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## 5270695221 : MAJOR ELECTRICAL ENGINEERING

KEYWORDS : MODEL PREDICTIVE CONTROL / INTERIOR POINT METHOD / ACTIVE

SET METHOD / ADVANCE PROCESS CONTROL
VIMONRAT EM-IM : A COMPARISON OF ACTIVE SET AND INTERIOR POINT
METHODS FOR MODEL PREDICTIVE CONTROL WITH APPLICATION TO BINARY
DISTILLATION COLUMN. ADVISOR : PROF. DAVID BANJERDPONGCHAIL

Ph.D., 83 pp.

Model Predictive Control (MPC) is one of the advanced process control strategies that
play an important role in industrial control automation. In order to compute the optimal control
signal, MPC is formulated as quadratic program problems. Sometimes, solving the optimization
problems takes more computational time than the sampling time, which causes limitation of MPC
to only slow response processes. This thesis presents the development of MPC in order to
decrease the computational time. This research results are divided into two parts. The first part
consists of computer simulation of MPC with application to the distillation column and the liquid
level control process. We compare the output responses and control inputs computed by the active
set and the interior point methods. The results show that both algorithms can control process with
satisfaction and the computational time is less than the sampling time. Moreover, MPC using the
active set method appears to be faster than MPC using the interior point method. In the second
part, we implement MPC using the active set method on the distributed control systems
(DCS) and apply MPC to the liquid level control process. The results show that MPC using the
active set method can control the liquid level control process and track the reference inputs. When
comparing with PID control, MPC using the active set method gives faster responses and the

control inputs satisfy the bounding constraints.
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Wandudunuuazion luisaududsil

J=(Rs - Y (R, — Y)+ AUTRAU (2.22)

AU < AU < AUMoT (2.23)

o F) a

o r(k;) Ao dayanmd1ed aglan

uae

R= TwINcXNm Tw >0

{ Y o A o Jo Y ) 4 o
MM AU Mg an agdeamdayananiuquinh lddasdudunu (J) Tadige ieedo

aunis (2.21) Lmuaﬂuﬁaﬁﬁﬁuﬁ’unumuaumi (2.22) %"lﬁ'ﬁaf‘{%w’fuumﬂu

J = (R — Fa(ks))T(Rs — Fa(ks)) — 2AUTST (R, — Fa(k)) + AUT(BTD + R)AU
(2.24)
1nauns 2.24) 181 wal (Ry — Fr(k)T(Rs — Frlk:)) Wnadnsiiluminei 590 7ma

9

demamuInma AU finingdy faiu sunsaeuitansudunu g 138l
Jnew = AUT(®@T® + R)AU 4 2AUT®T (Fx(k;) — Ry) (2.25)

Jo 9 hdy o o w . = o w
WangudunulmitinseanuTdsunsumaaaed (Quadratic Problem: QP) &4 T1sunsumaiaes

pazdIsmsudtlaveenandenvazidealuivedaly
2.5 maudifayrldsunsuiasaes

o w I % ' { . .
Tsunsumasaeuilugununiisveafymimswiaunuziga (Optimization problem)

Y

{ < o w 4 v o d a o
allsnFudunuilumdsaewaziGou lviliduiluaumadadu sluuuia ldveatlam

o w = Y o dy
HEGRGGN ﬁ'1lﬂ§i‘llﬂlﬂuvl,ﬂ@\1u
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ming, %xTQx +cly (2.26)
subject to CLZTI =b,i€&

a?asﬁbi,ief

A I 1 Liyo o A v W I T Liyo o A v o
e & Whusalsgdmsuneu lviisnuunuaunisuas Z lwwaiddmivneu lyay
upveaums dmsumsmiaunuzigavesdym ldsunsumaedesannsonm ldna1els
= 9 o A ' ~ & 1an A A o I’ Y o Aa
Anw lannmisdemsmannmnzigand l uadsndenhunlssgnalsnumsaiuguds
o o = a9 (% A ax = . an
MNeuUDI1a03l 2 350280 Ao I5sauenu (Active Set Method) taziIByan1elu
. . a a ? o A= ! = Y o w
(Interior Point Method) TuIngntinusniiuuainanemsuntaym lsunsumaiaeslag

o A = asy 1 g}/ = = v Y 1
GTﬁEJJﬁL“D’GILL@f‘l‘VI‘I/\ILLﬁZ?‘ﬁﬂ@Iﬂ"IEJTL!L‘VI"IH‘L! iwazL@a@mmsaﬁﬂy1”lﬁ’ﬁlumeue@m”lﬂ
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TauoniwituiIsnldmidinouvesTlsunsuiasaesiniifou lutiinuuny
9 v A v o I ' v & Y I =
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1 : < 1 1 { ] X
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ax A a ] A A a Y . . 9 <
VDIIHNITUNDY 2 AU FIULINABD NITLADNNANINNITAUN (Search Direction) Aoty

A o

a { o " 2 v J o v : o v
A I milisineu (Feasible) tagduiusnuma W dndiunilene d1au75 luns
{ H 4 (%} % Q' (% d

nlaswasa W Tagn@ou lvifsuazmiuan 1 luea W rioszdaoonaina W Tamilulal
d‘ d' 9 1 = 1 (% d’d 1 1 d’ v W

amueuluiiaz 1dnandeae i nasnindlinsudsnguaealou lviiaunuueaunis
I [ 9 Y- o A A v o = 1 =

ponilu 2 nquudn vz 18 1dsunsumasaesnliou luilsaunuuaunsiiosodauded uag
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NITAUNRTINANI mmmumaamﬂu 3058 ANU
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ATUN 1 ﬂ'lﬂﬁﬂ'l\‘lﬂ'liﬂuﬂ'lﬂﬂ'llﬂugflm 1Hange x whlmjmzuu Fﬂglﬂuﬂﬂ‘ﬂiJﬂ'l
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!Wll'lgﬁt:fﬂ uazaeanaoInuss W ynsuung
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1

oy, = min [1, min { bi D¢ W, az-Tdk > 0}} 2.27)
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an o

ax = = = t;}
SiranonN NI ILeVITAIN

' v v
1. Gudu Taeimuald £ = 0 uazauyAmAan1usuaY (d) NNUUNIBAVD
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2. wianumandeui (dy) Tasmsmmgavesiensudunuinditon luiiany

Q

AT 2

1A A A A & d A ]
3. mafuﬁaummmqmsmaaummmtﬂuquﬂma"bJ

1.1

1.2

a A = 13 dq Yo J < !
windgnumsaaoud ludlugud I unamaisayl (o) 91nmsnim

v
o

MgAMNANNT 2.27
1 1 <3 { 1 Y]
L1 wammaddnldunnin 1 189ewan 21 = 2k + ardy 482
9
aav 'l 3
[ 1 [~ { [ A o ] A .
112 mammadlnlddesndn 1 Wuduaan ¢ il luwavea
1 . 4
Reu lvifdunueniiv 9218 Wi, udvenaluvidde 3
A A A /q 9 o o
winiantemaadeuidugudlddiuiunidgigu g andunis

= min
Ha ieINWy,

o S v 9 1 J Qlay Ad' Ad' % 1 dy
12,1 wndgaiiadesnigud Tdnatonlvndn1sd ¢ oonaniwaues
4 v o A ] v o o 3w
gou lvifsrvunueniivl a21d Wiy udenduldvigve 3

o 1 1 1w 4 T A 4 { A
122 WIAAIaliAnNNHIBMINUAUE LaaINmNaN1NMsnAaeunn

1 1T A
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mu’;m”lmﬂuﬂmmqﬂclwwqﬂmimmmummmmﬁwNmi

o 9
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maauwuu@@ﬂmﬂugmmmmﬂmﬂaﬂuuﬂmﬁmmmm
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Set k -0, give dy , find Wy

N |

i

Find the feasible direction by solving
1

min —d; Qdy + gy di

. dp 2

subject to

aldy —b; =0,i€ W,

no es
ag=1 X
h 4 h A
Compute » Compute the multipliers p
_ % . ogby—aian | T ooy . ;
ap = m]n[l,?nznl{—aw 11 g Wy,aldp >0} >0 Set ug = iEI}’HEVk Mi
set xpqp1 = zp + opdy

yes @ no
h 4

] Drop q from 1, to define i, |

A 4

Add i intoW; to define Wi ., Stopand
£y is optimal

d' = a ay =
31N 2.2 szillsndsue ITALBN N

2.5.2 I5gamaly

an

3 Aa Y 9 1 = o w Aa ¥ A
pyaneluilunienldundgymimsmaunnes igad s uilymininadon |y
WIAUMUDAUMSHAZLUVOENNT 1IN TN 24 WU Seu luliduvesnguinisaiunu
a o o A a A Jd gd = = v &
waiguuUIIaesiaus luaneinusianinduuyeaun1siewuv@ed A9UY 910

=2 A A Y] R Yy
qUNIT (2.26) ﬁ]\‘]Wﬁ]'lﬁm']lﬂw'lglﬂﬂu"léllﬂﬂﬂﬂllﬂﬂﬂﬁllﬂ']iwnuu ﬂgllﬂ!ﬂ_]u

min, %.ITTQ.T +clx (2.26)

subject to CLZTI < b;

4
any =3 A

A a a ¢ o A Y ad g = 9
ﬁi}ﬂﬂ’lﬂiuwlﬁuaiuj%fl’luwu‘ﬁa‘]_lﬂu ﬂigﬂﬂﬂﬂjﬂ 2 V]i]ﬂaﬂlﬂuwuﬁ’lu B NHYHHUUIATU

(Barrier Method) t1agng¥fHIAU (Newton’s Method)

2.5.2.1 N UUIAIY

a2 Y Yo Y Y 1 ~ A A
NHHHLUUINU Gl“]fﬁ’lﬂT]_lLLﬂﬁilluVi']ﬂ'lf!'WWﬂ'lLWN'lgﬂq@]eU@{lﬁiUuw'l‘ﬂMLQE]UUIGU

v o

o v v ¥ 4
JAVULVUDFAUNIT Tﬂwaﬂmimawqy@uumm ﬁ'ﬂ ﬁ'ENﬂ'li’(?fi'l\‘lqﬁlﬂ!,L‘]J‘]_IGU?J\‘lﬁﬂJUW'lﬁﬂuul"U

v o

wunvyeauns Waaadudaymiten lviliduuuvaumsviofutdama liiteu Ty
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v o & o q Yq ¥ N < y ' 2 4 9 v o q ¥
1Ay Feazinldldnguirduudmannuzigalalasiie Guusnisuduaronisvinldi
4 v o 1 > o o & a
MouluisAunuveaumsdsingegluieidudunu Taeordoansuasnnissy vz 1@

1 S
min §ITQ£E + e — (1/t) Z; log(b; — aij) (2.27)
Jj=

[ A A A dy 1A A o Y A o 9
NTUNIT 2.27 WU LD £ UAUNUNUINYY ﬂ?ﬁﬁ?ﬂ?ﬂlﬁﬂ?%ﬂgﬂ‘uﬂﬂﬁ\?ﬂ%uﬁunu&ﬂ‘ﬂ']ulﬂ

2 v & = a A v % Jo 9 Y Y
1MUU ANUU iN‘W%"IS‘EI»!TﬂﬂJuViTVI‘ﬂﬁWﬂﬂullﬂ‘hﬂﬂﬂﬂTﬁﬂmﬁﬂﬂ‘ﬁ‘Hﬁunuﬂ')fl 4 %311@

Hgll t(%xTQx + ) — Z log(b; — a;»FLT) (2.28)
j=1
mnuald
p(x) = — Zlog(bj - (];F’I‘)
j=1
wla
‘ m Qs
Volr) =) gty = Ald (2.29)
a1 e aj x
2 a;al
V2o(z) = % = AT diag(d)?A (2.30)
j=1 ( T aj T)

Taef d = (1/(by — aTx).....1/(by — aT.a))

(Z

2.5.2.1 nQuYUIAY

Aaa o ] A A A 9 o o 9 1 ~
Vlf]'k!lj]u'll@]ul‘lluﬁl‘ﬁ°I/]°LlfJiJGlGISﬁTH3ULLﬂ‘ﬂﬂJuﬁ?ﬂ?ﬁﬁTﬂTlWNTgﬂq@ﬂJﬂ\iﬂﬂJWT
td'dd' v o A J Ai' ti' Idd‘ v o a
VI‘JJN’E)uul‘lJ‘]Nﬂ‘]JLL‘U‘]JﬁiJﬂTﬁﬁﬁ’f)ﬂﬂJﬁ"lﬂTiﬁTﬂHWiJ'lgVlﬁﬂﬂullllllx‘l’ﬂuul‘uﬂﬂﬂﬂ WITTWUIIN

9 q

auns 2.27 lugl

f(z) = min, t(327 Qz + ") + ¢(z) (2.31)

[

~ ax aAa o a 9 dy

IﬂEJiZL‘]JEJ‘]J’J‘E"]JENT]‘E]‘]%I@]U’JG]HE]‘F]HEJ% N
) v 2 Y

1. NTUUANIYALTNAU Zg LT €

2. MUIAMINANIIMIIAaUN 1ag

v=—2f(z) v fz)
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3. MUIMKIAINIING L, 1AeD1A8I5 Back Tracking Line Search @13

=

= Aaxt
seleuIngUN 2.3

4. DWANA 2 = = + {0

5. @579@9UMN

f(k) = fk+1)[| <€
6. vindouluiluaze uaasn = Ausimunziga vindeu v luiluas
4
Trtnav Tvihahdoe 2

~ axA ~ < Yo A
mﬂizmEJ‘]J’J‘E‘V]ﬂm’nﬂf‘fnﬂiﬂl,"lJEJul,‘]Jul,LNuﬂ1Wvlﬂ QT]J‘V' 2.4

[Given xg and € > 0. ]

v

[ Choose ts =1, a € (0,0.5),and 3 € (0,1). ]

.
[
4

Setts = Bts

T(zn + tsAzp) < f(x) + atsV f(z2e)T ATy

[ Stop and ¢, is suitable. ]

A 2 an . .
gﬂ“ﬂ 2.3 321U8UID Backtracking line search
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[Given zg and € > 0. ]

€
y

b

From .
1
flow) = H52E Qup + eTax) — Y log(b; — af zk)
=1
Define v =—V2f(2)"'Vf(2)
v
[ Compute Line Search ts by Backtracking Line Search ]

[SEt Ikil = I +fH'U]

[ Stop and @41 is optimal. ]

d' = axy aAa U
31]1/1 2.4 321UgUITUNINOHY UINY

A a = 9 aa o a < ~ an
VINNDTUIINGHYUUINTUUASNH B UIAU ’L’Hlﬂiﬂ’ﬁ]‘ﬁlﬂﬁllﬂuigmEJ‘]J’J‘ﬁi]ﬂﬂwslu

1. By mMuua x>0, 0> 0age>0

9 [
2. antumuIn 2*(t) 1A = Tagedenguiaumamdmgaues
1 m
flz) = t(ixTQm 4Ty — Z log(b; — ajT:c)
j=1

3. oNaNn x = z* (1)
4. asvaououluin m/t <e uin'li dudeulyliiusse 1Homan
t = pt mnlonluiluie uaash = Wuaunanzigaiisiuan 18§03t

yameluy

=

I Y o
gansaeusluumunnldassla 2.5

U
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[Given z, p>0,¢t>0and E}U-]

€
y

Compute z*(t) by minimize

flz) = t(%:c:TQ;I: +¢T2) = Y log(b; — aTa)

=
using Newton's Method. !

W

[ Update z = x*(t). ]

m/t <e

>
Mo

Yes

[Stop and x is optimal. ]

~ = Aan Aas
317 2.5 szdisnITveTTYAme Ty

2.6 vnajyl

2, a a o o P ) v
Gluumummuamqygmimmﬂmmwm1EJmJm1aamuuaau”laumml,ﬂummmﬂﬂum1

)

mMsmaurzigaosmudygunuauiminzay Tasdyrinsmiaunuiziga

2

= a o o g‘/ I o w = o
Usng lumgumsnmuguissinneuuuiiassiuilulym Tlsunsumaides 3ainausds
[ 4 a 9 (% 9 o @ v Aa
lumsmannungigaaeaisaleny ae msuntdanildsunsumdiaeslasordedsiaon
k) o w v A 1 °
il wazmisuddym TlsunsumidsaesTnserdedisyanielu Tuunas lvziihmgufnis

) o o Iq 9
MmuguEinnenuaswuveou la lilszgndldaiugunszuiums



VNN 3
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3.1 Unin

wdannInandmgeimsauaudainneuusiaesluuniisun 1uuwﬁﬁ1wqy§
MInUAUFIsUUTaoalizgnd lFTurenaunsnmITesriiauaznszuIug
AVAVIEAVVDIINAD Tawifionuaeendi 2 dau Tasludruusnesuiefanganssu
paA3zney ANHATNIMEAN uazuULTIaIIeIHEnALIENMI Yl Tuaoutiovea
druusnetemssiassnauaznanstauesi 1d ludauficesndnienszuiumsniugu
SEAUYRAUNA MITYYONANYAIYDINTZUIUMS LagmITiasswaiumsnIugunszUIUMS

fluidegane
3.2 vionauuEnNaIsaeIrHa

i+ Coolant Condenser
Cooaling valve
water %
Reflux (R)
controller
e s XD
Reflux Distillation
—  valve valve
Coloumn )
R
— x
F
Reboiler (V) I Feed
- controller valve
H
Steami

valve . _-.®_1
., |
; Coloumn !

Reboiler t |. base é B

Bottom valve

s s ———————

319 3.1 uwum e LN AT 0T A
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150
151 Li--———-———- REFERENCE -------—-- 1
152| =_Rs = = _op*Np
153 | rsl= LV _T1.8V
154 | for r=1 to = Rs=
154 Rslrl=rsl
156 | nextd
157]
158 Ll-—====-=—= COMPUTE ¢ —=-==-==== 11
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1/3 | newtd
164 | vA1[1i] = war-Rs[i]
165 | nextd
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488 | end 1f
439]
490 | until | {(iter==itermax) | (mumin == 0.000001) }
451 |
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Taalisunsuiseamely

an

= ag A a dy A = I Y
AMNITLVIVITUDI ﬁ@ﬂﬂ?ﬂiuﬂﬂﬁlﬂﬂqiquruﬂﬁTUﬂV]2ﬁﬁm13ﬂﬁﬁﬂuﬂu1ﬂﬂjﬂiuﬂin

[

MATLAB (m file) 1¢ 91931

function [xmin, fmin] = IP4(x,Q,c,A,b)
t = 1;
mu = 10;

eps = le-8;
tol = 1le-8;
iterOut=1;
m = length(b);

oe
o

while (m/t > tol)
iterIn=1;

while (1) $%Newton's Method

const = b-A*x;

GradL = 1./const; $%Gradient of Log barrier function
d=GradL."2;

HesL=diag(d) ; $%Hessian of Log barrier function

o
o

Function of QP with log barrier function
f = t*(x'"*Q*x/2+c'*x) -sum(log (b-A*x)) ;

Gradf = t* (Q'*x+c)+A'*GradL; %$%Gradient of £
Hesf = t*Q+A'*HesL*A; $%Hessian of £

oe
o

Newton's Method

dk = -inv (Hesf) *Gradf; $%Find direction
alpha = 0.1;

beta = 0.1;

s = 1;
while (1) %$%Start Backtracking line search
X new = x+s*dk;
7 = t*(x_new'*Q*x_new/2+c'*x_new)—sum(log(b—A*x_new));

Plus = alpha*s* (t* (Q'*x+c)+A'*Gradl) '*dk;
Y = f+Plus;

if z>Y || sum(logical ((b-A*x new)<0))
s = beta*s;
else
break;
end
end %$%End Backtracking line search

fl=t*(x_new'*Q*x_new/2+c'*x_new)—sum(log(b—A*x_new));



if (abs (fl-f)>eps)

X=X _new;
iterIn=iterIn+l;
else
break;
end
end
t=mu*t; %%Update

iterOut=iterOut+1;
Xmin=x new;
fmin=£f1;

end

%$%Newton's Condition Checking
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