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Time Delay MIMO System Control Using Dominant Gain
Compensator

Mansoureh Esmaeli, Mansour Shirvani

Abstract: A new method is presented in this paper to improve the performance of time delay
Multiple-Input Multiple-Output systems. The method uses a specific compensator for each of the
control loops by which the non-minimum phase characteristic of the open loop functiond changes to
minimum phase. When using the proposed added compensator for robustness of the system it is
sufficient that compensater becomes dominant gain with respect to the upper norm of the

uncertainty of the process. The proposed method is applicable easily in a convetional feedback
control loop.

Keywords: MIMO Systems, Time Delay, Robustness, Dominant Gain Concept.

! Non minimum phase
2 Minimum phase

sl ol a5 i o315 051 353 1 5 ST Slakige ezl (=S alonas st 5 gt O i tge oML/


www.SID.ir

gT,JL'ﬁo}er*ﬁﬁ_}‘oéu.'..m‘\{@-_9)5ké)})}kéw_)ébbjxéué‘)'}é\.&-&%T}éJ;ﬁS o

Sl syt Jeelonl o) pain

[15,16]Detuning (sless, .\
[17-20]_;\,:;;;,ygu421>w‘_;t€,:” Y

[21,22] s 5 o b TS5 sltns ¥

[23,24] s5lo ags b SYslea Olajan = slgss,  F
[25-28] Jirws slgds,

s ol (ptn 53 oS Jz5 = Detuning gless, s
RS e il Blize SIS 5 et (b 0T b aate (sl
S BS s b el JES e b o e
s BLT o (slediny 35 or e 053 cla aile s
[15,16] dzen gisy o1 51 61 6303 PID 5 PI (gla ouis™ J 287
3 3 T e bl ol 6T e 5 ol e, ol (Sl
5 by ok 4 0T ol 5 Al s See o Col Cidde oyl
el odss @ 8 s lekss (nl 53 e

g o b e e g 4 bl egs ) 2
Jlime D51l s 5 558 oo ST al o ims e b7 ) Y same
@8 i 53 e ail oS SRS ol s adke oyl (Salys
ol 3 @b 8505335 (0 Jos 5 e 0 3 4k Gl 5 00 o
23 Gy o) el S pdm ol sds S3[17-19] 5 i,
b 03 daly olae ool e 1l as 1S [23,27]
3 Al ods (b b okiS S 2SS S oS IS o ST
Gl dil sl s LSS Gledss OBl Gl SE cponen
AL ook b

o b ail e B wlie bl s B50) OIS Sledss o
Ny 5 digd (o by oS J S Gl el (Il Do
3o S asbsn b eliS J S Lis ates b dil> aen oS
el Sl Bl o bl BT 25 ol i (oo olis (5 50
siS JAS sla bl st 5 e sy 03 VY] 52 | S
s (SO 8T 555 (o e gk ) d o oy 50 4 PID
6 45 SloST Lol en Vgame (b 5l g5 nl 058 oS
3 in o TS 3 (Gla ki (U4 T ABL (o0 olpen T,
SllT 4 5L s & iy ol 7 Sl ) OT ol olae
om oS daly gy cpl s S syls s W T g
3 g e 3 Sas 5 sl a5

S e e = @309 L b e s oS J xS b
5 IS e s 4 (puler o) SVl Ol o o 52 b
RS 6l b 5y &S5 dnly men 3 Y¥] 53 ol oy

3 Iterative

* Biggest Log Modulas

’ Relay Feedback

® Auto-Tuning Variations (ATV)

doddo —

Al o Ol B Sl pled w53 LTS 1 ()b
ail Wb sy O B il b sl T3 50l b ey
JStn ot a2 s ren 5 355 (0 U e S
O o ) eslil g 5 ST (63555 ST (Sl 3 LBl o0
SYsb 0L Ll gl S &h.\;{\—) Sl V] Gl s
b oo onl 03 358 Bl e e Gl 50 53 LilS (oo L
s oo auaseiio dolre 5 0L; LU eyl (T 3 e s i
4 S OT b Sl 4 Ol (0 Sy op) OV 5148
3 ‘éiﬁ.&T)'jj ¢l§;a4.3g‘c.,«b1 );\szzf Sl s g e (sl
O ST 8 s Gt s SIS glaanT 3 8
sledsy O & 8y O 5l ol [Y] 55 o)l8
old 3 me Ol b (gla oS O 4 487 Ll 3l )| ik
S e bl o IS e sy 3 55 (8, 9] 55 [3-7] il
Ol S J 287 (Slgatir B 53 3L 0 56 Ok (s
Sl 9y 0313 Loy 5> am C?‘f S galdss Hs .Sl ol &1l
LDV ] Gl o g 5 i = (62555 L Sl 1
Ll e glgnionn oz Slp o ol 2208 S Sl ol Ll
I S (6355 S Sl & ol (6,20 Slem s
DS 0p S UES sladile 1 S sy
AV Sl 3 68 sl sl bln gy ol Sles sons
sy ol Sl s w cr._.'f oslaal bl s 5 P
6ok las L eds STl die e gl 4y Loed Lo
oMay ok dal g J RS (R O LG sl 15 ASL asls
iz SIS 5,8 Sl 1 sane 555y 0 EK 4
oS J S 53 auT 3 Jisl Wb o pibolo y osdle da ail o
oo o3 e il o Bl 31y b3 ) G (S)G, (S)
56 O T3 Il b palol (sl or Jseme 55 ey
S e 5l 5 G(S)G(S) S J S 5 0
A L & T (el Sl ) el 3l 508 L
b s 3,18 BB sl T3 JUist w51 eSS LB Ol
RS Gl Coml s 208 ki S5 lgmssidons 4 s
25 e Olej 2l ol s A A (62555 L Slgatinw
s Ol 31 e 35050 Al 3 5 43 K15 s 4 5

A (gr 03l Lot (2 ISl Jpere 55 o s
MIMO lgozs 55 b oS J 287 gl al)ly (a5 (o,
0 4 S sk S Wl eds S5 el 55 ok (b sledss

s s G B 5 s

' Offset
2 Dead Time Compensators (DTCs)

Journal of Control, Vol. 4, No. 2, Summer 2010

AFAS Sl oY oylot oF il J =S aloms


www.SID.ir

ov I o psgie S oslizul b s 5 i (93555 A (Slgate 3 0o b syl glany T3 J 8

St o5 i Jotlenl o) pain

Js5 38 MBPL UK o0l o -Y
Qb w6 81y MIMO (slgosum

MIMO i 4 sl 53l L5 e (1) U2 5

el ol 051 u:u_Lu

G )

T K (63555 L Slgetrw 3 @3lgiiy J S Skl Y IS

.-»\loﬂg@(v)}(\)#‘})Q)yﬁw;ﬂ\wﬂ\&duﬁlc|j
Y, ) (Yu )" = (G, .G, () ()
1+G,,,, () + G,. (S)G”(S))’]
(Y, ), )" =Gy +Gya G a8 (1)
(1+G 1, ()+G, ()G, , ()"
Y Lty oo

4 57 3 Y,06), Y009, 4,(5), Gy (8), G, 1 (), G, (5)
o Sl g le (el e e edins 0L 5 5 4 Sl
Al oS o i 5 e e 82505 Sl (ST s Lo
B (r IS s s oS IS e Sl s s T 5
&S Glgntarn 53 ($3lgity ST g dilen 35 (s pl 3
phn s okiS o i 8 Gy (8) @b e S oSS 63555
Glils 5 56 ol B, L al oK b wsk o JEST e 3
ail 0T 4 by o 5L il 5 03 3 ml5 4 o o
rresle & 2% 2 S gt K il Jle Olse 4 ASL
oIS Sl (g P K (G305 Ky e

openloop =G, ,(5)+G,, ()G, (5)

_ Gpi (8) 0 ®
L0 Gun(®

. G,(8) Gy (%) {Gm(s) Gclz(s):|
Gp21(5) szz(s) Gy (9) Gczz(s)

345 o s L 63955 L Slpetenn ST 55 gl Sl

S Bl o B Sboj oyl cl KouSS e il lize 3]

Syl s i — 35,5 L gl ail= 53 PI/PID (gls oS
ol IS5 IS 0dd 2ol gy Sl e e nl 53 ol 0k
bl ol o 4 8 15 55 0T 5o b adls oo 516 D131 5 o
7F Slale Oz M 3 GoedS mr (Dl 3 Gl
Y2500 Y Slgatnn Gl 6 Sy opl Ames ooy 5 b
A5 5V sl b slgatons 51 OT Jay 5 Sl 468, LK 5 5
do B [YF] 53 sl ot 35158 Jlow b 5 ey (oo JSCie
Wl ok e (o i (Sl g Wl K Ol e @ il 4l
Sslize gla b glyls & Sleate Jold 0 pu¥se s opl Ll
= 62505 K Sleatns SVolas Olej 00 035 agy L
S OT 5 5 ABL (o JSCin Sl g3e S g0 & (5 5 i
Lls dil S5 ail o O b 3 odd Ly 5 Il 2 4 il
255 JLL s Bl 6T el S 5 sy gl (sl 5
ks 03 IS (ey ps))  JEs (o1 b sleds) [25-28] s
by s g b oS S Lt ol s oSl
e 3, 8es 5 (Gl el 6l ol ol a3 gdous B S
oS S @Sl olys Sledbl Sl bl dish o b
e ol 53,8 s 15 eslial 3ype Sos ls dile s Ls

AL Cns gl 3 Shes ol
23l b ghls s T b J xS 6l e 2, [Y4] o
a0 on) 53 el 0ds W1l (s K = (635)8 ST Slgatnm
Ly b o b oo pb oS B S G (S) @b
bl wb 4 Al o J RS e 5L il w6 4 ol (S5l
G Slajho &lST O35 a5 358 (or 0353l SRS (e
xg@p%WQn;pwcuou;ﬁsu)'ld:«qu,
ﬁ)}f-l‘u:vw-\i\i@’MJfSW’ﬂ“‘diPw“‘iﬁ

Sl o 03l [2las (V) S

[Ya] ,s 3ty Sy ) u&.&

A N ($2555 Sl Sl S e Bg) Alae ol s
I S IS 55 58S de ooy 3,08 0Ll 53 g el esls Loy
3350 Ss Sledian L 0T el 5 88 I3 (s 355n i
53 byl eyl s s 50 (opimmen ool 455 15 awlis

ol 48 8 15y 3558 el

Journal of Control, Vol. 4, No. 2, Summer 2010

AFAS Sl oY oylot oF il J =S aloms


www.SID.ir

gT,JL'ﬁo}er*ﬁﬁ_}‘oéu.'..m‘\{@-_9)5ké)})}kéw_)ébbjxéué‘)'}é\.&-&%T}éJ;ﬁS OA

Sl syt Jeelonl o) pain

dil Olon Sl ail w4 S 5 S8 D0 4 ail a1

5 Sl Wlon 35wl ol > Sl 1 (8 e bl

Ll o OT 4 el (b3 50 &7 NG P TIeY)

d:lmsb)}.ps\{ol}?sabjl{db-dlfcu gt ol 3550 53

Bl Sl ()

overall open looptransfer function =
Gy, j(8)= Gy ;(8) + Gy i (S)

)

Koo Koo jNagi () el =12,
“De) DEs) ’

el ] il s asle L adle o G (S) Yl L
el ol il ol IS L il G (S) e
@b 5 MBPL ois” 0l sbs o, i & Ky i 5 Ky
o Wy b D)3 po s pb, MO 5 dmes osle L adl>
oy Sy 4 ool i) dedie dole (Sl sl

s el (V)

K D& (5) + K

sol, j

i Neai (8) Dy e =0 ()
“‘u‘ﬁf.dbﬁggﬂe@’-@”ﬁ o b Sul sl
Lk 3l (1) dasly sy o

po>mo+ pb= pb<po-mo v
(PO=MO om ctsl 'l o &K Gy (5) 51 U
)Vl s 56 e OBy by ml 0ds el
S szt po=0 et o (K DEI(S)
Sls wb 0s e sl A5l T nbie 15T w6 G Gy (S)
02 & dEL PO > MO sl (oo (V1) alasly 53 5B arten 55,
PO =1 s oo slan 3y5m ol 53 PO 2T ls &)yl
T 56 ot 5 035 3 5utme S Sl S a3 ol 55 7| g Sl
S ol Bl o L ol pen 11 ey dnl i A 4 S e
G el B ey S sl i IS 5 o S b s
..\_zp@(\Y)@l)s)l;j;pabgfcu;lou;

Ky D (j)

oY)
N (mO)(Ja)) D(Db)(Jw)e*iwtd,,

sol, j sol, j

Z‘K

el (V) alasly OT Jslan o8

G (J0)| 2 (G (j0) ov)

! Proper
2 Strictly Proper

ol 2 Ll gl sl S G L ()G ,(8) sl
g 4 3l RS (e Sl all JUESH M e Sl D
A dal g ) alslee

Grpi (8)+ G ()G (9) ()
Gz () + Gy, (5)Gey, (5)

(3) 5 0) SV¥slan b bl I e pspie Sl 613 L

x(8) = {

S lgusls rLdJojGL;LA)la‘,»JJ&Q)l}jsj‘,lqch&:-):
Ll Galee a5 VAL B v a3 gdes

G ()] 2[G 11 ()G () ©

Grs ()] 2[G s ()G (5) ®)
i r 58 VL bl b Glgatns (61 Jos BB o 4 s 00!
oV s e ose dd bl sl Y Ll s ol IS g
[YQ] sl 13, J 28 aile a5 ails
ol s Bb aih sy bl b SO b ail o S
b il wb 2% 2 S g &K 3 e Olge 4 oDy pe
T o s 4 2 D0 4 S e

Q(8) = (1+Gyp,1(8) + Gy (5)Ggy ()
(14 Gy (8) + G (5)Geaa (5)) ©

G12(8)Gp,,(5)G;; 1 (5)Gen(S)

LedlS 3 aen 53 35 dlaly sl (oo I o, 43 Ul sl 2 oS
IS s Sl a5 56 Sl pei 45T o 4 gl TG
ss a3 A 03 S ol 56 il e @b s I
il 1, WSS

G (9)+ Gyza(8) + G (8)Ga () 2

G,2,(8)G.02(8) + G, ()G, (5)
+Gy11(9)G;(5)Gy1(5)Ga(S) w
+G,11(9)G1(8)Gr(9)
G125 (9)G;22(5)Gr11 (S)

Gpi1(8)G21(8)C11 (9)G.a(S)

b a5 plgatunn 87 55 Golgin ) 358 Gl adl

osliul 55 (55 eslw gy S Olg (oo AL e filize SIS 6405
e emlee ledi Sl e adl ilize Dl Sl a5 ol 530S
Gl ha) e 5 48) o e oS ST BT sl
03,87 dlie opl 55 &S St )3 55, 0 LS SIS e Sl

el iy Y gy opl Sl 0l
ves LG

mj > = 12,0,N @b ays Sl s, s

L Gpn(S) &b o L o0 L Glgato 53 Sl

Journal of Control, Vol. 4, No. 2, Summer 2010

AFAS Sl oY oylot oF il J =S aloms


www.SID.ir

04

;_JL':—o,@cﬁbjluu:_«\b'@},&-J%L;:})}J;?‘;LQW)AijxétébhL;Lh.u.:T)éJJ:S

St o5 i Jotlenl o) pain

Lyl s ys &S dw) amd ol 4 Ol o0 (W) 5 (V9) alas i
J;:yd:%uij)): Jde gl a:;&»wﬁ‘})@p&aé;lﬂn
R PO Y L O R Y G opn(S) b 255
4 S @3l o) S35 s Ul o o p 5 BL
o355 e Gy L (8) ek a5 AL (o seslie Jube gl
ot A e gl 4 o olgi gy Caaslie g odd fi e
51 llanl BB galgiin gy b S am Olg o cpl gl 7 555

B
Sl dmis -F

I8 s eolgny e S eslial gl e (o3 s

OT)X)Ke_,’d)cM a:)}Tkﬁjﬁx{SJ})).\;g-éuAA_T}
.Cﬂw\aﬂeaiacﬁw&ilélﬂ

@b e & Wood-Berry ks & 5T 5 ol — Jlho

4 AL o oS A 600 A Sleatenw 4e) 3 st

Z[W]:}j’dn«:é)fj&;):ﬁj{;)y

12.8e° —18.9e*
G (s)=|167s+1 21s+1
o(S) 6.6e° —194e™*
109s+1 144s+1

Jolize 56 238 5 55 b Jiles ol o 53 457 (o) S5 sl

R e il Sl sl il RS SRS Gl il
il 8 G xG, o pdkol Ll il @l bl ]
SHed S e S a6 e Fle 05,57 (k8 (gl AL (g
N eslizal b prl e 51 gl 53 58 (o 03lin 0SLE ey,
oS J S (gla el @i b Sos (ol 3 5 [YO-FV] b S5
ok oslizal 33 sy 3 e cl 53 53 (oo plonil Jas I [F2-YF]
S b gl T bl a8 Sl o 1,1 g, [FV] 5 .l
Jlie 30 K, sl 8 Lph o oS G)ub b oS
oS J 28 sl el JBe al 1 e ol bl L sl
5 G, =o.547+% Sope w IS Wil g ln b

Y| a-\nTCM»AA{PI sla oS JJ:..f stfG -0 107_0-021
2 .
S

e Rl bl JES okl b Gl werleiig s oo

el o e ) 0> Sl 4 a5 LS Sl Gy (5)
Sl epers O Jie gl a4y o ) 3lgiy B) O3 pilie
+00 U gl Jlax| Gpij (S) 0> Ol b ols ey poles

ol Bl il sy sl Sl S gl adle o S

VU s el alie 29 3,8 5 (A) dslae Sl eslasal b &y 50

:;I.L:;b e.\ju‘ﬂcl;wba*}bjéul};@;&;)

Slas bl 50 Solgitn 9y U9 polio Y
Jw

Je gllas 4 Cos oolgiiy gy O3y polde ¢ iz opl )2
S A5 sl 1y o (Sl sy 3,8 (o S s p 30
stk g oo plamil S s s e Al S e s il
Sl Shls Gleatons & @mani B 1) 4 S e g Sl
SIS e 4o ool e dadnie dalae ol ol
o OF) daly Ojypo @ il @S0 5y J 287 (R > filie
5L

146Gy n(9)+G,, ()G, (=0 v

mb,n
R VR | P N DY SV
Sl 3G, ,(jw)=G,,(jo)-G,,(jo)
ol de 5 G (jo) s de oz 235 3G, (jo)
L OF) ol 138G, (jo) MKl bodil » G, (jo)
ey el 5 (10) ahslas
1+G,, . (j©)+ G, (jo)G ,(jo)
+8G,(jo)G,,(jo)=0

(o)

aly Jde sl a3 gtn o 5V £ 015 e (10) dsles 3 b

Lo dal g (VF) daily 4575, 5T s

3G, (jo)

. . . (%)
_1+6G,,,,(jo)+G,,(jo)G,,(jo)

G..(jo)

4 Jyre s e e S5 Gl g 0l OlF 2 Bk er %

23)}T Cwd

1+G,,(jo)G,,(jo) o)
G.,(jo)

3G, (i) =

! Upper Norm Bound Uncertainty

Journal of Control, Vol. 4, No. 2, Summer 2010

AFAS Sl oY oylot oF il J =S aloms


www.SID.ir

gT,JL'ﬁo}er*ﬁﬁ_}‘oéu.'..m‘\{@-_9)5ké)})}kéw_)ébbjxéué‘)'}é\.&-&%T}éJ;ﬁS &

Sl syt Jeelonl o) pain

10"
----- Gmb2
e | Gp22*Ge2
10°} X —— GmMb2+Gp22*Ge2 ||
g N
IS
L
5 107} 4
2
g
107} 4
3
10 L L
10" 10° 10" 10
Frequency (rad/sec)
0
-100}
2 -200}
)
2
S -300( U e Gmb2
o O Gp22*Gce2
400" —— Gmb2+Gp22*Ge2 | |
-500 i :
10" 10° 10" 10>

Frequency (rad/sec)

Pua»)'tfax,cuéuyu{;?w;rsfu&z

o 03 i boh sgs e edes WSS plps & shiles
O3 I8 56 Dl sai 8 (s 4 LeilS 3 U2V 50 Gy (S)
Sl byl S5 ddle 93l )5 03 g8 3 gdoee a s — VA dbd 4
adle 53 2 53 Gppi(S) B! & o) anS 4 U5 (o
G903 kAl w5 035 5 e romed Tl 035 nlie
T 55 & Sl b 4 Cod Sy 0l 150 51 SS ooleig
o ) 5B ea b 5l Gl JAST R b all w6
ol (KT g2
aile- gl Huang sy 5 solgmi Sy & bgpm sl ol

Al ez o3ls Liles (9) 5 (O) sldSs 5o S e s dsl sl

14
12 4

1 4
08
E
06 4

Propesed method

04 — = -Huang method
22 4

o T T

@ mﬂn-c) 100

o8 4 el ail J S e S (s Sl e D JSC

Jol adlo ) 20 5l o gl dly ot

1 Gy (8) @b el sy 03 oS o iss 1) Ao

bl s o 5V iy Ul o oS Ol sk

okt Sole) B o jp b ludlS 3 ks 53 4S5 5b 4 L il

sl LBl el B Bl B, b b ab
1

0.5
82 Gy (8)=—— s dslad= ¢l G (S)=—ro
2 G (8) sl 2 G (8) ol

o, Joj.& (ol 05l QUJF}Y’ J&:‘): A{))EJLQ.A‘(}JAEJ}
[T ;A -lﬁil;;' L WJde Lglk:- 03 gdows rja J.:_J?‘YL 6‘)3 ;,.!Lr—
il mls (gl il 3 el g (1) JS 55 el o ole
o S [V]KSTan sy 5 @olerin JAS7 ksl s sl adl L
€ Gpll(s)Gcl(S) s Gmbl(s)+Gp11(s)Gcl(S) -7

Ll el v:.nj? Rte1Y

Amplitude ratio
=
o

107F| — Gmb1+Gp11*Gel 1
----- Gmbl
-------- Gp11*Gel
10° ‘ :
10™ 10° 10" 10°
Frequency (rad/sec)
0
-100 1
2 200 ]
k)
Q "
& -300 1
o 1‘-'.
-400] —— GmMb1+Gpll*Gel i
-500 ‘ b
10" 10° 10 10°

Frequency (rad/sec)

J,\%;L’«a,cuéljwtf;'@g)u,g ¥y e

il 5L a6 (sl el el ol g (F) JSCE 55 i
""‘:;J: 4 s &T}A g}i}) B 65% J):-S )t>l~' B} r}}
il =3 GP22 (S)GCZ (S) S Gmhz (S)+Gp22 (S)Gcz (S)

HPN r.;.»j?

! Huang

Journal of Control, Vol. 4, No. 2, Summer 2010

AFAS Sl oY oylot oF il J =S aloms


www.SID.ir

I o psgie S oslizul b s 5 i (93555 A (Slgate 3 0o b syl glany T3 J 8

St o5 i Jotlenl o) pain

Sope il g3 p s (1) 5 () LS 55 s

3ol oy 03 pad Al ) Re e 53 ULy (gl dly RS
s 300 500 GWiSs 55wl ods awlin KTun 3,
a&:ab‘bﬁutjéjd)‘éud?&\jt\r,;jﬁh oS J xS

Ll

——Proposad mathod
——-Huang method

015
-

005 100

Time {sec)

P 4 (sl alle J 28 s Sl s 5 Sl sl 8 S

g3 il ) ,Re lde 55 gl Ay i

0.4 1 = Proposed method
02 = ==Huang method
[4] ' |
[+] 100

50
Time {sec)]

o8 4 o5 il U287 e 3l (s Sl amlin N e S

po3 il ) ,Re 5lde 55 gl Ay i

1] d
1] S0 100
005
=01
Ao
=015 1 1 —
1 e
11V
a
02 4 1 H
14 |——Fropesed mathod
o254 ¥ ——-Huang method
03 -
Time (sec)

6y i pn 4 gl 4l kST S (Sl s A alin V) IS

r};%;ﬁﬁj.ﬁuﬁbl}

002 100

——Proposed method
016 11 ——-Huang method
318
-02

Time {sec)

6!«1;7,:;:¢§qu¢,;&’,mk),:55%,fwu,.wJi.:

()Jﬁb)ﬁﬁ)‘u\i&)}bl}

@cj)}J}‘&b%dlﬂhawdﬁ{j‘@}ﬁw
Aleds asls il W) 5 (V) WS js s 5

08 [
1
o84 5
\ ——Froposed method
0.4 ——-Huang

Tinre {wec)

B 4¢3 Al J S s S s Sl alie § IS

ol il e Sl 5 51 oy s

07
1]
05
.
Fu"‘ —Proposed method
3 ——-Huang methed
03

50
Time [sec]

Al e oK @ Iy dil oS J S la s 5 anglin ¥ S

Jsl il eyl s Aol

=

—Proposed method
-—-Huang method

o+ T 1
100

&0
Time (sec)
‘5lﬁ\li}:.:"-3¢l§;h~' gp:s\iba.ﬁfd;félﬁq;?w&»/\ﬁ

Jsl il 5 e I 45 Al

4 by Gleal Sl pasia Y LS s & ghiles
AL o S Dbl g s KT sn ig) 4 S @3lgitn B
5% 035 3 Jsl il slgsly 1 ISE S TAE jislis o Jgpor o
oo 53 pslie 51 &S phailen .ol olls 03,57 (8) 5 (0) ldKa
KTpr Gy & o Sl S Sl Sl ainie
AL (o o lae

)A(}A}d}‘dbL;L@.é;.»bﬂ_;;\j_BE}lAEJ{buA.\ J}u\»

50 sl Ko

Y1 Y2
b9y Pl 1AE ISE IAE ISE
sl it Ve/f AN vay
KT \F /0 AV/S AYN\S

Journal of Control, Vol. 4, No. 2, Summer 2010

AFAS Sl oY oylot oF il J =S aloms



www.SID.ir

I o psgie Sl oslizel b 5 5 i (93555 A (Slgatem )3 Olo b syl Glany T3 J =8 Al

Sl syt Jeelonl o) pain

3y P9 53 eho 3+ Olje 4 Ol U sl el ales
/.—' &
KT Fss
2 || w=—Proposed method

===Huang method
15 a F
. 2 BN

Time {sec}
psd il IS wrs I s A Sl alin NP S
).3Lh"J}?}Q)ﬂ))&d}‘dl’)ﬁ#)‘-ﬁﬂ)}d‘%ﬂ#(Li;ﬁ

5ol Sy 53 choy3 401 Ol 4 Ol b sla el )l sl

Ko

[-1.]

071 [—Proposed method |

.13 ===+Huang method

(117

o4 il

%2 i
o1 H
0 1

a1

£2

03

Time [sec)
il J 587 s 1 oS 1S Gl s 5 anlie N0 IS
S Do 3 gl a5 i e 55 ol aly ki pa 4 U

590 93 o )3 400 Ol pe s Ole LU (gl el )l oles s e

s
KTpr S5 ol
04 -
03 | T ehes s f
0= & 0N
HE

a1 | H
=, T

o i Hsot! fhoo om0
0.1 v 9 i H
02 - ¢
03

Time (sec)
il J 587 s 1 oS ST Gl s - anlia NP IS
A}?}Q)y):sdj!db)ﬁ;)lu\b):Lgl«liﬁtﬁcliuqr}:
G303 A2y 0 Oljn 4 Ol 2B gls el ol s s
KTon Sy 5 @kt

Jol il 5l s 5 slgdeal (T) 6 (W) GlSa s puimmen
S5 &l Py o b oS JES Glems o5 e s

Gl (ol ot S 55 4T shiles o8 3550 nl 5o

oS Sl g shls KTsn s 4 S 53l sy 4 bgr e
ISE 5 1AE ;5lie ¥ Jgdor 5> il o llae Cgar opl 51 503y
ols a3,5T (V0) 5 (4) Ll s £33 5 Job adls slgsuly 1
S 63l gy Slgdaly &8 da oo OLES Jpdr ,5lae Ol

S o slas SSTpe i) 4

8 sl 3 pss 5 Jsl ail (slgnaly (511 ISE SIAE jpslie Y Jpar

Ve

) pb Vi ¥
TAE ISE IAE ISE
3l YA/A 2\l W/ VE/F
KT yn A /E va/y WA \F/5

Jowe Slas 4 s S3lghan (995 39 p3lie

e gl 4 S o3lgiiy gy O35 polie i (nl 5o
oo kb sl 5 NS & ailen 23 8 sl IS e )50
4 Sy Zaaglin ol 5 A5l (o pslie e sl 4 Do (s3lg30y
AL i M ol e a0l Gy (8) @b sl o ol
(R SOl aS 50 5 oo i e e o VL e
S eV s balg s i ol jliae flis > J oS
= el s 4 xS LGy (8) SR O S Il
25 bl glas sy 93 2 Gl ks Ssh (o e
G (8) ot Mie (2151 L 1 U8 n 015 (0 )b
53 g8 e 5> B Jke Olge & 58 pslie Jue sl 4 S
KT gn oy il axils 3oy st doys 400 Oloj b uslie
sy o M i olgtiy iy Gl bl AS dals bl
AT sl g3

5335 dsl a5l s 5 gl (19) B OF) (sllSe s
o KT oy s solgtin Sy oo b oS U8 leas
);Lla;;}?,,@ai,uj,)\mﬁdugmu&*;\,&i{&a

Ll el 0l u,.u_Lu Lo s +00 O‘J.:.A 40l }?‘-L‘ Lgl.njhl)\i saLd

—— Propased mathod
02 ——-Huang method

100 20 oS
Time {sec)

w,taud,—fwj\gjﬁswgww.wﬁ
)JUG}'J}?}Q)ﬂjaedjl%)ﬁ;)ubjﬁélﬁﬂﬁ(&A

Journal of Control, Vol. 4, No. 2, Summer 2010

AFAS Sl oY oylot oF lom J 28 alome



www.SID.ir

a8

I o psgie S oslizul b s 5 i (93555 A (Slgate 3 0o b syl glany T3 J 8

St pate i el o sate

G2
w— Proposed method Fl
o1 ===Huang method :
e B E L
o - ﬁ 1 HH HE
e . :
i E'. HR L. 200 200
(i
e AN
alb by ] H
oz Y l'll i A ; :
! * E. [H "
o i
L7 |
Time {sec}

4 ps3 aile IS s 1 g A Sl amlie Y S

. . . . (P
).\Ua}'Jﬁ}&)ﬁ)btr}}%}ﬂ)‘u\&.ﬂ)bé‘%ﬁc&.&
5olghi oy 53 cho s 01 Ol 4 Ol b gla el )l sl

STsn s,

Py D38 s Ol e s WSS anlie bl
o SILL 5 esy plia Jbe 53 32 50 sl flas )5 (oolgiy

5

.é‘}.«:
S5 xS -0

G gl s 3 J 28 gl [Y4] 4o oS by, dlie ol 5o
L s P N (3,50 Az Slgaten (81 (Sl 0l 1,1 Ol
‘}audtf)_,f.:\.a&;)) f‘}i“ﬂfw\dﬁv\{.@\e& 03l
booksl oo NSl 5 00,28 il sluanT s Ja8 LUl
Az S35 L Glgateen 4 pan JB S e g, 5l eslid
);LJ})6@|eMa:\:QLﬁJJU&aJ‘)b.J‘H{@&}ﬁ
Sdls 4 5L 0T 2,8 (sl 5 il (o polie it sl 4
U;.'xaui})jle:u.:.w\‘glﬁx\flﬁ.A&QGQA;;_T)&)'IGE:SAJAA
el (B o L o YL s g

Bl o 0T ol 5,08 (golgihn iy 503 Cuje cuiomad
358 oS 5 PLosiS” J 287 oS0 b5 il o s JUisl b o5
dolas 53 s ol 558 o ol a8ty PID i J 287 oS
Ol ol 0oy OLES (\A)

T,
Kep +— /
chm(s) _ - S _ G - [KC’" +TJ+ TonS

1+G,(5) B 1+% e S TS+l (\A)

S+1

JB Jseme 55 s ail> s ) 4 S e iy cplp
AL )8

p33 a5 he Slhe )3 () dly i O sl (Ba 4 KT

Ll el sl u.:a_l.u

03
— Proposed methoed
€8 7 | - --Huang method i
[ 7]
04 Y R
62 |
-
B3
02 ] 00
TRy
04, vEb
]
08 1 '
08 -
Time {sec)

rK;AQJ,\%J;SWJ@,ﬁ‘;@gwm.wp

oled o3 s 3 Doy g 53 Gpsn dll e e 5> (gl Ay oS

P90 5 SN o) 03 o3 +00 Ol s 4 Ol b sl 2l
PN

= Proposed method
3 1 ==+Huang method

¥
¥

Time (sec)
4 33 ail J ST e Sl s A Slgenly anlie A JS
)3Ud:'-Jk)&)ﬁ)}‘rj)‘\ib)jz.ﬁ)‘-\iﬂ)}ts"\lijx'x;rlilk

53l gy 5> ey +01 Ol 4 Ol b sla el )l sleS
KTsn s,

0.3 -
g2 | =Proposed method

===Huang method g =
(==-Huang method__% 4
1 n
[H
'I l' T 1
i
i
11y
1L
£3 i !
I
04 L
L] u
05 ] i
08
Time {sec)

eyl aile oS J 1S 1 s 5 Sl aslie N S
ﬁUa;'->,>.-,Q)y)>‘r,:d.l>),iﬁ)l.m);5ld,’ﬁ£rliz.a
3ol Ry 53 e )3 400 Bl 4 Ol b sla byl (sled

KT m 23

Journal of Control, Vol. 4, No. 2, Summer 2010

VAR Okl oY o)l oF dlom J 25 4lome


www.SID.ir

gT,JL'ﬁo}er*ﬁﬁ_}‘oéu.'..m‘\{@-_9)5ké)})}kéw_)ébbjxéué‘)'}é\.&-&%T}éJ;ﬁS 7

Sl syt Jeelonl o) pain

[16] T.J. Monica, C.C. Yu, W.L. Luyben, 1988,
"Improved  multiloop  single-input/single-output
(SISO) controllers for multivariable processes", Ind.
Eng. Chem. Res., 27, 969-973.

[17] D.Q. Mayne, 1973, "The design of linear
multivariable systems", Automatica, 9, 201-207.

[18] M.S. Chiu, Y. Arkun, 1992, "A methodology for
sequential design of robust decentralized control
systems", Automatica, 28, 5, , 997-1001.

[19] M. Hovd, S. Skogestad, 1994, "Sequential design of
decentralized controllers", Automatica, 30, 10, 1601—
1607.

[20] S.J. Shiu, S.H. Hwang, 1998, "Sequential design
method for multivariable decoupling and multiloop
PID controllers", Ind. Eng.Chem. Res., 37, 107-119.

[21] S.H. Shen, C.C. Yu, 1994, "Use of relay-feedback
test for automatic tuning of multivariable systems",
AIChE Journal, 40, 4, 627-646.

[22] J. Lee, W. Cho, T.F. Edgar, 1998, "Multiloop PI
controller tuning for interacting multivariable
processes", Comp. Chem. Eng., 22, 11, 1711-1723.

[23] Q.G. Wang, T.H. Lee, Y. Zhang, 1998, "Multi-loop
version of the modified Ziegler—Nichols method for
two input two output process", Ind. Eng. Chem. Res.,
37, 4725-4733.

[24] J. Bao, J.F. Forbes, P.J. McLellan, 1999, "Robust
multiloop PID controller design: a successive
semidefinite programming approach”, Ind. Eng.
Chem. Res., 38, 3407-3419.

[25] C.G. Economou, M. Morari, 1986, internal model
control: 6. Multiloop design, Ind. Eng. Chem. Proc.
Des. Dev. 25, 411-419.

[26] P. Grosdidier, M. Morari, 1986, "Interaction
measures for systems under decentralized control",
Automatica, 22, 309-319.

[27] S. Skogestad, M. Morari, 1989, "Robust
performance of decentralized control systems by
independent designs", Automatica, 25, 1, 119-125.

[28] M. Hovd, S. Skogestad, 1993, "Improved
independent design of robust decentralized
controllers", J. Process Control, 3, 1, 43-51.

[29] M. Esmaeli, M. Shirvani, 2008, "A new method for
time delay compensation in control systems", [JCCE,
27,4, 49-64.

[30] RK. Wood, M.W. Berry, 1973, "Terminal
composition control of a binary distillation column",
Chem. Eng. Sci., 28, 1707-1717.

[31] D. Pomerleau, A. Pomerleau, 2001, "Guide lines for
the tuning and the evaluation of decentralized and

&y

[1] Smith, O. J. M., 1959, "A controller to overcome
dead time", ISA Journal, 6, 2, 28-33.

[2] Normey-Rico J.E. & Camacho F., Eduardo. 2008,
"Dead-time compensators: A survey.", Control
engineering practice, 16, 4, 407-428.

[3] Astrom, K., Hang, C. C., & Lim, B. C. 1994,"A New
Smith Predictor for Controlling a Process with an
Integrator and Long Dead-Time", IEEE Transactions
on Automatic Control, 39, 2, 343-345

[4] Matausek, M . R. and A. D. Mici¢. 1999, "On the
Modified Smith Predictor for Controlling a Process
with an Integrator and Long Dead-Time", IEEE
Trans. Automat. Cont., 44, 8, 1603-1606.

[5] Majhi, S. and D. P. Atherton. 2000, "Obtaining
Controller Parameters for a New Smith Predictor
Using Auto Tuning". Automatica, 36, 11, 1651-1658.

[6] Majhi, S. and D. P. Atherton, 2000, "Obtaining
Controller Parameters for a New Smith Predictor
Using Auto Tuning". Automatica, 36,11, 1651-1658.

[7] Xiang , Lu., Yang,Y., Wang,Q and Zheng, W., 2005
"A Double Two - Degree - of -Freedom Control
Scheme for Improved Control of Unstable Delay
Processes", Journal of Process Control, 15, 5, 605 -
614.

[8] P. Garcia, P. Albertos, T. Hagglund, 2006, "Control
of unstable non-minimum-phase delayed systems",
Journal of Process Control, 16, 10, 1099-1111.

[9] J.E. Normey-Rico, E.F. Camacho, 2009, "Unified
approach for robust dead-time compensator design",
Journal of Process Control, 19, 1, 38-47.

[10] C. Moore, C. Smith, P. Murril, 1970, "Improved
algorithm for DDC", Instrumentation Control
Systems, 43, 1.

[11] B.Ogunnaike, W.Ray, 1979, "Multivariable
controller design for linear systems having multiple
time delays", 25, 1043-1057.

[12] Q. Wang, B. Zou, Y. Zhang, 2000, "Decoupling
Smith predictor design for multivariable systems
with multiple time delays", Chemical Engineering
Research and Design Transactions, Part A, 78,
4565-572.

[13] R.S. Sanchez-Pe na, Y. Bolea, V. Puig, 2009,
"MIMO smith predictor: global and structured robust
performance analysis", Journal of Process Control,
19,1, 163-177.

[14] P. Garcia, P. Albertos, 2010, "Dead time
compensator for unstable MIMO systems with
multiple time delays", 20, 7, 877-884.

[15] W.L. Luyben, 1986, "Simple method for tuning
SISO controllers in multivariable systems", Ind. Eng.
Chem. Process Des. Dev., 25, 654—660.

Journal of Control, Vol. 4, No. 2, Summer 2010

AFAS Sl oY oylot oF il J =S aloms


www.SID.ir

70

gT,JL'coﬁ(ﬁb51o>up\p$}#J%L;:})}J;géw)Aobjxél:éb!:L;LMUJJAJJ:S

St o5 i Jotlenl o) pain

decoupling  controllers  for  processes  with
recirculation”, ISA Trans. 40, 4, 341-351.

[32] M. Wallter, J.B. Wallter, K.V. Wallter, 2003,
"Decoupling revisited", Ind. Eng. Chem. Res. 42, 20,
4575-4577.

[33] D. Chen, D.E. Seborg, 2003, "Design of
decentralized PI control systems based on Nyquist
stability analysis", J. Process Control, 13, 1, 27-39.

[34] A.F. Gilbert, A. Yousef, K. Natarajan, S. Deighton,
2003, "Tuning of PI controllers with one-way
decoupling in 2 -+ 2 MIMO systems based on finite
frequency response data", J. Process Control, 13, 6,
553-567.

[35] J. Lee, D.H. Kim, T.F. Edgar, 2005, "Static
decouplers for control of multivariable processes",
AIChE J., 51, 10, 2712-2720.

[36] A. Desbiens, A. Pomerleau, D. Hodouin, 1996,
"Frequency based tuning of SISO controllers for two-
by-two processes", |IEE Proc.—Control Theory
Appl., 143, 1, 25-32.

[37] H. P. Huang, J. C. Jeng, C.H. Chiang, W. Pan, 2003,
"A direct method for multi-loop PI/PID controller
design", J. Process Control, 13, 8, 769-786.

[38] T. Liu, W.D. Zhang, D.Y. Gu, 2006, "Analytical
design of decoupling internal model control (IMC)
scheme for two-input-two-output (TITO) processes
with time delays", Ind. Eng. Chem. Res., 45, 9, 3149—
3160.

[39] T. Liu, W. Zhang, F. Gao, 2007, "Analytical
decoupling control strategy using a unity feedback
control structure for MIMO processes with time
delays", J. Process Control, 17, 2, 173-186.

[40] Q. Xiong, W. J. Cai, M. J. He, 2007, "Equivalent
transfer function method for PI/PID controller design
of MIMO processes", J. Process Control, 17, 8, 665-
673.

Journal of Control, Vol. 4, No. 2, Summer 2010 AWAR Ol ¢ ol oF dom ¢J S 4loma


www.SID.ir

