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ABSTRACT

This paper proposes a new synthesis of a gain scheduling controller. Although previous design methods
guarantee control performance for every parameter value, resultant gains tend to be too complicated to be
implemented in a real system. The proposed method is based on approximation of Lyapunov solutions with
spline functions. The synthesis condition is described as dilated linear matrix inequalities, which can be solved
numerically. While derived feedback gains in the previous study always have the same grid points as approxi-
mated Lyapunov solutions, our condition enables feedback gains to have fewer grid points without deteriorating
the performance of the closed loop system. Piecewise-linear scheduling gains can also be obtained by adding

some constraints to the derived condition.
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4.3 FFEROFHHE

AEMORKMIZ, 74— KNy 771> F(0) D
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ZFETIE, F(O) DEHIC Xg(0) DBETH 27
B, BRI F(0) 13 Xs() D7EI D LR CHEZE
X B e /ishotz. AFETIE, Xg(0) D% D
ZRiD—F, F(0) DEPITHNWSND/INT A—F 1k
AN, D &3R5 (D DX MO % K50
ELUTED) 28 D 28D, R, XOHESFH
T72) Lyapunov B Z 15272012 Xg(0) DX 573 M
OEEHECL TS, 2E DY ORSHO¥ENAZS Z
LS T, DIBRWRDHEZERD F(0) DE Nl #E
L7720, A ORERITHER AT BEMNSE
B ZEBRLRFHEEHRT 5 ENTES.

BT, EH2I2BNWT G, 2l (G, = Q)
ELT, A%ERK (18)-(21) oM EsNUE, EHX
N74—R8Nw 7542 F)1Z60I1CBL TR
BB E 725, ZDBE, ST [5] Sl OEH 2
DREFRERIL VD, A7 Y a2 —)VRHZHTHIFHE AR E
L7200, BHBEMEOATAr Y a—1) > 7]
Bel7rd. ¥/, HB2MTORLAEEY, 3] OF
ETHZDOL D BRI T A NIEHTRETH S
W, HERRD S AT LTFNCH T DIREN RN &
&, Lyapunov BEE /NI A—FKFE L TEET S
T ETHRSFENRE PRI N TV D AR D,
NS ORI D W TR ET O EAEHNT TEARITRT .

4.4 NSIA—IDPEHEET D56

e fEICT 52012, NTA—=FIN1D (0 c
RHDT S MIOWTOHROE->TEEMN, 22
ETHRAREEZHRIIT A—F DNERGEET 2HEIC
BIIRIFFRETHD. BEELT, NTA—FMN2D
(0 € R?) DBHED, ARMEOITHIAERLE L TOR
R E 8 A ITRT. NI A—INENLL LD HE
IZDOWTH, FRICEHEROERIIFRETH 2.

5 #EH!
RO LPV VAT LY 2525 [5):
A(B) = l—4.1—3.09 1 ]
—2.00  2.0—1320
BO) - [ —0.03 —0.30 ] |
—0.47 +0.90

% 1: Minimized upper bound of Lo gain in each case.

(A) XXk [5] | (B) €2 | (B') & 2
(Nr =0) (Nt = 0;
G =G5)
N =0 1.47 1.47 1.48
1 0.992 1.07 1.10
2 0.822 0.836 0.883
3 0.743 0.747 0.783
4 0.690 0.698 0.723
5 0.657 0.668 0.692
Bu(0) = [ 50 ],c@:[l 1],
2.0 — 1.00 00
HECHN
D) = , Dy(0) = .
0
INTA—=Z DR E LT O, = [0,6], 2y, = [~10,10]

ZREL, D¥ ={0,6} &9 23 ERIND Ly 71
R 0.7 AT ET S,
ZZTid

o SCHK [5] DFiE
o ARTRETZFiL (N =0)
o ARTRETDZFIE (Nr=021D G, =G)

ZRWEEEIZDONWT, REtfRZ2RY.

5.1 Xk [5] DF&

113, ENTNOFIEEDE D DR HOB N =
0...5 DEMHEIZBNT, v R/MEOKERE SN Ly
FADERERLTWS., HEIDIZDONTIE, N
LRI EINEEIDICRDHERELTNS.

SCHR [5] DFIETIZ, Lo 71 CMHREERZWE T2
723D EDH NIZALU O TH B2HLEND
D (&1 (A)SHR), BRNICERINDS T — RNy
774 DR EOED 6(= N+2) HhENLL BT/
TLED. N=4ZBWTHLNIET 1> FO) KD
Lyapunov Btz 9 51751 P(0) 2K 11TRT. i
HEDH 6 DDODRGREFF>TNS.

5.2 FAETRETSHFE (N =0)

RETHFEEMNNT, 71 > ORFIOKEE 0
DERD L TFROH (Np = 0) LA ZRA £ 1773

33K [5] OEMEHICIIAEE /20D B8 (EFHHITHER
%), BETDHFRICETEZMATNS.
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1: The derived feedback gain F(6) (left) and Lya-
punov matrix P () (right) using the method in [5].
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2: The derived feedback gain F(0) (left) and
Lyapunov matrix P(6) (right) using the proposed
method.

7. 1 (B) &0, #RITBFETIE, F'1 2O
MO (= Npr +2) 2EHEETEH, Lyapunov BAEL
DEDEDOE (=N +2) ZHOTIET, Ly 51>
DERDEZEFETETND Z ENDNSE. ZNNAR
FHEOMED—DTH 3. £IOHED, Ly 71
SMEREELREZWR T 20121, N V4 EOKTH
Iz Enbns.

B 213, IRETHFEEANT, N=4ELTHS
N4 > F(0) KT8 P(9) TH5D. 6 DDR7 R
RO P0) I LT, F(0)1360 D ETR (0,0) DA
BRAMELUTED. ZHUISCH [5) OFEE L
T, FHEOMEREIRMNG T A D FBERFICHE L 12D T—
YRE1BMOEDZLEEKTD. LMrLTO—H
T, Ko RHOMEICETIRERNNETH S Z LT
MFEEBRECTHS.

5.3 ABTRETSFE (N =0,G, =G)

RIZ, BETDFETTA AT5OR5 HZE 0 DIE
B EFROAICRED, 2O G, Z2HEDTH &
LT(DED GO) &NNTA=FIEKFELLT) idtz
frizo7z. £1(C) &0, ZOHAES Lyapunov BIEL
DEDFHRDE (= N+2) Z¥ERTIET L T A2 D
EROBEMNMETE, D N > 5725 3EREREE
T BT ENbN5.
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3: The derived feedback gain F(#) (left) and
Lyapunov matrix P(f) (right) using the proposed
method with G1 = Gs.
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D, ROREOT A 2 IREMETER SN S 2 ENK
ZRENTH 5.
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FEICR D HEEDD I ENTEDD, WEETFILE
i U CHIEIEREZ S bS8 2 2 L fifFr 1 > %
EHT DI ENARETH S.

PERDFETIE, Lyapunov BIEOR M &A1 >
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Xiy >0, for k=0,....,.NU+1, 1=0,...,N® 41, (22)
@k, Brtri 4 0 Grtri ity — Xkt i4m
Z * -1 Dl{+71,l+72 0 4
(T1,p1,72,12)ESy * * - ! T
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+" | <o,
Crtry itre Xktps,rue T Dutorry b)) Whapa bz 00 0 —€Dy(pry ipry) Wit i
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w® w®
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k1~ Uk 11— 0

for k:O,...,N(l), l:O,...,N(z), w(l):w(l),g(l), w(2):w(2),g(2), r=1,...,9, (23)

J+1 J

o _ gr®
. r J I T
HU Gr, = {Gw— + W(Gi,jﬂ - Gi,j)}
o _ gfw o? — 5@
o rw | Gt~ Gia F QNTQJF@(G”W“ = Girrg = Gign + Gia)

i+1 4 j+1 J
9[(2) _ @
_ r j r r
Wit = {Wi,j + @ _ ol (Wi — Wi,j)}
j+1 7 V5

o) _ or(1) @) _ gre
er {Wi+l,j ~Wij+ <o Wittg+1 = Wit — Wi + Wzy)} ;
it1 Y

Jj+1 J
(for Ekandl s.t. 95(1) < 9,(61) < 9{1511) and 95(2) < 91(2) < 9;_@),

S1 = {(0,0,0,0)}, Sy = {(0707 1, 1)}3 S3 = {(0,0,0, 1)7 (ana 170)}7 Sy = {(17 17030)}3
Ss = {(1,1,1,1)}, Se¢={(1,1,0,1),(1,1,1,0)}, S7={(0,1,0,0),(1,0,0,0)},
Ss = {(0,1,1,1),(1,0,1,1)} S¢ = {(0,1,0,1),(0,1,1,0),(1,0,0,1),(1,0,1,0)}.
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