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Robust Control and Uncertainty Set Shaping Obtained by System
Identification

Vahid Aeinfar, Hamidreza Momeni

Abstract: An important shortcoming about designing robust control for models generated from
prediction error identification is that very few control design methods directly match the ellipsoidal
parametric uncertainty regions that are generated by such identification methods. Models obtained
from identification experiments in prediction error framework lie in an ellipsoid uncertainty region.
In this contribution we present a joint robust control/input design procedure which guaranties
stability and prescribed closed-loop performance using models identified from experimental data.
Finite dimensional parameterization of the input spectrum is used to represent the input design
problem as a convex optimization. A method for fixed-order H_ controller design for systems with

ellipsoidal uncertainty is used and given H_ specifications on the closed-loop transfer function are
translated into sufficient requirements on the input signal used to identify the system.

Keywords: ldentification for Control, Robust Control, Ellipsoidal Uncertainty, Convex
Optimization, LMI Optimization.

6\0.,\;.'5;],150;-‘)]0&\3‘)3JQMg.\J\a&AﬂJlJMJH{A{ doddo —
LﬁuJJ'" LS‘)‘. ‘) lods B J‘ f}u‘“ o{\)lf 3 Ls)“'\‘lLﬂ. S u}g-)l;: 33 e &\.ﬂ\;& “5}j3)1§ ng'j) &1, L e O’l‘ 53

S eendd AL ST laesls jledaT Cawsas Ve L sl ok a3 e sl UES 635 4 s sl

o sb i al  mto oBils =0 p 33 5l 5 J S Oledige ezl o S s 5o o s iU Sl odge oy 5


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.2.1.8
https://joc-isice.ir/article-1-85-en.html

[ Downloaded from joc-isice.ir on 2025-11-14 ]

[ DOR: 20.1001.1.20088345.1390.5.2.1.8 ]

# o 2lold Sl ool aal a0 saze 23 S 5 p5lis J S

o da Lopdea b T s

5] s ccwleds @iyl e ol 53 Colag e oS J S
2 2555 I polis oS U S plg (b sl s K
ol K S B sy 93 43 el els il e (g lolid
48 gores 033 Sadds da g3 Lol 55 0 Slaharr L 5 D 5L
4 4 Conlodd osliial ol ad 0 0diSJ 287 1 b s Coabs s
s a5 abadlous
e 03,5 Gl sl [7] 5 edd 61 ol 51 e oyl s
&l V] 53 e byl ol s LME S50 40 (iulad 5 63555 (1
S oo b Slaptocs Sl Coll 45 0 pslie oS U287 10
5 b Gl Gl s s ekd elil gsds sl
WLl 0 ) s gl 55 p5lan J ST 5 (535 IS
el 53 3559 b Eoe 93 a Oledde lie aslsl s
pre b Slapts (512 Culias o oS J 28T (b e 5 ot
S8 tp e s 53 Aledd Ol pas e 55 (Sl (Sl Lonle
@bls 55 pslie U8 5 (63555 S Oljen (b ln pls
90 Solwand gdue GE.BLSJ\’ pleu;.;q.q,.w\om ﬁ\)lr;m:.»
5035 35 50 G A5 b aglin 5 (Al s S (555 2 0k 1)
5SS s e OB 2 S e DU sy ol oS
Clods &l Sl DS
i i 5 3 B33 g
W&Lﬂtfﬁ)}&}_’)_’f\}b VY
P RS R e wls s sy b sl
G 0le3 b b e ¢ (Ol (lapis 3 oS J 28
Lo 5 s ST 5 G- 53503
M :y(t) = G(z,0)u(t) + H(z,0)e(t) m

25€(1) 5 @355 UML) (s V(1) 0T )3 & 5500 i s
5 3 e Sl s A5l e 3 il ls 5 i S0l b i
S Lsh g dae H(Z,0) 5 G(2,60) s wls by <55 «
ool s dleds szl @ €O R s )l sy Sl eslizal L
Sﬁul.ul)lfsélfajl.ulydhﬁﬁjf@#):l)dﬂb—41:“‘:
o 3 D)l 4 S glulin 1) S il ot ¢Sl s Wl
8315 e i (S €M sl axsls flas Sk a0 goen 4 285
w33 sy Ol s &Sy &l mn ) & o 46 0 4
ol Gy bis, ,sH(@)=Hg, G(0)=Gy«s ws
(MONIC) ey 5o ot wb & Ho 5 (815 s Jouls o otins

2 P
Ag dasly 5 ol Il L San 5 51l

Ao 5 s botisbiaer 5 b 5 D (@) S r 02557

1 ©, (@) =|Ho (")

@5 L 558 bl Olsie 4 Llg e & Sl Sbliie

[9] £y

ssms s (e wlols (T el Gt sladia

Gl do Sl 3 35z g0 Gla bl rmpan 5 5S35
Je ol bl 335 ot &G Jie ST 1] bl o Conlad pte
ot 3 B e ST Ll bl ang Lo )8 s sl
2l s Jie a5 sy 5e 508 4 Al Jde i sl (s
Gl S5 e S a3 8 K 55 b alejT (b bl o
s Al S5 Sslke 4 il o Lime 3,8 15 eslinel 3,50 0T (51
U5l 3,50 da o A3L 6168 4 Je gl 55 &S oS
S Slels Come a4 1) b B e sl LIS S0
1) e plals s o dad e ol Lo g 5 03 gleal,

LS o e Olge a0 Y] S 5 s (b s & Ol e
- 1 o
AT el 5l my 5 035 G(8) = sl sleld Ods

GRS G(s) =% Jie (o g Lalis
sty Joe Bl e Bl Sl 4 glis Je 3,8 S
S da S s il ol ste ol Sl e 51 skeT
Bl YU oy b 6Salys oS J 28 6 (b i glulis
Slp e 4 5a Do 4 G5 5 02 s SlST oeT sy Juke
AL ad i3> ke @ (gl
b Sl pims (1 oS S 28T b 25850 2y, &K Y] o
Ceslodds 0313 OLES [F] 53 . Canlodds @11 (6 g (6 2al 3y Cuanbad pts
S Dy ge 0 Ll g o (6 Talsd ke (5 pslie J S s oS
ol 43 o oS Y28 (b s 555 Ol Cdome (SSladigy i
23 Lledds sy y [ VY5 0] ):L;).‘E.:g;ﬁxlas(axl{ébw sy
[F] 5o ol ol G pmal s L)l LS il ()
s o sl Ol 03 3y b Fles Rl el B
sy KYPVJ S s Caleds &1yl S (G5l g Jiluw Olge 4
el 0k oslizal (LMI) ot ps 5l (solesl &ojp0 a0 ilas
pde b lapis sl Hop Sl 65 oS J 287 o1 b bt
S Calodd (5,3 V] 5o ol ok &1yl [V] 53 a0 (s el Cunkad
ol gl 4 C LA Sl gliad glaw il 1 S s
dor (sl S phe D PLU e Sle 6551 ) 5 esdle Bl atl s
G abbloes 4 ST Cwlodds oslitul Juds 4 gezes O3 b o
b ad e SIS b disn [V] 5o ke e sl
BB S el S (5 ol B ot b lapr ol Ho
ST psgho S oslizal b g 43513 ) 3050 sl S5LY
JAST b ey ¢ s ml5 255 03 (SPR) e id>
2 Sshn b Caalid pde b Slagtenn ol Zolias o plie
o )l o o le Glagslasl 1 azes &5 Ul bl
b Gt sl Sbad e 0SS IS b 6l 2y [A] 2
3553 & pl g b (1 (B35 5 S 5ol Conbad pe

Journal of Control, Vol. 5, No. 2, Summer 2011

A Olls (¥ ojled o ¢J 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.2.1.8
https://joc-isice.ir/article-1-85-en.html

[ Downloaded from joc-isice.ir on 2025-11-14 ]

[ DOR: 20.1001.1.20088345.1390.5.2.1.8 ]

o 2lolid Sl ool aal 4 saze 23 S 5 p5lis J S Al

S Loy T d s

Slle N gl s SEM & Jo sl (1) Slbrs ol
Jlit b g 5 5 sb 4 bl a8 S o Sl 5550 SIS
L8] 0,8 515 5 (6 sy Codlsd ke 4L 0903 03 P

Uy ={0IN(0-0)" PH(0)(0-0) < x(n,p)}

S ans g 0L PTHO) SollsS sl o sSan 51 (F)
G5 g NlF e &5 Sl (62955 4 dwly S g (5255 b
Slolrs Sl 5 43 LS 36 P(D) pmmis S e
Sl 5 g 6 sl 205 g5 5395 Lk « P(0) & iy i

5,8 )15 skl 3 90 S (a3 g () 5

358 o S s b U 63555 IS Cads

O, (w) = zf\k\e_j“* ®)
k=—o0

oT BL) Y

. = Eu(t)u(t —k) *)

©) oy Ol or kol olin i b il o Ser

g0 e 3L g5 Sy ge Ly

(@)= D TBile™) ©

k=—o0

. - - 00 -
Cilrb s edge e 5l S JdS a5 Bl at oy s
S wsb gl @b 5 G

D, (@) 20,V )

Q’.’.‘ E) ML@ L;LQ.O};.O ;:“)L.‘. L;AL“:AL» Sldas )‘ oslazwl g ‘J.’.‘ L
S eslimal o ofy ¢S5 33 8 sdos gl S 4 b 055 6 ell

fsm il g 3 g dr 0357 (6 ey

M
D, = ZE:‘MBk @
k=—(M -1)

4 [#] ):baféﬂljgj\tja\.@l@w:waﬁl\ﬂ ny
Ol 5 @ MEeL " (e3505 b Spubone 0,5 S5l " Ol

SOl e snss Cak 055 il sl 4 ST Canledd osls

:&n;ﬁa:leT@@’wobﬁdﬂb\i

f}j;_ﬂ.sbj)} Lgbbo:\.} S N wu‘jbﬂ‘)hw@ﬁbb
s jubsly i (s ol b Bl 5 oo gl Oy g

[8]e3) w5l o8 W o coses By

JIN(6y - 8) = N(0,P(8))asN —
liMNE(Gy —0)(6y —0)" =P(8)

N—w®

_ _ _ (¥)
P(@) = Zo[Ely (t.O)y" (.0)]]
- d . =
w(t.0) =7 3(t.0)

3 Je 40 gammn 033 (s e ST 68 das 0 0L il
Jor s gt Lol a4 Ll ped Bl il
o AN G b s gl byl S el 5 S
58S s L;".:a{ V34 giil.ajT laosls slaas 399 pl bbb o
Gl Sles 38 B s b cd G 56 s S
H e . -1/ . .
(AFfine) cu x i b P T(0) ((ullsS o le o sSae

[ o5 0 i 15 Coso 5035 3555 b )

PPN T P . =
> £F“(ej )0, (@)F (e, 0)do

+Ry(0) *
_ 1 % R
Ro(0) =~ [ Fele!, O)F, (e, B)do
, Fu(é):H’l(é)%oT . s
s dH(D)
F(0)=H"(0)—,

b g b bl 685 S ezl Ol o 4 (F) )
slhcab b gl bl ol ol S @35 S
s o A EE o ) W byl e Gk 4 Dglie
il e (53558 (b Lo 53 Lo sl glalal) (1) alal) ol ol
OT 51015 oo oS Gl eS8 g5 (633555 b Glmail- Sl s

[£] ¢,5" eslizal sloes uib )5S oo jile s 03ls S5 (ol

oo & O danly 4 S sl e sSn o) sl 4 5
i &S 4 g ol oo 3 IS s & ol sl Al
):Jg.':.ﬁ&:\& Slposbor Jds 83459 @lkm,gq&é
53 ey S Ly e (b ) Ol des las )
Jyame SIS 51 oslial b sl do o 53 3505 00 Solr (slel o
b Gl G b b 5 e (e ks SIS
o o 33 pien oS e S| sl Jke & (PRBS) sl
3y s Rl 1 sl o 3l edaT Csay e Juko £

S s S008I b ks o

Journal of Control, Vol. 5, No. 2, Summer 2011

A Olls (¥ ojled o ¢J 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.2.1.8
https://joc-isice.ir/article-1-85-en.html

[ Downloaded from joc-isice.ir on 2025-11-14 ]

[ DOR: 20.1001.1.20088345.1390.5.2.1.8 ]

Al o 2lold Sl ool aal a0 saze 23 S 5 p5lis J S

o da Lopdea b T s

Al s Gl s M(Z,0) 5N(Z,0) 0T 5
b G cul sy O0=[6y 6 .. 6,4] eR"
L;,ul)lig:rdaé(a.\.oe\:a-lj‘k.«jJ»C&kﬁr&.ﬂddﬁbg
S o 65 0555 53 bl g ssbe ool (il (g pay
bf&%@c”?“m‘-“f@)‘ﬁéwuw

238 o a5 5 s
U={9|(9—5)TR6(0—5)31} )

2,80 B s A:[¢9T 1]Tﬁ,aa Jalyy @l osle gl

U ={A|ATUA > 0f 09

ZQT); iy

Ug = __TRe FEETH _ o)
6'R, 1-0'R.,0

R U I S S PR PR PR VR R RSN I
Sl ad e 0diS 287 b Coda

X(2) _ %2" +x2" 44 Xy

— — OA)
Y (2) 2N+ Y2 T+ L+ Yy

K(z) =

2 Hy e g el Sl anadl> (e S ol L;\m'}? @

.::;M

(\a)

WV (., H

L(z,A)],,

ol b e (Sl il o5 w6 o IS e V(z,A) s
635 s oS 55 WI(Z) 5 60505 Sl L 5 Conli LS
o) vj)b@.\.&ﬁ‘)‘[}é}fSPR (}w&;kjébubdawb

el oz I [V ] s 5

LH2(2) sH1(2) wopr SPR Lusab 55 1) iy g8
L (A2,B2,C2,D2) 5 (A, By, Gy D) i sl slagios
Hy s Hy 81 st s CL-SPR L oS 2o O5LU o6 L SPR
Q skl il &K L1y ()Gsksl) KYP S (g5lust
VT el a7

L(2) 45 0pn slabez iz 53 5 S(2) lbazair [Ve]: ¥
KT K B s 1) (5,0 sl x2) E(2)
2l CL-SPR 5 fas 5 5 Is()/L@),, <»

O, (o) =¥(e!?)+ ¥ (e)?)

_ M-l _ O
W(e!”) =Y EB(e™)
k=0

M@;mt;@‘@&,&,sww;@ubgy;#ﬁg
5 3505 elizul (35,5 Cab 6l (W) b,s (g5, ol » 05 SPR

SPR.H(z)=C(zl ~-A)'B+D L o 81 N
1S wabails sy Q=Q >0 sl 1 ki 5 ST
KQ.{AB,C,D})=

Q-ATQA C"-ATQB 0 an
C-B"™QA D+D"-B"QB

S U G e ol G B8 5 b e
BiAGss,s 5 b sl st P, (w) 51{AB,C,D}
O3g e b3 led 1 KYP 51015 00 5 05 ul o5lan
.3 405 03zl LMI &y 50 4 (M)
Sl (V) w5355 Cab 2 gions s 05575 el Sl ealizal b
4 551 PTHO) (SIS il sSonn 015 or 48 Sl ok
©3305 b oA (Gl slaane Sl b S ab D)
b g

4 O slajine buy (53955 b S L3 [F] 1 Y
ol S e Sl 0dd eyl (V) ol Sy
sher SAbl ) Do 4 e e Lo 5 55 el S

M-1
P™(0) =Ro(0)+ D _&BP(0) an
k=0

0T BL) "y

@) =5 [REIBED

B, (e/)]F, (e'”,0)dw

S 8l Hop s o i Y8 b VY
Sz bl Coalad oo |
5 S (s &_653)}&;;:”\5(;“:-"5&1&.4?5 o
A 53 1) 5 03 b i e
N(z,0) 62" +62°"+..+6,

G(z,0)= =
(2.0) M(z,6) 29+6,,2%" +.+6,,

(\F)

Journal of Control, Vol. 5, No. 2, Summer 2011

A Olls (¥ ojled o ¢J 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.2.1.8
https://joc-isice.ir/article-1-85-en.html

[ Downloaded from joc-isice.ir on 2025-11-14 ]

[ DOR: 20.1001.1.20088345.1390.5.2.1.8 ]

o 2lolid Sl ool aal 4 saze 23 S 5 p5lis J S Al

S Loy T d s

L YAeU,P= P(A) e~ L\:,.éj? Sy e ds geme 09y
Bl s gy & S a bl 1y (6305 (6,18 bl By, nf
S dblons 4 45 ol (gl sls S UL s Lo I eslinal

Sl 038 5 b T st e s S

P(A) = (1, ®AT)R,(1,®A) (¥e)

sl gr SIS o i 05 @ 0T s 4 LU e sl
Carlad ot b (slapmn (511 (T9) 15 sukomn oy b s 35 S5 0 o0
Gl il g it [V o gl gaay bl
JI= (1, ®AI, &5 o 1L,W(A) ,TLT(A), 1R

A=, ®A)A,T(A)=(l,,, ®AT)T,
S sl b R=Ry(1;®A) ,W(A) = AT, (I, ®A)

-by&@;,diﬂ,:)@)yb anrquqaqu\Pq (5"“;)"’.}1“

Ry =[Oy 1) Opipn 1]

0
(n+D)xt
qu = [0(n+1)x(nt+t—1) rt]’Hq = A :|

T =] Onanyesmyxe-ny  _ e
t-1

Otn+1)x
G b b ¢S Wy jleslimal 5 35 Caylas Sl eslamal U [V] s
Loa L), Spr(P(A), &,R(z,A),E(z,A)) >0 55u0me
L V) Lus odd a5 Topp e 5l 5 Ty >0 J8ul 525
S @68 cmloas Kl T =2t41

Hq(P.2,R.E, 1)

)
Tspr(|2t+1®U0)+Tspr>O
OT).)J
P, Ry O
He(P.eRER)=[R, 0 ¥ [+
0 ¥ -PR #)
I, +T
q q T T T
‘{ ~ A, }[Hq +Ty _Aq]

Hy(z) = (L(2) - 7 *S(2)) [E(2)
H,(2) = (L(z) + 7 S (2)) /E(2)

(Y+)

S5y Sl w15 2 S(2)/L(Z) Jots wb o W 5o

93 odd &yl e el gk sl (6l il (glatu—adl>

A, s s 15[V

SREZA) =A R + AT 2T AT Gl
AU bl by 5l Cuym i i ply 0Tl oles
SV aubs Ul (LPD) el & b amly 1) bl e
S ol e Gl e O mman T, Ty €RT

i 8B L oW b bl e

_ N(z,A)

= (Yv)
M(z,A)

G(z,A)

x> M(z,A) 5N (2,A) 51wt wU 51 LPD o oS
[V] castU SILPD (ls aber
Iy dibe LPD 8 E(Z,A) 655 0 glabaz wx [Y] 1 F
SIN> (s COA) alasly i o oS 28 oST S s
2 Sl h 00 ety Hoy G 5638l 1 (1) Cnlss pts
& s 858y i JSul 53 B S s 03)5T, AU

LS sl asts s P(A) = P(A)T >0 e ol e ibe

Spr(P(A), &, L(z,A) + 7 *S(z,A), E(z,A)) > 0

Spr(P(A), £, L(z,A) =7 'S(z2,A), E(z,A)) >0
2(_)T)>a.§
Spr(P(A), &,R(z,A),E(z,A)) =
P(A) R'A 0,
AR 0 ¥(A) |+
O (AT -P(a) o

{H +I(A)
&

| }[HT+F(A)T 1]
— It

R=[p n .. 4] \P(A):[le(t—l) ATrt]
E=le & .. e " =0, 1]

Oy —ETA
r()=| s
le(tfl) 0

lpHop cbas o oSS ob e F 51 erlial b
s S5 o300 4 Ll 5 o (S 3 (6 oy Canbad e b (gl
S calies (g 3lwosle (gl 355 0305 Ealed 5 gudous b s b (g jledinge

Gladde den (gl ol G HLU Sl oK oS Sl ol o el

Journal of Control, Vol. 5, No. 2, Summer 2011

A Olls (¥ ojled o ¢J 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.2.1.8
https://joc-isice.ir/article-1-85-en.html

[ Downloaded from joc-isice.ir on 2025-11-14 ]

[ DOR: 20.1001.1.20088345.1390.5.2.1.8 ]

) o 2lold Sl ool aal a0 saze 23 S 5 p5lis J S

o da Lopdea b T s

i,(\q)uupuﬁ@t,tf&_5m;g<;f,¢,y,>))u,t.u_g
CON Gl eyl peds S As oylal VY i s S e
cs.:vui‘:stUar %‘ﬁ)‘? JAW&LALZ JL_LAJTJ‘ odaT Cwdd
e plply 3,8 o I3 (F) iy Coalad pde 4l J5Is 5o

Db Ol 25 S 4 IS s wpls b

minimize
([)u
subject to:
D, (w)20; Vo
S O, (w)do<a )
2w d-x

3 fixed-order controller such that

W@V (z,0)], <riVe,
VA eU

5 6o IR ol (b Gl bl sy Sl sk o
Condty onlid pde 4l (ot Glold LT 5 oS 28
o asi eals Sl (10) S8 4 b (F) plulis 2be3T Sl edeT

LS o sk

R _ PL(6)N

")
° x(np)

G559 % el S e 5 e s el e ol
bl Colad pie b Glaptunn (<l Cobiad e 0SS ST b
ol Gl s LY s o & skailes s o))y S s
Sk 015 or et (Sl g p e 4 ($35)5 (b e
da 03,5 s bl i bl by 5 ST eslial (63555 b 035
Ce bob o)l py et slp KYP (351015 0 Q) 5500ms
oS (03,5 (6 gyl ol 5l ealizal b o gDe 4.5 g3 e3lizal (A) 035
Gl e Ugams 53 5 PTHO) lls il
ab 05 (5 bl e isd e sl Gok=01...M -1
g b dalsy 5V 30 G L5 )18, ¢l onlad pus

58 13 eslinal 3550 A5l 5 o (YA) J1(YO) Lasly s OT

2 (0) daly (G Ugos S bl b & ol sl
Sl e 5 b ¢SS ) o sl A8l g ot Cy 5T e
Reps 038 8% ¢ =;k=01..M -1
S 4 53 5 (53555 b sl 03 S 6 bl Ol o

x5 b ol ol s 87 90a5 O e byl ST e Sle

Ol ad glagmb 5loews S T S el

. L. _ T n+1)x(n+1
Babie S 5 S Ty =T e R

0 Th o Th
T

T=| O T ()
Tfl Tf2 0

It K s ms s b P(A)>0,VAEUg b, puomen
L (V) Ly otd Cuyw) Tp sl 5 7p >0 o2 s
]7[46514;@5;““.\.&@&1?(]( =t

Py —7p(1i®Ug)+T, >0 (YA)

b A D5 B s Jlesl 5 G a1 eslinl L
G Ll Canld oo b (glagtuns (gl Subias e oS 8
2503 0L LMI &y 50 4 dms 55 5 ions (S5le g Sy 50 415
S5 ez iz Sl (el 0l 0Ly 55 [V] 5o &5 ) shailes
b i a8 ables il s o zege E(Z,A)
b (Slahaz i & SB o feslu Bl e Coliad e S J S
iloee Ty Slaclm & OBl o) Ll sl A ol o ol
6 SN ssie paS iy ) Al 8 e e &S
Ll wsls sy Ko(2) = Xo(2)/Yo(2) csbas o oS’ d 28
A 53 05 8 Sl AU 56l HLPD pre
ods S B g 5 e3lizal b Ll g e aliad o oS 2 ol (o
ool sty &S abibloes oSS S b 5 okl dwsle [VV] o
Slp o DBl S e L b (55 e Sl A b5

)‘@\Q)L&&fﬁé\%%

E(z,4) = Xo(2)N(z,4) +Y((2)M(z,4) (v3)

AeU Jadlﬁfcﬂ»\LPD LSJ‘{JA‘S‘A&?.-J;\:”’&{'E(Z,A)

V] el
JA 9 80959 JUKw plgi (2l woy T
oGS~

b Gy o Bl skl (S8 O iy ol o

i ALl Canbid oo b (glaptunn (gl Subias o ouiSTJ 28
(e ol 53 (§3555 (b s 5 (=Y 2o 5 o wl,)
o5 b Sl S 5 e S Wl 5 (Y idu s s &1,
Sl Bl o e Lold (LT s J ST 5 52555 S
45 0 0 kiS S ok gl €O CR" Lug & (1) Jua
b 305 I (b O Jm K B s 1 OA)
S w8 K b 4 36 Sl @IS 4 g Bl

Journal of Control, Vol. 5, No. 2, Summer 2011

A Olls (¥ ojled o ¢J 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.2.1.8
https://joc-isice.ir/article-1-85-en.html

[ Downloaded from joc-isice.ir on 2025-11-14 ]

[ DOR: 20.1001.1.20088345.1390.5.2.1.8 ]

o 2lolid Sl ool aal 4 saze 23 S 5 p5lis J S 4

S Loy T d s

(s S (59 3 (Sl dal (SO i -F
<=9

53 ok Ll Jbe s 5ol SL1 g S 0sls ol ol
6 55 s o5 @b 4 by Jie ol s oslized [1Y]
L T Ry e )
3l Sl Sk

0.0028z +0.0038

7% -1.1871z +0.2087

Gy(2) = (¥F)

ol b plolis 2leST oS5 b JUs @ bl s

S b a8 bl ks s S s S

S 1 il s o 3l Ko glie Sulas e oS’ S
S e 3515 05 pslhe (gD 508

_|IS(z,A)
. L@a)

-
1+ K(2)G(2)

<y (o)

0

Sl by g i sl Sl 02 ) et plelid SRLST
D oS B s s sl ke

y(t) = Go(2)u(t) +e(t) )

oSia b i 3 55 S 55 () 5 eks el (FF) Law g G(2)
osls N =1000 sluaw 8 Lo j5 b .ddb o /00 uibyly 5 Law
2> Clad pte b gl 95% Jlez>l Sliesil ¢ o lulis Jiule3T o
wh wls s e M =200 o555 b 03 Sl 5 (00)
035 4aS Gl AS Cudgdone Ol ‘Bk(ejw):e_jkm
oSl ar =120 Lba L1, () s 55,5 WS 550
25 63503 I b pbolis iy LT o Sl oslizal b 2o pes

A:.Sjlgrwrﬁd‘j@ Ninit :500 6\.&03\: J\M}A:.&.»
6. =[0.0027 0.0040 -1.1680 0.1894]  (rv)
3 62008 b di 5 preen (Wl Gl Olge w0 )

S A8 G pimen ZBS J ps Sase ekSUES

el 0kl (g il 5 D) s 4 uliag e 0 iSTd 1S

_ XoZ+ X

Z+Y,

K (¥A)

[\'] 93 okl -ﬁb‘ u’iﬁ) J‘ oslatwl Lv 5o LPD G;f 6‘4.19-\,.?

PS5 53 05k (o e (51 25 oS U 2Tl 0 aalone
C,..»\o.)uiru’:-‘jbw(h-\;

~ (-R R0
Up=| e R0
° £9TR r—HTReQJ )

bl 5 PGt T e o LMI &4 (10) abai
Sy oshr B YiaYm 5 Xo Xy Xy (o oS J S
(YA) I (¥0) Ly, 5 ¥ o B8 b e ol e —
2505 0l ) ) 48 015 o0
5215 (F) Coabab pits 4 e 5 (1) Jute sl 1) dpdd
seki bl (0 JS8 & a5 cab 4 o K
I glas i gl (@) a5 b Ak Cand
oy b diws oKT sl (AB,C,D) s pbid S S5
S e glibs BLST 55 aSURS 5 g3 S
5038 Sl 1) alesT 5leleT Consay s Cobas o 08T 1S
G Llg kS el AU a gl 1, 0V aaly, H LIS
Solsl Sy 4 5 (5 bl e (Sl gy die 5 S50
Dasdesls bl 55 Syse 4 LML b o 5L
minimize a
Xgr-Xms Yire+¥Ym1Core- - CM 1
Tsprl’TsprB’Tp’ pq’Tvgl’SZ

subject to:

Ho(Poer, L-y 7S, E 7 7's)
= (It ®GO)+Tsprl >0
He(P.&y L+y 'S, E L +77's,)
_(|2t+l®ao)+Tspr2 >0
P, —(1;®Ug)+T, >0
K(Q,{A B,C,D})>0

(¥Y)

1 4
il <
> Jlﬂq)u(a))da) <a

7,Q,pg >0

QJ;L;julthjluL&;.»\)\rlfrlﬁﬁz.*.n;ﬁ)\fa.:éé@t:alﬁl
.u\ﬁli‘_sa:}.laa.b.f

S} L,;&;;;)ygawd;{duﬂbgﬁwl;sJfls
Gl b cwe p LML tegme &5 (W) Lsh o b
‘J"‘:’L’gs" Pq,Ck,T,T )o.\.’.fdf'f

Journal of Control, Vol. 5, No. 2, Summer 2011

A Olls (¥ ojled o ¢J 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.2.1.8
https://joc-isice.ir/article-1-85-en.html

[ Downloaded from joc-isice.ir on 2025-11-14 ]

[ DOR: 20.1001.1.20088345.1390.5.2.1.8 ]

v o 2lold Sl ool aal a0 saze 23 S 5 p5lis J S

o da Lopdea b T s

A 53 e el BT 53 (3555 IS Olge 4 015 o0
s 5

»ly=1173 o gy @ 03l O gl
G5 3305 IS &S o L) gy S eslinl by K
ple 4o same 5 b Jdo Culods (b OV S8) =106
oy 4 (53355 I I b plalis 2LosT 51 ocaT sy Copnbad
blze plie G L5 g o3 Ol ek (b oaiS'd 28
S K B sy Je S e ey, s 1, y=1173
SBJS i aslial b 1 gt globd 2T sl
P pens plol i 55 L PRBS Wil (i gluis oSS
bosls Job L die g o1y oy I S aS
ooy 3 edeT Cwna (651 luis Olea) Vo8 (6551 5 N =1000
elesls plosil ) ot ol 5 L5T 5038 sl (pls 1 b
SolasT opl 5l odal Cawsas ‘_;}.,é.::g.gda}rl& a5 b Joe 6l
Lob o ssai (b gaslie e ST RS OIFn (o pluls
e S ol 3 A8 a8, ¥ =1173 ¢l 1, pslis =S
@b il 7 =3.035 L bz 35T sy Ul5 0 S L
2y Alie gyl 3 eds 1) ol s 2 s & b At )
a3 o O (T S (il s b0 Eomen L LU

oo bedlis ol 5o el Sl Gy dlie )akiie 4 (Cnd ol o
2L =5kl L s JrY] s e«
IS & s i 3 oks Gl gy S sl b S
b K 4 plie oSS S 5 =25 G50k 305
Sloslizal b1y alies ead STl ol 0k G151 Y IS8 53 87 s
b lze (63555 §5 51 S s S (oS J D] 55 os w1yt 55,

T Tty 5 S a5 0 oS I 2S5 0 =167

_ 191.167 - 40.24
z+0.8261

. £
o:\:d':.‘:‘u\' Jgi):}gu;})a\bjaﬁf‘kézjjthb
el ol

BE ol 45‘)\ JL‘JJ )‘ oalaiwl L: L.:}.fh‘-;a odaliv a5 )}.‘9 Olea
Ol ol S e 8351l B b 3505 S o 4 (VY]
i o)Ll 55 NS oS b Olan 5 LBL o s pl (5,1 Aldblous okins
GU 3 S etz ¢l eslizal M 4 S absles ol
)‘ oslaiw! J:JU okas Olis ui)) 9 u‘i‘ LSJL“ 4.:..: @L:.r AM_Uu
B g bl als gLl et s S5 o Glakes Lo
Al g ol 4 e gl oS 1S b 2y (68 bl

~50.5540z -11.1954

7+0.6801 A

0

250 g daloen (Y8) Lo 5 (55 0 labam i (] L

03 st e L (33,5 I 550 @ i o S S
ol e AT e S 4 (M) (ileaig dis 55 g8 b6 olie
b b e e b a1y oS 28 5 62555 Cab sl bl el
(M) alis 53 pslae SIS 655 5 Dosline VL s a1 S50

ol ol 45‘)“ d}v\> BE

() Lo 5 0kt )b oS J 287 5 (6550 Jol- 1Y g

4 a Xo X Y1
[} Yo INZNd /AYA /YYAA
\/Y AD Yoy +/OFY AARN
/\VY _
V¥ YA/FQ AAT
| +/YAY

S5l pslie U ST (6545 palin LSS Y U 3 ok 5] s
VS S uslie L (4) pslie 2 )15 & e pl 4
(F) el ool 55 g 550 onl 5 S S alsh pds 4ol p e
sl Gl 5o sl ol i (65 51L (535,5 S a3l

lods oals ales ) K8 yseds > b clacalb

W0 v

|
\ \

Faurcyyadin]
dijJa;'-g}/=l.l73:~\:~»r§..b.]aﬁ-:%a.x.i°;-\jbq:b:\Ji,;:
y=5: 2Lkt y =12 xu
e i el S s 1L (65 56 55 LA 35 s oyl
o (s O glan Ll Sligy 035ude 3 (63555 S (5351
35 Al pslie GLE sl Sl (8 sl Oles &
‘_g:})j;,'a.:l;&:..ia\:L.A‘_;:))}Jtifdo:)).l-@:c\“_g\ﬂ.@la&
S48 & Jemms ad &K Ol5 0 Slidp ras S esliel s
Al (63555 I b 5l 0T (iS5 gy & 3505 10

by ks s ks 4 635)5 Olsim L 35 &G Jlasl b

Journal of Control, Vol. 5, No. 2, Summer 2011

A Olls (¥ ojled o ¢J 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.2.1.8
https://joc-isice.ir/article-1-85-en.html

[ Downloaded from joc-isice.ir on 2025-11-14 ]

[ DOR: 20.1001.1.20088345.1390.5.2.1.8 ]

o 2lolid Sl ool aal 4 saze 23 S 5 p5lis J S FA

S Loy T d s

[6] H.Jansson and H.Hjalmarsson,“Input Design via
LMIs  Admitting Frequency-Wise  Model
Specification in Confidence region,” IEEE Trans.
Autom Control, vol.50, no.10, Oct.2005.

[7] A.Sadeghzadeh, H.Momeni and A .Karimi, “Fixed-
order Hoo controller design for systems with
ellipsoidal parametric uncertainty” International
Journal of Control, vol. 84, no. 1, p. 57 — 65..

[8] A.Sadeghzade,H.momeni," Shaping the
Uncertainty ~ Set  Resulted  from  System
Identification for Robust Control Design” Journal
of Control, Vol. 4, No. 1, Spring 2010

[9] L. Ljung, System Identification—Theory for the
User, 2nd ed. Upper Saddle River, NJ: Prentice-
Hall, 1999

[10] H.Khatibi and A.Karimi, “Fixed-order Hoo
controller design via convex optimization using an
alternative to Youla parameterization,” IEEE
TRANSACTIONS ON AUTOMATIC CONTROL,
VOL. 55, NO. 9, SEPTEMBER 2010

[11] Henrion, D.,Sebek, M., and Kucera, V. (2001),
“LMIs for robust stabilization of systems with
ellipsoidal uncertainty,” in Process Control
Conference, Strbske Pleso, Slovakia.

[12] A.Sadeghzadeh, H.Momeni, "Fixed-order robust

Hw control and control-oriented uncertainty set

shaping for systems with ellipsoidal parametric
uncertainty” , Int. J. Robust. Nonlinear Control
(2010). DOI: 10.1002/rnc.1614

//\ \v’,ﬂ.‘\/\f\/”z’ j \\

\

Magnetsde(d8)

Fraguency RadSec)
oy Sl eslital b Y =00 dten i bt g e b b iY S
i 3 edd all gy Sleslizal by =5t i e (VY] s os il

S5 domi -0
2SS 5 63958 S pl5 b gl L by &K
o sbite L W] e el LT s pslie s e
Sl b o pslie oS U RS (b sy 6l ks (53l
Gk 03 Sl 5 s bl el e L Glagtens
s (Gl iy Alis G Dp g0 4 s 5 A3 o3lizal (53555
Sl gy Sla ke 92505 b 5 oS RS gla byl S S
S35 S5l a8 5 il (T (Sl plie ST b5 5 0o s
5 oSS Gl il S35 n kb Do 4 $255s S
b Gl O 4 s Ll ol uad (6345 b
(s e $ S 2 Gl Ak B 5 A esly ol s

.M)dow‘)aﬁdﬂ)‘j))&‘)g

&y

[1] M.Barenthin, H.Hjalmarsson, “Identification and
control: Joint input design and Hoo state feedback
with ellipsoidal parametric uncertainty via LMIs”
Automatica 44 (2008) 543 — 551

[2] Michel Gevers, IDENTIFICATION FOR
CONTROL: ACHIEVEMENTS AND OPEN
PROBLEMS Center for Systems Engineering and
Applied  Mechanics (CESAME)  Universit'e
Catholique de Louvain

[3] X.Bombois, G.Scorletti, M.Gevers, R.Hildebrand,
P.Van den Hof, “Least costly identification
experiment for control” Automatica 42 (2006) 1651
- 1662

[4] Ballamudi RK, Crisalle OD. Robust pole-
placement for ellipsoidally uncertain systems.
Proceedings of IEEE Conference on Decision and
Control, New Orleans, LA, 1995.

[5] H. F. Raynaud, L. Pronzato, and E. Walter,
“Robust identification and control based on
ellipsoidal parametric uncertainty descriptions,” in
European Journal of Control, vol. 6, pp. 245-255,
2000.

Journal of Control, Vol. 5, No. 2, Summer 2011

A Olls (¥ ojled o ¢J 25 alons


https://dor.isc.ac/dor/20.1001.1.20088345.1390.5.2.1.8
https://joc-isice.ir/article-1-85-en.html
http://www.tcpdf.org

