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Review of Model Predictive Control Tuning Methods and Modern
Tuning Solutions

Ali Khaki Sedigh, Peyman Bagheri

Abstract: Model Predictive Controllers (MPC) are effective control strategies widely used in
the industry. The desirable MPC performance requires appropriate tuning of the controller
parameters. However, the MPC tuning parameters are related to the closed loop characteristics in a
complex and nonlinear manner, so the tuning procedure is an intricate problem, which has received
much attention in recent decades. In this paper, the effects of each tuning parameter on the closed
loop behavior are studied. Then, the issue of MPC tuning problem is considered and a review of the
available tuning methods are provided. Modern tuning strategies are also considered. The emphasis
of this paper is on theoretical tuning strategies which lead to closed form tuning equations that can
be used in closed loop analysis. Finally, a simulation study is employed to have a comparative study
on some closed form tuning equations and the advantages and disadvantages of each method is
clarified.

Keywords: Model Predictive Control, Controller tuning, First order plus dead time model.
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% Power of Hydrogen

4 Prediction Horizon

® Cost Function

® Control Horizon

" Generalized Predictive Control (GPC)
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L. Computer Numerical Control (CNC)
2. Phase Margin
®. Gain Margin

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s



Vo 5 5 Sl Gl 5 e (Slae S ST (gl )l oS (gl By (o
SAL Ol (Gidke (S e

Lg‘j. e J[@,..L:._" "b}“;@("'—h":c"'“‘ ol 43\)\ d&»,;«fk;a{l})
e 45 o SO (s 5B O o o (5395 SIS lesl O
Sleds G55 e e b oalis ‘r.:]é.:i BB el [Fe] s ol
4ol okd (5 lae Wb 53 b3 S sl S5 IS
:5"1)‘;4{;))‘5""&1‘
P
~ . . 2
J =D (30 + 1K) = yyeg (e + i110)
c

L

M-1

+2 ) (dule +i1i0)° a7
i=1

J/ref(k +ilk) = ySp(k) —a (YSp(k) _Y(k))

Vsp(k) 5 sl o (6,8 35101 o 5 il s sldie Y(K) OT 3 o8
RGO RPN r.:la.: JB eyl @ Jsep opl 5> & 83508
G0 GRS ALk e 3003 oS p 5 el oS
S OB g 5 lie pl 53 ol 03 S 2 a5 glate an 4 [F1]
S o Gy 5 5 B sy IS IS ks 03575

j
M+ =1+ Zﬁ" Au(t),
i=1 Q\))

for j=12.,M-1, 0<p<1

A3l 5l geske eyl oul olad o Wles S ool 98 iy

el L0 (¢ 5 S5

Olwbr g Goue S 29y b » mubd ¥

.

ry

Olwloes plowil OISl 5 (534 Sl 3, Satr S pip a5 L
s Al s il cpl 3 eslizal 4 Sl gludigs odomy
Sl ta) (op & S onl 03 Bl ot J RS sla il
ozl L L g sade la iyl eslimnl b oS 540 oo aitls y sadas
FSN (36 e SeSs wle i Sl gl )
IS sla bl vl o leang oo sl sy Ko 5 &S5
b o ot

e slapz S e oo - \-F

P d Bl el A IS bbbl @ Yo Jle s
Qn ol 53 LFY] 45 e oS5 2, S0 L s i (G5leeigs
sde s s a b A nte 5 JRS BB e sla il
Ao SIS IS Dl G55 a5 03y Sl pse DL
Sl gl Oljad Soge 4 Giluaig slme 55 Sl 0dd 55
2SI b sle ol (5loangs 5 ok a8 8 k5 55 8wl 5 1,
Sl S ﬂ)ﬂljlkéﬁ; Olddoe ol 33y plowit 8055

LFY] los gas oxliad 4Bl ani (s iy oS J 257 5la el )y oo

Jsb 53 Goleang Sl 4 ooy opl 55 s e slgiy oS 1S )

(s 3y oo plonl s G ) b (5 luatgy )
yt+P)=w(lt+P) ()

ol Sl e G205 W s el i A P OT 2 S
JB bl oSz ol gy M =P =1,1=0 )b sy
o Al sl 53 Asl e ab 3o S Sl P ' ool 4k s
Skl & by pe Slaslssad gy b g ol dlows oS 28T s
SR & Oy B B 5l 03,87 5L 5 oS L 5 e il pslie
o 55 rd S S 3 5 e b S bl ol e e
Sl 2l BTG o 5o 0 035 51 (6,8 sk €0 iy S8 slime
IS 5 [P9] Tl Qs (Soalys s le 05 0305 51 58 slr
I3l Sy 33 el o = Jlaa [PV] okt #3Lol Bl nnd o i
4 S O g I3 3550 ls & i 034 G Slo Il O
W0 st le 135 n 02531 io OT & YU 1 5 03,57 Iy Il oy
e @ bl By ol 53 NsE e S G s
T BL R BIRY ;R,gé;,%,é,uﬁc_,w@»‘s@\ Jts!
1 ph o o3lial (G55 e Sl Slp 5 S8 e Sl 0

0 —RA —A —RA —2A
“RiA 0 —RyA —A —RyA -

A —RA 0 —RyA —A | Gy
“RiA =1 —RyA 0 —R,A

-1 —R,l -1 —R,A 0

R =

S S gl pole 15 a)ls eseie JBEL a3055 5 )
23 o dgn b ol 53 il I 28 NS Dk 53 (ST 5 gl
Lilsy b b pss e pre sl [PA] 55 ool ot 8 8 I
e S Sl odd S o eSS bl s e gt
okd g Alie (3 a3 o 2 g 5 5 e 4 [y Slislons
9 de oyl cs oS J S Wt ol il Sl
ot gla il LUl o5 osle 4 a5 Lo a8 G55 o 1
e RUST RS P O S B S TR )
.g;M\auog{uoTﬁL:_;lﬁg;z”)x\o.un;
Sl gl byl & 2 sy 55 Sldles L& sk Oles
[¥a] s Jle Ol e 4. yls s el Lﬂ‘rﬁmﬁs“‘”ﬁ‘”;@’ﬁ‘
g 52903 Sl el e $3005 IS 5355 ol 4S5
Pl 0t w3 5 0 5 g 4 I8 oy A

1—az?!
(1-a)(a+bz™1)’
35 @ 62358 IS Jlael Ol ol o o 0l 03 ¢l osdle

5 ts Ol 4 a5 b B als sl el )l ol ots 4 8 b s

L. Coincidence Point
2. Shifted Dynamic Matrix Control (Shifted DMC)
®. Modified GPC

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s



5 o 5 sl Gl 5 e (Slae S ST (gl bl oS (gl By (o) i
SALOley (e S Lo

Sl bl @b ol Ll ok e Ade o jinedin b
RS S8 as ol Com [OY] )3 a5 edlinal 56 18
polde @bl clie oyl 5 Sl edd m ke o ek i
Sl Ll e min-max iy Sl eslial b el 4 Cod oS J 28
ks 8 o e D3 gl (Siluaiar s, 3 il g
bl Sley Sap sl Jap 0bslE sy 5 [Y] L5 .o
T (5 o le 5 LGl oI pl s ol ok ealizal o i

Tty

o Sx i by p a5 —Y-F

a5 Llos S aslizal T sSan mikiga ol I 35 Ol I (goldas
Syl e i oS J S L;L»).uljl{_r._.ﬁ;?élﬁ ) G Do
S 4 Guoby oS RS T s iy ol 3 e s
Sy esle st oliSJ 8 6K uSle 4 oS Y S ol ST
opl esle GlaediS 28 b w it 0diS 28T (giludslas b bl
iSRS o ey oS U ST el (sl 4 453 53 o0 3l OIS
055 dslee o3 s by, Sl aws ol s .::Jf Jdos Jslae
S sl dial Jlab i s & ol - e Gl b oS’ S
Cods dlie ol Codn .ol 0l €)1 [OF] 3 b iy 3l amws ol s
05 end o 3 Jlrn b add 035 Jlab o Sl 55 o8 el OT
4 oS YRS ) & 55 sk Sy Gty S U RS
ot Bl B L L Jesle s ol a3 e iSRS S ke
FIRSS00] 3 0 pl o 0T oy a5 (51l 5 Salgi
5455 15 oslimal 340 [0F] 45 dlis g3 ol oy i o el 0 A5
23 el b aS e Sugs b s SCus) 6as 2 A4S i
S V] 53 sl s o3 5 e o Sts 87 e
US55l odd 03l anl 5 s s 4 - $Ss
A2 zen SCus) b al 4 os A sl i,
[OA] Hs yls 1) Sl ola i & (g s (o3 &S Llos &3l
T Sl Sk oS J ST e oS 28T Gl S
S35 GBSl 48 W15l 08 ey 5 Wlis ol 55 el o
wlie gyl 4 S Wl r:lz.: L;Lu'}f 1) ey ediS J S
Lo g J5 cpl i ki 03 ol el 0, b Il S 0 J 1S
T e e Aslael ls 60w oS’ 18 Gl Sl s
o e ol 55 ods Sl sla By 3l 3l nl ol 0dd
DS [08] 3 el s sy L OSGT 0AES rands 5 VU Sl
S Osli ol b ol okd il Lot J 287 Gl e b gl
el 55 Sl oks 45 5 a5 45 g 5 —83500 L3 5

M&Wd‘jugw‘y)ufjb#whmgﬁﬂdff

% Inverse engineering
4 Linear Matrix Inequality (LMI)
®- Feasibility

u.»L.u\J.:Ac\fg:ﬂ.u\a.k.:a)u‘}abﬁ&&‘sj)ﬁ;ﬁj:&ﬁ[fr])b
)3‘..*!Jn.‘.?d\jfs)LﬁAA}.ﬁgl&;ﬂ\%l{r.:)l:wjlafgidb
T L S (R e RXC R =
oS S [FF] 52 S or i o0 55 1) JAST 5 Gmbe s
5 855 2o S Gl S ealizal b oty oS58 6l
s aks 4 ol ok S5l (636 (58 el b iz (55 ludigy
ﬂ;uande)jéhw;br:’dé'%duu O{‘)JA.UL 45‘)‘
oSl o sy Ade 6 it Sl ptn 51y (Sals
DS IRO] 55 by oS 557 sla byl ooy 61| a3 LSS
)\:.sucl.?)z;}?}adhb)’jj@gﬂj;],:s&é\.@1 ol w)f
)l:xﬁcu_fﬂjwjymkﬁsé‘jMdmd‘khsuﬂbl{
ju.i.gebéQé;:}.kms‘ﬁ&hQ)chﬂnwdﬁfJﬂu&
e Gy & Conlin (A3 o iz 5 oS J ST e slie 5 g
r:.E;: Slp 1y ads k> (giluarg [FP] 5,0 d5my anw adl>
OF Ooda 5 ol 038 & las e o piitadinr o by oS S
Sl @l 35 B 03 Lol eSS pglie s Slee
ol b5 (iS5 i Silepasiisr 5 S s 02 B
5 Sl o o3l (S3lal (e I Gl a5 (sl 338 e
. Z Y . s . .o .
W5 o (Sl (0 G50l s 3 (S35 ! Gl
Sy S pleml Gilasig Sl oeslizad U [FY] s ol e
Sw\aﬁﬁ‘)‘&ﬁib}:))a@oﬂ%&ﬁuﬁioﬂdﬁ
¢§;_4;.L;.la:.aMS;}L@UAJBJ”&:\J:‘:JHNGJAJQ&
O g odd atlsy (Salos Sl JST (b Cou 4 [FA]
ol 03 el IS I 53 el ) et Ol 4 Ouem
A et (Saliss oy Gl IS G5 el oS e e
2 Sl ) eaeia Ol 4 glows QTV:Jé:JJMjch
Simplex (s3luase iy 3l O ol 6lp S Cal J S IS
L;LAV.’;M:.»: ‘5\}{ 4['.:2.'5 ol &1l L;LAQ:‘}) ;J.P‘L.ﬁ.u\ ol oslawl
kb 4l (o ke USRS 4 oS s e e
0 Ol g on ol a5y Al ) @ T 8 arl o 5 50me 1 Lo
Pl Satir (sjlaigy ol s i i ol 53 58 0 L1 [F4]
235
)\C)BQ)}.&AA‘&‘“\J@JMB-J_{\A;UJ&EJ‘;LAUJA})CLJ
>|,Lx:}_.}¢,.ﬁd':ﬁJj:;§L5uJubgJaiﬂrflé;:a:ﬁj,;u\.mb
Syl Do a kel s [00] 55 5yl g 48 (6o 9ne
denls b .Sl ol @151 e iy 0SS S35 Sl Sl
ladse b oedes JB sla byl 4 o o plawil sty Sl
Qﬁu:ﬁawd,:fb@)ﬁu;@[m],;.guln.um,l‘..:la;

' Mind Evolutionary Algorithm (MEA)
2. Sequential Quadratic Programming (SQP)

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s



w 5 5 Sl Gl 5 e (Slae S ST (gl )l oS (gl By (o
SAL Ol (Gidke (S e

+ i=12,..,5 )

66; 3ki6i)2
P P

wl 355 3 dte lp oy U gk 56 0T y5 S
3 e et 5 8 51 S s sloe g 51 o ol e 51 5]
w5 Sl s [P0] s als sl Sl 5 Sas
Jé\w_gv\’dlﬁ.w\euogagmwﬁJﬁéuﬂbg
R e RO PR e N R R
23 g Slp 5 e 58 S les 5 05 Sla e

el oks 4 § b

biz7l+ byz72 4 -4 bz

1+a1z7  +a,z72 4+ +apz™

Gz )= z74 (yy)

e b b 5k i Ve Dy el g a4 A Sl
Sl odal Gy sde ol T Sty [0.9,9] 05 53 (s348 b 5 5 0
o3l ol b 4 o3l 3l op ik osd e 48 S L 45 A
ol Js HE Ll I 0,4 4 i A 035
sl ) @b lbal p e gl gy, - Y20
(ol
Al SIS G5y cu s oS Gl lekl Yorf Jle
"ty s o 4y 10 S eslial sl oS s 41 (Salys
5 G350 lresls S g Kl Wbl s [P5]
laosls 5 S 5L 5 63555 Slhesls Loaal 5 3T Olje s
Jde 31 dlae cpl ys A8 e padein g lesls il 63958
Sl Solbae oS gln 5 380 o3lizal (VA) 5B L Uyl a5 e

Dy B8 s 250 4 Shes

1=j le(®)] + Mlu(®)lde -
0

k,T,g J’id"”éuﬂ‘)\i”j"’“@‘ Ls:-‘jlajinb\ir‘_)-\—):‘\f
S35 s M s gl yetd B G s Tl
c.,\fg g b (YY) JL:'.A 45/10175 g u,J,:S JLi.:w CJ\L.:JG
s (k,‘[,@,r,/lopt) Aoz Gl e D50 0 Al
wg)ﬁﬁAb)@,ﬂjJAﬂw‘ g}"l“’"‘fj)":'da rl:u‘w\i)b
I@\a.\.ﬁ:t\ﬂ)\ﬁj&)yy
0.4094

A=1/631k <;) (")

ok Ol [PA] 5 [#V] ([#F] 33 4 el 3yl el J}a; ol
Slyedd 39 e Lo 059 clie 4 Ol5 o0 der Il
QA 538 oyl g p o3 T sl 35 pde 5 S8 IS

L. Analysis of Variance (ANOVA)

S J RS (355 Gl m Sl e Sileang g Sleslial b &S
DS A o (e Glajho 5 B 45T Wl ol s )
G IS 3l Wlie ol s dab wdls Cogllas polie b1, Cadlast
031> e 55 o piiakr Slaptuew 4 Al ol o] L Cual 0 )58
335585 & J S Bl Lo S [9Y] 2 e [Fr] el o
e o3 gl Gres 5 ol ol J= 55 [71] 5 [04] i
PO Sl odd iy dil (e e sla s 5 S O

A omlin Ol g (65l s sl (Ss 503 3 lons s

ol iy S Jg0 5 -0
Sl b Gl ae Jpep bt e ol e
2 i, il 5 lely sder S i GlaediS J S
Al gl g gl slesl 5 e 5 05e3T 5 02 Gl i)
s 5 bl Gl iss 4wk sbal e sl
G bl p e Gl S BOT S ke Sl
o213 e 0T & (5 ey Sl L il S5 e

5 S s g e e ladsep - V-0

s 5 & ga5T

Slamm Gladgo (225 Sose b 5 5 b e oy )3
Sl ut oS I A okae w6 (S5s Slam Sl b b Gl
Sl 6l o Sl Y] wtes ) 53 g o) Dl e
e VT STRC G SR RPRE g =g
25 B LU a0 o b e o 358 g0 55 el 3l Mgty
U PR V- PE S RU 1

-0
G(s) = ke™™ OA)

TTs+1

57+6 . X .
&35 AL sl P=M === Jliie ot 5 e Gl sl

s il Gl 4 Al 4 ods ool 5 ol ol 0315 4 = 10k?
e Ol pl gk e e el Lo s VO U Y &
ol 5 b 4y e OT 03 it I 35l 0 OLT 15 0T 6 )87
oAl oS J ST @l Y] ol e b ol s Sl
S Conl oaT Wlae ol 3 Gl ol gy p o itadir (Solus
OT 0ds 58,5 b 8 Olul 8,5 ot B o)l b
Al o ek (e (g1 ABL w3 J S ISy 6 ST
D yb e Bl 5 D)o 4 JES IS D S

A 0
R= A2 )

0 As
>@|,pﬂugwﬁ;u0‘g}:~5§udu§y>lms ol ya &8

:("Jb 9wl WLA

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s



5 o 5 sl Gl 5 e (Slae S ST (gl bl oS (gl By (o) VA
SALOley (e S Lo

3 e NS Gl s en e [V] U [97] C?\f Ll & o
Al e-b_a,fﬂ\ﬂ)‘r-_iéﬁdy,é@}f}wdéwuﬂ.dhp&w
SLi) Gk gbal e gl by, - -0
(o
Il 5o i JAST sl el b o) 5o (o slaslST sl
ool (olad 51 gl cpl 53 VY] 5 [14] ol ok plonit VAVY
el JAS e S mags S5 eSS by L
Je 035 i s L dalsy ol ool ot 1)) o Ll (Saliss
Lol 4y oo ol oaT s 4y (a5l B b Ul a5 e
el by pll (Salys el O e S e
3 Ses p Gis wupp 5 &S Wlesls Olis gladlis b 08t 5
:r:)b Gl 505 Olaj (gl adllae oy s Cw‘j?_f:._ur.:.m:.«

Ty = max(0.17,0.56) (Ya)

Zv.:)\a g8 dde 5 St B sl

P=N=2tb b—'t<9>+1
=N=+b, b=int(g )

N
FE s el dile G Ll el i o iy BB 51 D )
Slgty B Y o e3de RS B el ol 5 [FF] 335 Ol
I s 355 e 035 ooy DU & e 55 0
o s (el K1 i [ OT j3 S A= fh2 oa S5
e gl O Slie 038 5o L s e glacy 8 b el
Fl o sty 5 @S Jge 3 ((GTG A+ AD) o 5l (b2

e M (7T M1

L =358 Ko Saptans 4 ) 0dd 4yl Ba) O My e
Dose b (S35 S Sl IVF] 5 W] Wlesls eend 55 s &
Wl odd (553 556 ks Sk

[Vilpxp O = 0
— 0  yilpxp ™ :
¢ s W0
L 0 w0 yElpyp
(*Y)
Vlysy O - 0
rR=| 0 Alyy - i
: -, 0
0 0 AEIMXM

ol 28 Lol s (S S35 5 bz & 3 S SR OT 52 &8
e D) po 0 pedir (e b w5 S ST S
:“\iﬂ)’z’;t“.dﬁ‘

Y.(s) _ kyse™Orss

1,..,R, s=1,..,S (o
Us(s) TS+ 1 v

ok sl 55 ) s 4 oeled sl el Ladlae ol 5

4 Jpep 5 Sl ol wls y (YF) Jge 3 Dol pl 5l (o =Sl

1wl ol &1l 55 oy g0

A=k? (1.793 (g) [o41y1688 0.264) (¥F)

Lo pp s Gl Lo 4 S Sl G 2y WOT 0 S
LA=0.264k% (Sl <ol ol s vfﬁ.u b e (812 ol
ST 5 T3] 5o el sleml (s s oy L5 i 57 Bl onl =
o3zl 3 ooand Sty IS (b ol o sl il s

)Aﬂj&)yﬁ\e‘x;"fuQ(}J@fML@-‘f@\)J.@‘AJ&

b 8 8
ke—tds
Gm ) = DG + )
ke~tas ve)
sz(s) =

524 28wps + w?
Fably ool Gladga b st s 2515 5 Gelols e Sl eslinal
sl odeT Sy 35 Doy g0 4 533

A= w;o.o34z (E + wn)—0.046 + 1.136(0‘)”)0.2411

-0.0021
r

—0.064 (Y#)
- 7((’;1pj)p o + 20374(up)* 0T
1 2)7

0.0746
r

ot 03,5 03l cal pasde 3 ph e ois b ladpe b 5o
okis Al g b 03 e Do 4 LB Ll o 4 S S5
SIS slasl sl 5 ol o plosl [V] 5 [9F] 55 bt (5,087l
b sl a5 o Jee Sl oslinel b gl ol 53 ol 0y3 5 0o
Sl o o SIS @l B sl bl plos sl b
S Wl & i G35 515 g0 Olaj ol 0 &1y] J g
slgiin Fyluae J 28 331 gl 5 [VA] (olgiian lias ol 53 Jute Ol
st 88 55 55 Sppe 4 ol wb ol (gl el odd
1wl

tr 2 2
J= J' [(r(® - y©)° + r(su®)’] a )

0

Azl el (5leans JS 05 Ep 5 o IS 1 (E) o 5 &
Sl 3 A= FI? el o o3l s 0 g0 40 S
bl g ods a5 8 i 5 [$9] b alie i, £ ooy Jsn b 1)

Pl o slgiiey 5 g ba el (sl 05l i
0 0.15
A=k%(0.84 (; + 0_94) ro’ (YA)

5 Gl el p bty Jdo Sl eslial b b 5 5o

23,8 L,y IV Gl o @1yl o prtedi o i ST Sla el

1. Second Order plus Dead Time (SOPDT)

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s



va 5 5 Sl Gl 5 e (Slae S ST (gl )l oS (gl By (o
SAL Ol (Gidke (S e

\K uléj.iz.l;k;‘}o)ﬁ&Qywqw@j;shﬁbkw-\5})
okd 8yl 535 bl vl Sl 5 e b Sl ot 3 5 ks

K|
A= f(kTy)?

_M*(P-b+1)° 0.008M*(P —b+1)? ()
f= 30M 10M

okl 4ty 3 o o pitadin Loy 4 [VF] Sl pledl b dlie SLL 25w 5o
LS XR oo (e s ml5 &S5 5 oS 0d 55 ol
fsm et I 5 Jsl a5 0 b g Sl b L sl as e

Y.(s) _ krse_erss
Ug(s) s +1

or

(FY)

Yo(s) _ kpge™%rs®

=1..,R, s=1,..,8
Us(s) s r $

Ty = min(T)
r,s

for r=1,..,R, s=1,..,S
T = {max(o.lrrs, 0.56,5) non — integrating
s 0.5, integrating

TeLys = 6rsV10

P=N=max(X,;) r=1,..,R, s=1,..,S

s

([ /5T
! Lnt( T ) + b, stable
_ S
XTS - . 5":CL,.S . .
Llnt T + b, integrating

N

ers
=int(=)+1
me(22) 1,

. Trs
int (—) + by stable
Ts

oS
<
3
|

M = max(Yys) (FY)
7,5

Yrs = , TeLys . ,
int (T) + b,s integrating

s

R
M 31 M-1
— 2 s
% —TOZVJ"%{P"%‘ETJZ‘T}
r=

1

R
" 10MZ VPRETE(IMP(P = bys +1)/3]
r=1

—0.008M3(P —bys +2)?) s=1,..,s

Sl D gl s n i JRS Sl ok S [VF] s
3525 B8 A 5okl os 8 e pslia s Shes 4 gl
opitakr bty Gl mte JAS oS 4 Sl Ojiness
RGIW P-4 C)L::‘..:Eih}gléb;l.a}:a\)g Sy el g Sl o atls
23 bs)s Gilwesdl il g (G55 e ile Sl dle Olgs 4
W PR B

1 0
R} (FF)
0 Ay
p b Sl werg LA, UAy 56305 goml LRy S

Lid 5 5 ol L g o0 Ol (63959 53 sumsl Sl s S 2

Ty = min(Ty)
r,s
for r=1,..,R, s=1,..,S

T = max (E %)
TS 10" 2 s
T
P =N =max (int( Ts) + brs) (F)
rs TS

. TT'S
M = max (mt (—) + brs>
Ts

7,5

67‘5
b =int(—)+1

s Ts
sl ol ok H Sl 4y s 5 ot 151 I 50 5 VF Olsenl (gl
Ju‘,.&ubv.:;\&)_,laa.kﬁL;}:fo)‘u\;‘f}FjAé‘jg_ﬁ‘ﬂLﬁ\-\f
€ oalie Ly LA gl 8 S5 ok K s b s 5 disls S
)})QM\@M@;?&))[\Q] f}f&(}'—6:3)}¢<§db-
Al il i sl 0 bk sae (35 5 s L Sulg
los S ) (I 3m 3 i SRS S D5 555

M < 3

2 2,2 Trs

As=mzyrkrs{P_brS_ET+2
r=1

N

M-1
——} s=1,..S8
2

o)

Sl s o ilo 0diS'J ST (5l s Jge 3 151 Cota L [VO] Wi
o Syl LEUISE Glls bids wls 5 o b S b o kaar
Salss g jlo 0SS By (Bae o ] e ol 3 Sl
BE RS PRV 425-‘3,_1: (! U’J\)i::\ 6‘.&W Ls‘jga-'\-‘:‘ Cw‘
5l ods )l pladge b s S S —635,8 ST Ul (gl sl
—‘5332)&;‘&:-):.@144;@:1:‘._&”_ 5o puiiadie Sl 4w
SN b b Ul a3 n Je (il o s 5 Sl (s S

Wl ol (58 55

ke—Gs

N

G (s) = (v%)

1wl ki osls sl 55 Sy s 4 dlae Cpl 53 (6415 44 4ed Ole
T, < 0.50 (*v)
Sl 38 o3l Ol o 5L adl dy aly 51 1SS Glagts 5

@8 5553 15 S 4 e Oloj o pllan Hlkis i 4l (2

23 gas 0Lzl Lo 58] dwlows (g1 Ofgm OT 516 Sl ol
T, = 6V10 (¥A)

bl Sy ol a4 dlie opl s JES 5 Jde (i slasl

s o
P=N=int(5TCL)+b M:int(rﬂ)ﬂ;
T, ' T,
Y4
b=i t(g) 1 "
=in T, +

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s



5 g S 5 it eSS e il oS e sy A

SALOley (e S Lo

yp(n) Kyl
Gu(2) = 22— =

D= T
Ay(2) = z%z% + z(-1— a+ Ky + Kyy) (%)

+(a - le)]

5 dbe @byl 3l S dmes oleee Ky s Kyg O 3
poete aslsl 3 Lghige AU oS’ J m8 r._Ja.J JB sla al sl
SIoisS” ol 5B SIS e pl 3 pbign Bre | (S Slae e
2RO sl Shes 5 51wy dil> s 5 Shos ey 0
O oS J S el BB sl bl Gl 4 1) a4l ot
s Kugr oas slao,g o Sl 0 ASTT dlis oyl 3 S
T Sl il 7 g 3 Nigh e DIl by Kyay
old Ol (slao g 4 355 jote oo g ol 4 45 ALEL axdls 5
Sloo s 4 Dby (12 ael3l 3 355 0 S Gt sl (slae g
o = e gLLS 53 5 oSG S G B 8 5o Lo o sl
3 o3 gime AL e Sl edd S 0BT ladse ol
238 0 Rt LIS il 5 55 G e sy o35 (i en
BB 53 b5 6K a8 G L s > Shes plas o 3550 01 0L
G 05 YL danly 4 Slevls oo (51531 4 (G55 5 03
cgpwﬁpﬁK,w,;SQIW@dedﬁf
.;ju@;a;uboTJ:L,.;,r;u,;aau}gl)aazfd,:.()l:su
(el ol @141 g3 J;f@té\ﬁsr:uzgqu;;\d&\?d\,g
Sla0ss Sl by U8 31 @l & Sl o i€ 3530 0Ly
Sl s bl Olye & Ja5 S DIk o

3l o 03557 15 25 sbsslit Kyar 5 Kyqr s o sllas

; ; 1Y, Kya 1
K. >0, 0<K <a ——5<-= <-
yd1 xd1 a aXy, de1 (V)

Z}l,\jloJL,r—@.,\.i:g}UmtsLM*A{Q..L:m)tg\,:r_l.\nﬁghd)s}j

_ (V11X — X11Y22)(a - kxdl)

e > >
aX12Kya1 — Yoo Kyar
; , (FA)
- (Y11X27 — X12Y22)(de1 - aKydl)
y = ~ >
aX11Kya1 — Y11Kxa1
:(_)T BE) "y

X1 =14+q,(1+a)®>+q;(1+a+a?)?
+-4qp(l+ -+ aP1)?

Xp=q,(1+a)+q;(1+a)1 +a+a?)

+otgp(l+ - +aPHA 4+ +a D

X = g2+ qs(1+a)* + qu(1 + a+a®)? (F4)
+-+qp(1+ -+ aP72)?

Vi, =1+q,(1+a)+qs(1+a+a?
++gp(l 4+ +af™h)

Yoo =@z +qs(1+a) + qu(1+a+a?)
+-+qp(1+ - +aP?)

vsvf\),w,g_y_umafduﬁ,;&,uu@gpmmﬂ\,g/l
el Sees o pllan pslie 5 Shes b s o S5

3 Slos 2 4y oails ) 3B e 0 1 0 pitai SLapEn S
3 Sas sde e o [W] ol 0l 1)) iy dil s p5lie
Sage 4 olsptise Ol Al ol s .l ‘(,}La,,
Gy s Ol Ty OT 53 a8 358 0 Ol 0.067, < Tg < 047,
ot G VL el l Ol w a5l
sl 5B Ol o0 0T (il dor sl 5 5l il ot ot O
N RIS T (P e I V=G VAN I S I P
4 glrws Gl s s 3 Do 4 G55 Sl Sl 8 o
S s en 4 s LIS 5l Tope 3 e s Shes
Sl Sl ealinal b G55 o b b 6l ol (':i)}g‘
.cMm:ua\)tpmgﬁmg.\p,f}ﬁ,@j,),u

2 otn S s B sl a6 s e 4 VAL
el ok s 0T 03y jr3lie o8 s 3l dy il s 3 Shoe
S ails) MATHEMATICA 133l 5 51 eslizl b dlis ol 3
5 bl ool s @ g il slada b s eyl Bl sl
ok il Kb b bl e S ety Ol Sy«
G35 DVe ) 55 ol odks plonil (KL o LoD el
g s Gis e S5 el edd Glsl S ASTE o BB
ol 4 3

G0 e Sl 2B LI e e (B 5 5 0s LA s
G —3505 S mibe JAST bl oS 6l oS
Ol (22 L OA) Lot 05 Jsl 45,0 Joe cCunl 0dd &i1y) g >
35 gn Gl 5 S 4 To (S0l 46 pos

Ym(m) _ k(1 —a)z™%!

G (271) = u(n)  1-az?

(FF)

Ts _
i e U) 5 Ym() 5d=0/T, ya=eT7 oT s 8

;ﬁﬂf%}MTlMJ)J}SJ@)J#&)f
Oiales 3l dlas sl g Gl odd (55 (65l pagad 0L 1 e
LAQ")J’ @ﬁui:.i.)a.u}a oslatwl ol osls J;“.L.T cu I sl

J‘ Sl CJ‘)L.& ok 4:34,?,]&; BE )L:'.A GU sl ok T Cewddy

min (w(n) - y,() Q(wn) - y,(m)

Au(n)
+(bum) R(Aum))
1 0 T 0 (F0)
o= *. |R=ra-2?| .
0 qp 0 ™

e i U 3L GWE s (s S (Al o

;ﬁwla&wbuﬁ)@)ymmdb

2_ Feasible

1. Robust performance number

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s



A 5 5 Sl Gl 5 e (Slae S ST (gl )l oS (gl By (o
SAL Ol (Gidke (S e

30 Ol Llgr G dolas .l oleT [AV] 53 G 38 dalas (claLG
L PH o adasly 3 b 5l Sl opl sl ne 0T 51 S Lais &7

S g e
pH = —log;o[H*] v

> Sles 00355 olin b oS ST L o b 0T 5 ) J S
o3l sl Wl IAY] dsl e (6 805 s sy Aol 5 2ol g sllas
opl 9523, eslizul odiSJ S ¢SS 31 0l 5 o PH Sl i 5 S S
Ol o o3l cpl 53 35 o0 4 8 L 53 pH g1V 6 OV o3L (Jlte

DS o $ 5 dda bl AT S
0.46_305
955+ 1

ol ol cnle Ty = 10 s€C (6415 514 505 Obj dbe ol (61

G (s) = o)

O 31 1l L 5 0dis plonil O e J13 53 PH (5,8 5100 T3
LS o sl s 5 53 U ol yl 55 e plonil S5 o5l
el 0dd o p ast ¥ S

9 del =04 UJ.UQ.A Slo,e b [YA] ys odi &1l r_:]a.'v' 23]
3o i Ol bty o ey 4 (OF) Jta (512 Kygy = 0.07
Shdlao g ool 4 olaws gl cdelail o il B O 5 4l YO
2ol S oo 03l [VA] odeT (sLL23

P=10, M=1, R=1=138225
Q = diag{1,1,...,1,69.32}

@ e (Soalus u il JEST @l [VA] 55 ods 1) o5 By,

EP- S V'f'\": bzl

(of)

P=N=48 M=4, 21=0.043 (00)
Z.U}i‘sng_‘)%\ﬁj&)}.pf\iﬁﬁﬂéuﬂ\)k[iv])[i?]):
P=40, N=80, M=4, '=1, 2=0.139 (%)
B R L O ALK U TRe
:3}.\;&5&\_‘)%‘

A=16 ov)

sal PH T3 gl S de Gl by Gileant mls V JSE s
IS8 ol 5o ezl O olas @ a 63955 (obs) b ol
e el ok 3)ly B SR U RO dbsd sl oda
Ay LB 555 5l da gamal Bl 53 e ) Caglas ow) S0
LS nl 4 arm g LTl ok o3ls 1ok Ve 4 a0 (63555 3L
02 0diS U s Slas S 0 e T3 (Salhs 58, 3Lk
A g3 ediS xS Canglin Ol SOl N5 e Jlie ol b,

L Gl 4 D] 5o 0k = ke gy 5 4 [A] 5 [VA] s
L ‘5"&(':'“'?“} S5 g4 g0 Ol e oo e b lyls

.C,.M‘o.\ﬁ:o:‘:r:.ga}'aj:i:.a

Ak 59 W 8 Ko (614w o axtltae —F
Silvdna b

S g gladsep &5 ki Syl awlie 4 3w opl 5o
ST s 2 il b dlie ol 5 e s Lo S
(b3 5 Shee b cpl 3 350 plonil PH (25 5 ST~ 62505
aalllas 3550 oml it 9> @S Sadpn 3 sl 5 Lzl sl
5 [P dPYI D] DAL ol 51 5 o sla s ool 3.5 513
Lol Sl [#V]

b J S Al &G pH T3 8 5 s5led 55 dls
4 OlFor dhoxr Sl o0 3L sy 4 e po S il Hlshs
bislo g Cuaid Ol il (5 O gmed bt slatsT 5
o piadi Ay T3 K 51 ol (G5ladie 357 o5l O (sladal L
13 s P 93 5 63508 Aaw AT opl .l e wlyl [AY] 55 pH
s PH OT Gl s 2 57 3l 5 5k el T3 ol s
b el 3955 (93 Tl Oj3me S Jsloes £LE,1 5 S5 0 5
G M s el 0dd o303 0L Fyp b 3L o5 5 Fp L 5L oFy
oA Sl L L el Glagsgs 5l K S S -0
Aeosbis B Lrrer el T s S PH s sk
2 oSl (Salys Tty ol 25T 5 pl (6,8 o510 BB b ile!
Wl 5 Dy s cCal 0 20 [M] 3 oS pH 0T

dw, 1
a ~ Vv

[(Waa — WadFy + Wpe — Wo)Fy

+(Wara = Wa)Fir] o)

O e Wy~ WDEs + (i, — Wy )Fy

+(Warp — Wp)Fir]
Glaydie Wp 5 Wo «Oje 53 35250 dloms 02 V0T 3 S
[AV] 53 0T rslie o dies Sl Wy 5 STy 0l
G PH s 03 8 anT 5 ol oS Skl dalae sl okeT
L [HY] passsder O Chle 5 Sl oy ,ne "0 gl 5 a5 & 30
Al ) Do 4 e o

[H*]* + [H*PP(kay — wg) + [H*]? X (kg1 (ka2
—Wq — Wb) - kw) + [H+] X (kal(kw + kaZ(Wa ©v)
+2wp))) — kaikazkw =0

¥ Waste Water Neutralization
2. Buffer

®_Reaction invariants
4_Titration

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s



5 o 5 sl Gl 5 e (Slae S ST (gl bl oS (gl By (o) AY

SALOley (e S Lo

S 5 om0
3 oslgl ol e SaediS U255 4 pamie sla S5
O Sexis 5 OLails a5 )50 i 535 4 S 1y baediSJ 28
Sl oS U287 (sla el o5 dlas K05 o b 51l 3l 13
3 Ses 4 gl bob 5 Sl Sl b SRS By 2
Sadls Olea 51 sl s liSJ 287 sla el oo (a5 oo sllae
4 Oliies 51 (625 ol s 1)) o oy J 287 o g,y o8 S
S s e 53 lassts s WaodiSJ 287 ol sl )y ke s
Crtotey OS85 Calie (sla eyl S (o
Orobe SBediS J S ol Calite gla g5 (g 4t S 4l
Sl 5 S b by (b Gl B om o ik s ket 4
23238 I g sy se e Bledd e sy Slad e b 4
oans Jlin G L (oebas Calite (gl s adlllan y osdle 318 )
503 503 duws e (Llod S &Iyl atus lad ge p &S 1, [.Ju s i,

..A.ia:|:ou.5(al-l§,ada.é;€)_,§.b@

&l
[1] J. Richalet, A. Rault, J. L. Testud, J. Papon, “Model
predictive heuristic control:  Applications to

industrial pocesses”, Automatica, vol. 14, no. 5,
pp. 413-428, 1978.

[2] C.E. Garcia, D.M. Prett, M. Morari, “Model
predictive  control:  theory and practice-a
survey”, Automatica, vol. 25, no. 3, pp. 335-348,
1989.

[3] M. Morari, J. H Lee, “Model predictive control:
past, present and future,” Computers & Chemical
Engineering, vol. 23, no. 4, pp. 667-682, 1999.

[4] J. A. Rossiter, Model-based predictive control: a
practical approach. CRC press, 2003.

[5] S. J. Qin, T. A. Badgwell, “A survey of industrial
model predictive control technology”, Control
Engineering Practice, vol. 11, no. 7, pp. 733-764,
2003.

[6] E. F. Camacho, C. Bordons, Model Predictive
Control, 2th ed, London, Springer-Verlog, 2004.

[7] J. B. Rawlings, D. Q. Mayne, Model Predictive
Control: Theory and Design, London, U.K.: Nob
Hill Publishing, 20009.

[8] M. Kano, M. Ogawa, “The state of the art in
chemical process control in Japan: Good practice

and questionnaire survey”, Journal of Process
Control, vol. 20, no. 9, pp. 969-982, 2010.

[9] J. Mattingley, Y. Wang, S. Boyd, “Receding
horizon control”, Control Systems, IEEE, vol. 31,
no. 3, pp. 52-65, 2011.

FRPESTRTRv g C“b* JPY] s el Gl)lr._.lé.':ui}) Jle cpl 5o
el o3l QLIS g Caglae sumal pl s Ll ssls plazel Code
Ll ol e L2 O3l 5 (Sb3) 53 e el V]
i) A)JT@ u:‘f.li gf":’”‘b _,3‘}{ 35y Cwslas sL ) e ui‘
s 0 [V] 5 [PF] 5 okt €151 bs, belaily (6,40 & 15 e
by o g 5 Slas Slazel Code 53 5 550 UJ_‘YbﬁL:M sy
Codo g azils gbsy ps ew s Co o [VA] 55 ol dljlu':})il.il.@;
Coslin 35 el g 5> 3y plal Vb S b Bl

el osls Olis 5 g T

T T T T T T T

751 = === Reference : 4
Ref 18 H
Ref 64-67

7.25F

-~
T

T
2 6.75

T

6.5

T

6.25

T

[

: : : : : : :
2000 2500 3000 3500 4000 4500 5000 5500 6000
Time (sec)

19

— Ref 18

Ref 64-67 :

18

17

16

15

Base

14

13

12r

AL AL

1 : : : : : : :
2000 2500 3000 3500 4000 4500 5000 5500 6000
Time (sec)

st e (sla s, (61 PH AT i il ey Ve IS
03 s o 58 el kel J 8 S (5551 5 U Vs o
s o 5 e 9 Sl DAL o s [PV] S [PF] ooy & s e IS
S [PY] s,
PH 20T 3 Js s s s sla i 3 et dlin ) Jgr

L5 S DAl g D] = [#Y] = [#¥] o=

Zez 13.64 13.84 17.35 12.51

Zuz 92840 93015 92441 92880

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s



A¥ 5 5 Sl Gl 5 e (Slae S ST (gl )l oS (gl By (o

SAL Ol (Gidke (S e

[23] A. R. Mcintosh, S. L. Shah, D. G. Fisher,
“Analysis and tuning of adaptive generalized
predictivecontrol”, The Canadian Journal of
Chemical Engineering, vol. 69, no. 1, pp. 97-110,
1991.

[24] D. E. Seborg, T. F. Edgar, D. A. Mellichamp,
Process Dynamics and Control, John Wiley &
Sons, NewYork, 2nd ed, 2004.

[25] C. M. Reverter, J. Ibarrola, J. M Cano-
Izquierdo,“Tuning rules for a quick start up
inDynamic Matrix Control”, ISA Transactions,
vol. 53, no. 2, pp. 612-627, 2014.

[26] P. Boucher, D. Dumur, S. Daumuller, “Automatic
Design of Tuning Parameters for Predictive
Control of CNC Machines”, CIRP Annals-
Manufacturing Technology, vol. 41, no. 1, pp.
417-420, 1992.

[27] A. Jiang, A. Jutan, “Response surface tuning
methods in Dynamic Matrix Control of a pressure
tank system”, Industrial & Engineering Chemistry
Research, vol. 39, no. 10, pp. 3835-3843, 2000.

[28] J. A .D. Rodrigues, E .C .V. Toledo, R. M. Filho,
“A tuned approach of the predictive-adaptive GPC
controller applied to a fed-batch bioreactor using
complete factorial design”, Computers and
Chemical Engineering, vol. 26, no. 10, pp. 1493-
1500, 2002.

[29] A. Altinten, “Generalized predictive control
applied to a pH neutralization process”,
Computers and Chemical Engineering, Vol. 31,
No. 10, 2007, pp. 1199-1204.

[30] N. Hoffmann, S. Thomsen, F.W. Fuchs,
“Appropriate tuning and robust design of a
generalized predictive speed controller for drive
systems with resonant loads”, Energy Conversion
Congress and Exposition (ECCE), Atlanta, GApp.
764-771, 2010.

[31] J. M. Grosso, C. Ocampo-Martinez, V. Puig,
“Learning-based tuning of supervisory model
predictive control for drinking water networks”,
Engineering Applications of Artificial
Intelligence, vol. 26, no. 7, pp. 1741-1750, 2013.

[32] T. J. Vyncke, S. Thielemans, J. AA. Melkebeek,
“Simulation-based weight factor selection and
FPGA prediction core implementation for finite-
set model based predictive control of power
electronics”, Mathematics and Computers in
Simulation, vol. 91, pp. 150-166, 2013.

[33] R. K. Mishra, R. Khalkho, B. Kumar, T. K. Dan,
“Effect of tuning parameters of a model predictive
binarydistillation column”, In IEEE International
Conference on Emerging Trends in Computing,
Communication and Nanotechnology (ICE-CCN),
pp. 660-665, 2013.

[10] J. H. Lee, “Model predictive control: Review of
the three decades of development”, International
Journal of Control, Automation and Systems, vol.
9, no. 3, pp. 415-424, 2011.

[11] M. L. Darby, M. Nikolaou, “MPC: Current
practice and challenges”, Control Engineering
Practice, vol. 20, no. 4, pp. 328-342, 2012.

[12] D. Hrovat, S. Di Cairano, H. E. Tseng, I. V.
Kolmanovsky, “The development of model
predictive control in automotive industry: A
survey”, In Proc. of |IEEE International
Conference on Control Applications (CCA),
Dubrovnik, Croatia, pp. 295-302, Oct 2012.

[13] K. Y. Rani, H. Unbehauen, “Study of Predictive
Controller Tuning Methods”, Automatica, vol. 33,
no. 12, pp. 2243-2248, 1997.

[14] L. Garriga, M. Soroush, ‘“Model Predictive
Control Tuning Methods: A Review”, Industrial &
Engineering Chemistry Research, vol. 49, no. 8,
pp. 3505-3515, 2010.

[15] R. D. Kokate, L. M. Waghmare, S. D. Deshmukh,
“Review of Tuning Methods of DMC and
Performance Evaluation with PID Algorithms on a
FOPDT Model”, InProc. of International
Conference on Advances in Recent Technologies
in Communication and Computing (ARTCom),
pp. 71-75, 2010.

[16] C. R. Cutler, B. L. Ramaker, “Dynamic Matrix
Control: A Computer Control Algorithm”,
Proceeding of joint  Automatic  Control
Conference, 1980.

[17] D. W. Clarke, C. Mohtadi, P. S. Tuffs,
“Generalized predictive control-Part I. The basic
algorithm”, Automatica, vol. 23, no. 2, pp. 137-
148, 1987.

[18] P. Bagheri, A. Khaki Sedigh, “Analytical
approach to tuning of model predictive control for
first-order plus dead time models”, IET Control
Theory & Applications, vol. 7, no. 14, pp. 1806-
1817, 2013.

[19] R. Shridhar, D. J. Cooper, “A tuning strategy for
unconstrained SISO model predictive control”,
Industrial & Engineering Chemistry Research, vol.
36, no. 3, pp. 729-746, 1997.

[20] K. P. Lam, “Implicit and explicit self-tuning
controllers”, OUEL Report, No. 1334/80,
University of Oxford, 1980.

[21] C. R. Cutler, “Dynamic Matrix Control, an
optimal multivariable control algorithm with
constraints”, Ph.D. Dissertation, University of
Houston, Houston, TX, 1983.

[22] C. E. Garcia, M. Morari, “Internal model control.
A unifying review and some new results”,
Industrial & Engineering Chemistry Process
Design and Development, vol. 21, no. 2, pp. 308-
323, 1982.

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s



5 o 5 sl Gl 5 e (Slae S ST (gl bl oS (gl By (o) A¥
SALOley (e S Lo

[46] P. Vega, M. Francisco, F. Tadeo, “Multiobjective
optimization for automatic tuning of robust
ModelBased Predictive Controllers”, In 17th
IFAC World Congress, Seoul, Korea, pp. 6980-
6985, 2008.

[47] G. A. NeryJinior, M. A. F. Martins, R. Kalid, “A
PSO-based optimal tuning strategy for constrained
multivariable predictive controllers with model
uncertainty”, ISA Transactions, vol. 53, no. 2, pp.
560-567, 2014.

[48] G. Z. Gous, P. L. de Vaal, “Using MV overshoot
as a tuning metric in choosing DMC move
suppression values”, ISA Transactions, vol. 51,
pp. 657-664, 2012.

[49] M. Vallerio, J. Van Impe, F. Logist, “Tuning of
NMPC controllers via multi-objective
optimization”, Computers & Chemical
Engineering, vol. 61, pp. 38-50, 2014.

[50] A. Al. Ghazzawi, E. Ali, A. Nouh and E. Zafiriou,
“On-line Tuning Strategy for Model Predictive
Controllers”, Journal Process Control, vol. 11, pp.
265-284, 2001.

[51] E. Ali, “Heuristic On-line Tuning for Nonlinear
Model Predictive Controllers using Fuzzy Logic”,
Journal of Process Control, vol. 13, pp. 383-396,
2003.

[52] K. Han, J. Zhao, J. Qian, “A Novel Robust Tuning
Strategy for Model Predictive Control”, In the
Sixth World Congress on Intelligent Control and
Automation, Dalian, China, pp. 6406-6410, 2006.

[53] G. A. Bunin, F. Fraire, G. Frangois, D. Bonvin,
“Run-to-run MPC tuning via gradient descent”, In
22"European Symposium on Computer Aided
Process Engineering, London, pp. 927-931, 2012.

[54] J. M. Maciejowski, “Reverse engineering existing
controllers for MPC design”, In 3rd IFAC
Symposium onPower System, Structure and
Control, lguassu Falls, Brazil, pp. 436-441, 2007.

[55] E. N. Hartley, J. M. Maciejowski, “Initial tuning
of predictive controllers by reverse engineering”,
In Proc.10th European Control Conf., Budapest,
Hungary, pp. 725-730, 2009.

[56] M.Foo, E. Weyer, “On reproducing existing
controllers as model predictive controllers”, In
Australian Control Conference (AUCC), pp. 303-
308, 2011.

[571 E.N. Hartley, J.M. Maciejowski, “Designing
Output-Feedback  Predictive  Controllers by
Reverse-Engineering Existing LTI Controllers”,
IEEE Transactions on Automatic Control, vol.58,
no.11, pp.2934-2939, 2013.

[58] S. Di Cairano, A. Bemporad, “Model Predictive
Control Tuning by Controller Matching”, IEEE
Transactions on Automatic Control, vol. 55, no. 1,
pp. 185-190, 2010.

[34] S. K. Ahmed, D. J. Chmielewski, “On the Tuning
of Predictive Controllers for Hybrid Fuel Cell
Vehicle Applications, In the 10th IFAC
International Symposium on Dynamics and
Control of Process Systems, Mumbai, India, pp.
129-134, 2013.

[35] Y. P. Gupta, “Characteristic Equations and Robust
Stability of a Simplified Predictive Control
Algorithm”, The Canadian Journal of Chemical
Engineering, vol. 71, no. 4, pp. 617-624, 1993.

[36] R. Dubay, G. Kember, B. Pramujatic, “Well-
conditioned model predictive control”, ISA
Transactions, vol. 43, pp. 23-32, 2004.

[37] M. Abu-Ayyad, R. Dubay, G. C. Kember, “SISO
extended predictive control-implementation and
robustst ability analysis”, ISA Transactions, vol.
45, pp. 9-20, 2006.

[38] A. R. Neshasteriz, A. Khaki Sedigh, H. Sadjadian,
“Generalized predictive control and tuning of
industrial processes with second order plus dead
time models”, Journal of Process Control, vol. 20,
no. 1, pp. 63-72, 2010.

[39] S. Drogies, D. De Geest, “Predictive Control:
Propositions for the Design Methodology”,
American Control Conference (ACC), San Diego,
California, pp. 647-651, 1999.

[40] O. Jing, R.R. Rhinehart, “CV Damping versus
MV Suppression for MPC Tuning”, American
Control Conference (ACC), OK, USA, pp. 2695-
2700, 2002.

[41] H. Cui, Z. Pang, Z. Pang, “Generalized Predictive
Control Based on Input Design”, 7th World
Congress on Intelligent Control and Automation,
Chongging, China, pp. 5594-5599, 2008.

[42] M. Mahfouf, D. A. Linkens, M. F. Abbod, “Multi-
objective genetic optimization of GPC and
SOFLC tuning parameters using a fuzzy-based
ranking method,” IEE Proceedings-Control
Theory and Applications, vol. 147, no. 3, pp. 344-
354, 2000.

[43] S. Filaliy, V. Wertzz, “Using genetic algorithms to
optimize the design parameters of
generalizedpredictive controllers”, International
Journal of Systems Science, vol. 32, no. 4, pp.
503-512, 2001.

[44] J. H. Van der Lee, W. Y. Svrcek, B. R. Young, “A
tuning algorithm for model predictive controllers
basedon genetic algorithms and fuzzy decision
making”, ISA Transactions, vol. 47, pp. 53-59,
2008.

[45] G. Hongge, K. Xie, “A Tuning Scheme for
Parameters of Generalized Predictive Controller
Based onMind Evolutionary Algorithm”, In
International  Conference on  Computing,
Measurement, Control andSensor  Network
(CMCSN), pp. 307-310, 2012.

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s



Ad 5 5 Sl Gl 5 e (Slae S ST (gl )l oS (gl By (o
SAL Ol (Gidke (S e

2ok et JES Gl il oS el al; VY]
ke 0dSils )l s, 8 4ol ANOVA Ll

YAY o ¢ gmsb i a5 nio ol o

[72] R. Shridhar, D. J. Cooper, “Selection of the move
suppression coefficients in tuning Dynamic Matrix
Control”, In American Control Conference, New
Mexico, pp. 729-733, 1997.

[73] R. Shridhar, D. J. Cooper, “A novel tuning
strategy for multivariable predictive control,” ISA
Transactions, vol. 36, no. 4, pp. 273-280, 1998.

[74] R. Shridhar, D. J. Cooper, “A tuning strategy for
unconstrained multivariable model predictive
control”, Industrial & Engineering Chemistry
Research, vol. 37, pp. 4003-4016, 1998.

[75] D. Dougherty, D. J. Cooper, “Tuning Guidelines
of a Dynamic Matrix Controller for integrating
(non-self regulating) processes”, Industrial &
Engineering Chemistry Research, vol. 42, no. 8,
pp. 1739-1752, 2003.

[76] J. H. Lee, Z. H. Yu, “Tuning of Model Predictive
Controllers for Robust Performance”, Computers
& Chemical Engineering, vol. 18, no. 1, pp. 15-37,
1994,

[77] J.O. Trierweilera, L.A. Farinab, “RPN tuning
strategy for model predictive control”, Journal of
Process Control, vol. 13, no. 7, pp. 591-598, 2003.

[78] J. L. Garriga, M. Soroush, “On the effects of
tunable parameters of model predictive control on
the locations of closed-loop eigenvalues”,
Industrial & Engineering Chemistry Research, vol.
49, no. 17, pp.7951-7956, 2010.

[79] P. Bagheri, A. Khaki-Sedigh, “Closed Form
Tuning Equations for Model Predictive Control of
First-Order”, International Journal of Control,
Automation, and Systems, vol. 13, no. 1, pp. 73-
80, 2015.

[80] P. Bagheri, A. Khaki-Sedigh, “An analytical
tuning approach to multivariable model predictive
controllers”, Journal of Process Control, vol. 24,
no. 12, pp. 41-54, 2014.

[81] M. A. Henson, D. E. Seborg, “Adaptive nonlinear
control of a pH neutralization process”, |IEEE
Transactions on Control Systems Technology, vol.
2, no. 3, pp. 169-182, 1994.

[82] P. Bagheri, V. Mardanlou, A. Fatehi, A, “Multiple
Model Predictive Control of Multivariable pH
Process Using Adaptive Weighting Matrices”, In
Proc of 18th IFAC World Congress, Milan, Italy,
pp. 12366-12371, 2011.

[59] G. Shah, S. Engell, “Tuning MPC for Desired
Closed-Loop Performance for SISO Systems”, In
18"Mediterranean Conference on Control &
Automation, Marrakech, Morocco, pp 628-633,
2010.

[60] G. Shah, S. Engell, “Tuning MPC for Desired
Closed-Loop Performance for MIMO Systems”,
In American Control Conference (ACC), San
Francisco, USA, pp. 4404-4409, 2011.

[61] G. Shah, S. Engell, “Multivariable MPC design
based on a frequency response approximation

approach”, In European Control Conference
(ECC), pp. 13-18, 2013.

[62] R. F. Hinde Jr, D. J. Cooper, “A pattern-based
approach to excitation diagnostics for adaptive
process control”, Chemical Engineering Science,
vol. 49, no. 9, pp. 1403-1415, 1994.

[63] W. Wojsznis, J. Gudaz, T. Blevins, A. Mehta,
“Practical approach to tuning MPC”, ISA
Transactions, vol. 42, pp. 149-162, 2003.

[64] P. Bagheri, A. Khaki-Sedigh, “Tuning of Dynamic
Matrix Controller for FOPDT models using
analysis of variance”, In Proc of 18th IFAC World
Congress, Milan, Italy, pp. 12319-12324, 2011.

[65] M. Schwarz, C. S. Cox, J. Borcsok, “A Filtered
Tuning Method for a GPC Controller”, In IET
Irish  Signalsand Systems Conference, Cork
Ireland, 2010, pp.180-185.

[66] E. J. Iglesias, M. E, Sanjuan, C. A. Smith,
“Tuning equation for dynamic matrix control in
SISO loops™”, Revista Ingenieria y Desarrollo,
Vol. 19, 2006, pp. 88-100.

[67] P. Bagheri, A. Khaki-Sedigh,” An ANOVA based
analytical Dynamic Matrix Controller tuning
procedure for FOPDT models”, Amirkabir Journal
of Modeling, Identification, Simulation and
Control, vol. 42, no. 2, pp. 55-64, Fall 2010.

DMC  Sorlys s 5l sla il oS ¢ jie (56 dasms [7A]
s o815 (G kg 0 dSCis (il s ST asbOLL
MM S8 (g sb p )l 4l

o it eSS S8 5 panalis Loy el [#4]
(B srdige 01D (i)l wlis )87 4l (GPC) il
VAR 315 0 ¢ sb p ] | inies oSl

[70] A. R. Neshasteriz, A. Khaki-Sedigh, H. Sadjadian,
“An Analysis of Variance Approach to Tuning of
Generalized Predictive Controllers for Second
Order plus Dead Time Models”, In Proc of 8"
IEEE International Conference on Control &
Automation, pp 180-186, 2009.

Journal of Control, Vol. 8, No. 3, Fall 2014

WA 5oL o o )led A il o =57 s






	blank.pdf

