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H,, DIA Control System Design Attenuating Initial State Uncertainties

for Magnetic Suspension Systems
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Abstract:

This paper deals with a generalized Ho, DIA control attenuating initial-state uncertainties.

An Hs, control

problem, which treats a mixed Disturbance and an Initial-state uncertainty Attenuation(DIA) control for linear time-invariant
systems in the infinite-horizon case, is examined. The mixed DIA problem supplies Ho, controls with good transients and
assures Ho, controls of robustness against initial-state uncertainty. We derive a necessary and sufficient condition of the
generalized Ho, DIA problem. Furthermore we apply this proposed method to a magnetic suspension system, and evaluate an
attenuation property of the proposed generalized Ho, DIA control approach via experiments.

1 0000

000 H.OOOOOOOOOODOoOoOoooooooboo
doooboboooooobooooboobooooooboOoooboon
dooboboooooboooooooooooooboOoooboon
H,.,O0OOOOOOoOoOooOooOoooooOoboooooooooo
00000000000 0Do0000 HeOOOO (He DIA
0000)000000000000D00000 HOOODOO
oooooooooooooobooooooooboOooobon
ooooooooooooooobooboooooobooooboon
ooooooooooboobooon

OoO00OOOO0DODO0O00O0D0ODb00 He DIAOOOOOO
goooboooooooooobbo H.OOoooobooooo
ododi20,0dooobocooooboooooboocoooobon
gobodooooobobodoos2b. obo3boooooood
gboboboboooooooobooooobooo4sb0. 0000
odooboodooooboooooboooooooooooboon
dooboboboooooobooooooooboobbed. 0DOO
gboborobooooboobooooooocobooboooa
00000000000000000 Hee DIAODDOOOOOO
oooooboooooooooobooooooobooooboon
oooooooobooo

ooooooovooooboooboooboooooooboo
oobOooooboooooboovvwooooooboooo
0000000000000000000000000 xe(t=0
000000 ez#0)00000000 NODODOOOOOO
dooboboooooboooooooooooooboOoooboon
oboboboooboboobooooboooboooboobooboa
0000000 HDIADODODOODOODOOOOOODO

2 0O00O
tel0,00)00000000000DO0OODODOODOODODO

Ar + Biw + Bau,
Cixz + Disu
Cox + Dayw (1)

z z (0) = zo
z =
y =
D00 z € R*"0000 2o =2(0) 00000 w€ R O

0000000000 2 0000000000000000000
O0xzo=0000000000000000000

0000;ye€ R"O0000; z € REOOOOD; w € R?
0000000w(#) 000 [0,00) 0000 20000000
(we L*[0,00)) 00 000000000000000D00000
00000000000500

A, By, By, C1, Cs, D1, Dy 0000000000000
0000000000000000000

o (A,B)): 00000 (4,C1): 000
o (A,By): 00000 (A4,C.): 0ODO
e DLL,Di» € R”*" : 0O

e D)yDI, e R™*™ . 0D

0000 (1)0000,000000000 «(¢)0000000
000000000000 (1)0 (2)000000000000
0000000000000000

u

¢ ¢(0)=0 (2)

000 ¢)0o0o0oo0o0oooooUooooooooOY,
K, G, HOOOOOOOOoOoOoOooOoOoOoOoOO

oooooooooooobooooooooooooooooon
00 Ho,DIAOODODOOOOOO

JC+ Ky
G(+ Hy,

001 Ho.DIAOODOD
N>0000000000,0000 we L*0,00) 00000
o € RPO00O0 (w,mo) #000000 2000000000
goboboboodoooooboooobooooooobooooooboooa
goo

12115 < llwll3 + 25 N~ o (3)

000000000 000000 Ho DIAODO (DOOOO DIA
0 0)0 Disturbance and Initial state uncertainty Attenuation
(DIA) control0 0000
ooobdszoO0OO0OO000O0O0NODODOOOOOOOOOO
gboboooooooooobooooobooboobooooooboooOoo
gboooo NOODOOOOODbOOoOoOOobOOooboooobooo
gobobooooooboooooooo



3 H.DIAOO

DIADDUDOOODODDOD0OUOOD (zo=0)0000 He
g000ooooo0o0o00O0 DIAd0O0O0ODODOOOO0O00
gboooOoboo0oooDooOon0D 2-RiccatiDOOODOOO

(Al) O0OO Riccati DO OOOOO0OO M>0000000

M(A — By(D{, D) ' DI,C1)

+(A — By(D,D12) 'DLC) M
—~M(B2(D{,D1>) "B — BiB] )M

+C1Cy — Cf D1a(D,D12) 'DLCL =0 (4)

gooocoooooooboooon.

A= By(D{;D12) "' D,Cy
—By(D1,Dy»)"'Bf M + BiBI M (5)

(A2) D00 Riccati DO 0OOOOOOO P>0000000

(A= ByD3 (D21 D3y) "' C) P
+P(A— B D3 (D21 D3,) ' Co)"

—P(Cy (D21 D3,) 'Cy —C{Ch)P

+B1B! — B1Dj,(D21D3,) 'D1Bf =0 (6)

goooooooobooooon

A= B, D3 (Do D3) " Co
—PC3 (D21D3,) ™' Cy + PCT Cy (7)

(A3) p(PM)< 1
000 p(X)000 XOOOODOODOODOOOOp(X) =
max |\ (X)| 00O

gobbooooooobooboooboooobooo

00 1070 0000 (1)0000000 (A1), (A2), (A3) O
00000000000000 H, 0000000000000
00000 Vw € L?[0,00) 000000000 Voo € R* OO
00, (w,z0) #000000

12115 < llwll3 + @5 P~ 'm0 (8)
O0o0oo00o0o00o0o0oo0oo00oo0o0ooOoo0oooobooooo

—(D{yD12) " (Bf M + D1,C1)(I — PM) ™ '¢
AC + Bou+ PCY (C1¢ + Diau)

+(PC3 + B1D3,)(D21D3,) My — C2()

¢ = 0 (9)

000000000 (A2)0 Riccati D POOOOOOOODOO
NOOOOOooOooooOoooobooooobooooooooboooo

IS
I

(A4) N<P, (N'>P7Y).

00 (A4)000000000,000 (8)000000000
00 (3)00000000000000000000 (9)0 DIA
000000ONDOODOODOO000000000000000
00000000000000000000000000000
0 (A40000000000000000000000000
00000000000000000000000000000
0000000 (A4 0000000000000 DIADOOD
00000000000000000000000000000
00000000000000

(AB) Q+Nt—P ' >0,
000 QOO00 Riccati 00000000000

Q(A — B1D3, (D21 D3,) ™" Cs
+ (B1B{ — BiD3,(D21D3) ™ Do B )P™Y)
+(A — B1D3,(D21D3,) ™" Co
+ (B1B{ — B1D3,(D21D3,) ' D1 BT )P~H)TQ
—Q(BY — D}, (D21 D3,) " (C2P + Dy BT ) L)
x (B] — D3,(D21D3,) ' (CoP + D21 B )L)Q
=0 (10)
000 L:=I-PM)™".

00 1070 0000 (1)000000 (A1), (A2), (A3) 00
00000000000 H,OOOOOOOOOOO (9)0 DIA
000000000D00000000 (A5) 0000000000

4 0000O00OOOOOOO

00000000000000000000 FiglOO0d. O
00000000000 00000000000ooooooo
000000000 00000O0DO00000000O0ooonn
ooooo2o

o 1+i(t)

E+e(t)$

R
L

Electromagnet

Gap sensor

Iron ball
Mg

Fig. 1: Magnetic Suspension System
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Table 1: Ho, DIA Controllers and their properties

Controller | 61 n Line style
in Fig.2
Kprai 1.10 [ 5.256980 x 103 solid line
Kpras 0.80 | 5.223575 x 10=% | dashed line
Kpras 0.50 | 5.202185 x 10~ > | dash-dot line
Kpraa 0.30 | 5.193773 x 107> | dotted line
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Fig. 2: Frequency Responses of DIA Controllers
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Step Response
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Fig. 3: Step Responses
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Disturbance Response
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Fig. 4: Disturbance Responses
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