HOMOGENEOUS PROCESS OPTIMAL CONTROL (HOPOC)
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Process dynamics or behaviors can be described by differential or difference

equations called first principle models. The models are derived from

fundamental theories and laws, such as conservations of mass and energy,

Newton's laws, electromagnetism, thermodynamics, fluid mechanics etc.



To achieve better understanding, mathematical development of HOPOC

scheme for QRH process is illustrated hereby together with drawing FIG. 1. A
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Such is the HOPOC scheme for QRH processes, which provides method for finding optimal controllers that are stable
and robust. Stable systems indicate that under disturbances of controlled variable or manipulated variable, systems are
able to return to its original state eventually. Robust systems imply that under the disturbances of process dynamics, also
referred as model mismatches, the systems are still stable. In industrial plants where process dynamics often changes,
existing process models may no more be accurate or are mismatched. It is desirous that the control systems obtained
from existing models still maintain stability under change of process dynamics or model mismatches. As quadratic
regulator optimal controller is both stable and robust, the HOPOC scheme provides an appropriate solution.

(b) HOPOC for non-QRH Process

The invention is about applying HOPOC scheme to not only QRH processes but to other nonlinear processes as well. To
achieve this there are barricades to overcome. So far HOPOC scheme has provided solution for QRH processes but
there are many nonlinear processes that are non-QRH, where HOPOC scheme is not yet applicable. In order to apply
HOPOC to these non-QRH processes, a possible solution is to project non-QRH processes into QRH. But we don’t know
such projections (mapping functions) indeed exist and how to obtain them. And even if such mapping functions are found,
we don’t know if the solution ensures stability and robustness of the processes.
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Where Z(K)is projected controlled variable at sampling interval K, W(K) is projected manipulated variable at sampling
interval K, z(K +1) is projected controlled variable at sampling interval K +1, F () is yielded from f () of (5) under
the projections of @ () and I'().

Process (7) being QRH which is same as (2), it is able to follow the same arguments and procedure to find quadratic
regulator optimal controller, as illustrated in previous section: that quadratic regulator cost function is defined to penalize

controlled variable deviation Z(k) and manipulated variable amplitudes W(K) , resulting in cost function that is same as

(3). By solving the Hamilton-Jacob-Bellman equation, optimal controller is obtained which is represented in the linear
feedback form shown as (8)

w(k) = 1z(K) ®

Applying mapping functions (6) by replace Z(k) and W(K) into (8), we have found the function of which the robust
controller must satisfy.

I(y(k),u(k) = lo(y(k)) ©)

Above discussion reveals a solution procedure of applying HOPOC in non-QRH processes which comprises of three
steps.

Step-1) Verification

By applying Euler's Homogeneous Theorem to any given process, it is able to verify if a given process is QRH. If the
process is found to be QRH, we can obtain the quadratic regulator optimal controller (4) which is robust.

Euler's Homogeneous Theorem states that a given function f (y(K),u(k)) satisfies equation (10) is homogeneous:
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y(k +1) = y(k)f(u)(A1-2) y(k) Whereby t is continuous time, Kk is discrete
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obtain the recursive equation of stage cost function (A1-7) as: C* (k) =
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Mappinisfliottiags tshdditie selected carefully, following the criterion stated in Appendix 4. Such mapping functions are
suitable to ensure the controller to be robust.

Step-3) Control

For converted QRH function F (z(k), w(K)) , optimal controller is obtained as (13)
w(k) =12z(k) (13)
We can apply mapping functions on (13) to obtain a nonlinear process controller u(k) (14)

I(y(k),u(k)) —1@(y(k)) =0 (14)

Since any nonlinear process is either QRH or non-QRH, and HOPOC can be applied in both cases to yield a robust
controller, we have indeed obtained the solution for designing a suitable nonlinear process controller.

APPENDIX 1. QRH AND OPTIMAL CONTROL

There are four elements to define Quadratic Regulator Homogeneous (QRH) process and its optimal control scheme: (i)
dynamics of QRH process, (ii) quantities that are observable at a given time, (iii) optimization criterion, (iv) optimal
controller.

(i) Quadratic Regulator Homogeneous (QRH process): If continuous process consisting of controlled variable
Y () and manipulated variable U(-), which can be expressed eventually in the form of (A1-1)

dy(t) _ u(t)
it y) f(—= (t)) (A1-1)

Or a discrete process consisting of controlled variable Y(-) and manipulated variable U(-), which can be expressed
eventually in the form of (A1-2)

y(k+1) = (k)f(“ig) "1-2)

Whereby tis continuous time, K is discrete interval, f () is any mathematical function. Such process (A1-1) or (A1-2) is

defined as Quadratic Regulator Homogeneous (QRH) process. Any continuous or discrete process that can not be
expressed by (Al-1) or (Al-2) is defined as non-QRH process.

(i) Quadratic Regulator Optimal Controller for QRH process: Suppose

5



u* (k)= ly(k) Where variables 1, p are obtained from the following set of
equations: f/3/ + pf, (1) =0la 1312 pfv(02 = P Note that L() is defined as: a
f (k) = - f (v) where v - u(k) *Ovy(k) (Al -7) (Al -8) (Al -9) (A1-10) Therefore,

@) cowhen eauMigis AdmbRibasesalvatt fo( larPquumeiaiiai eeRiabitAdaR) dhading time
satisfies equation (A1-8). Since equation (Al1-8) satisfies

() Pz Y SO ERRAR EGEEHLA4L ), it is concluded that (A1-9) is
indee&gﬁuad_rqtic re%ugator optimal controller u*0 . Take note of the following
p&irts Fitdl), thef&ll& ho prerequisite for the form of function f 0 in (A®4or
(Al-ZjTOUnIike the conventional QR optimal control schemes, where (Al1-1) or

Where (Rigr)d satis ally/F equissitl ¢ocbimlimieas. Soethat @xgplicitisolution of optimal
controller can be solved, this invention allows f(.) to be of any mathematical
f%ﬂoﬁ%éoﬁd@',(ﬁamiIton-Jacob-BeIIman equation can be solved &Hd"
explicit optimal control solution can be obtained as shown in (A1-9).

Then ol é‘b??ﬂﬁ‘ij'e{o“eﬁss't‘?ﬁ‘&]”EP)'F]‘%F(?F%fHP]Cé'PHéé,l‘ﬁ%6%’% PoRMMER PrStess
Hgnql']ggo:n[ a(?)ob-Bellman equations are unsolvable that optimal contrqﬂgrg
can not bé obtained explicitly. If the optimal controller cannot be solved

where &xpliaithymiids difficult to apply it in industrial processes. Even if it can be

To find OG0 ARG 9&%%‘?&‘8%%99?%%1 H?@%S’UQIH’J?rtRé‘iEﬂff}E‘\?e%Bﬁiﬁ}%h&%B’b‘?él#.rﬁe%mnf; (AL-3) as:

often found to be effective only in special cases. Lastly, finding QRH optima

centr iS,net a lex task: solving equation (A1-10) to find 1, p lo_I65he
expli;’;%e?r(r[}al E%‘gﬁzr is obtained. (A1-10) is a nonlinear equation,?&e e
are many numerical methods, for example Matlab, that are available to solve

The Hap O bl PO SRR Bt thermore, only once it is required to solve
nailiyeiy sehipAg K11 (10 findthg unknayn parameters 1, p . Anyfutyre
adjustments bf manipulated variable itO can be calculated by simply

Assuminguiitipdying eonsianisvahseoAwidh oot trolledorariabdeskyioynSuch simple scheme
IS most appro giate to be applied in industrial process control. APPENDIX 2.
Qﬁl—ﬂﬂ\)’lﬁﬁi’w& EQUATION It is intended in this invention to apply HOPOC

we obtdfh ANRERARIINRAIRIRPCESSEXR GRS (AnF feany nonlinear processes are
non-QRH. In this appendix, a mapping equation is derived from Euler's
Hen{byeraidentdoreAv (Wnichms(ls paial differential equation. By solving
the mapping equation we obtain the desired mapping functions that project

Solving ARV IR BROCEY FALERD AU s Sevatiy e eliffietRY BFapplying HOPOC

in irrear, BSSES Mappiyg Equation: For any nonlinear process
( %@%ﬁf’%@ f{/@lﬁ%&z uppose there exist a pair of mappifgs

fu %gdny(ds)ﬁ 0,4k Y =+ @YW -WEEEOSuch that the pair of mapped variabfes
0 ar

ze), e projected to form a QRH process, then mapping functions CD(.),
The optiie) Eouhiangt (sp@l,log,agiéfyethe following partial differential equation (A2-2)

u” (k) = ly(k) (A1-9)
Where variables |, P are obtained from the following set of equations:
|+ pf,(1)=0
plp ZV( ) , (A1-10)
a+p17+pf,(1)"=p

Note that f,(-) is defined as:

u(k)

f, (k)= % f(v) wherev= v



[(Deb f fy - ebyebf- (Deb f tic + (Df cD fuF =0(A2-2) Where: (Df = (D(f); (Dy =

F=aF(y'u) Fuau'Y j, =af(Y,U);)5Y ao(y) ayfaf ar(y,u) ay af(y,u) au

Note that equation (A2-2) is necessary and sufficient for the mapping
Therefdid NHENSuEitAL IR 10 Gaye WD 11ak PiINgdupelioasrAlsT eauakendAdndlion (A1-8). Since
equatiot @Y BARPEME GlanfRrQRbbiaBRSSiAIda Rk Avhereashampemapping duRciiesed quadratic
regulatdVBigRdc @tddowdrgiect non-QRH process into QRH, must satisfy mapping

equation (A2-2). Firstly, let's derive the necessary condition: if (1),F project
Take ngip Rt ORPIPrioEesnfRPErefe)orriaseaitsty Bgltior fagion . (Bér AeAliaeEd-2). Unlike
the CO%?UG@@‘S%EDT)‘&U?W@?'t%%%&awrﬂgeféﬁ#c%}cﬂﬁé §)F'S vreabhtadH AP B tpear so that explicit
solutiory g RPIBACHY Hel 55 ?f)s%(R%ﬂ])smYﬂDt(S’/(R‘“ﬁl‘i“)) H‘ e QERTU (RAY)ENS{RY! fepction.

secondly! hahfildhIdobHERRACHBSIH 85 DR SNEIRHE kiRt BELntd LSO Kildd bkl @RIBtdARd as shown
in (AL-2Xkheoo(dinfy)ol Bx(sting) @nizoll $ehprivencedramniEede P ¢demidgeinpoasb-Bellman equations are
unsolvable that optimal controllers can not be obtained explicitly. If the optimal controller cannot be solved explicitly, it is
difficult to apply it in industrial processes. Even if it can be solved by approximate methods, these approximate optimal
controllers are often found to be effective only in special cases.

Lastly, finding QRH optimal controller is not a complex task: solving equation (A1-10) to find 1, P and the explicit optimal

controller is obtained. (A1-10) is a nonlinear equation, there are many numerical methods, for example Matlab, that are
available to solve these equations accurately. Furthermore, only once it is required to solve nonlinear solutions (A1-10) to

find the unknown parameters 1, P . Any future adjustments of manipulated variable U() can be calculated by simply

multiplying constant value |with controlled variables y() Such simple scheme is most appropriate to be applied in
industrial process control.

APPENDIX 2. QRH MAPPING EQUATION

It is intended in this invention to apply HOPOC to other nonlinear processes control, and many nonlinear processes are
non-QRH. In this appendix, a mapping equation is derived from Euler's Homogeneous Theorem, which is a partial
differential equation. By solving the mapping equation we obtain the desired mapping functions that project non-QRH
process into QRH, thus resolving the difficulty of applying HOPOC in nonlinear processes.

QRH Mapping Equation: For any nonlinear process (A2-1)

y(k+1) = f(y(k),u(k)) (A2-1)
Suppose there exist a pair of mapping functions ®(-),I"(+)

z=0(y) w=I(y,u)

Such that the pair of mapped variables Z(-),W(-) are projected to form a QRH process, then mapping functions
®(),I"(-) must and shall satisfy the following partial differential equation (A2-2)

[0D, f, - ', -0D, f [, +D D fI =0 (A2-2)
Where:
oy of

_or(y.u).  _ar(y.u)
: ou Y oy
o). Ay
Y ou

Note that equation (A2-2) is necessary and sufficient for the mapping functions. That is to say, when mapping functions
satisfy equation (A2-2), they can project non-QRH process into QRH; whereas any mapping function which is able to
project non-QRH process into QRH, must satisfy mapping equation (A2-2).

I



z(k) a (a)(f (y(k),040)))+ w(k) a (a)(f (y(k),040)))- o z(k)awz(k) Simplifying

derivation with following notations: CD = CD(y) = z(k) F = F(y,u) = w(k) cDf =

() And ail =cD(f);cD y - F = 5F(y'u) F uttY = af (y,u) fy; fu ay We have:
Firstly ,a@€yerayfiaé asfyssdryaynakiyhl) AU (@d(eti(ydhRer(l)dre¢b aittiorHathéy ayidDddrsty equation (A2-
2). azz(k)cD2cD,Fu a c(1)(f (Y(Kk),(1(k)))) fu(2) f

For nonlinear process (A2-1), under the mapping functions @, I", we obtain mapping functions as below

D(f (y(k), (u(k)))

z2(k +1) = ©(y(k +1)) = ©(f (y(k), (u(k))) = z(k) 20 (A2-3)
HOPOC requires CD(f(y;l((z,)(u(k))) be QRH to D(y)/T'(y,u)or z/W, hence from Eulers Homogeneous

Theorem it is found:

0 @(f (y(k), (u(k))) 0 @(f(y(k), (uk)))y _
z(k) = ( 20) )+ w(k) = ( 2(0) )=0

Simplifying derivation with following notations:
O=0(y)=z(k) T=T(y,u)=wk) @' =a(f)

And

(A2-4)

O =d(f); :_8(D(y);q)f _ 00(f)
oy of
_Or(y,u). . _ or(y,u)
: ou 7 oy
C_Aw Aty
y v Ty
oy ou

We have:

0 (@Y, ulk))y _ PP T, — 0P, T, -@,0'T,
oz z(k) - OO, T,

Q(q)(f(Y(k),(U(k)))): f, @
ow 2(K) ®r

u

I

(A2-5)

(A2-6)

Substitute (A2-5) and (A2-6) into (A2-4) we have the mapping equation (A2-2),
f

[0D, f, - '], -0, f [, +D @ fI =0

Which implies that proper mapping functions must satisfy equation (A2-2)

Secondly, let's consider the sufficient condition: if @, I satisfy equation (A2-2), they shall project non-QRH process into
QRH.

From equation (A2-2), (A2-5) and (A2-6), we have the equation (A2-4) rewritten as below:
Z(k)ag(cb( f (y(k), (U(k)))) N O(f (y(k), (U(k)))) 0
z z(k) 2(k)
Suppose that:
H(zw) = 2O
2(k)

w(k)%(




- awz(k)(1)F Substitute (A2-5) and (A2-6) into (A2-4) we have the mapping
equation (A2-2), [CDCD f fy-cDycDf- (IxD f+ a:l/SyLc' =0 Which implies that
proper mapping functions must satisfy equation (A2-2) Secondly, let's
Equatiopdisitlearthevsigtiicient condition: if (1),F satisfy equation (A2-2), they shall
H ( rw’ect ng 83@ process into QRH. From equation (A2-2), (A2-5) and
Zii%\%@, ve-thedequation (A2-4) rewritten as below: z(k) a ((1)(f
(k),(40)))+W(k) a (a)(f(40)))- o zz(k)awz(k) Suppose that: 11(z,(1)(f
Solving (P4, GitdehtiaZ Ehator daHD(T (W), 0arwWb ey tHesvassn81/(Z, +w 8H(Z, 81./V
Solving partial differential equation of H (z,w) to z, w, we have the solution:
H(z, ¥ QF\(Q’E— F(E) Where FO is arbitrary function. This indicates that mapping
functrorxs satlsfy equation (A2-2) project non-QRH process into QRH indeed.

Where %Z |S%F%|tr PE un%t?se l?sellnﬂ aat'etélﬁ}ao be 6%:0 ?Ctegalgégs )E%)ll?atllsnaggrr:}%?(ét%acr?trt}orthH process

into OR enaBies” app ylng 0 ICI

e prOJected QRH process In Appendlx 3 solution procedure is
Non-Q r r of HOPOC to
find th%’é%@ﬁﬁﬁ%}ﬁ Jsiﬁg ore n.FH(@%ng %a@%h%ﬁ)gf?g developed for
solving (égﬁné;p jﬁEM %Q\[\Bi IS 'nven n suggests

one solutlon procedure to solve the equation (A2-2), as developed in the

following. QRH Mapping Functions: Suppose there exist mapping functions
APPENDYY B QRHSAARG e GHNERYND-2), which is rewritten as (A3-1) [cDcD f fIcYiF.-
This invdD{dr) fudgests nifE3yiuibnpBoad+t ool s Hipricambe) faurrdenpdi3Hie) foldiiny. D

QRH I\/Mpping Functions: Suppose there exist mapping functions @,I" satisfying equation (A2-2), which is rewritten
as (A3-1)

[0D f, -0 @', - 0D f T, +D,® fI=0 (A3-1)
The solution can be found as (A3-1)
r-e@ e 22 20l g va
Q.D f,

Where @(-) and &(-) are arbitrary functions and:

@f
p=g
g=u

Let’s fix the function q)() and regard (A3-1) as equation of F() , this equation becomes first order partial differential

equation of F() to variables of Y,U. To solve this first order partial differential equation, introduce the following pair of
variables P,

Df
p= ry
q=u
And let:
I
r =2 (p.q)
op
By some calculations we have the following simplified equation (A3-3)
[0, f, - &', +®,® fT=0 (A3-3)

Solving equation (A3-3), we have the following solution



tip) al Of -(110f fy(A3-2) Where CDO andare arbitrary functions and: Let's fix

the function 00 and regard (A3-1) as equation of Fe), this equation becomes

first order partial differential equation of Fe) to variables of y, u . To solve this

first ordgﬁartial difegsntiafrgluation, introduce the following pair of variables

p T et )Edqff.@ , ‘Bypdome calculations we have the foltowying

simplifie® equation (A$3B3uS f fy-cry:Df|Fp -HS/Sy fuF =0(A3-3) Solving

tion (A3-3), h the following solutign ,Of -00ffy  F = (-(1 fti .

< o S AR T S e oo o
selecting suitable junctions |9|r tEle mﬁﬁ)plng&]Ti feafjre *s useful. Not all r&% ng functﬁas arj acteptable if we seek
to desig IR IMHGD AR FHh & BTty SSlEs B SURARLE RE RS IOk R guiator optimal
control raEPENGst Juaisdeatulreiswisefiebd\Nbet ralkwppinguiping tiorsoas caaceeptaldedf in (9) of the
“Descriptj optmﬂ' & ' s r } iy still robust. Only
suitabIem|41%<':?;)§|éné.‘$ufr¥<):etlfgésg € surgé 31e st %Ii@%@g usftans% tﬂ? @ﬂig’?ﬁ%ﬁg@ t@ﬁ@cﬁ@&mﬁ

procpesgs ISTObUSt URdEr the quadratic regu?ator optimal control scheme. But

such optimal controller need be reversed by mapping functions, as
APPENg@tonstratesCHE(® of the "Description of the preferred embodiment”. It is not

Wwith ad3GERaFRNAIEAbRYSRIR YIRS RRRINRALFATRIISE B sillfRBYSLEI N dlRRIENe invented
HoOPOGwaiEpingvfich ¢ igvs @as urdd hestalilit\trendsobystnessa asrevealed in

HOPO(Am%mqi)ﬁ'ﬁ]e ABR&IN@%&S&F‘%Q}Q/ %ﬁ%%W&%ﬁP@M@@%W%%mmem processes

in the fqip@paradiens, it is adequate hereby to illustrate the detailed solution
Step-lzm&@wgmgfsgsq%ea{@ﬂmemﬁ% ;ﬁﬁbsmﬁpwgg(\)ggﬂﬁ\rflelopeqr ihn the
procedure of the following, sequential steps. cheme: invente
s BRI e [ et R,
5:5%'31 eﬁ%ﬁﬁﬂﬁégg fONTHgRRRYPEe SRdd O8RS R i e Y HORRBYE RS S drRapyehiunctions to
Proee to \9er|‘fy if the given process is QRH Step-2: When the process is QRH, apply
Step-4:{ffe mretiraduotiappesitdixsdidced esiy thao L) A optimalydohtibie} Step-3:
Step-S:\é(l)b%Q M?;?ec‘?é&’ ?Q%?pl%c@%ﬂé lt_lle 1 %'%%?%JF&QB?P&M&RP&B@%% gtoroptimal controller
giu RH

Appendix 3 to find mapping functions to pro*ect the process into
Step-6: Use mapping functions to reverse quadratic regulator op

process is obtained

imal controller, that a robust controller for the nonlinear

Step-7: Apply the controller of Step-2 or Step-6 to the process for industrial process control

All steps are apparent by now, except Step-4 which may not be straightforward. We will have more discussions on this.

It is known that the projected QRH process is stable under quadratic regulator optimal control. This means projected
controlled variable Z and manipulated variable W will eventually converge to zero. With the feature of Step-4, the
convergence of (Z, W) implies the convergence of (Yy,U). Since (Y,U) eventually converges to zero, by the definition

of control system stability, we conclude that the original process of (y, u) is indeed stable.

It is also known that the projected QRH process is robust under quadratic regulator optimal control. This indicates that
there exist areas surrounding the original model parameters such that, under model mismatch, the projected QRH

process is still stable. Step-4 indicates that mapping function shall project this area of coordinates system (Z,W) to the

corresponding new area of coordinates (y,u)surrounding the projected areas, that when model mismatch happens in
new areas, the system is still stable, or in another word, the original system under this control is robust.

From above descriptions and derivations, it can be seen that a novel method of process control has been provided,
whereby an industrial process is identified to be QRH or non-QRH, that a non-QRH process can be projected into QRH
by mapping functions, and quadratic regulator optimal controller can explicitly be solved for the projected QRH process
which can in turn be reversed to yield a suitable controller for the original process, thus achieving robust control for the
industrial process.

It will be understood that various modifications of this control technique may occur to those skilled in the art and it is
intended that this invention be limited only by the scope of the claims.
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Step-4: The mapping function must be selected such that (z,w)= 0 must imply
(y, u) = O Step-5: For the projected QRH process, apply the method of
Appendix 1 to obtain quadratic regulator optimal controller Step-6: Use

I claim:mapping functions to reverse quadratic regulator optimal controller, that a

1.

A FRNat SQMIRIIRT Kpiheonriliredr Rsacessia/ARtAINAR SteRntoPRIAPEs and manipulated
vargolet;chlemeftBteprdimSteps®ntoothe process for industrial process control Al

a) S%WQ&@B@&M&@%&W&}M whishsraynagtdasustraig htforward :

V%\ len Imiz grﬁemg%s%uﬁ)sgg Sm896|thlls It I tlér\]/ghlvver% g)lpashztigh %Lﬁ’qcé vari Ies

18 sta% e under quadratic regu ator optimal control. This means

©) pvalj%‘gé’qo v deter‘%’ﬁ’?&r]’ébﬁ@"’f M PHEHIPTaE dXa FRABIESH WAltesyEhtUAe said controlled

converge {o zero. With the feature of Step-4, the convergence of (z, w)
Meﬂ’ﬁﬂI?égf’fﬁédﬁﬁ\)@‘@@ﬁSEOB‘Pﬁﬁﬁjn@ﬁ*ﬁ:‘é’erﬁT%@FﬂﬂeﬂW ddhR/algdesto zero, by
a) theméfinitroresfapdtne| o ystem tsteilityoceeeee dhgdevtiiat theadrigmalpreeestss and said

of'f R REhERRESt AR FE L RAGHI AR PhESHIVTSRBYORH process is
b) rolzastronderageradnaic regudeittrdoptianiad eontdicty bisdiddiaatessthatstiverentrolled variables,

e RSV ARG BTIMITY 7% BRFIHANAIGIR PHARARRHSAS YRR THATC R Yerval of time;
Methoddclzins thiattiar ¢hreppsopcidrdn®Rid Psouesslessiilistalstdl Steipsal mditatessaid quadratic
reHHAPRUPRIFG Minction shall project this area of coordinates system (z, w) to
Methe! oO¢lers@dmdh Wage&rmﬁrmdinmwgc( mmﬁemm mhlecarm@etede non quadratic
{/z?%@%{ ;‘m %&e\ﬂﬂ’féj 9&%1" atey Hﬁpjﬁ?@ﬁgo fi %’”fﬁ V@\{ Fn"’}gédsiﬂ'ld manipulated

projected  controlléd s and prajected manipulated ,varab els tonsisting of said
RoRlolRARAIBEE Wershdh @J@Jﬂ@m@hwﬁtemaﬁ o dhisaeontiokis 1 uist. ‘homogeneous.

From above descriptions and derivations, it can be seen that a novel method

of process control has been provided, whereby an industrial process is

identified to be QRH or non-QRH, that a non-QRH process can be projected

into QRH by mapping functions, and quadratic regulator optimal controller

can explicitly be solved for the projected QRH process which can in turn be

reversed to yield a suitable controller for the original process, thus achieving

robust control for the industrial process. It will be understood that various

modifications of this control technique may occur to those skilled in the art

and it is intended that this invention be limited only by the scope of the

claims. | claim: 1. A method of providing robust controllers to processes

having plurality of controlled variables and manipulated variables, said

method comprising the steps of: a) Obtaining models of said processes which

are quadratic regulator homogeneous; b) Applying optimization methods to

said models to calculate values of said manipulated variables; c) Adjusting

said manipulated variables by adjustments of said calculated values for

moving said controlled variables to predetermined values; 2Method of claim

1, wherein step of obtaining models comprising at least one of the followings:

a) Applying theories and laws of nature to said processes having plurality of

said controlled variables and said manipulated variables, to obtain first

principle continuous or discrete models; b) Measuring variations in said

manipulated variables and effects of said variations on said controlled

variables, applying statistics methods on said measurements to obtain

empirical models at discrete interval of time; 3Method of claim 2 further

comprising verifying said first principle models or said empirical models are

said quadratic regulator homogeneous. 4Method of claim 2 further

comprising verifying said first principle models or said empirical models are

non quadratic regulator homogeneous, for deriving mapping functions to

convert said control variables and said manipulated variables into projected

controlled variables and projected manipulated variables, said models

consisting of said projected controlled variables and said projected

manipulated variables are said quadratic regulator homogeneous.
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