloterhentl iicreset pdims aleaalBelatetl b an topemizationsdoaiptitet usdiiy f r om t he
optim ze i g‘%g} J jd H,r(g;ei G s . Usual |y
t he systqlr#?@t.c u%)’gm%g}gf}%tg %?%%éﬁtc %)l obt g?%)@t%géﬁgls){l%f ?%Sgﬁlsg%ég‘?%)ff t he
optim ze B\P&ﬁ?’:‘fﬁ&@ ceé?ﬁd the objective functions of the production process.
The systemcollects the data in every sanpling tine (the sanpling tine
i nterval al sb déeglleatls the ditheofpho opthBized)eareblkel layd B objRbve Gmotieds.) TheThe dat a
int lh_e sa%emtoun& @@%@ﬂﬂ\’tﬂ%d@\%i]{}@ ki€ GhirhotdisEat ADMRS ProckR, eacdLtisR Gl ?ﬂ tt he
sanpl i ng_dat.a _ wi.ndow, noves for - [ i - at is
o Say, PO Be sEuRe SRR, SRR R bR A0 M TR 5%;%‘31@1 b
added’ t o tenwidiy of theswindaw shewld hs) thregrtimegolargen hap iy transignt SBF 2om despown jn
Fig. 3. B8ptiniizedvarishle tdahaobjedivb denrctiomnpirmally 3-8 hpas). Msvallyxthgystast ist he
opt i M zedoMpdskt@blyase DRI obiginCiak Hib@icald dath\SS URE opthisibel ddriabien aPliiei zed
vari abl e%bje&t%%&h&ns%%e‘pmdu@iéﬂ prgc?e;s. lfﬁg system éﬁ‘l?lgats JﬁU Wata 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 to 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 kp o ok,
Ky = k:21 kfz Kom
kml ka o kmm

1
k.= — | u,(Au,(A-r)didr
Wherein, E” 21 fT !

L,j=12,--m T and M are integral constants.

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



kmi kn2 ... kmm Wherein, ful(i)u; (A z)dldz klIj =,, 2T 1 r i, j =1,2, m
T and Mare integral constants. 4. The DCl matrix Kuj of the optim zed

vari abl es and the objective functions is calculated. 7 Assunme there are n
objective functions: Kwl K UJ2 KuJ KuJ. Werein, k.ui k.,/n k.2n k.2/n
KU1l = KUWn = k,.nn k.,n/. Kk"us= MZTf u, (2)/5(A-r)d2.dz (i =1, 2, , m s
=1, 2, n) and I\/are i ntegral constants. In the DCl theory, M above
shoul d bésﬁ‘PEéPeé?afFﬁé’HJefthvéf‘t‘fE?P%I time constant fromthe optinzed
variabl es to the [dbj,ebtive functions, and T is 1-5 times of M 5. Wth KuJ
and Kuu, the gradigent|{vector Ks of the optim zed variables to the objective

functions |sK%a urgted. In first, the following linear equation is sol ved
to obtain Ka: "a Ku;] £ KuuK kuu 0 ... 0 O kuu 00 Kuu OO0 ... O kuu And
Ka Ji a K
Uln
Wherein,
kul.fl— kul.fn

K. = ki K. = Koz
vn —| Uin | :

kum.f 1] kum.fn

1
kuiJs = f‘; E f;, U; (;[‘)Js (/1 - T)dMT

(=12, ms =12,0) 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 Kyy, the gradient vector Kg of the optimized variables to the objective

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

KUJ:KUUKd
ky O 0
0 ky 0 0
K =
oy 0 :
0 0 kyy
And
K5
Kd
Kd_ J2
-

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

d _ a d . yrd
K =0 K} +0,Ky, Ky,



Ka = KJ2 KIJn The gradient vector K of the integrated objective function to
the optim zed variables is: a aaaKn =6i KJi t62KJ2,... KJ. 8 6.
According to the gradient vector Kd of the integrated objective function to
the optimzed variables, the change direction of the optim zed variable is
calculated, the principle is: if the gradient is zero, then the current

val ues of the optimzed variable are in the optimal state, and if they are
not zer o6. Ateording forthe gradienivecibnles ofithe inpated olficetbedvnstingtorthe eranived| ue and
direction of the gradient. For exanple, the present val ues of the

opt i M zegardldsabt eisangy dirdctiavey, thaoglintibed vaviablel sscakhiaed, thépriedilast et coul d

b | cul ated in t foll ow ] ) | ' - t] to b
be 21 U 0 e LAYt e HSHLTF Vbt i (0 e
1) 0 ... if0heynde@uds. zefol the op¥mized variables re pdjugied gopyrding o thgvalhe anddirebtige st ep

val ue | no%gag . Bbr AUAAL!ES SRR BF B8 optfickd Wrikileshle kidlhitabls lm (1 +
1) is the 1) th step value after the adjustnent of the optim zed
vari abl e¥alugseafier thejadjpsymegt oauldcpe calgplated in the following way to drive the objective

functions to be maximum.

w,(I+1) alk{; 0] o 0 u, ()
wU+D| | 0 akl 0 i |50

S 0 .0 :
u, (I+1) 0 0 a,k? |u,d
Wherein,

u, (1)

u, (/)

u, ()
is the 1th step value in the case of m optimized variables, and
[u, (I +1)
u,([+1)

u, (I+1)

is the (1+1) th step value after the adjustment of the optimized variables. Here,

@0 % e 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.

d
Clearly, the length of every adjustment step width is a ki for the ith optimized variable
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a"a2," a,n are mpositive constants (if the obj i i
2," _ jective function are
{mm mzed). An exanple is that the RTOw th one optim zed variable is used
if)l maiq mze the objective function, and the adjustnent procedures are
theuE)CIrat edhl n Fig 4, Fig. 5 and Fig. 6. Wen the gradient calculated by
L method is zero, the objective function has been nmaxim zed and in
! is case it is not_ necessary to adjust the gptimzed variabl s shown in
r |e gucgd tl{) Ashéng agr‘éx?;:ﬂnblgamappag:aaﬁewel}letﬁét ipt | rif 5B %FW&F&E‘% ‘gbﬁ?fﬁYed be
_ i nprove e objective function, il i I i
in the casetiaf isposinizde oerrdicainset 1 RREHR FW%%QA‘?P;‘IP’JE%Q‘L%E%‘SI%G%Q %eeS' e
ggjplrjg?ﬁg%gj%& deémxr?\n&g,?ht he objective function. d Clearly, the length of every
o) ust e RSBl 4B Bl & bl i 8 papemaed Gosuabimaddon . A

: _ _ at ¢ ue , at is, a, is set t iti [
t he obj ecetdo SERACti on i s maximi zed, otherwise is set to nega?i 52& Elh\éﬁ o

the step wi-ffh;andudi sregld 9NocAR fihe @lipeidt eyble dherefotdl fhe onfi of |
the data i s sahpled again j.n anple in X qr_tgh. %&ﬁ@@fmém dpist ment,
return t obBeEs .0_“?111@“3%36‘8]'@8@9& BeeeEy %’g{e\g ,thl(e g&a%ﬂgﬁgﬁl in )Zierr?g tlﬁegl e

t her ef or %te{ppg 1® B lshdMdbOdonk hBecansjtiecinappangf fynetiop o ﬂ@éﬁﬁﬁ@e‘é&ﬁ?"g{?&ﬂ t?‘%/t is

necessary that even the gradie h : it i
be done. @E&%ngmftf?@s A o R e {}n% ?%?1[&% t&ﬁce%h%g{c??rll:uzﬂef \r/a:t ?ﬂgerglgj.?ﬁ ﬁgoul |
1

obj ect i veqhigneit arationyn cheapyeest.seich ihds BIFEHEISO) KR 8PV BT £ ;!

_ : S : t FES6f
{rgt E (ra :a SI z ‘{S’E%";"&y r@gwﬁ@pﬁ%‘g% E\lfﬁ[ ﬁ%:d' agjhtsﬂn{énﬁ b iy RarBtime &t @sg of any cliasgqaec:ag\évar y
adj ust menss shownsd Figt7. Myent ﬁhﬁﬁelﬁﬁf’oﬂggﬁgg"r}f}}’g% 'ettzggﬁﬁ%atsbiéssaélge%ﬁg%ea?ﬁt Fi am;
Vhen the gelati GRSk @r Qimd f2soR Rl ibd raramiralisl ebargakiwhisie mekss i Gurent o

functions change for sone.reaspn h. . N )
rokce henniranen g i RE AR GITHLOH B teaigag

find out jjadke dpicnizt ekiable willsbemon teapproactafie opthente pga i i
_ _ p&hi zed vari abl i
turn to app;asiket M DUk caEhd out Fiticthenthk pwdiitimn DEicesvaleiaes @@m?#e;mnldl oBte

whet her the, productj.on j i i

tim l Rl %6 S8RV biinisn. f rom the optimumat any t

;Bgcet r?(r:]‘ip DC%?I t g?;]r‘rrﬁ?ha éﬁﬁparienlgl V\Aﬁt h the traditi olr[:al nmet hods ?lren!t irrg,negnd
, _ echni que has ol lowing features: In the inventi

DCl et hod i &, {)ellrldgzﬁﬂh ttRe GaligivhaAtBethdis gemidhehabok, th@eDCbts?cé&iﬂﬁ@QS’ the

function, the ca i . !
followingfea(%liil'!asa:'tl on is based on the dynamic history data of the

& 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.

& 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
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optim zed variabl es and the objective function in a period of tinme, that
is, in sanpling data window. The DCl nethod is different fromthe
nodel I i ng nethod, when the process is optimsed, it is not required that
the production process nust be in a still state, but can be in dynamc
fluctuation state. It also allows the disturbance exists in the optim zed

variabl es and t he,gbj,&¢ticvfforhaalih eRSvicimht dfabgburichtorstatih poincingeadper t i es

of those fluctuation _and di sturbanc e unkn ol .necessary
to build the stat @fcb“élﬁt&gdylﬁ%ﬁisﬁa?‘?rﬂﬁg?ls‘qﬁ-ﬁh g%?v"%?n%“éww&“sd l{cﬁéémggérlrlf) i cat ed

RTO are sinplifiegoikn great deal. In tradition nethod, whatever the
mechani sm nodel ling or the statistic nodelling, the mathenati cal
rel ationship between the optim zed variabl es and the objective function

must be built n TaIVEDedth theiRel inliss mvbation bashitiongadeliverergdeth 5 i nd out
t he maxi mum of the C . PEQERS Sirdn® L bptineieéauad 6flsomd | S
difficult to obt a?VHergF]h%aﬁr(g:%urcg{)% p;(lr%gsée eQ%r t he ccl)%tw?as to ?e. hil?h. However ,
the DO et hod i nrepsvins, theRAIR Wi the BCIipspnigus sould dind g Mg faViaHoT 824 e
vicinity of the cygrent. HRGHANVARROWNhe hévebgchm. Ofhe Hutickidh nftravidgahge- scal e
nodel , which Ieaveg‘out the conpl.cated ﬁ@del l.i N9, Wt{% ANGRERM th the
DCl in this i nvenpptiswioyaatogatieally 1§ vEya P ém?”nggeratny_ at i85, y\,%en t he
production pr OCes?rod&yism@mefrﬂmntsmp bepeemiobeatansendifionsdthe opfimiEsbns, t he
RTOw th the DCl techpique could fin | Afoh@WiNEe apidb Uss the
optim zed vari abl (‘:‘arfa(!i’[;f%%"dn%ﬁ/og& tlwr?u%n&%%setoﬁﬁln%ﬁ‘%gﬁgg trac r?gl %hg opt i mum
automatical |y is whdryatiosehud thednodifiatiommf the eqdpmedh| St oA Font™ process

since the rel ationshi. & kbl 1@ fhdfR Redidisy eesnddehe optimi zed
vari abl es) and thé[ag}g{%eagﬁé\%ﬁ%%@f%ﬁs often shi ftsﬂ’al ong with the aging,

the alternation, and the nodification of the equipnent, etc.. However, the
traditional modgl b DeheREPil@S idventicRls heheANRTONectDidid. §f drilethepridhction The

method in the invention is a general RIO.techpique. | Yorl ARuRbRdUCt i On
process is conti nPESCHEAY C‘E’Wémﬁbf‘ri‘{ﬁ?‘fé’@tlinfﬁi?c‘fédgce%raree [r?g;ésgﬁdrglgb 1‘e‘go}l cal cul abl e

online, it could haiaoRlcbadbé Bpdlise inhopesss emiy.whichshpehthetibugetheh#  he
met hod i s independent of t ar.ti.c QEESHy. iFQRd fraditidndl RITO, thee
traditional RTO, t“i‘fgpe"r‘?ﬁrﬁeqfqg? ﬁ]arh&ul%r;ﬂr easpsc'%eciéa:i” 1Er,oces fust be _built:
and the nodel for model aiming at the special process must be built; and the model for

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.c., 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.
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optim zation is peculiar to this process and not general for other
processes. The nethod in the invention uses the natural fluctuation during
the normal operation, and no additional test signal is needed. Therefore,
the janming 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 Bﬁem@rqﬂpt&%&éﬁﬁy?v‘f@gsarger than the useful signal (changes in

the obj I%(Iié{r%/g functions caused by the optim zed variables), it will still
work no * No RTO has this strong anti-disturbance prapahiy,.L the
prior artA biisk degrem oif ?%n‘mFlyR%é‘% g"f‘ﬁl %‘tﬁuﬁ‘{P n?riog%%l gort %’gc%lrn%% “ate the

gr adi ent graductidngrapdsi m zed variables to the objective function with the
DCl  al gorﬁié‘{%gh: then adjust the optimzed variables according to the
gradients. . The calcul ati.on. ' c{};]th QbntiBusiredhicBdt Srodeks. t he optim zed
vari abl esf*g?‘@‘ﬁ'ﬂélp%%?ﬁétgn%%lr??gghhg%i}%n I ng. I‘}'hus‘jm{:l{vvnat ever the nethod used
to cal culBigweBhe gradients is, the a%st ment pringciple nent ip?neddabove
coul d be Alskgbrdno shewihgrthe Ri®ing tdvenliag ooy pRERLing | Wity R PP such as
the identjfiigati on of the dynam c nodel, nmay be used to estimate the

gr adi ent'zp, and the RTO of the process could be perforned based on them 11
Bri ef DesdPi'StTon of Draw n

! i s . Figur : b i f Ldousl y
Feedi ng. shdisgTpdhomiTEg HHOE S POFOHE LN TATITS P & B e,
Fi gure 2:fufctichowchart of the optim zation of the operation of the
cont: nuo%gﬁ),regc_lucti on process. Figure 3: A di aigih: am sh;iv)\i ng ”kl;; novi ng
sanpling data w ' it sl JARL DL e &R TBhizadaatisdsas thefebputive 4: A
~di agram s“ﬁg{ﬁﬁ’rﬁﬁl S?'ﬁ‘gwéﬁr%\%wgpggh\eéﬂrng&grggﬁ ent of lfﬁhe optim zed variables to
t he obj ecrf®n function. Figure 5 A diagram showing the curve of the mnus
gr adi ent Figutete optim zed vari ables to the objective,  function.

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, 3
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, W.'hiCh
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.

Enibodiment 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 1s a

device to perform a process to crack the low-value oil into the high-value liquid hydrocarborn,
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Figure 6: A diagram show ng the curve of the positive [

optim zed variables to the objective functi olrcl). Fi gureg;?dkegit agl; atnhghovm' n
the gradient varying with the change of the relationship between the )
optim zed variable and the objective function. Figure 8: A diagram show n
the structure of a conputer control systemused to optim ze the process )

Figure 9: I ; £t i i i
o g_ ° Jiash l%elear%\éfdgeg@% \gﬁﬂjch %Jjaereweé&&a%e ESERNGE Prdces intefmrry ARG omickart | n t he

‘ cycl one separataor, .3. settler, 4.
rlggege][ abibreactd regserstiumskitery O %‘éﬁﬁﬁ%%ﬁ@’f“ ‘B%lgf facti onati on systcgka::%lzhre
: | owghalh 1fdud ahPivRest HBiithedfnibiana e enigieineii thy cxaicioibiandithe P¥bcess.

Det ai | ed Description of The | i on: i j : j
Lo descr pafeble ssrenging i s IPY LR TP L PaRurTed of (EpRyESt used
product i giio &%QE&_&@acto‘ilﬁﬁﬁﬁghahlamiﬁﬁomd@@muﬁleiqwem{%% thy risst avdonvent i onal

ins_trurrentation I S,used, carry ,o 1NE hem
vari abl es, Tngiomyzgd fg‘&%‘;ﬁ'}ﬁ ghrayed #% cu d;f[ﬁ{ Sdﬁléﬁ‘%pﬁgﬁrf %ﬁt;gft?f(;ﬂﬁgghm ?g?

CONpUL er rajghdigiod Meremeikbrbat th lawer part e rresten . 20 fen THROGE FRADEMTY i abl es

: o : ; 1% 1 . _ 2€
b;/et ﬁej 33%3%3% rr'?a"éltg%'éﬁg °i",8§§3é g%rﬁ%ﬁ@krackTﬁEreaaioHSR%ﬁﬁ oilcandll gas ivethdbe er ni ned

Erbod merbialst Fosdnt W e seiper ik em b of AR 1L AT R W ELD, ©
Cor el at Qi kILRYER e tydiehopaas: ThaeAREAM o sphetlys: Rosixie agk#gd and

Gasoline) unit 1n the petrachen ca | ant s. i i

process tges leavectke saparaton g ApdICBiET B tL? ﬁ?‘%‘o{’%@m %’(sg%“l gg(?ﬂ?g&lui&%a%mﬁ%ﬂgar bon
12 gasol ife.qaiiht nesab thetbieabraios4a I epresentative continuous process in
refinery. The Tlow chart of reactor regeneration systemof the ARGG is
shown in Fig. 9. Vacuumresidue and wax oi|l fromthe tank farm are m xed
With the cygbeeparakedanathlyshentsts uhe segensrator 4y Byemfafaraon My 5?‘%‘ G kﬁgmass

]; leg‘évt 8]; ?re%ﬁr;'i?ﬁ i&sﬁ 1AL 1400 RYSSENR GurricB @f HeXaaANS. The Sarb@t depesition stoplditise ri ser

o
an atom zati on evice a j
react or Iburitheutainothe zisgenerior of.| thist H@c"éiﬁfeagf'e%‘qgfi lecgogigalrll[ﬁ%rg%gg Eisg &%%treinsg: at
; - ure
cat al yst éo&g.%hﬁnk}% is taken away by outsourcing thermometers 5. The regenerated catalyst aftgp
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 I.

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
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regenerator 4 are mxed at the |ower part of the reactor 1, and then it
nmounts up along with the riser reactor 1 to joining the catalytic cracking
reaction. Reacted oil and gas with the catalyst are sent to the settler 3
fromthe top of the riser reactor 1. The oil and gas with the catalyst
enter into the cyclone separator 2 to be separated out the catal yst.
Finally, the ol . | eave the separator 2, and enter into the

fracti onatign 2%‘?0%36& olrneproduct separation, and the catalyst returns to
t he regener ot o¥iekd of Theediesebar at ed catal yst enters the reglg)ger ator 4. A |l ayer
of carbon pgod @ i B@carb®@PGE1E orpatvlifie ieldrn diesplogéldled on the surface
of the cat aIBysF‘.l%l(8 ﬁjéé]%g{qggﬁmyg%pos@ﬁ?on s@houl djnbe burpnt out in the

regener at or 4, EGQﬁogﬂﬁp‘?eﬁ%fEd’ﬁF}’éﬁ%G(léa?‘fed coke- burni ng. Excess heat in
coke-burning is taken away by outsourcing thernoneters 5. The regenerated

catal yst after _coke-burning.is tran r : i spk sr eactor | to crack
t he feed,ThF@ﬁntqu%ﬁFfﬁbc ﬁl&ra%ttwioplg}mbz?@o%tskﬁgntlsquﬁJﬁ%teH iPEig

e catalyst a C nsating the
| ost cat g ¥sd sysemi tewepbinf rasiol sataledout bssHQB@é’d’gF% Jgg%@%rgpfg‘ag%é‘?&;t or 4.
Y

The oil and gas.fromthe sep 4 2 heNa@h(AgMlieatioh € Phdcast iRperasson ofyst em 6.
After sepdr d “Bf’rﬂzm%)r%oélegls lgf Bpitufled 2 oF &

the system the |iquid hydroc i
pr oduc ed. HONEY WEELCTRIB000.| Acoqtlingnto & (Fuprgnt gpquesty &oﬁ'f tpgoecesssy ggéé ﬁﬁ?ﬁﬁ; he
little part .0 | Ab RofiRikoaesb it seldckd a5 iteeechnieddudek talbe apimizd case of
t he Am%?%lgﬂpgﬁ%ﬁ‘gé\‘n}eﬁgeop%?at i.ng conditions are taken as online optim zed
vari abl esmd th@ats petforeadpe tha ol ingsi$hie riser pipe Flow of the

pre-stripril&qﬁeopﬁgﬁgdt@ﬂmﬁsature Flow of the termnator Ratio of the
cycl e gasoline oil Ratio of the cycle oil Ratio of the oil slurry Flow

of the freshe cat,aloptitt tercvasurelof e tissf@iPPuncti ons are: Yield of the 1iquid
hydrocarbon 13 Yield of the gasoline Yield of the diesel Liquid yield

(I1quid hydrgca{tzb‘—pﬁmyL@hgpr'g—saﬁﬁ)ﬁlgigﬁﬁ yield + diesel yield)
® u,=feed temperature
® u, = flow of the terminator
® .= ratio of the cycle gasoline
® 1, = ratio of the cycle oil

® 1y, = ratio of the slurry oil

® u,= flow of the fresh catalyst

Naming the objective functions

® Ji=Yield of the liquid hydrocarbon
12=Yield of the gasoline
13=Yield of the diesel oil
J4=Yield of the liquid

J5=Economic benefit of the unit

9 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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Econom c benefit of the ARGG unit The control structure of the real tine
optim zation systemis illustrated in Fig 8. In this system the setpoint
control is carried out by HONEYWELL TPS3000 systens; and the optim zing
control is performed by APP(Application Process Processor) of HONEYWELL
TPS3000. According to the current request of the process, one objective

function_ from ectl chni cal
i ndex tothrﬁ’em@il ﬁ“gr#a ‘ﬁm 5y wdl 6N ?rgar %1%; n@glgqné&hleﬁia?% %\%\no%dg&sd%gps 1.
Nam i ng tIwellbqadlsqardzd;dnd/ﬁwlea@t%awmbe@ddﬂdéoﬂleeiﬁtp@aﬁature of the riser pipe

= flow of the pre-stripping gas u3= feed tenperature u4 = flow of the
termnator ub = ratio of the cycle gasoline = ratio of the cycle oil

u6
a7 = rat BoWben daresampling §as fegn cogipleted; \PQ;fmal“ﬁbkifUroé‘él}? PLzed ¥rabkE R ng t he
obj ect V%al&ﬂﬂ&t,h@uﬂ%erelalre-éfbﬁhﬁiz@fvahmesl i qui d hydrocarbon J2=Yield of the
gasol ine J3=Yiel oi | J4=Yield of the liquid J5=Economc
benefit of the un| 12 kEstabI ?g a data sanpling systemand a real -tine
dat abase by using NEYMELL:- ER$3000 and OPC in APP conputer. The width of
the sanpling data= pi:ndow i s 8 hgurs, and sanpling interval of the
optim zed vari abl e$ ‘'and't he objective (the objective functions) is 60
seconds. The data ikt Heg, sarrphg g data window is stored in the database. In
each sanmpling, 14 the sanpling data wi ndow will nove forward one sanpling
interval, that is, the oI dest data w |l be discarded, and the |atest data

will be added sk, (%%° @ataggappl i ng has been conpl et ed,
t he DCI rratrlyl%uu 0 IJth 6&9;211* swewgﬁ;’rl ab?es is calculated, now there are

8 optim zed vari aplesiikl Kl inteastd 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:

Kyn
K. = Kun
ur ~ .
Kis
‘Wherein,
kg kulJS
k
u2J1 wlJS5
Kpn=| ¢ | Kuss = -
ku&!l kuSJS

600 1} 0800
Kuare = .[)3500 AT L0800 u (A, (A—r)drdT

(i=12,---85=012,---,5)

5. According to Kyy and kyy, the gradient vectorK: 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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k21 k22 ... k28 k -U= k81 k82 ... k88 boo 0800 Wherein: k.. =f u. (A)u
. (2 - r)d2dz 3600 2T 10800 The high and low limts in the integration are
3600, -3600, 10800, -10800, which are determ ned by the response tine spent
fromthe optimzed variables to the objective functions 1in the process. 4.
Cal cul ate the cross-correlation integral matrix KUJ of the operating
variables to t?e oﬁbecﬁjveof nctions, and there are five objective
functions: KU|IY"WK UJ2 UJ= KUWJS Werein, kulJl kulld5 _ k,,2J1 ku2J5 KUJ1
"tOKWS, k"8/ 9 kleds 06008600 1 0800 k"'/s = f3600 2T f10800 ul (A )JS (2
- z)dAd i =1,2,%.,8.s =1,2,...,5) 5. According to KU and kuu , the
gradi ent vector Ka of the opt|{m zed variables to the integrated objective
function is cal Oul ated. OFi Ket y, solving the followi ng |inear equation to

obtain Ka;: a KUJ. = KUUK 15 kuu O ... O O kuu 00 Kuu O
And
K3
Kd
Kd — J2
K5,

The gradient vectorK: of the integrated objective function to the optimized variables is:
d d d d
K; =0 K} +0,Kj, 0K
Wherein, in accordance with the current optimization objective functions,o,0,,---,0 are

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

the liquid hydrocarbon, and &, is ! and the rest are 0, other cases are deduced by analogy.

6. According to the gradient vectorK: 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 (2, ([)---u4(I}) 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(+)| |kl 0 - 0 |u()
u, ({ +1) _ 0 a2k;’o‘ 0 : u, ()

: : 0 .0 :
ug (I +1) 0 o0 aghe ug()
Wherein,

i6



O O kuu And KJal a Ka = KJ2 -Ka. The gradient vector K of the
integrated objective function to the optinized variables is: a a a a Ka
-61KJ1+62KJ2' ... >65KJ5 Wherein, in accordance with the current optim zation
obj ective functions, 61, 62 , , 65 are five constants, which may be 0 or

1. For exanple, the current optinmal objective is the yield of the liquid
hydr ocar bon &7 61 is 1 and the rest are 0, other cas Sy, BT-€1) educed by
anal ogy. 6. Ac rding to the gradient vectorKa of the iint' ted obj ective
function to|#H& loptinized variables, the change dlrectﬂbngﬁ the optim zed
variables i$ calcul ated, the regulation rule is: 1if the gtadijent is zero,
the current joptijm zed variable is in optimal state, an i%%ib i's not zero,

the optim zels ﬁgﬁsb@gmeﬁlﬁe&m@@gm tisizedlvaaiasied diviglet i & heand
direction of the_ gradient exanple, the current values of the

opti m ze8XypPaft %OF(tIH‘Ee(ll’)mab?es" . u$ (1)) are known, the values of the
optim ze kVarlabIes in the next step could be calculated in the foll ow ng
way to khv t he objective functions to maxi mum ul(1+1) alkQ O 0 ul(l)
u2(1+1) anQkp u2(1) O 0 us (1+1) O O ask(a u8(1) Werein, 16 u, (1)
ui (1+1) |u2 (1) °u2 (1 + 1) u8 (I) is the original val ue of t he eight
optim ze Eva iables , while u8 (1 + 1) is the next value of the optim zed
variables. %kl d Qd

G5 sy 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.

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 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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k2a _ Kd k8 al, a2, , as are eight positive constants, the val ues of
which are related to the convergence rate of the optinmal 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

l'i quid hydrocarbon yield, the liquid yield, and the econom c benefits are

shown inhe §ollow bl € onSattarig sdlic@ bret diRtion Taei thedeciontetsi thnbeabef or e
and afterﬁth:f)ag? P Czh%%%’%@j o Nt i

ective function Default .val i ncr ement
val ue Yierdhengst BLPlqut therppare dhngr 159 rﬁregb/aol‘??‘. e *%? .°%‘§‘“$dﬂ§”ig%i ﬂg}iéfg?‘a{ t ot al
liqui ds %@ra@% 01185 o 9fst 10 ABtiorERGRA Mowingened iR 0138: fraedyadded imp1thos  (Yuan
/[ Ton fee rom the above fest result i Rmindddla bobed Syst em
has a betfeedrageins weich isaliddy éfé'h )%‘ﬁ‘%‘a}?ﬂeﬁtﬁr%%%e?dmggggi&gn of - The O%I vent
Devaxi ng-RraiilzBE0e asd M 03and then By fash solCot isdisetebvhicdkid gt BoFE¥Fechni que
The dewaxi’ng-depil is,.an J rt. Lhven | u il e@bded grtiht
product i d’r‘n‘“g‘l”r" &E‘écry?@‘?eﬁef%%ﬁw lggr\%\ﬂ/asg(?rgegggg%?’fﬂ%ntl t, whi.ch j lelr@sedrh:t3 0
separ at e defvexihgilfittérs at lasg Doring diferingne yrahiag Folkent iy HPEA P &F WETRri™l s of
oi I, perfgrnms.a conti RIfRE 65k 1194 ahd Ao imé e sblver®i g, 10.
't coul d EESIR T SfLPuScIhRGRT b glite BTRF AR

I et ot
br anches. reddveryaysiere The wax foppthe filies i tjapspaLt goﬁl}e;v%%l' ew%%& D168 fHd

7
ore entering

crystalli &I 8 corld6 ek desil ittt Wl WasHling wélecht Wi dphaythin thd fitrj 4ndrtbe BlUpls each
branch, an h i i

IS operatiaon is calle A O | Ut enaters the
heat  exchiem gherfirgt|depil filigr 1§ prat ?&ﬁ%tapﬁ%gjlg%gfhfﬁag%g o‘iﬁ\glginpstt Hglﬁldﬁlt%ﬁgasc olol i ng
filtrate grRRededhx tidtat D1 Oparshitlon fiesh sobreitdel mixeflj they entery thgseegp gl When
flowing out of EIOL,. the filtrate,is: j #Ee sechf®dectliOflicn pasedsi ch i s
called a ﬁ‘l‘er‘ﬂ’deﬂa%tﬂﬁ ﬁ‘ﬁ?’%‘ﬁ?s RIVES hi ﬁ'gﬁgqgﬁéetggf@g% ent er s ihhe z:mﬁ?ni.a cool ed

crystal | i gesugh Hb@Rkarll I 508 comesdnto Hermaxienker AR - Tb yanom thespo8d 94 whi ch

i's called.a second .l WLioQiveh 191y shdhbd #66h tb @rdolvirgnecosery F@rsported to
t he buffeﬁﬁ?é%%ixfﬁgfgyﬁﬁegﬁ%be‘?ed into the dewaxing filters at last. During
filtering, a washing solvent is sprayed into the filters. The

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_l_to_flow2

®

@

@

L J

®

®

o

®

® ratio_of solventl_1_to_flow3
® ratio of solventl_l_to_flow4
® ratio_of solventl_1_to_flow5
® ratio of solvent]l_1_to_flow6
@ 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
¢

ratio_of solventl_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 D105 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 D110. The wax fromthe

first deoil ofilLer PARSES 2 tdmeWgh the wax tanker D112, in which a fresh
solvent is mxe "‘then enters the second deoil filter and a washing

sol vent is ®preafiecdfiseivientl iR oMt rate from the second deoil filter passes
t hrough thegt a%grofqolden@ @NecoMes into the wax tanker D105. The wax from

the second deoil “filter 1s mx d with the fresh solvent in D113 and then
flows to th® setigedftSHFciRlEny. %$e§ em In the exanple of this process, the

obj ect i veyodHdGlchn] keferk hﬁﬁm{ﬁl dilutién, tsbleendk 3irblers twé‘lr@t(zi‘ﬁ'élﬂmfloﬁﬂfi(ﬁ%"ﬁ@z

vari abl es are taken.as the. on 764, vari ables, there are all the
ratios offef e‘lsﬁ‘éseg?ﬂd\ﬂélﬁﬁ(’WBeS?can e?? ugg&ﬁ#ggtll of flow1l pre dirution
ratio-of flow2pre-dirution rati o-of flowdpre-dirution rati o- of

f1owd_pre-dirutd ope srté?ﬁ'tﬂe%fet bilouGRed fdﬂfohﬁéﬂ by I’YE]K(DG&‘WA [Com@Bmr €8li r ut i on
ratio-of row?pre it ut Patloo ventl to fla

rati o_of solsyssems; the gpjmppxgg@ontro(l &ggogthgf -bp( Ooqpfatl ng, station. The
ratio_of _sol Xrﬁﬁﬁd o dbtat Winfidw ¥ithe DA topGMPEL | l&slawedlhlof 13 hourf,|apdghe data of 23

ti o_of _sol . - f
ol vent) ZOtcwtlwzsmaﬂab’ﬁaﬁ%%&f"’-‘%‘%}"ﬁg'ﬁﬂ“"b&%e\{“eﬁd mésd ‘Qarxfghf&\é%g kg

sol vent | - 2- tga-sbdcaud the comidl ealafiatmnlivgmformel in theffplwing stenst i o of

sol vent| _2_t O.‘I*Ialm(l)r\llg\’sthe Eey operaht?g—\(/)ejrraﬁlgi ventl _2_to_flowe

® u =ratio_of flowl_pre_dirution

® u,=ratio_of flow2 pre dirution

® u,=ratio_of flow3_pre_dirution

e u,=ratio_of_flow4_pre_dirution

® u =ratio_of_flow5 _pre_dirution

® y =ratio_of flow6_pre_dirution

® . =ratio_of_flow7_pre_dirution

® u =ratio_of solventl_1_to_flowl
® u,=ratio_of solventl_1_to_flow2
® u,,=ratio_of solventl_l_to_flow3
® u, =ratio_of solventl_]_to_flow4
® U, =ratio_of solventl_I_to_flow5
® u, =ratio_of solventl_1_to_flow6
® y,, =ratio_of_solventl_1_to_flow7

® y  =ratio_of solventl 2 _to_flowl
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ratio _of solventl 2 to flow? rati o-of solvent2 to feed ratio of
spray_sol vent-to-feed Note:solventl | refers to first(1) 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 performed by YOKOGAWA Centum CS systens; the optim zing control
algorithmis carried out by an operating station. The sanpling data w ndow
of the DCl 8pt UniFdio_efasptvenili d4tn ler213 hours, and the data of 23 optinized
vari abl es and the objective function (yield of deoiled wax) are coll ected
every 60 s@conds . iohgr &PRLI10D 3loedl ation is perfornmed in the foll ow ng
steps. 1. Nam ng the key operating vari abl es ul =ratio_of flowl
pre_dirution u2=ratio of flow2 pre dirution U3=rati o-of flow3
pre_dirutiof #uZratipAfiGlvsetlid wflofte dirution  uS=ratio_of flows
pre_dirution ué =ratio of flow6_pre_dirution u7 =rati o-of

fl owLpre_di gut iu%&ratioL@f Twhii02 @ maksvent!| | to _flow WO=r ati o-of sol vent

| 1 to flow2 ul u=ratioof solventl 1 to flow3 ull=ratio-of solventl 1

to fl owd ul2 =ratjo _of solventl 1 to flowb ul3=ratio_of solventl 1

to flows  &14%atte_Frsobrtlede %00 Tl owz  ulS=ratio_of

solventl 2 to flowl 19 wul6 =ratio_of solventl 2 to flow2 ul7 =ratio_of
solvent| 2 90 # @¥io ofudBrenat 2 @ afowgol vent|l 2 to fl owd ul9 zatio_of

sol vent| 2 tO_f|20W5 ~ u2Qzatio_of solventl 2 to flowe

© u,,=ratio_of solvent2 to_feed

®  u,,=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:

kn klz klm
kUU _ k;n k:zz kZm
kml ka e kmm

Wherein, k; = f;% fru,.(i)uj(ﬂ —7)dAdr

L, j=L42,-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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u2l=ratio_of solventl_2 to_flows u22=ratio_of solvent2 to_feed u23
=ratio of spray solvent to feed Nam ng the objective functions Jl=Yield
of the deoiled wax 2. A data sanpling systemis established by using the
YOKOGAWA Centum CS and a real-tine database with a sanpling data w ndow of
a wdth of 13 hours. The database collects the data of the optim zed

vari abl es agdThhep@biaeiki Kg; bankd opisizey @iyabfed 6 ethendfctiveh@imdiadnaaien t he
sanpl i ng q&tlaqe&/_vi ndow i s stored in the database. Each one-m ning sanpling
data window Wl be noved forward to one sanpling tine interval, that is
to say, the olgdest data will be discarded, and the |atest data will be
added to the database. 3. Wen the data sanpling has been conpleted, the
DCl matrix Kuwteigpti m zed variables is calculated, now there are 23
optim zed variables: k11 k12 ... kim k21 k22 k2m kuu - . . kml kn2 ...
kmm wherein, ktf = rnr21 lru (x)uj (A-r)dtdr i, j =1, 2, m, mF23, T=7200,
M=14000 are the intjégual constants, which are determined by the response
time spent fromth kot%t m zed variables to the objective function in the
process . 20 4&,J matri x Kuu of the optimzed variables to the

obj ective function |are {cal cul ated: Kuu = Kudl Werein, kulJdl ku2Jl KuJl
kun/1  kuul = rM flgu, () Il (A-r)d.adr (I 1,2,---,m

1
kun= [, 57 { w0, a-rdrdr

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

5. According to Ky 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.
KUJ = KUUKd
. 0 0
6 kg O 0
K, = ;
[§11] 0 :
0 0 kyy
and K° =K},

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

d _ d
K =0,Kj
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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T and Mare the integral constants, m= 23 ,T=7200, M=14000 5. According to

Kuj and Kuu, the gradient vector Ka of the optim zed variables to the
objective function is calculated, firstly, the followi ng |inear equation
could be solved to obtain Ka: a KUJ = KuuK kuu 0 0 O kuu 0 0O Kuu 0O

0 kuu and Ka =Koal The gradi ent vect or

function _to t eoptlmze var l a'l-=1
6. AccorHﬁerﬁ'ﬂfj‘a&tII Bt {5787 % g g‘@ g’inl%@%lﬁ?mglﬁ% ob] éh(?t(?p\t/l a]fSut"ir'lai"fta‘lnghfri t5 the

opt i m zedot 2¢a, nt&bdpem;zeﬂ lvmzbltmrageacbhstedcatccmdmg)to thheizoptd Wi dacctiparof disl es i s
cal cul at efdue AN Yol OBl a&%'&hsnt'@ue df thez%ptﬂrﬁfedgfaﬁ%lgsms S SOadibshAN L N

current grpfl I'm zed 'va state not

K6 of the int egr ated objective

zero, t healopiof the eptinyized spiablss 43 @ala@lpteétnedolmew aiamgc’tréalqewée Sbgetivgnd t he
directi orﬁmg{mgslggmamg{ ent. For exanple, the current value of the optim zed
vari abl es § he adj usted valug of the optimzed variables is
cal cul at ed ﬁ‘u@f Il v%(i@ way t o ‘frake O he ‘bg]) ctive functions be maxi mum
ul(1+1) alktk(D+1 1(8) &1+10 Q afk,@)d u2(1) OO um(l +1) 0 ... O
ankma U. (I) in, ul(O) “ul(1 +,1) f u2 (1) u2 (1 + 1) is the original
val ue of thhe Optlmzed vari-abl es , 5) di/ I's|the new
u,({+1) 0 0 o ki, JLu, ()
Wherein,
u, (1) u,(I+1)
/ u,(l+1
uz.( ) is the original value of the optimized variables , and 2 ) ) is the new
u, () u, (I +1)
value of the optimized variables.
ki
B | e
Py
Q;, 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
0il 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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;T(l)zum(lﬂ') value of the optimzed variables. k d la k d 2a =K d kd
co’nvgrg’ence rg"temf: 23,h are in positive constants, they relate to the
conve o] the optinal control, and need to be adjusted on site.
I|s case, they are all adjusted to 0.001. 7. Back to step 3. The
;:ts; to_lof thF co(r)rparlson test is shown in the table bel ow Corrpérison t est
date, é/lle d-(/() Wax yield (%9 WasteWax-QO | vyield Default yield 50.13
7. aa0msinal yield 49.57 43.85 6.9 Increnment -0.56 +1.21 -0.77 From

the above results, it could be seen that
after opt Amealdinieotperaginy optimigaion method f e%!g“qlg‘l“l\ﬁgéc%‘lé?%& H‘%‘P“t%'t fc‘ﬁ]ﬁz at i é(r)f)

met hod of %u&}dé dﬁméeesp% @L@laﬁ&bﬁiedomt Pt BONEY rruavnmlatmgow@blﬁ%m docess, it

i s charalt’eriz In th t he ke t
in I d
br 0605 rodustioh s ke i oGl Tph s an ] b dngeh badpoin®y FEUCT on

associ at ggk, st hlahiﬁﬁﬁﬁng’rﬁdﬂiap!d& %Isﬂ@o\vﬁr dsathd elsecallve fungtiprsstben s gFaienbpj ect i ve

functions, then the
opt i m zedesfrrtahe @'%’e‘iq‘é’e gﬁﬂcﬁlﬁ? “ cﬁ“:éﬁ relrlfjf'u{]‘?ari(a ?%tedamla{eur&hbﬁ?sonﬁﬂd : o
data of thedehjtechisinteal dnt bf mnsbmtdretfh@t@m%f&f‘e@t% att ﬁ kts hg{I cal

the gradient & tv%crorllss?sg‘?ﬁddefcfa ﬂ%%hﬁankhﬁd&sﬁdﬁsifﬂﬁrupuﬁiweeoiriabms ,Gf the he

opti ni zedbe &t ient vect
optim ze@radmnt ahﬁt@smapoaitlad jouwé%!lvﬁsothﬁ H}Pfl%él% vaa?tgos!g%;a\égls t(rg%énﬁ%ﬁ%frge the

optim zin f"dﬂ 1‘819% 5... R HRNShjedie ftﬁfcadis,etmte gretitnd veiter g akisulptad ed

online c
opti mum mnhmonﬁmfouﬁlhefegﬁ‘iﬂaﬁl Oér\"fhe'ih%r\M‘rgIB f’{’}ﬁ%'rvg geﬂs‘r%gets p%%%%%dt '? ?%18 ?(rag

vari abl esgr‘_y&lgnlt i Dot 3ol He Qb pQivk iptitlized whsiables of:ll be adjusted to the dlrectlon of

zero gradient to trace the optimuni.

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 ﬁmctionj(t) , which should be measurable or calculable online,

is determined, and can be expressed as:

T = £@@®.p©),0)

Wherein, u(r) is m-space mean controllable optimized variables,

PO ;s disturbance, and T is unknown mapping ,
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zero gradient to trace the optimum 2, The real-tine operation optim zation
method of claiml, it is characterized in that: the dynamc correlation
integration (DCl) technique is used to calculate the current gradi ent
vector of the optim zed variables to the objective functions by neans of
the historical data. 3, The real-tine operating optimzation nethod of
claim 2, 'tzkﬁ>§ﬂé&@&¥ Lhdgd in that the dynamc correlation integration
technlque includes the following steps: Firstly, the objective function.
(t), which should be measurable or calculable online, is determned, and
can be expressedkigs: ¥ 0O =-f kuGt), p(t), t) Wierein, u(t) is mspace nean
control | abl e optliim zeg variabjes,| P(t) is disturbance, and f is unknown

mappi ng, 23 ggeoreiing €8 the eﬁﬂ tion: k,11ul kirz2 ... k,a,m ku2ul ku212
. ku2,m kne| k,ma:kmma kmvm| ku,,,, = M1 f ui (t - r)ul(t)dtdr 2T r
and the real -ti neaﬁurenentk u;| (t) (i =1, 2, , M of the optim zed
vari ables to cal ate “’he selfcorrel ation integral matrix k uu of the
optim zed vari abl erein, T, Mare integral constants greater than zero,
accordi ng tokthe qua mnr KW Hdtdku2d k,, k"m kw =1 (~ u(t -
ryJ(t)dtdr, ) N | r and 4ode rgbd - t i resl-tea@sur ewsnendit ) of

t he objective functlon t he cross correl ation integral vector k,j of the

optim zeg,, M’? ”é‘bhes ,m} QAh]?z %g{;@%é}lfa\é/‘lgl?%slrj Y tc!*ﬁlgﬂate & se ug?rretla%bnm% fn, T, M

are int egra COﬂSt ants Zero,

matrix k_ of the optimized variables, wherein, T, M are integral constants greater than zero,

according to the equation:

kul.l
k,d — ku:ZJ
kum.l
i
kuir = — | uft — o) ()didr (i =1,2,---,m)
f‘:{ 27 '[TT and the real-time measurement J(©)

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

to the objective function is calculate, wherein, T, M are integral constants which are greater
than zero,

dEf
the gradient dE{u(0)} of the objective function is calculated by solving the equation

dEf (t)

K =Ku B GG

f
w(l+1) = w(l) + o —EL__ 11
according to the equation dE{u(}} , & new setpoint w(/+1) 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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the gradient dE{u(t)} of the objective function is cal culated by solving
the equation dEf + EF~t k~ = kudE{u(t)} u~(l+l)=us(l)+a dEf according to
the equation dE{u(l)} a new setpoint us(l+1l) of the optimzed variable is
cal cul ated, wherein, a is a constant. 4. The real -tinme operating

optim zation nethod of claim3, it is characterized in that further
conprising the following steps : (1) according to requirenents of the

opt i ni zed phoceds, wﬁcﬁ‘ilﬁﬂil%é cRbuihi &Q?léa\éﬁ»‘raflﬁl_b' BEltHeORS detethinkl, thda virtual' JN

3

whi ch nmust be cal cul abl e or neasurable online, are determned, then a
virtual integrated objective functironsls= 61edls+ 62 J2 +, ,+6" J" is
const r uciniqgrateter abjeqhivg | fgption JJ %Jhrezv&ei ghts"of tihe *PusEpRed | V&obj ecti ve
functions, their values are between O and 1, depending on the process

requi ren®ni?2the wei ghibiss BRheBspefind B8R e Eindtone tIRECRURES arctitevaRjoect | ve
function in the production may be swi tched, based on the analysis of the
product i efd prdesddihg oh kiR prayssaqiiteent] iha veightsingdy|be Shangdd owePtime because, are

sel ected asbt hte %)Itgm Zei? va iC 1(t))l £ btsr\lwei‘tcg timzed variables are controll ed
by a tralieCPERL WEbEbITEe REACTE P H M "Che setpoints of the control
system ar e obaded wnattedatalysianofoptei piodudtion rpreqsss; rthd ke rparinayatiny vagiies t he DC

t echni que, according to the process requirenents, the setpoints are

adj ust ed “if2n elr taad welepted polic optimizedrerialfles) a real -tine data sanpling system
with a sanpling data wi ndow is established to collect the data of the

opti m zed thepptakiressvagphiestarrecanpliad iy adraditieaalisgpeintcopiel sydeny tragieintn

process, of {HaUSnttd1 &l dtend bt @lchBAY tYahap8indiiior Sondbl @npat: by Bing fHearcidat a
sanpling, the DOl natrix kuu of the optim zed vari %bl es.1s cal cul at ed,
assume  (95BHEUCaPSONNg R ﬁ‘ﬁi’?@ﬁss\‘i%ﬂ“irﬁrﬁ? % thesppints ppAdjpssd in & clgig el 1 5o kom
kuu = knbfés® "' kmmki =1 (u; (Au. (Ar)didr

(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 mairix Kyy of the optimized variables is calculated, assume

there are m optimized variables, then:

ki kg ky,,
- k:21 k?2 kém
kml km2 kmm
1
k.= —V u,(Du,(A~7)dAdr
‘Wherein, ’ [‘; 2r '[rT ’

i, =12,--m , T and M are integral constants,

(4) The DCI matrix Xyy of the optimized variable to the objective functions is calculated,
assume there are n objective functions:
KUJ]
KUJZ
Ky = :
KUJn

Wherein,
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Wherein, M2T r i, J =1, 2, mT and Mare integral constants, (4) The DCl
matrix Kua of the optim zed variable to the objective functions is

cal cul ated, assune there are n objective functions: Kual K u32 KUJ K uao
Wherein, 25 k,an k,n/l k"™ 2n kn2/a KuJl = KoJdn = k"us = I MT ru; O 5(~
rydldr (i =1, 2, , m s =1,2, , n) T and Mare integral constants, K a
(5) based on ' d kuu, t gradi ent vector of the optim zed variables to
the integrated™dbjective furmttions is calculated, firstly, the foll ow ng

| i near equati qQit 4,s| sol ved tpkgett Ka: a KuJ = KuuK kuu 0 ... 0 O kuu 0 O

% | KulKeng| G kuu Hed K a: A d Ka = K32 Kin d

kumJ 1 kum.!n

1
kui.lf = [:{‘5}: ['Tui()")'],(l— t)dMT

E=12,m5=121) T 4n4 Mare integral constants,

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

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

Ky = KUUKd
Kyy ) 0
0 k 0 0
K. = vU .
uU 0 :
0 0 kyy
and
K;,
Kd
Kd — J2
K3,

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

d _ d d . ged
K, =K}, +0,Kp, - 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 periodicaily to achieve the

optimum of the objective functions.
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the gradient vector Ka of the integrated objective function to the

optim zed variables is: a a aa K= 6iKJl +?2KJ2,...,KJn a (6) according
to the gradient vector Ka, the change direction of the optim zed vari abl es
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 vari abl es need to be adjusted accordi ng to the size
and direction of the gradient, (7).afte st s. re-sanmpl ed
in a certai o ThfrEeal Ve PREGUNG QREMZALR qlﬁ{“ﬁf%l#%mge Q‘ﬁ Ch?r?f) emﬁ‘}@rth '™ he

pr ocedur etepf(1)s tlepse(@int C)tral of Plor Srdintized Gwipblereisprerforeridcy # PGSoonethereve t he
opt i mum @hqitiBe] ARinGkdntsy End U SthARNS are2Blchlated b opﬁﬁizaﬂdnrmntﬁﬂ esapitergy

opt i m zaf 0Ny, ?e‘ép‘%%?e?%:ﬁ the s%tp!oir%té ate QJ}%E&Q%?E&n’aﬁﬁbethBﬂlﬁﬁe in step (1),

t he set p0| n% cont zed vari es Is perforned by a DCS or
other traditional instrunents, and the setpoints are cal cul ated by

optim zati QN0 géal[ﬁllne ng%r uﬁl}éanéi?ﬁ@lﬂo& Beclhtd 4,tie8 Qﬁérﬁﬂt@ize@thhﬁthﬁl

setpoints are a tain period of time. 6. The real-time

oper at i ngtep 2 mrzdtfm?nd%ﬁwﬂéﬁy%@al“ﬁ‘ih@ cgriain g’ldé‘haﬁna%%rdﬁ?éﬂﬂ‘ilw fhat: in

step (2) establisk tht kwidh Qﬂh@wﬁﬁw |db;5&d§&ﬁﬁ1@§pewbhmar@s@dsﬂsabmmpxdtdas sl&rrpl i ng
data wi ndow i s estab

S
specific S‘qui?lr@grséﬁ%ﬁ%l "@1t "‘tq‘i‘&‘ %rﬂ&ec%@@uz hvé'ngtg%frﬁgg%gc’béeﬁ ‘fcgfgnn %18 at s the
dat a of thenoptridl aedinatndathk ssmplivg dyltemaoisjcempseé b the DICSte QOHeté th‘ft:er tain

eriod of.tine, t he.sanpl in Lol | ect
!to he hi sﬁ’ﬁf’qnngllda%ag gzgf’ tzﬁgygd;ﬁﬁ%géﬁéﬁﬂi;ﬁ%@ﬁ%gﬁ%&ct [@%}% functi ons
in the prtlmctlatatmdmpn tgsleta windea ig stored jimt Alpgry! $AG1E SAPBE. WG TEBR 15 st or ed
in the daLalassw & tﬁ%ﬁ&eﬁ %mﬂafdﬂg ond E‘Eﬁnp?ﬁmtérﬂﬂ thﬁtaE andbIAGOW I bde moved

forward to one san‘g interval, that the ol dest data will be
di scar dediscarges. ppee ?l&{eéélﬁmdﬁ’clﬁeﬁdqeﬁt%@e%ﬂﬁ?fto t he database. 7. The

real -tinme operatl ng optim zation nethod of claim6, it is characterized in
that: in the width .of the s dat. n e ol LEE, tines

| ar ger than’ ﬁﬁl&g‘# H?i‘glof’?rﬁwgt‘?pﬂﬁ“zab?‘b’fﬁe@ng %%gl mgz"?a11 mﬁl/’%rrgﬁéyb* B ?{h

Obj ect i veatep UR); thie oridth 8f thElsempliawl datai wisdop srthiee nglesbtgemlmmtheéﬁnmnﬁme of claim

6, it is fgg}atﬁgglg}&?l qgn% los tg'ﬁu[%olr:%egtlv $.80o4.2) . the sanpling interval in

collectlng d'variabl es and the obj ective functions
depends on the dynam c transient speed of the process, and is 30 - 90

8. The real-time operating optimization method of claim 6, it is characterized in that: in
step (2), the sampling interval in collecting the data of the optimized variables and the
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:

w(@+D] ekl 0 0w
w,({+D) | | 0 aki, 0 S EA ()

S N 0 .0 :
u, (I+1) 0 e 0 a k2 | u, D
Wherein,
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seconds. 9. The real-tine operating optimzation nmethod of claim4, it is
characterized in that: in step (6), if the gradient is zero, then the
current optimzed variables are in the optimal states, 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 integrated obj ective function
is assuned, b adj usted val ue of the optim zed v rﬁ is calculated by
the fol | ow g orithm based on the known current| vaju of the optim zed
vari abl es: %(@L ) a,kQO0 0 ul(l) wu2 (I+1) 0 az21 OzbZ{iﬁ O O un(1+1l) 0 O
ankdo um(l)| \Wherein, 27 ul (1) ul (I + 1) w2 (1) u2 ¢l 1) um (1) is the
origi nal value the moptim zed variables, and un| &5+T 1) is the val ue
of the opti P Vhé addig valhd @l’fthfﬂ;djoﬁﬁlﬁﬁail’tranakleﬂ andl , is thé<dhluekno al,

a2 , Qsiti constants if the optim zed objective is to be
maxi mi zeé]?thiepmq*ﬁ%l‘r%@%ﬁlesﬁ\éﬁ’ea Hbing optinization method of claim?7, it
is charagtkgr|zed in that: in d step (6), every adjustnent step width is
a'k'a withsrespect to the ith optinmzed variable u;, a' should be

appropri at'® yalifes, in the case of maxim zing the objective function, a,
shoul d b¢ positive, otherwi se, al should be negative. 28
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X2 % ren 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 @k, with respect to the ith optimized variable u;,

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

should be positive, otherwise, % should be negative.
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