HOMOGENEOUS PROCESS OPTIMAL CONTROL (HOPOC)
BACKGROUND OF THE INVENTION This patent relates to a method of
nonlinear process control. We encounter process control everyday.
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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
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y(k) Where y(Kk) is controlled variable deviation at sampling interval k, u(k) is

manipulated variable at sampling interval k, y(k + 1) is controlled variable

deviation at sampling interval k + 1, F() is any mathematical function.
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Let's define the given non-QRH process model as (5): y(k + 1) = y(k) f
(y(k),u(k)) (5) Assumed there exist mapping functions projecting process (5)
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Step-2)thrasgliPRapping functions as (DO and FO shown as (6): z(k) _ cD(Y(K)) w(k) =
It a givér(ytkdeudkdvERe o@D this @ reiegkanivEeshaveinaypPRCESBAngite: ceepdinatetons @,
satstyimytanarTgbhuatich isi@Rineas skoyrmin (7). z(k + 1) = (D(Y(K)F(F(u(K)) =
fﬂ{. (W(K)) ( (ﬁlg(m%( Where z(k) is projected controlled variable at
Biilg inter Profeelirhdripliated variable at samplig?

Where HIEIMERI gtk sFe bk iRdRrQiected controlled variable at sampling interval k + 1,
F()is ylelded from f of (5) under the projections of cDO and PO . Process

(7 DERYQREFWRYeH)is same as (2), it is able to follow the same arguments
anc 1 P08 BROEEAN 10 ITC L ARTAIR el AL SROUANED, 22 S ERRAD: as shown i
(12), iREEMPHS SRGHINA: EK@E quadratlc fégulator cost function is defined to penalize

controlled variable deV|at|on z(k) and manipulated variable amplitudes w(k) ,

resultln in cost f ﬂl;)t(b théxds, dame as (3). By solving the

ngﬁl 3859 gell % yation, timal controller is obtained whicf3s

represented in the linear feedback form shown as (8) w(k) = Iz(k) (8)
Mappind\pplyiing snaipeingeunctioetsiyopyirgptacetalt) staddi(lgpirtoixd), wen hapeing functions are
suitableffp AREMEA B GRIRERIR BAR/HYSthe robust controller must satisfy. F(y(k),u(k) = |
step-3)Byiflke)) (9) Above discussion reveals a solution procedure of applying

hICh C rises of th steps. Step-1)

Forcon e R e BB Sy iven

pregass | it(is)able to verify if a given process is QRH. If the process igifpund

to be QRH, we can obtain the quadratic regulator optimal controller (4) which

We can anRhtP EELIHIPEOH GG BEn Bt atiiesrPepsts samt ey BiNdri¥tinction f
f tign (10) is h tof (Y, u) of (Y, ~
(&%&H@Q} ﬁglsfﬁﬁlﬂﬁn ligf (10) is homogeneous: tof (Y, u) of (Y, u) y(k) ~y

Appendix 1, we know a given function f (y(kg u(k))of
Since goyoresB{bhraetishipin

oferdition roPRsL QRHIQTINEreasta ayiviet ifulprttiorsés to yield a robust
°°””°”?§/(fé‘3 RO YR GRIBLE g;%‘f ﬁﬂf@ﬁf%’f?ﬁﬁ'@”(’i%ﬁ ?E”ﬁ%ﬁ”&jﬂ]ﬁ’ra gi%‘ﬁsif‘iﬂ%i'écnon If

a given process is verified by (10) to be non-QRH, it is shown in Appendix 2,
AppENMQ12bgmaAmnappimg\ImmcD F satisfying the mapping equation (11) will
There a(?(.Q %\d?gelr%emsoto € e LSU&M@’Re@é&‘&r“ﬁﬁng&e&f&%hf‘p o%¥s£|3 d |tg (ga‘t;]rqal control scheme: (i)

dynamidy/BEtERMBREIEY fHnchatissarRdedines as i 2CH Gk pI\imE (Vi 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)

YO _y ey 12

Al-1
dt y(0) (A0

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

yk +1) = y(k) £ (1)

y(k)

Whereby lis 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.

(A1-2)

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

5



And the converted QRH function isF(2(k),W(k)). The solution of mapping
equation (11) can be derived as shown in (12), illustrated in Appendix 3,
(A3-4): (Df (y(Df -(Toffy F=~()exp(J d~ d~ dp) (12) - yfu Mapping functions
@) cosdmdbbeissleglgdrarchulyaitallandsg e csitesitnstaiadostAppe RNy AaRbIBH time
apping functions are suitable to ensure the controller to be robust. Step-3)

m
(b) oPEYARHRG B P VIn R RELP IR FIACESH Botk), W(k)), optimal controller is
obtai:id as (13) W(k) = 12(k) (13) We can apply mapping functions on (13) to
obtain %’Hl}néfaﬁ&'ﬁ? ckss controller u(k) (14) F(y(K), it (K)) - | (D(y(K)\A1®
(14) Sifce any nonlinear process is either QRH or non-QRH, and HOPOC
Where weighlte) &pplied iff bethrahsasatouyiedts arnebusttepantraller, we have indeed
obtained the solution for designing a suitable nonlinear process controller.
AREERBYIK). ORHKAND OPTIMAL CONTROL There are four elemeffts4b
define Quadrat'cj Regulator Homogeneous (QRH) process and its optimal
Then 0%6'}?&%9%8'%%45 (5 "ERERTRE BECARMAHIL@SE o Erdhtittds that are
olasagzlgqy‘@)t a given time, (iii) optimization criterion, (iv) optimal con&?_lljgzr.
(i) Quadratic'Regulator Homogeneous (QRH process): If continuous process
Wwhere tasigtingoef. controlled variable y() and manipulated variable u(), which can

To find g&%ﬁ%@%ﬁﬁ%r%‘éﬁrﬁ'&‘c%'rl.yrd&é@?nﬁo FJIL 93 Jﬁ&é&%gﬁﬂ%ﬁg é&nﬁ%&%}) p(’c?l}élqg F@\l/fw"f}ing (A1-3) as:

Iscrete process consisting of controlled variable y() and manipulate

Y igtﬁ C%p}\mjrc 2be expressed eventually in the form of (A1-2) y(k:+1)
= Y(k§ g; )) (AX-2) ‘y(k) Whereby t is continuous time, k is discrete i terzlal,
mathematical function. Such process (Al-1) or (A 1-2) is defined

f()isan
The Hagfgﬁﬂ%%?)g’éﬁ%”ﬁaé‘gﬁfgfgp PRSRSSSeneous (QRH) process. Any continuous or
disCI§t& PLoe@sAlR) Carpo)Be- expyassedlyy (Al-1) or (Al-2) is defired as
non-QRH prdcess. (i) Quadratic Regulator Optimal Controller for QRH
Assumipy tcesginfap pagecdst far)cconiss iedolawiapieny ()pan dnrnamipulated variable u()
are, uantifiable2 and observable at any sampling time (b) optimization
crqie?i@n:@}f@f]ned by the cost function (A1-3) C = Y (ay(i)2 + )hu(i)2) (A1-3)

We obtéir?ﬁ%e‘/?é@@réﬁ/é’\éﬁigmm fBEIR Alhidrapasitive _real numbers. The one-step
cost is c(k) = ay(k)2 + f3u(k)2 (A1-4) Then optimal controller it () to minimize

céstloreminiay tky) 4 6a founas IR3-5): U™ (K) = ly(k) (AL-5) Where | is

real number.
Solving above Hamilton-Jocobi-Bellman equation yields the following set of equations:

{ay(k)z +pu(k)? + py(k +1)* = py(k)*

0 (A1-8)
a{wy(k)2 +pu(k)” + py(k+1)°}=0
The optimal controller U (+) is found to be:
u” (k) = ly(k) (A1-9)
Where variables |, P are obtained from the following set of equations:
I+ pf (I)=0
pl+p N ) ) (A1-10)
a+pl"+pf,(D)"=p

Note that fv () is defined as:

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



To find quadratic regulator optimal control scheme, let's consider the infinitive

optimization problem. Rewriting (A1-3) as: C =Y (ay(i)2 + fitt(i)2) (A1l-6) 1=0

The Hamilton-Jocobi-Bellman equation becomes: C'(y,k) = minfay(k)2 +
TherefoldUlRlh EcatiGfsUpak-toldle(dhel) o $SpMiRG skt QptioniAed)stagetmst H40aaNAL-g). Since
equatiohaa1tbe daltawingrmemaidads-Bakrawa)ated (KL-7) Py (k) oMdadedtai theJesursib& quadratic
requlat @Bt BoRfAEAQE (©ost function (A1-7) as: C’ (k) = min{ay(k)2 + lu(k)2 + py(k

+1)2} U Solving above Hamilton-Jocobi-Bellman equation yields the following
Take najeiobhe fliewinmBointy fiply+hakiRne pigdavisis for the{amk) 2f fayqiore F{higky2-» py@d-2). Unlike
the conyepyipnat QR ARLIEH efnThEcBptichar Bt traiBront()Lid fourrialy IRSUPd(le) ke jngey so that explicit
SO'”"W%@QTWP@%%‘&BI&V@&Ww%iﬁea"ﬁvb?ﬁ éOfB‘PIBWﬂ%{g“é@?'BFtéa'd%{ﬁ&% ~f

secondly RMBR {Ads BRImdetpfddd-A sshlRteataakfid) dsirftaechasitiotkdar¥d dMhined as shown
in (Al1- Whepeowngtak x&tﬁmemrtmrescv\dmn eupsaton g 1pd sarsaemtme@héob Bellyawequations  are

unsolv t ti tr IS ed explicitly, it is
difficult o a waﬁlﬁ:@o rla c%@é?(g éﬁﬁﬁﬁg@f@k{% r?)gjr]n% g é?s );Zro jmate optimal
controll@@ r{B@éalﬁ%b’éElon , 1tIS conc t at

is mdeed quadratlc regulator optimal controller u® () Take note of the

Lastly. {aaRfATY Bﬁlﬁ?éc‘ﬁﬁg'iﬁ?'stﬂgr%c@‘ﬁﬁ PR ISHEH B E BT c‘?u&‘i“\‘tt’fﬁ‘p"c” optimal

R R A G %ﬁﬁ%”"&i%ﬁﬁﬁéﬁ%%%f@%é@ﬁ RS BT SAE (a1 201 o
find the ’GYLT(;]'(%VW M;mg § P%b‘aﬂ}{yr%%@&?u%ﬁté'eﬁ%rﬁﬁgﬁt \%Qﬂﬁ@'tu @PJEWQQ (Qalfculated by simply

timal cpntrolle gan be \% tlnon aI oW nQe to be 0
Itipl i b = { te to b lied
Ir:;ug rﬁ%ﬁﬁﬁé}m@j functlor? néoeco\rll%lr y,elflzr{r?llton Jaco Be fmarllS &?ﬁa?%ﬁa{é?nebo @ applied in

solved and explicit optimal control solution can be obtained as shown in
(A1-9). According to existing control schemes, most nonlinear process
APPENHXrAI IR JACEINB EaN@duations are unsolvable that optimal controllers

It is intéFRBdNOthRenchiRMRGsPHoItYC othe-p pdHmakcabiealiarcrmnehbe g9 ednear processes are
non-QRéd i |Git5/amp¢9ddlfﬁompwcapwwmnsmius@nfadnpﬁ}wss)esnEm% iTfe@redewhich is a partial

T O TR AR A DT o o o

ften found to be effective only in Special cases. Lastly, finding QRH optimal

QRH M&Bﬂ%ﬁ%‘l‘ﬁ%"ﬂo‘f"é%ﬁ?ﬁl@ﬁafé’é%eésoﬁ%@ equation (Al-10) to find 1, p and the
exghcitlypptifm@i(koountkd)ler is obtained. (Al-10) is a nonlinear equation, izerne
are many numerical methods, for example Matlab, that are available to solve
Supposgbeis @fflanan aeeritatesiontfHariiore, only once it is required to solve
ngnllaﬂ% SQJti ﬁﬁl 10) to find the unknown parameters 1, p . Any future
adjustments of manlpulated variable UO can be calculated by simply
Such tatHigp hdnpiconsiantaaines vzith eontieliececadablesny @) QBHOhBHI IRBCheppidg functions

D(), lT@mQﬁ AARMAPLALS tRB8 ARR IeGtiMNdifferential equation (A2-2)

[0] f, -0 @', - 0D f T, +@ D fI=0 (A2-2)
Where:
q)f :®(f)’®y:M’®f :M
oy of

or(y,u or(y,u
r -y );ry: (y,u)
ou oy
fo_of(yu). . _of(y.u)
Y oy " au
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).



industrial process control. APPENDIX 2. QRH MAPPING EQUATION lItis

intended in this invention to apply HOPOC to other nonlinear processes

control, and many nonlinear processes are non-QRH. In this appendix, a
Firstly , la@{afeiivg @6 uedéesniscdeditead i hislet $diame gRoes o KIFeQ tadN nudd iesig @juation (A2-
2).  partial differential equation. By solving the mapping equation we obtain the

For norfi%a SQC”AQPAZJQ fH&Lﬂh%’?#aE'B%%%l%ﬁ& @@*Qv%%lmé’ﬁ%%%% R RRH gBhH)%

resolving the difficulty of applying H HOPOC in nonlinear processes. Q

o AR e = 6

W=F(y,it) Such that the palr of mapped variables 2(),W()are projected to form

r@éés(s((me(u(ﬁn)ib funct| t and shall sa
Hopo%? W.%Sg partlalzqqgerentla eﬂlon %g)?[ggfﬂ) %E)yz(ﬁ’v fﬁ'ﬁ lﬁg’s rlomogeneous
Theorerh&jidIyfiet-=0 (A2-2) Where: (D f (D ; (D yy),cD=a) F aF(y u) Far(y,u)au

?f f((u, u) N te 2-2) is necessary and
z(k )QMQMEQ py,0vhen mapping fungioms
G3atisfy edlétion (A2-2), the@)f\ban prolé(ﬁ)non -QRH process into QRH;

S,mp“fwgggﬁ@aﬁcﬁwmm@gg%&gon which is able to project non-QRH process
into QRH, must satisfy maEEmg equatlon (A2-2). 7 Firstly , let's derive the

= qﬂé’éesé@ﬂ/ corditon)-orkF gRojecfHdnN-QRH process into QRH, they must

ang  Satisfy equation (A2- 2). For nonlinear process (A2-1), under the mapping
functions CD, F , we obtain ma plng functions as below z(k + 1) = CD(Y(k +

Y F ISR /ARy = 2BTD( (v (), (u(K) (A2-3) 2(K) D (F (y (K), (u(K))

“HOPOC fequirég be QRH toafla(y)/P(y,u)or z/W, hence from Euler's
Homogeneous z(k) Theorem it is found: z(k) a (D (f (y (k), (u(k)))) + w(k) a

r - {8, u &) (A2-4) 8z z(k) 8W z(k) Simplifying derivation with
folawvmg notatior®y: (D=CD(Y)=z(k) F=F(Y,u)=w(k) CDf=(1) (f) And f = cD(f);

6¥(y Cu:)9(lf3 _Ca_f (a)g) )1 ar(Y,u) F=ar(Y,u),y au C9Y

f
y oy ou
We have:
aa CEO0), (k) P L, -0, f,T, -0 @', (A2:5)
7 z(k) D? CDyFU
aaw @WK, _ L (A2-6)
2(k) @r,

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

[@D,f, -® @', -0, f,[,+D @ fI =0

fluty
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:

0 @(f (y(k), (u(k)) 0 @(f(y(k), (uk))
2(k)—( 2(K) )+ wlk)— 2(K) )=0

Suppose that:

H (2 - cp(f(yix')(u(k»)




fy= c9f (y'u);fu=af(au,u) We have: 8 ( CD(f(Y(k),(u(k)))
_deffyFU-CDDffuTy-CyCflu (A2-5) 8z z(k) ) cD2cDyFu 8 (CD(f (y (k), (a(k))))
=fuC f (A2-6) 8w z(k) cDF Substitute (A2-5) and (A2-6) into (A2-4) we have
Equaticth@3vappibgveigeradion (A2-2), [cDcD f fy - Cycf JFu - DD ffuTy +CD fCyfuF =
ich ipliesithat proper mapping functions must satisfy equation (A2-2)
Z% 59 Qe\ﬁ adlder the sufficient condition: if cD, F satisfy equation
a60\2-2), the all project non-QRH process into QRH. From equation (A2-2),
Solving (AR Yifieh{A 30 ionerhaye, ineervatienmida)serigitten as below: z(k) a (D
(f (y (k), (it (K))) ) + w(k) a ((D(f (Y(k), (it (k))))=O 8z z(k) 8W z(k) Suppose
H (z, \j &t @) w) = (D (f (v (k), (it (k))) z(k) 8 Equation (A2-4) can be written as: z
(z,W)+W 8H(z,W) =0 az 8W Solving partial differential equation of H(z, W)
Where (- "é/\a/ﬁb\iNer hfﬁxg'gpe rﬁng&iioa?e:s Ha‘zrﬁz;l[\)l in: If:n\{}{)nszsvt}/?yeereugigni Aqr?it¥a£ t non-ORH process
fﬁ:ého(g. s inaicates tha mapping furctions satsty equatio 2(,3\23-25 pl’Ojegt

M0 R oM-ORH process into QRH indeed. Non-QRH processes being able to be

Non-Q eI bEIPIPITEIF AR REAtIren AR BB afpl P@%‘&? g ef HOPOC to
I o i AP ULk e Sovored o
Appendix 3, solution procedure is developed for solving the mapping
functions from QRH mapping equation (A2-2). APPENDIX 3. QRH MAPPING
APPENPUINCRRIONS Ahiis Ve AT suggests one solution procedure to solve the
This invegfivatioguéAeR saistidemetoped tinsthve thel kowang. (QRH &g imgdfuhetidngng.
QRH ) r%oéﬁmgﬁ‘? %b%%ggﬁ%pér&éy%%gﬁﬂg fﬁRtlﬁlsSa;ﬁfyég%ﬁqéj@tﬁ[&ﬂo(‘qgi%’ which is rewritten
as (As_yyhlc Is rewritten as (A3-1) [(h(h ffy -(Dycf]Fu -(h(hffLF, +(D f(DYLF =
(A3-1) The solution can be found as (A3-1) (Df cy~f -axffy F = ~() exp(J d~
df@p) {A3-2) D \J, wiehe () -aft D) fake=ibitrary functions and:  (A3-1)

The solution can be found as (A3-1)
Q' - f,
QD f,

f o
r=&(C-)exp([ p) a2

Where (I)() and cf() are arbitrary functions and:

@f
p=g
g=u

Let’s fix the function (I)() 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,

®f
pZF
g=u

And let:

r, - or'(p.q)
ap

By some calculations we have the following simplified equation (A3-3)
f
[@D f,-D ®'0,+® D, f =0 (A3-3)

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



(f p=(D g=it Let's fix the function (D() and regard (A3-1) as equation of F() ,
this equation becomes first order partial differential equation of F() to
variables of y, it . To solve this first order partial differential equation,
|ntroduc&)the follown@paqug&)venables p.q (if p=(D g=u And let: F ff(p,g) p
aj Byfome eqit lat?enswe—h&vd—tde)followmg simplified equation (Ag3)yjae
f fy -CDBFQ +($ f(h@fL‘Py- ﬁ) (A3-3) Solvmg equatlon (A3 3) we have the
followin solutlon 9 Df D f F=

It is found |n ab lution pro e ur at th nf| i gﬁg ows the liberty of
A 3 ove%@) Ion roce ire - that tte Sl |on

selectln e functions, for fhe ma iure I uI Not cceptable if we seek
to desi B?JQ(SGOW %Qnﬁ ctef @%Br]@gg ﬁlc regulator optimal
control mappengst élihlsd;eatmrenecmseﬁahdl\thetratlemp@mgarfpm@mmm&)aseaaweeptabéedfm (9) of the
Descrigfjen<bidie RIGRIERS| ﬁbsotesfet DR OREr I desititcuRaEdTIeIRBe EratptoRypI robust. Only
Su'table ma%pmsqs lfgcp(% StUndert uadrr%t'fcs;t??essu 5{8‘{686{1 control scheme. But

such optimal controller need be reversed by mapping functlons, as
APPENemonstatestHE(®) of the "Description of the preferred embodiment”. It is

With ab@@at NERERREY JQE&@M&?@ fﬁy%ﬁé%@Q@JQBQW i%ﬂ&f@k@d@taﬁgu g@m&ﬁtp&@!ﬂlre of the invented
HOPOGshitatdke whiappiteydiapctions pnsieetbienstaliiviyangieataustness, as revealed

HOPO&%&QQ@“% iﬂvéﬁg&) m%&emgﬁ@ S?a %HEM’%&%%@R@% mgmugmnear processes
in the fqip@paradions, it is adequate hereby to illustrate the detailed solution

Step-1: MQ@@HE@%&E&%@M&H@e#@%@%WrW@Q@ Wgelope%:n the

ure of the followin e ste cheme: inve
sen 2 R P LT G Ee i TR B Al T Ko
Steps’t Bee%ég?qsgghé TR greteps: ’S‘t‘@ﬁf’ PP OrRe ey PEIHBRTBYEA&D (! mapping functions to
P rheorem to if the given process is QRH Step-2: When the process is
Step-4: QR IFhaegol ju th@mmeth oelsekAppentixa {8,80sigmebust@R bptifal controller
Step-5: §3?9|e prc\)ﬂgaggl Qﬁ &(Iggesgsg'pp rh%rranrR éi_l Of%BPeIde? tm 0% Q QQUQ&ABP éljg%r%p%mgl controller

pendix 3 to find mapping functions to project the process into
Srtggei§‘§§?”ﬂﬁpgﬁéuﬁ‘i&°ﬁﬁngetﬁF?EtFéfﬁdfﬁtfs“F%a?éfé’&% SOEIThAEE2, OBy LogHRtftor the nonlinear
t) = 0 Step-5: For the projected QRH process, apply the method of
Step-7: Ab?ﬁ‘éhﬁﬁ?ﬁ‘t%‘%ﬂtéfﬁpcﬁfé&t‘é‘ttétPéB%'i’é‘tb?%Bfﬂ’ﬁ’éﬂF‘E&'rﬂ'P&ﬁ%?“ﬁ 8b-6: Use
All stepsraappipyeitt e tion Steepediepsevigiadpatiotiegigufooystitnée ed Hired e ¢héscgpsions on this.

It is knb@RUsk aRNiFgaEfRheBaRINEakbRIARRPSUSIRBa NI efinTa ARl tE means projected
controlligbmtriotier bf BtepapineStepGie the it cregsafiprcamderserial J8roceis erfitpbire of Step-4, the

convergence of (Z,W) implies the convergence of (y,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.

| 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;
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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.
c) Thigisimeaswiprejaciedd ceridbeled \aliiaiiene ahdam anipidatedhvesiébledingifiid controlled
eVERHFSIY EeANRRIE Y2 Ef0. With the feature of Step-4, the convergence of
Me(lzod/9) dliplie g/téreircoavergertes ofofg)sithnBiiste {yicit everitbalyiaorserges to
a) ZaFAwiRY therdetinitions of cantrel systemstabilityinWaranchidadhatidied variables and said
ongiralapocessasf hygbipisfimdeedpstadieuiusalsorknowtelthat the projected
b) QiR RHRCRBAIh AbLS: HRABHIALRH RGeS ooy @IQiORtmal B8Rl od BiRI controlled variables,
irrditate stéhmits thethede xis st emsssemeus tinigaih enmiigiah albfeb dedipagminetexsof time;
metoaltbaR URGRERAHRLAYSTBIs b arRTRIRGIRMMEIRE b RERCERSHISHHSPRIEsaid quadratic

regBtep-brindévates that mapping function shall project this area of coordinates

MeBbateridiz MHiRethempsiRgSPANAING MRV SRR H A INAIE S HYHES HEQWWINGN quadratic
rediigop rojeetettauedy, thatnyemmnodelcmisntatonvbappe sl rvevadeeas] #ae manipulated
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is robust. From a ove escrlp ions and erlvatlons 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; 10 c)
Adjusting said manipulated variables by adjustments of said calculated
values for moving said controlled variables to predetermined values; 2.
Method 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, 3. Method of claim 2 further
comprising verifying said first principle models or said empirical models are
said quadratic regulator homogeneous. 4. Method 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. 11
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