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ABSTRACT

This thesis presents a controller design for Quadruple-tank based on the characteristic
ratio assignment (CRA). CRA is a design technique of pole placement based on defining
parameter of characteristic equation. This technique is able to adjust speed of response time and
damping ratios by means of only one parameter. By using the decentralized CRA controller,
interaction between each loop transfer function is eliminated by conventional decouple design
method. The results obtained in this thesis verification are demonstrated by MATLAB simulation
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R(s) + E® [ 1 | U ++% i Y(s)
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B.(s)=j, 8" +j,oS" " +...+ ji+ (3.4)
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B.(s), A (s)1u1die13 Tnanazdrnruguuuuiloulinid B, (5), A, (s) 191Wean
HaNIzNUING 15v3AdAuANH lod Tumseonuuulaz$1809N13MNUVBITLUUAIVAY
v o< = o = a1 a
apadiladavnavesdyguniuguade FailanduaisTouvosdygunrugudimiums

PONIUVIZVUAIVANAILIT CRA fiD

U(s) _Y(s) U(s) _Guls)
R(s) R(s) Y(s) G(s)
B,(s)A,(s)
A (5)A (5)+B.(5)B,(s)

(3.8)
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D, (5)=A(5)A,(5)+B,(5)B,(s) (3.9)
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16

= [ = = a A
1D1ANAVDITZUUAIUANIZAAM A UBUNAS 1B aFY Inatile

o/ =

1. dyanudounaddwuiuivle (n=aRs)=2 d1a,=b, 1a0m,n>0
5
o a Y a = a
2. dygedunndeduuuAMiIr@) = ar, R(s) = = §1a, =b,uaz a =b lav
§

m,n=1
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P(s)=A.(s)A,(s)+B.(s)B,(s) (3.11)
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auyd v G, (s) Wuilandud o Tounilavesszuumuguiesnuuy 13 luasuusn

Tay
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; s a,>0dMmMiVi=0~n (3.20)
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C= [c"_2 o T CD] (3.23)
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G, (5)
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X a,
(s) o _10 4.17)
R(s) ays"+a " +..+as+a,
p(s)=as"+a, " +...+as+a, Va, >0 (4.18)

w a o = o ¥
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Jaa,, >1.4656 dmiui=12,...,n-2 (4.19)
@, 21.12374¢a; dmivi=2,3,...,n-2 (4.20)
P 1
Q, = +—_— Iﬂf}a" =a, = (4.21)
R A !

i+l

o o o o ' Qs o el [ o 1 a’
MNANUANRUSVIOANEIUFNTEANT VeI INMINYINAUAN B Uz AAe 11T

2 2 2
a a
a, = -5 a,=—*, ..., a, K =—= (4.22)
a,a, a,a, a, ,a,
T=i (4.23)
a,

o o 1 ar - A( a {
ildaunsomdasndmdulszanivosaumswugadnyas luaumsi @.18) 1don

a, T
—= (4.24)
a, aa,a,

@ T

a, aa,

b L

a g

q

—_—=T

ay

q"

A L] ' o = o e |
weriiA19nauns (4.24) Tlunuluauns (4.18) uazdimisioudulszans
af 4 s q{ o
aumInyuguanyus luaunsn 4.18) nudulszansaunmswyunuguanyuzlu
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ﬂ' A J o o ar o
aumsn @.17) ududaumsieninimisiiimesvesiiniuguil leTasninanuduwus
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LERERA. (4.25)
aa,a, q,+K, p,
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q, + Kpp[} +K,p,
T=
K. p,

uazdagiaums lddaaunisi.26)

1

K, =—T/aa,a,q,-7q,] (4.26)
T 2

&=@+&m)
(Tpo =P;)

4.4.1 madSuanuiwaneuaHeIeIITULAILAN
[ a o o '
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Eitot v 4 A o - = @ -
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(4.27)

p(s)=as"+ka,_s"" +...+k" a5+ k"a, (4.28)

¥
s s

i
lunsdidmivszuunruguuuuanulasdmiunszuiunsszaui 4 09 92 laauns

WHUIUAUANHUZAIAUMTN (4.28)

P(s)=gqys" +(q, + K, p,)ks’ + (g, + K ,p, + K, p)k’s” +(q, + K ,p, + K, p))k’s + K, p,k*
(4.29)
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1
K." 5 [kalazasqa _”b] (4.31)
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| (rp, _kpl)
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]2]

—n"-=n —nt——n

i n n—l
p(s)=as"+k i ekt a]s+k2 2 g (4.33)
¥ ¥
lupsaidmivszuumvuguuuuanlasdmiunssuiumsszamii 4 69 sz ldaums

WHHINAMANHULAIANNITN 4.34

P(s)=gs" +(q, + K, p)k’s’ +(q, + K, P+ K.p)K’s* +(q,+ K, p, + K, pk’s + K, pok®
(4.34)

dovdulszaAntaumanpugudnvasluaunsi 433 iy dulszAnd aumsnuy

audnvaz ludunisi 4.18 uRaumaiommmsiiinesvesdiniuguitlod Tngen

ANuduRUTveIdA @ IUAUMIAUANYE

TS e oy
Kaoa, q,+ K,p,

(4.35)

_a+K,p+Kip,
K.p,

uazdagdaums ladeaunisi 4.36)

1
K, —I:Ic31:1',¢:c2c:713q'3 - rqu (4.36)
P,

(¢ +K,p,)
(zpy—p))

S

45 myaagUouavvesaumsinaluiisavesilaniusalon

nniadedenna T eduny NdMTUMTUNUAITA199 YeanITTUIUMIIAY
} ¥ "
msAnnamaAsIimesvesgaatulaniu sziuldniladdunisTouveanszuiums
A L =) ar a'd ] ﬂl ula 1
daog lugduuvvesaums Ind TuiflsadmiuiladsunioTourasoud 1 uaziladsunioTou

] ] ¥
NIoUNAD a8 luaumsh (4.37) uag (4.38) 1y

2.104x10"s" +3.442x10"s” + 20245 +49.565 +0.4054
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2.104x10°s* +3.442x10%s® +20245* + 49.56s + 0.4054
G, ()= 6.8 5 4 5 3 2 (4.38)
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MIN 5.2 JamninuvesnszyIums lunsdimadiga (P ) wazie hidga (P

4 F,

(7,h)  [em] (3.4,3.0) (3.5,2.4)
(h.h)  [em] (2.0, 1.0) (2.0, 1.5)
(w'u3) V] .7 7.7
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‘ 5.205 s + 0.2465
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OpenLoop Response of Tank1
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OpenLoop Resporse of Tark2
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Step Response of G1 and Gn1
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M9197 5.4 AUTIOULVDITTVUAIVRUNNMITIa Tunsdiadiga

HAABUAUDIVD t (sec) | PO(%) | Interaction (%) | t, of Interaction (sec)
STUUAIAY
Sa 1 158 | 3.125 0.5 50
S92 150 | 425 0.5 3 50
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M1 5.5 nfSouiisumsiiimesdniuguit lodien k nldsumlasliliedesmsnlaou

ANA NNV IHAADUAUDIVBITZUUAIUAY

ALY K, K,
@ =25a=25,a=257=100k=1.00 13583 0.1678
Loopl | @ =25,a,=25,2,=25,7=100,k=1.01 1.4039 0.1807
@, =25a,=25,a=25,7=100,k=102 1.4495 0.1950
a=25a,=250a-=257=100,k=100 1.1680 0.1694
Loop2 | @ =25,2,=25,@,=25,7=100,k=101 12136 0.1824
a,=25,a,=25,a,=2.5,7=100,k=1.02 1.2591 0.1968
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Siep Resporse of Tark1 and Tank2 Case Adust Speed Resporse
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1 * A ' 1]
mad 5.6 Wsuifisuaussouzvesszuuauguenmseewiten k£ nfasnalasly

HanouaUD k L PO Interaction | . of Interaction
VOITTUY (sec) (%) (%) (sec)
AR
1.00 158 3.125 0.5 50
Loop 1 1.01 150 3.5 0.5 49
1.02 140 4 0.5 48
1.00 150 4.25 0.5 50
Loop 2 1.01 140 45 0.5 49
1.02 133 5 0.5 48
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HAABUAUBIVDITZUUNIURY

MUY K, K,
@ =25a,=25a=25,7=100,k=1.00 13583 0.1678
Loopl | @,=25,&,=25,a,=25,£=100,k =102 1.6374 0.1838
@ =25a=25,a=257=100,k=105 2.0770 0.2090
a=25a=25,a,=25,7=100,k=1.00 1.1680 0.1694
Loop2 | ¢,=25,0,=25,,=2.5,7=100,k=1.02 1.4469 0.1854
a=25,a,=-25,a,=25,7=100,k=1.05 1.8862 0.2106
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M . d 5 r
mad 5.8 nlsuiiisuaussougvesszuuaiuguenmssaeuiien £ wasuinlasly

HAADUAUDY k t, PO Interaction | t,of Interaction
VDITTUY (sec) (%) (%) (sec)
AN
1.00 158 3.125 0.5 50
Loop 1 1.02 157 2.5 0.5 50
1.05 156 1.5 0.5 50
1.00 150 4.25 0.5 50
Loop 2 1.02 149 3.25 0.5 50
1.05 148 2.25 0.5 50

5.3.3.4 mynfSsuisumsdiumaamnaiinesvesmuguiagiimadiusn

Root Locus fum3sUSunaamniineslag3s CRA

¥
Tumsmamisiimesfmiudniugudmivnszuiumsuuy SISO W i

matiansesnuuudnugudmiunszuIums 1Ana1eds feenuuuamnsnideniing

[l b
TinzauduszyutazaudaussouzveszvunIuguidents luiidetissiins

nSeuiisumsliuudamnsiinesvosdiniuguszniumaiianseonuuuAIeNIuAuIIN

o ar Ll =3 et J -l A A
funmsdsuuaamsiimes 1aeas CRA  Fatiteulvlunisesnuuuiendssuieuna

4
AUTINUZVBITTVUAIVANAITIRAD

FEMIBONUUY P.O.(%) t, (sec)
mMysontuuAINURUY A 10 Tas3TMuAusIn RootLocus |  P.O.<5 100
NMTEONILUAINILANILY W 10 1a87T CRA PO.<5 100

A 9 " =, o as -
1]1ﬂl\101]1ﬁ1114ﬂ'ﬁ?]ﬂﬂll'l.l'].l‘ﬁ'l\'lﬂﬂﬁzﬁ'lll'liﬂﬂ'Iﬂ'lﬂ'l?'llllﬂﬂiﬁ'lﬂ’]!JY]IIII.U‘U'HTU

1 " ]
dmiunszuaumsszainii 4 dansdimladigalddansien 5.9

A13191 5.9 AN HMeAaAIUREi 1o 1 TAvinnisesnuuy Taedtmudusnuaz 3T CRA

AINVAY £, K,
CRA Loop 1 a=4,a,=4,a,=4,7=100 15.4742 0.9772
CRA Loop 2 a=4,a,=4,0,=4,7=100 15.2756 0.9790
Root Locus Loopl PO.<5%,t,=100sec 1.4000 0.1050
Root Locus Loop2 P.O.<5%,t =100 sec 1.4298 0.1072




60

HaABLAUDVBITTIUAURUIEz dy A Ugud M uAIRIUANN IdnInnseenuuy Ta

TIMuAusINNEZIT CRA aunsauaasldasgui 5.13 nazgii 5.14 amddy

Step Response of Plconroller by CRA Technic and Rootl ocus Tachnl

I I | I
| 1 1 1
== ———— TR s e i o e R R 1 L
] 1 1 ]
) 1 | 1
gale ol RN B s e T ) i e I = Tank1,CRA
! ' — Tank2.CRA
: : = Tank! Root Loos
e / _____ 4 — Tov2RootLoas
1 1 1
E 1 ' 1
%“ -------- e e e ] '''''' T - Saleabefatat
1 1 1
o | | [
S Dt r " e et e T
- 1 1 1 1
d ' 1 1 1
15 b gk e e e . A e ! gy e e e - ——————
] 1 | 1 |
| 1 1 1 1
Hef==f=== b o ————— A=m————— A= —————— = ———————
1 1 1 1 1
' ' I ] |
o8| - —————— - - -, - —————— A --- - - - - -
\/ i 1 1 1 1
1 1 1 ! |
e = e e 1
(] 100 200 300 00 00 00

Time (s)

U 5.14 ueraanisnfisumeuranouauIvRITTLUMURNIINMITIaBIRe Ty

3 o L = o o - e = =
'uuuu'laszmmmswmasmmuqumammuiammnmuﬂnuaz’m CRA

Compare with C ontrol Signal by CRA and RootLocus Tecivic

I I I I I
] 1 ] ] i
the—————— bFm—————— tmm - A4-————== e s ————— =
' ' 1 A 1
i | ] | L
A o ar b [ond o e = Tl = iy = == ==t
1 1
| | 1
S A 1 W e T A AT i Sapinimiaiieniens” 1 [y TeEeE R = Il ke
1 i |
g o e AR e o M L IO Nt L e (| = MV of Tark1 CRA
g T == 1 MV of Tark2,CRA
! i = MV of Tank{ RootLocus
%s- ————— e e = et et 41— MV of Tark2 RonL ot
- T
E 1 1 [ { |
5‘ ———————— pm—————— tm—————— 4======= A= ——————— ==
1 1 1 1 1
I 1 i 1 1
Ll - el St P - ettt R B e Hrad . Eerlie iyt o G Solhath ottt ot RS N -y
] 1 ] ] I
] I 1 | 1
Gy | e TN ST 1| e el T o e e P = S T [ e e
I I I ) 1
4 £ miai 1o N o el TR R e e e Rl o A NS L i o
1 1 ] 1 1
0 1 1 [ I 1
i 1 ' L =
100 200 00 400 500 w00
Time (sec)

UM 5.15 uaraamsnfSsumsudygaunuguuedszuunluguanmsiaoinodyyu

g o ' ~ o a P = - =
“l!'u'l]ll.lﬂi3”‘11‘1“1711]lﬂﬂ?ﬂ')ﬂ?ﬂf]uﬂﬂﬂﬂlmuIﬁU'J'ﬁ'ﬂ'Nlﬂui’lﬂllﬁ:')ﬁ CRA

-innzﬂﬁ 5.14 urmmnﬂEmﬁum&iaﬁ'ngiywnfuﬂu"lmme'i"amuf]uﬁmﬁumﬂﬁﬂ
malfuuAaniimesvesdaniuauiisaiy suifu I wanoumuesvoadinruguii 18
ofumaiinvesdinIuRuILY CRA 1 I¥aussouzvesszuatuguitaniialudu
wesiFuduiuawaudii naznavesnsdumesondusznissousr VAR
@5unationnn Saamaiinmssuudsimsiimesvesiamumniudiannsmi1die

¥
uazﬂzmnfn1mﬂuﬂmnli'uu.mmﬂumaﬂnuﬁmqmm‘m annadeesadivua



61

4 i ¢ e a " e 4 A
iwou lvveawanovauevesszuui hiflimjuiu 18 Tasmssuudam o, Miduitouluves
MIBOANUUAIAIUAN Had DU DUz YTz IUMmURUa NI auaaaS sumouiu 18

AINITN 5.10

" ¥
M31aN 5.10 nfisuisuaussouzvesszuumugunnmsiasdedyanaiiniula

sIms eI MAluguiiesnty 1Ay CRA 1ag Root Locus

HARDUAUDIVDA t, PO Interaction | t,of Interaction
ITVUNIVAY (sec) (%) (%) (sec)
CRA Loop 1 90 0 0 0
CRA Loop 2 92 0 0 0

Root Locus Loopl 140 1.1 0.375 50

Root Locus Loop2 143 1.2 0.125 50

53.4 MINAABINUNTZLIUNITOIY

=

N IdhmssasansmununszImssEih 4 84 ArwaInIuguille
penuUUAIETE CRA 1d1 dellazihdimugudanani ldeenuuuin1imsaiuguiy
nszuIuMInie Taoez 14 Tulsunsu MATLAB smdhililudaniugudaldauaniy
#1061 (Sampling Time) W11 0.1 Tunil nmdhevesnszuaumsszdmni 4 fa uaanagy

15.16

" ¥
JUN 5.16 namagilganaasnszunumsseani1 4 63



62

¥
TumsnaaesmsnugunszLIUMIsEanh 4 61 s ldmmniimesvesdiniugy
-
duasumisnaaonazuuulunisnaasusuiderduiu nsdraesnisiinudle
Tisunsu MATLAB # ldvimsdraeanmsiinuliaden 53.1 Tusunsy MATLAB 014

TumsnAasanuNIzUIUMINITL HaAAIzlin 5.17

Seprien | I 1
E %H 4 — l
tept e S i
Sepean 4 1 J’| w
Ansioy Dulg ol
e o
1106 Ansleg lnputt oz
Poumiioh
PCRITIY [t = Snpla
Constane
== &
et w—a
Sepemt ._+‘
= [
k2
hpd St =
G IS
=)
Ansiag !
[
1 S Ansleg bpatt St
T EE “Eﬂ E;;;;l
Comtanz 7 ik

U 5.17 Tusunsu Simulink #ildmaassmsiauvesszuuaiugy

5.3.4.1 WanevaueveszuunIUfietlewdunmmutivle
A - : al ar 3
HaneuaueIvodssuunuuitouduyanuuu lauaadagii 5.17 nay
Ay uAIUANITAIAIZLN 5.18

Step Resporse of Tank{ Tank2

T T T T e
| ' ' | 1 PR
L pm=—————- e e q= e ==~ — ==
| ¥ ' | i
| | | 1
e o i v e T e =
1 1 1 1 ]
| 1 I 1 I
o R R N i oS e Gl ek 5 i et | Rk e
[ 1 1 ' '
I e o o e e R T SRS o e e ol el s o o e =
¥ | I i 1 ]
= 1 | i ' 1
e bk b W S eotr ] 2L (S e iy B ot e £ R o S T -
= | I i | ]
H l [ [ 1 '
Sl R e = — e e . = = = — — ~ - —— -
1 ] 1 1
' 1 | | |
e | T, W b i AR X AT At =, Sl A s
1 | 1 1 !
1 | | | '
G e . iR o it fe s g e ST S
' | l | |
R A e Ry N caorand e B el i Dt T T P R -
1 1 1 1 ]
1 ] ! 1 ]
A 1 L 1 1
100 o 00 400 ] Lo
Time (sec)

i & a & o
310 5.18 HaneuausvBITTUUAILANYINMINAaeuilaleuduyaruuTuiu e



Control Signal of Controller! 2

63

Cenmol Signal (Voir)

- d -

I

== = Mvortankz

o e el

S ol e

| ! el e i Rttt KB s

§...__

;ﬂi‘; 5.19 ﬁq;qniumuqmnﬂnﬁnﬂaauﬁm’]auEuvgnuuu-ﬁ"uﬁ'u'ln

mn;ﬂnanﬂuﬁnmdaﬁqm_nmfuﬁu'lmmqszuumuqumzmum'i'szﬁm‘i’l 404
Fagulit 5.18 sziitu I8 hdrnruquuuvitle fieonuuudisds cra wu annsanuguld
szunaunioAanudunaddsiinlaeunnszan 20% Tldsedui 40% dmiudai 1 uaz
f4fi 2 Tdaiideams TaswanouauewesszuuaIuguezinaudidnwai 1enms
naeutunuudaealudaii 1 ualudsd 2 nar lumshiidiniimsnageunnuuuiiaes
nszuauMe SR mjuiudmiuded 1| nazded 2 dumavesnsdumesuoatusznitag
iﬂUﬂ'J!Jf]mfuﬁfi13J‘lflﬂ‘]"l‘inﬂfl‘h"ﬂﬂamﬂi8U1ﬂﬂ1i§1ﬂﬂillﬁ$ﬁﬁﬂﬂﬂl:ﬂ1illﬂ'i~1ﬁ"l1111;”]4
mauazmInsoumsraud1Budy Fwavoamsdumesuenduszniinnsseunivgy
Fuinnndwai ldnnmsnuuiiaeanszuumain Aatuitesndnuarahidheda
uveainimaznds unz'lumsnt‘fuq'ﬂ'ﬂuszﬁué’uﬁuﬁmﬁaﬁmmmﬂuEwmizﬁ’mﬂ
Feounldon'l esildanmiiuunhifimaerencueuosvesdsil 1 asdai 2 anauiterh
sﬁ'uﬁ'nﬁam“mfu"lu'mmsnvﬁ'mszﬁuﬁuﬁdﬁﬁuﬁ uaseiimsnlasunladludnuus

undamseuszaududuuninzannsodigszaudesdd

A13197 5.1 AusTOUZYeTTUUAIUANINATINAae lunsdiadige

HGEEMGETRERGE] t.(sec) | PO(%) | Interaction (%) | t,of Interaction (sec)
SLUUAIIAY
Sa 1 120 125 5 150
Sai 2 150 175 -1.875 100




64

J - 1 ’
53.4.2 WaneUaUevRIszUUMIUgMeYSummInTines & tifedeamanfauu

A NNV IWANBUAUBIVBITZUUAILAN
A 3 o 4 o
HEABUAUBIVDITZUUAIIANIINMINAG Ml ne IR IuRUUUDTH o 71 1A

mseonuuu Tastmualismsitimes £ 910 10y 1.01 waz 1.02 mwé ey

a/ as

L] al n‘ L
nnanuduRuivesdandudulsranivesaums wyuniguanyuzuas

(]
A !

A i &4 a
maees £ Nildeainiine ¢ naneuausIvesUURIUguiiatlouduNanYY

1
=

¥ ]
utiulanaasdazui 5.19 vardygamuguuaainigili 5.20

Step Response of Tark1 Tark2 withcompare Adjust Speed

I I

|
|
I

—— Tarkik=1
— Tark2k = 1
MRSt DO ARl (NSl = i | et | N = (T ST e == Tarkik=101]
— jmzk =101
L — Tarkik=102
g —— Tark2k =102
=
5k - - o N L et et b, — A N e g — _: _______ o
S [ [ 1
- 1 1 '
| | '
1 i e - = s o e i e S e o i i
| ] 1
| 1 1
1 1 1
| ] 1
G T, SN IR - Nl Sor, e U By | il
| 1 1 1 1
1 1 | | 1
1 1 1 ' [}
4 L L . T et L
100 200 no 400 @0 L]

Time (sec)

4 o . I’l ar A o
it 5.20 waneuauBIvBITTUUAILAUIINMIIaesRe Ay U Ide T uR WG

HanoUAUBIveITHUAILAN TasmsUTum k

Control Signal case Adust Speed

I I I T T
1 [ [ 1 |
I ] ] ] 1
1 [ 1 [ 1
o e B L -1 - ——————
1 | 1
b b, ey, ol RN i A TR LS (SRR s SRS e | S, A —— MV of Tark1 k=1
T T i a — MV of Tank =1
£ 1 1 1 ' —— MV of Tark1 k=101
s [ 1 1 ! —— MV of Tark2k=101
‘g ] ] L] 1 = = MV of Tank1 k=102
L N e Lommm e m de e e e — = MV of Tark2i=1 02,
2 [ [ 1 [
g [ [ i [ '
8 1 1 1 1 |
1 1 I I I
G i e e T b, il "y 5 ¥ B RO g [T o o T T e e )
1 1 | I I
1 1 1 [ 1
1 1 1 1 1
1 | 1 1 ]
T el P e O s s ol
1 1 1 [ 1
1 1 1 1 1
I 1 ] I I
A A A . -
100 o0 00 00 S0 Lo

Time (sec)

lef'; 5.21 ﬁmtymmuqmmmsi‘immn’m‘r’tutmm-tfuﬁu'lﬁlﬁaﬂ%’ummﬁa
HaRBUAUBIVEITTUUAILAY Tasmsliuamk
gt 5.20 uﬁmnamuﬁuawaﬁzuumuqudaﬁtymmfuﬁu'lmﬁm!%‘mi1 k
ioUsuAIIE e sHaneurUoIveITTIYAILAN MIngilFunaiuldTuilou iy i &

- 4‘ ° 9 o -; O e
IANUUN 1 lﬂu 1.01 uaz 1.02 ilz'ﬂ'llﬂﬂ'ﬁﬂﬂll’duﬂ\'l'llﬂQTZUHﬂ'J'Uf]IJﬁ‘]'!IU 1.1.-1'!]&!31’"’117!\1



65

AUHAZIUNTIHANDUAUBIVOITLUUAIUANEIA VAN TAIAUT TOULVDITZUUAIVAY

aunsosaaalisufsunuldamsan 5.10

L - A ¥ "
ma1afl 5.12 nfSoufouaussousvesssuungunnmsiasiien & nlaoumnalasyl

HOADUAUDY k t, PO Interaction | t.of Interaction

VBITLUY (sec) (%) (%) (sec)
AU

1.00 130 12.5 3 150

Loop 1 1.01 125 13.25 -6.25 150

1.02 120 13.75 -6.25 150

1.00 130 175 -1.875 100

Loop 2 1.01 127 18.25 2 100
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M3 5.14 nFouisuassouzvessruuauqueINMsiasdedy g utuiula

sEn s iimesanuguioeniuy Iay CRA uaz Root Locus

HAADUAUDIVD t, PO Interaction | 1,of Interaction
FTUUAIVRU (sec) (%) (%) (sec)
CRA Loop 1 70 0 -1.25 15
CRA Loop 2 72 0 0 0

Root Locus Loopl 90 5.25 -5 20

Root Locus Loop2 92 3.25 =1.25 70

5.4 AIzUIUMIIANG 4 Suwuduneiadnuiadwnsdimalidaa
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G (s)=
i(s) 8.661x10°s° +2.256x10°s* +2.329x10%s* +1192s* +30.285 + 0.3052
(5.9)
Gy~ 1.78x10%s* + 38345’ +237.8s” +3.0535 — 0.06791
¥ 8.644x10°s° +2.445%x10°s* +2.742x10%s* +15235% + 41.885 + 0.456
(5.10)
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0.02055s2 +0.0021145 —2.579x10™
G,(s)== > (5.11)
$° +0.1479s2 +0.007208s +0.0001159

G..5)= 0.02059s +0.002118s - 2.584x10°® i
20T +0.17035” +0.0095125 +0.0001735 :
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Conirol Signal of Tank1,Tank2 with Case Adjusispeed
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Control Signal of Tank1, Tank2 with Adjust Damping Rafio
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Control Signal of Tank1, Tank2
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Max Flow rate 2200 ml/min (Vdc)

Max. Suction 10 ft. H,0 wet, 4 dry
Max. Pressure 20 psig (46 ft. H,0)

Port Size (OD) 4.8 mm (0.18 ) hose barb
Power Require (Vdc) 24 Vdc (up to 28W)
Max Operating Temp 93°C (200°F)

Ambient Fluid Temp 0 to 93°C (32 to 200°F)
Particulates No

Run dry No

Max. Viscosity 200 cps

Dimensions 88x 81x92 mm (4x 1.75% 2.63)
Weight 1.4kg (3 1b.)
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ok ke ok ok ok ok 2k ok ke ok ok e ok ok ok ok ok ok ok dhe o ok 3k ok ok o ke 2k sk ok ok 2k ok s ok 3k ke ok ok sk ok ok ok ke sk e ok sk ok s ok ok ok sk ke ok ok ok sk ke ok o ok e ok sk ke ok e ok ok ke ok ok ook
clear
clc

% Use for Calculation Parameter Simulation
% Process Parameter
% Tank Parameter

Al=70;

A2=70;

A3=70;

A4=70;

a=0.5028;

% Beta parameter

betal=0.530;

beta2=0.657;

beta3=0.320;

betad4=0.370;

% Outlet tanks cosssection

al=a*betal;

a2=a*beta2;

a3=a*beta3;

ad=a*betad;

% Gain of Pump

k1=3.154;

k2=3.240;

% Gain of Output

ke=1;

% gravity

g=981;

% gamma Parameter Minimum Phase
gammam] = 0.543;

gammam?2 = (.556;



% h-operating Point
hm10=3.5;

hm20=2.4;

hm30=2;

hm40=1.5;

%Time Constant of Process
tml = Al/al*sqrt(2*hm10/g);
tm2 = A2/a2*sqrt(2*hm20/g);
tm3 = A3/a3*sqrt(2*hm30/g);
tm4 = Ad/ad4*sqrt(2*hm40/g);
% Cal Parameter Constant

cl =tml/Al;

c2 =tm2/A2;

% Cal Transfer Function
numl1 = [gammam1*k1*cl];
denll = [tm] 1];

G11 = tflnuml1,denll)

numl2 = [(1-gammam2)*k2*cl];

den12 = [(tm1*tm3) (tm1+tm3) 1]

G12 = tflnum12,denl2)

num21 = [(1-gammam1)*k1*c2];
den21 = [(tm2*tm4) (tm2+tm4) 1];

G21 = tflnum21,den21)

num22 = [gammam?2*k2*c2];
den22 = [tm2 1];
G22 = tflnum22,den22)

% Cal Decouping
H12 =G12/G11
H21 =G21/G22
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% Fix Parameter Decouping
% parameter H12

numH12 = [num12*den11]
denH12 = [den12*numl1]
%%% parameter H21
numH21 = [num21*den22]
denH21 = [den21*num22]

% Tranfer function for Find out Controller parameters

Gnl = G11-((G21/G22)*G12) % Full parameter Loopl
Gn2 = G22-((G12/G11)*G21) % Full parameter Loop2

G1 = minreal(Gn1,0.001)% Reduces parameter Loop]1

G2 = minreal(Gn2,0.001)% Reduces parameter Loop2
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v.2 Tsunsu@ldlumseonuuudnauguitleTav3s crA nsdhliuanudnaneuduea
VOITTVUNIUAY
O/o**************************************************************************
% CRA For Quadruple Tank Process with Decoupler

% Case Dampling Adjustment (PI-Controller)
%*****************tlll******************!Il************************************
cle

clear

% Parameter of Quadruple Tank Process with Decoupler

% Bpl(s)

p21 = 0.02055;

pll =0.002114,

p01 = 2.579¢-005;

% Apl(s)
Q@3l=1;
q21 =0.1479;

qll=0.007208;
q01 =0.0001159;

%Parameter of CRA controller

alfal = 6;
alfa2 = 6;
alfa3 = 6;
k=1;

tao = 250;

% Cal Condtion Condition
al = alfal *alfa2*alfa3;
a2 = al*(k"3);
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% Calculation

syms kp1 kil

eql = [num2str(tao),'=(',num2str(q01),+(-kp 1 *',;num2str(p01),)+(kil * ,;num2str(p11),))/(-
kil*',num2str(p01),)'];

eq2 =
[num2str(tao),"/",num2str(a2),'=(",num2str(q31),)/(,num2str(q21),"+(kp1*' ,num2str(p21),")'];
S = solve(eql,eq2,kp1 kil);
kpl = double(S.kp1)

kil = double(S.kil)

ml = kil

% Calculation for Loop 2
% Bp2(s)

p22 =0.02059;
pl2=0.002118;

p02 = 2.584¢-005;

% Ap2(s)

q32=1;

q22 = 0.1703;
ql2=0.009512;

q02 = 0.0001735;

% Calculation

syms kp2 ki2

eq3 = [num2str(tao),'=(',num2str(q02),"+(-kp2*',num2str(p02),")+(ki2* ,num2str(p12),))/(-
ki2*' ,num2str(p02),)'];

eqd =

[num2str(tao),"/",num2str(a2),'=(",num2str(q32),")/(',num2str(q22), +(kp2*',num2str(p22),))';
T = solve(eq3,eq4.kp2 ki2);

kp2 = double(T.kp2)

ki2 = double(T .ki2)

m2 = ki2
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Design of Decoupled Controller for TITO System
using Characteristic Ratio Assignment
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Abstract:

Most control performances in actual design are usually defined by tae time domain response such as overshoot, rising

time, setthing tune, steady state error, etc.. Lhere are few control design methods, which are able to apply directly to the puspose. 1he
pole placement method 1s the most popular. The Charactenistic Ratio Assignment (CRA) 1s one teckmque of pole placement based on
defined parameter of characterstic equation. This techniue cans adjustment of speed response and the damping ratios by only one
parameter. In this paper, CRA 15 use to design controller for nwo-mput rwo-output (TITO) systems By using the decentralized CRA
contrellers and eliminate interaction between loop transfer function with convennional decoupler design method. Several examples
are prasent to illustrate the effectiveness of the proposed method and compared 1t with existing ones. It 1s show that CRA design 15

stable. robust, whilst giving the desired ume domain performance.

Keywords: Characteristic Ratio Assignment (CRA) SISO Controllers, TITO Systems, , Decouphng

1. INTRODUCTION

Processes with only one output being control by a
single manipulated vanable are classify as single-input
single-output (SISO) systems. For the process having
more than one control loop can be called multi-input
multi-output (MIMO) or multivariable process which
very often found that in power plant, refinery process,
chemical mndustries and many other fields [1],[2]. The
control of thase processes s more difficult than SISO
processes. Because taere 1s an mteraction between other
control loops of MIMO processes. Therefors the method
used for SISO systems cannot use for control of MIMO
systems effectively. The most commen form or
well-known form of MIMO system 15 a two-input
two-output (TITO) system [3]. Meny techmiques have
been present in the literature for the control of TITO
system. The controller used for TITO svstems often
tound that PID controller. ISTE optumzation method |3,
4]. frequency based tuning method [5], Nyquist stability
analysis [6]. domunant pole placement [7]. decentralized
relay autotun2 method [8, 9] are among them.

The charactenistic ratio assignment (CRA) [10] 1s
onigizal developed from coefficicnt diagram method
(CDM) [11]. CRA 15 one techniques based on defined
parameter of characeristic squation sumlar CDM, but
this tachniques can be adjustment speed response and
dampmg ratos of system arbitrary bv only one
parameter. Therefore, this tachnique 15 convenien: and
switable for tuning controller under the requrement of
the system.

The rest of the paper orgpamized as follows. The
method for remove interaciion wrh decoupler design
method explained in Section II. In Section III, illustrate
coucepl of CRA and teclmiques for adjustisent speed
response and dampmg ratios of system. The method
design of decentralized controller by CRA for TITO
system is propose in Section IV. The examples for test
and shown that valuable of CRA design proposad 1s
clanfy in Section V Finally conclisions are giving m
section VI

978-89-950038-6-2-98360/07/$15 (©ICROS

2. DECOUPLING DESIGN METHOD

The structure of TITO system can show in form of
block diagram m Fig.1 and trensfer matnx for tlhis
system 15

< Gy(5) Gy(s)
= [Gzl(-’) Gn(s)] &

A

Fig. 1 A general structure of TITO system

From Eq. (1) element of diagonal matrix Gv and G»
are direct loop transfer function of R;-Y; and Ry-Y;.
while off diagonal matrix Gy, and Gy, are cross coupling
between loop transfer function. The cffeet of cross
coupling 15 call interachion which this effect can
produces several undesirable ixfluences or prolubits
satisfactory control system. In this case, the effect can
removed or decrease to mummize by use decouphng
method. Decouplmg method 1s technique of used to
transform transfer matrix of system to diagonal wransfer
matrix by use decoupler matrix. Fig.2 show block
diagram of decougler incorporate with TITO svstem and
decoupling matrix for TITO system show in Eq. (2).
H(ﬂ'[ﬂum ot @
Hy(s) Hy(9)]

When use decoupler participate TITO systam the
overall transfer matrix can transform to diagonal
transfer matnx also.

[G.;(s) 0 ‘!_[Gnm Gu(s)][fa;(n Hum] pre

0 Gu(s)] |[Gy(s) Gu(s) | Hyls) Hyls)

113



& Hy . =@'+ :
{af :
= —{a{ G,
R, :ﬂ & %'f %

TITO System
Fig 2 The configuration of decoupler with TITO system

According to conventional decoupler design [2],
assign Hy; and Hxy = I for H:; and H>; obtam by solve
Eq ()

Giy(s)
Hpym=—t2 4
"G o
Gy (s)
§ TP ol 4b
) o

When assign Hj). Hjs. Hy and Hy Eq. (3). the
decentralized system can represented by following
equation.

=60~ 286,0) |n-0r ~0,08 (50

\ Gyls) ;

/

=08, -| Gy(5)- 2, () |, -
=08, fcn(s) P c,l(s)Jx, GulR,  (5b)

In Eq. (5a) and (5b). interaction between loop
transfer function are eliminated. The new decentralized
system is expedient to control and SISO control system
design for applied to each loop transfer function.

In some case time delay is incorporate with the
system. The decoupler design method can use by
estimate time delay with Pade approximation or use the
direct steady-state decoupler [12].

3. SIMULATION EXAMPLES

Naslin [13] has studied the problems to optimize
damping ratios of control systems, and he found that the
damping ratios relates with characteristic ratios. The
relation of characteristic equation can be illustrated as
follow

p()=as" +a, s+ _+as+a, Ya,>0 (6)

Where, the characteristic ratios 1s given by,

3 3
a . EE R et e (7)
. A3y -9
and the inverse of characteristic equation 1s given as
A T i Bl il 8
b= R b (8

Otherwise, 1t 1s able to depict the relation of coefficient
ration and charactenistic pulsatances as,

LS. | L% ()

=t gy= —_—

3 3 @y 79

Thus the generalized time constant is given by

g (10)
G

Given Eq. (7)-(8), 1t 1s able to describe in another form by

the coefficient of characteristic equation
A=[a, a .. @ a) (11)
3‘!5a-| be: - b b,} a2
C=lei ey g al (13)
where
fa=tl 1=012.. n-1 (14)
i+l
=2 1=012,. n=2 (15)
b

The controller design by CRA method can done by
assigns value of generalized time constani (1) and
charactenistic ratios (o) up to system requirement. To
define the value of a, it is under the rule of Lipatov and
Sokolov [14] in order to retam the system stabilsty which
is given by.

J“F:-i >1.4656,i=12,....n-2 (16)

@, 21.12374a;,1=23....n-2 an
. 1

g -Tr-z+a,—1'a'-a°-m (18)

A. Adjustment speed response of control system

Kim [15] propose convement method for adjust a
speed response of control system. the CRA method can
be tuned by changmng a value of fune constant as shown
mn the next equation. Assume the transfer function 1s
given as

G(s)=— & 19
a5 +a S+ ... +5+4a;
Then 1t 15 arranged 1 new format
a/a,
G(s)= (20)
Palel, 2A.,.%
ay a, a,
Eq. (20) 15 able to construct the coefficient as mverse
form of charactenistic equation
n=l n=l 2=l
.rh-[] gq L[b, I}b,] (1)

When increasing a gain with equivalent ration by & | it 1s

obtamed by
A=l =i n=t
4=|1 kTTH ... ¥'TI8 * } 22
R (O
From Eq. (21) and (22), coefficient ratio 1s unchanged,
but the generalized nme constant is able to change as
shown m Eq. (23) and (24) respectively.

ka, 3
s a,s" +ka, 5"+ + kg s+ ka, @3)
o= l'&J o9
%
When k > 1; speed response will be fast, then 0 <k < 1;
speed response will be slow.

Suppose that Gy(s) and Gi(s) are all pole systems
with the same charactenstic ratios. Let r; and t; be their
respective generalized time constants. Then for an
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arbitrary #; and 1,
f I =
BO=3(0 by r=2g (25)
7, f

R. Adjustment damping ratios of contral system

To adjst the damping ratins if the system 1< high
order then there are many parameters (a,) to be adjusted.
Thus Kim [16] offer easy method for adjust (a;). The
CRA method is desipned for ftuning only one parameter
that tollows as,

1

G(s)= (26)
Gogn Tnio-ty LT
ﬂ: ﬂ‘-' ﬂ’e
1 1 1 1 i‘
A e e | 27
I1%: I1& 1% I1&
L =0 =0 1=0 1=l <
5
: 23)
i
# 1 T
o ) i i Ii
r=1 bo 4
iffe-afw  * |
Li=l j=l =3

When the coefficient ratio is increase by k then the rew
characteristic equation 1s giving by

{1‘1“""%" 1
A= t:i.-] n-l  ned 0 X
D edle g 8
3 el
[1}*‘?""; e
F [r=3 m4 3 bo

[ ‘

alle. - Tle -1 i

(Helfo-[Jefs * |

Fimally, Fq (?8) and (79) formulated to the Fq (30)

when k > |; damping ratios mereased then 0 < k < 1;
damping ratios decreased.

151
¥ —<n
K Tg

Gy(s) = ; (30)

el Lo Ly

1
: R T
A, + ka7 v Ak Tacekl Tay

4. DESIGN PROCEDURE

The systematic CRA design procedure for the
TITO system can be summarized as in the following

steps:

1. Digaonalization of the system via the decoupler

Transform the TITO system intc diagonal transfer
matrix by using conventional decoupling method for
removed o1 decrease mteraction effect to mummize. The
following SISO design procedure is applied for eaclh of
the diagonal transfer finction

115

2. Comprehensive concern the SISO design

2.1 Choice of the controller polynomials A(s) aad B (s)
Fig. 2 represents il Llock diagran of countrol

system designed. The polynomuals form of the plant and

the controller genera.ly is write respectively in the form

[11].

4
XL e L Huerss | ¥ |1
+ A5 D)
Plart
5 B9)

Fig. 3 Ablock diagram of control system

Dis)=6,5" +a,,+-+a

4 : G1)
Nis) =bys™ +by y +---+ 8y
and
AS) =I5 #1587 44
B(s)=ks' +k_ s+ 2k, (32)
Fis)=k,

where m<nandi<s

2.2 Choice of the design parameters

The CRA design parameters compose the generalized
tme constant (7) and the characteristic ratios (a;) [10].
The generalized tune constant deternmunes the time
response speed of system. The characteristic ratios
assign the stability and the wavaform of the system time
sespanse and robustness property.

-Choice of the generalized time constaat: Considered
according to tac standard Manabe form [11]. If ¢,
denotes the deswed settling time. this relation expresses
the choiceof by T =1/ (2.5~3).

-Choice of the characteristic ratios: According to the
Manabe torm | 11). the characteristic ratios are chosen as

=25 a=2 i=2~(n-1). ay=a,= (33)

The above values can te changed arbitrary according
conditions m Eqs. (16 18)

3. Deternunatioa

From Eqs. (30-31), the charactenistic polynomial of
system 1s

D(s) — A(s)D{s) + B(s)Ns) 4

=g+, s -t as )

The coefficients of this polynonual are expressed in
terms of k and [ ie the coefficients of the controller
polynomials. From Eq. (7) and Eq. (10). tae target
characteristic polynonual to be used to design the
parameters of a controller is

I’ ~.-{ 3 -1 \'1 U ] e
R(S)-%i[ginﬂzjiu’jl’rh-l]‘ (35)

Then assign design parameter define in previous
part and replace in Eq. (34). Diophantine equation is
obtamed by equating the charactenstic polyronual of
system Eq. (34) with the target charactenistic



polynomial Eq. (35). Also parameters of a controller
obtam by result from the known generalized time
constant (1) and characteristic ratios (a;).

Fig 4 The TITO system with CRA controller

4. Testing the system and adjust system response

The TITO system with CRA controller shown in
Fig4. After choose design parameters according
condition m part 22 and then delermine system
response  from simulation. If system respomse
unsatisfied such as large overshoot or slow response.
Then adjust damping ratics according section ITI part B,
from there adjust speed response corresponding section
IO part A.

5. SIMULATION EXAMPLES

In this section two examples are given to clarify the
proposed method. For transfer function with time delay,
1/1 Pade approximation is used. The Rosenbrock
problem [17] 15 considered in the first example. For the
second example, a first order process with time delay
mtroduced by Wang [9] is considered.

A. Example 1
‘Lhe system
1 (a-35) (2-9)
e [(1/3-;) 1-5 ]

was onginally proposed by Rosenbrock [17]. The value
of a1s 1 for the nounnal case. This process 15 controlled
by Majhu with both PI-PD controller and PID controller
designed according to Zhuang's ISTE optumization
method. The same systen: 1s controlled hy CRA and the
results are compared in this example. All of the three
methods use the conventional decoupling method to
overcome the interaction effects. The conventional
decoupler for this problem is
[ -5+ lﬂ 1

1 —_—

s-1
=5+2 |

l. 5-1 : i
Also the transfer functions of diagonal transfer matnx
are resulted to be

Guls) = Gu(s) -—!'%

For CRA design method. first assigned design
parameters arbitrary. In this case assigned follow as 1=1

His)=
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a;=a;=2, az=5 for loopl and loop2. The adjustment of
speed response and damping ratics can be produced by
adjusing value of according to Eq.(23) and Eq.(30)
respectively.

For loop 1 and 2 the equation for adjustment of speed
response is
G 0.16k*

0.00Ls* +0.02k5"+0.08K" &* +0.16F 5+0.16%"
and equation for adjustment of speed response is
() 016t
0.001s” +0.02%k's +0.08k's” +0.16k" 5~0.16%°

Then improve system response following topic 3 and
4 by tnal tuming k=1, 1.15, 1.3 respectively, the system
respoase shown i Fig5. Result of tnal twung &
obtamed =08 a;=0,=26. a;=65 and the controller
polynomials are computed as A(s)=00015™+0.0549s,
B(s)= -1.39545" -4595-5 6565, F's)= -5.6565 For this
example. Majhi has obtamned K, =-10, T; =2819, T,
=0.785 for PID controller by usmg Zhuang's
optinuzation method. The results of Majhi for PI-PD
controller are K, =-10, T; =0.548, T; =-9.849 K, =
-16.297

R 1 = -
ol o3
oo oo 3
03 03 |
3 r 0 g 3 ] 7
(a) )

Fig. § The response of step change for loop | and 2
corresponding adjustment by & : (a) adjust speed
response, (b) adjust damping ratios

The response of umt step change shown i Fig 6 for
three cases. The time domain performance values of
which control signals are very sinular for the three
different designs are lsted i ‘lable 1. It is seen
apparently m Fig. 6 and Table 1 that the CRA control
system shows a better performance in controling the
treated process. Fig. 7 shows that CRA rejects the
external disturbance better when the reference mnput of
the control system :s zero and the disturbance is a unit
step function. Finally, the plots to show the robustness
of the control system with respect to the possible
variations of the plant parameters during the nmn time
are skown in Fig 8 by considering the best twn methads
The umt step responses of the control systems are
shown on a single plot by considering the changes in the
parameter of the plant transfer matrix m the mterval £15%
of the nonunal value with 5% steps. The curves m this
plot well show the robustness of the CRA control
system 15 quuet good.

Table 1 Performance Values of the Time Response
Curves in fig 6

Sertling Time @, Ovenboot
CRA 163 0
Majli PL.PD 3678 FE;
Zhuasg PID 9333 630




—cra
‘  -Majhi PI-PD)
i o7 \‘ —Zhuang PiD| T
¢ \
=1 - -
0s
% % ] i 20

Fig6 The umt step responses of loopl for the three
different control systems

0.3

—<CRA
- = -Majni PLFD ]
— Zhuang FID
ot R d
4 i .
i 5 10 15 20

Fig. 7. Control system respenses for loopl and 2 when
there is only umt step disturbancesat the plant mput.

1 1
o o
g =00
2.4 C4
0.2 82
4 5 g L 1 5
(a) (b)

Fig. 8. Change of unit step responses with respect to the
variations in the a parameter of the transfer matrix n
Example 1 ; a) CRA, b) PI-PD.

B. Example 2
Consider the solid-fuel boiler plant:

-Ke* =1

Ts+1 10s5s+1
i

Gis)=
0

60s+1
which K=l =10, and @=2 for the nominal case. The
controller design for this plant has been treated
previously by Wang et al [9]. According to this. the
following transfer matrix for the controller 1s suggested

26)1+—) -3.08(1+——+2.04s)
10s

1
5885
1

0 3.14(1 +—
)

To start the design by CRA, H);(s)=~f‘ and Hy
(5)=0 are obtained when the decoupling method. Due to
the problem in the realization of Hjufs), Hyfs)=-1 1s
chosen as the steady-state decoupler. The new SISO
plant transfer functions are G,ufs)=Gpufs) and
Gn2(5)=G22(5).

K(s)=
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For CRA design method first assigned design
parameters arbitrary. In this case assigned follow as 1=5
for loopl, =25 for loop2 and a;=a:=2, a;=5 both loopl
and loop2. The adjustment of speed response and
damping ratios can be produced by adjusting value of
according to Eq.(23) and Eq.(30) respectively

For loop 1 and 2 the equation for adjustment of speed
response is
Gy (s)= (~0.2565 +0.256)k

T S Ak’ 3.2k 238K 50,0256k
Cunls) = (-0.01229 s + 0.002458)k*

BT 65 + 4.8k 0768k +0.06144k5+0.002458k
and equation for adjustment of speed response is

(~0.2565 +0.256)k"
-4k F 32K +2.38k%5+0,0256k"
(-0.01229 s + 0.002458)k*

s = 4.8K°5 +0.768Ks” +0.06144k"s+0.002458%°

Gyls)=

Gtz(s) - P

1 LINs

=24 v
14 |- K=1.128
[—k=1.28

(] 2 30 4 =
(@)

Fig. 9 The step change of adjustment speed response for

loop 1 and 2; (a) loopl, (b) loop2

1 1.0f
oz 0.5
=04 — 08}
0.4 = -K=1.125 o4
—K=1.25
oz .2
3
% W = AW W 200

(a) (L)
Fig. 10 The step change of adjustment damping ratios
for loop 1 and 2: (a) loopl. (b) loop2

Then improve system response following topic 3 and
4 by trial tunmg k=1, 1.125, 1.25 respectively for adjust
speed response and k=1. 1.125, 1.25 respectively for
adjust damping ratios. the system response shown m
Fig 9. and Fig.10. Result of trial tuning k obtained =4
for loopl, =20 for loop2 and a;=a=2.4, a;=6 both
loopl and loop2. The controller polynomials are
computed as Af(s)=0.15+13279s, Bfs)= -5.7385¢
-8.0033s-1.8662, Fi(s)= -1.8662 for loopl and
A(5)=015"+027s. B(s)= -7.12995-1.96955-0.0896,
Fis)=-0.0896.

The response to a unit step mput change and a wmt
step disturbance (at the tume of /=30s for the loop! and
=150s for the loop2) for the proposed CRA design and
the design method proposed by Wang er al [9] are
illustrated in Fig. 11. From this figure and the
performance values appearing in Table 2. it 1s seen that
the CRA controller has a more successful time domain
performance. A transient response with a very lugh
magnitude and a steady-state error appear mn Wang's
method when there 15 not a signal at the reference wnput



of channel 1 m Fig. 11b.

e e

! ’ A s

13 a .
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Fig 11 Tle uuil siep respunses , (a) Leopl, L) Loop?

Tablel. Performance Values of The Tine Respouse Cuves i G0

Seitlng Time % Overskoot
CRA! 761 1
Wang-y1 12.17s 58
CRA-y2 38> 1.14
| Wang-y2 604 3.65

v

I 0
(a)

Fig 12 ("h'\ﬂgf- of 1wt stap responses wwh 1espact to

Qi vaniations i the K T oand @ punanelens of the

wransfer matrix 1 Example 2: a) CRA t) Wang FID.

Ths tune domain response curves ar2 presented in
Fig. § w exlabit ihe effects of the paameler viaialions
durmg the running process. A vanation of =20 % 1s
assumed with st2ps of 5% 1 the values of XK ard T for
6—1.€ m the first channel. The figure shows thet CDM
rentraller 15 less sensitive ta the parameter changes

6. CONCLUSIONS

A design procecure by usng the polynomual
Apl.uuuth CRA 1y given W contiol of the TITO processes
@ this paper The basis of this procedure are that the
conventional decoupling methed 5 wsed for
diagonslizetion of the plant and then the parametars of
CRA controller for obtained SISO sub-procasses are
chosen properly to achieve th: optumal control
performance. It 15 shown by the comparative desigr
exaluples in Section 5 with differant process properties
that CRA exhibit better performance than the PID anc
PID-like control design methods commenly uvsed in
mdustry.
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