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Robust Pole Assignment Control for Linear Systems with
Structured Uncertainty

& ok E
(Young-Chol Kim)

Abstract - This paper deals with the problem of robust pole-assignment control for
linear systems with structured uncertainty. It considers two cases whose closed-loop
characteristic equations are presented as a family of interval polynomial and polytopic
polynomial family respectively. We propose a method of finding the pole-placement
region in which the fixed gain controller guarantees the required damping ratio and
stability margin despite parameter perturbation. Some results of Kharitonov like
stability and two kinds of linear transformations are included. As an illustrative
example, we show that the proposed method can apply effectively to the single magnet
levitation system including some uncertainties (mass, inductance etc.).
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a=lg0, g~ . gx]TER™

alg)=q, 1=0,1,2, -, n

Q={qla; <q.<q*, i=0,1,-, n}
olw, =& A(2.1)9 o 4g Interval
Polynomiale] 2} g} o,

P(s, q)=t,7;;q,rs" (2.1)
He| 2.2: (Vertex Polynomial) — (1.1), (1.2)l

el 4] P mrolof 2%70e] THE A, A
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leading principal minorsz} <¢ko] <4o]m
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Ks)=qu T q"s'+ g2 >+ gs s+ g s+
Ks)=q* +aqs'+q s+ g5 P+ g s+ o
K(s)=qi T qi"s'+ 2" "+ g5 s°+ g7 s*+ -
(2.8)
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Atgjefop grl, ohgef BAAILE e IPFE
Py 2t shAL

FEN RHUUME Fe HYA Hols JukH o

Puls)= (st jb)s (@t jbo+0)  (2.17)
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o] 7] A,
F'={Fi(s), FLs), Fas(s), Foals),
Fai(s), Fap(s)Fui(s), Feals))
3. ZM @8 na{# ol Suix| xlof]
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A3 9 et A(w)e HE L& 4217
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o 7] A,
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ax~=min{8x cos(7— k)¢, i cos(7—k)d}
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+~ =min{d:sin(# — k)¢, Si sin(7—k)¢}
(3.3)
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AT A(3.16) 07 ¥ ths AW =)
ek

rr= (3.17)
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€82, k<nt+tm+2

PPF& 4ol A= KharitonovAd 7} &5 ¢
=,

o7} & Edgeda (He] 2.2)o AT FulA|
o] ARude nstna Aok A(3.18)o o
¢ exposed edgestha A& Pup(s)2t shd

Pap(S):{PAu(S):/IPi(S)
+{(1—A)PLs), A=[0, 1],
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(Edge A=) (3.19) 2] root spacE H4s :auqo“

A Fahe pAoz, A9 elaA A=1/NNE
A7 AER)] Rl Puls)sl 2 AW sa
o,

oz 4](3.18)0] 3.1A Y Fulx HAINHY ~
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D-94999 LiMeEe] 33t AT | H=cos
&
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PPF P,*¢] root space | Q&
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A
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3714, =&~ cosu (3.22)
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Fig. 3.2 Pole assignment region for PPF
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ek ole @ whEL shie FE2A A%
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o] T-#}Alct, [18]

1
o fd)+e (3.23)
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| —= |

number of -
turns:N i) '

a2y 33 SR $4 Alad,
Fig. 3.3 Single magnet levitation system.
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[v(8)—Ri(1)] (3.24)

AZNM, Z& ¥F, Fx 48, me dx49

%, Av W4, fov d23E dvepddh RE A
A Aol AdAA FFH7) FHAY 2
o

BYEA (o, 2)ollA vl sl g AY2A43
=g Fetd ohg3 2

£(t)=Ax(t)+ Bult)+ Dft) (3.25)
7] A,
x()=[dz()42(t) i ()]”
u(t)y=duv(t)
0 1 0
A=| k/m 0 ~kifm| ,
0 k/k: R/Lo
B=[0 0 1/Lo]",
=[0 1/m 0)7
o3 A=y Aolr|E gl
u(t)=—hpdz(t)— hod 2(t)— had Z(t)  (3.26)

H:[hp hv ha]

ATz Aad 5

ek £

( ) (K‘hp+RKz> (3.27)

Yol EAGEE 4oz FHP,
To(s)=(s+ a)(s2+2&wns + wr*)
=(s+s)(s+s)(s+s2*)

ol Aol el FAER A7 To(s)7h o
5% 14 = o5 HE Fadd e ek

(3.28)

hp= ‘TI{T[ awnmoLo+ RK:]

ho= _M[an +2¢wnal

(3.29)

ha= 20 250, + o~ £ |

FA mz dY e A Lol tial uncertainty® »#
s,
m=mo(1+ Wn)=mo+ dm (3.30)
(Wn=dm/ mq)
L=L0(1+ WL):L0+AL (331)
(Wo=4L/ Lo)

FEX BRUYE FE YA Zust JuRA Ao

m, Le] uncertainty® (3.27)9) SA4taA A4
o Aoz vepld g5 2o

AKS_ Ko 1

=m m iton (3.32)
@A L=Lo (1+w.) (3.33)
onSlon”, wn'l, :€[w, o), (3.34)
Aoz By
a"=alwn"), @ =q(wn)
" =g{w.*), ¢ =gl w.™) {3.35)

A7|A 4, —HAE He2 A, A F el
o}, oldl 4 (3.27) &
A(s)=q5° + (R — haq1)s* — gihos
ke
~(@hot L R) (3.36)

A1 (3.36) =

uncertain parameter g=[q g.)"7} A

e

Py

% 3 Polytopic polynomial family
Fig. 3.4 Polytopic polynomial family

E 1 54 Aswe sheley
Table 1 System Parameters for the single

magnet.
parameters symbols values

+2A ( to, Zo) N 2 [A]

Zs 1.5[mm]
magnete] ek mo 44/9.8kg]
A g R 7[82]
S1E=h2 Lo 33x10°[H]
FFA S ke 58 x10°[N/m]
2 2 A 4 ks 44[N/A]
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(3.35) 9 bW d(s)e
polytopeo. & vie}ylch,

ol Edgedeld A&a 2w 4(3.32)~(3.36)
o2 ¥E 249 wAthide] T (23
3.4)

Ps)=d(s, ¢*, ¢")
Ps)=4d(s, ¢i*) q27)
Pis)=d(s, qi™, ¢")
Pis)=A(s, ¢", @27)
olAl FAE Fol 3.249 Sulx AAYHE
443 A gelo|AARNE Kol o)
¥ 12 3kg SMLS=H[18]dle|elelct, 28]
3.19] D-99& 6=45, o,=1002% XA}
open-loop poles 94.53, —153.33£,74.02¢
Elvy HAE Ao FAA I HFZ B4y
o] 70.7%2 g3 ko] ol dH A7)
o] FoA 5 & AAFW (3.290% FE A d=
o o) 5 HiE o3t ol

A =& polynomial

(3.37)

H=[hp hv hal=[—4.518x10* —401.0317
—1.0776]
ol7A¢ A HFz FL& -212.12, —160%=,160

olth, Balz:ar msq uncertainty &  mgoll o 3
—20%~30%%, cY9HAE T2 W3 37
Hol A +20%2 Bi w,=—17~25%2 7}1A5 %
o},
Al(3.25) 08 HE
ot =q(wn")=10.957
g =q(wn")=8.595

450 408 -358 -3 -0

13| 3.5 mass change: —209% ~ +30%, inductan-
ce chagne | —17~25%«d] #HF = 1)
2 g o] root space

Fig. 3.5 Root space of the closed loop system in
the case of mass chagne: —20~30%,
inductance chage . —17~25%.
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[1 )

o ‘ i

-458 488 -358 -308

a3 3.6 73ld Fuix Ale]rlofedt HFZ 4
ZHl 2] root space.

Fig. 3.6 Root space of the closed loop system
with a robust pole assignment control-
ler.

ge"=qo(w.*)=49.845 %1072
g =qo(w,™)=27.39%107°

23 3.52 A(3.19), (3.37)e g7 AFZ A~
gl 2] root spaces HolF+ ZA 2 F uncertaintyol
Nl D-gtd =7t utEEz] RIS RoFa gl
t},

3.249 ¥ 3-1,4-1, 4-2-% 334y 4636}4
8,=27.06°lck. =akA 4] (3.28)0l 4 £=0.890
o W#l fw.=—16022 ZA Fx A AAH 4
T} o] 52 tig3 A

H=[-3.2286x10°
—1.0776]

he2 717 HAF] FolEder, o|we root
spacet= ¥ 3.63 Fri Folzl A5 (3.38)ql
e HEL Fo] D-dAue] EUE HAF
t}, Follgo] D-dddz 4FEHA AFEAY
<o B27) A duige FEE 1t sl

—3.3700x10°?

44 &

AyAoiAlel 27 Badido dlg 7y
S x| Aojol #E FAFE oF o 7 4
bl e w47 A Zub4Alel  Kharitonov like
stability & o]&3le] FHUE A2 Folal A 5o
= F7dta 8FEHE AR oAfe BHENS
s A7) Aol 5 (fixed gain) Alo] 71 Swl A
Gz Aol B g s A3t

#H 5= EAdridkAle] uncertain parametersol
s 1z =&l A APF) &} 1x F49 A%



BYSE WL 41% 35% 19925 3A
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