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Abstract: A novel Hierarchical multiple models Adaptive Controller (HMMAC) is presented for a multivariable
nonminimum phase process, which includes hierarchical fixed optimal controllers, one free-running adaptive controller

and one re-initialized adaptive controller. The hierarchical structure is adopted to reduce the number of the fixed

controllers. In each level, the fixed controllers are designed dynamically to cover the high-level-optimal-fixed-controller.
Based on to the switching index the selected controller is designed using the direct adaptive algorithm and the steady state
error is eliminated by the choice of the weighting matrixes. At last, the covering analysis and the analysis of the number

of hierarchical fixed controllers’ are given. In the simulation example, if the same number of the fixed models is used,

system transient response is improved greatly.
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FE AT SECH R 07 AL RE 3 43 B E AR
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2 W 7 %R (Description of the
controlled system )

WA L5 S BB ] 2 42 ] DARMA
iRl

ACt, z7)y(t) =B(t, 27 )u(t — k) +

B,(t, z7)v(t = k) +d(t) (1)
R, R u(e) ,v(e) My (e) 43510 n BN T
FHfmtimE,d() REZN TFERMATER n
BraSMmt g, AG, 27),B(G, 7)), B(e, 27)
RENEHRE T WEKFESTIR, KRYUERZE
(B] ¢ FORRYYL, I B, (¢) FEAT R, Ve

REW R TRIX:

1) RENEHMESEHNRERE, FEHRIZAHE
SEB AR EHE] E PR R K, RESBARFERE;

2) tAsfbRt,ACe, 27'), B(t,z27'), B,(¢, z27"),
d(t) MRS ECEREERE S ik,

3) A(t, z7'), B(¢, 27'), B, (¢, 27") MBI L
R n,, n,, n, METEE, k, CHEBEE < k)5

MR 1) "ALA(0) B, (1) By (¢) Fd(t)
SrEUEESERE. Bk, REE(1) AIB R

Az D) y(e + k) =Bz )u(e) +
B,(z)Yu(t+k -k, +d. (2)

3 ETHEEMGHNZEBAIEMER

%1% 1T ( Design of HMMAC)

3.1 4 BEi&Mr&5# (Hierarchical structure)

1) REEFEBAFMIES 1 E m MARIKEE
SHEAB R RES BRI EE, ARG RE
PHRHENE LSS 1 RZRREESHUER j, ;

2) *@ﬁ% 1 E%ﬁﬁﬁﬁ]x fﬁ@’f’@iﬁ% 2 }ZEI m,
TMEESBRAE BSRIER j, NSECERAER,
FHEEH S 2 B EE S HUER , ;

3) KRR, HEALMRE — B | ERMLE
ESPAER ), ;

4) ERMEESBER j, 0 EFn—NA
BRI — A EHRE R AENARA, AN
BRARTRER G EE, T EHIRERN B85
A DI BRI E A BNER N SEE, IME
REEERFS B EE.

3.2 EZSEHER &MY (Foundation of the
system parameter model set)

EX1 BHEEZHmRAG), B(z"), B(z7),
d & FZBUEREH B ERE @ RN RESHHERL
@ (1) FrABUEMBRIES SHARGSEHERE.
3.2.1 %1 EBETESEER SR E 7 (Foundation

of the first level fixed parameter model set)

RIEEREIN,EF 1 ERESBEBE SN
m MERTHE S, (5 = 1, -, m) HE S WE

13

5 Uggz,gdkﬁ,sﬂ,---,m
2)V<pe2 s=1, -, 3¢e§$ﬂ0<
r <o WS - dl< fwﬁﬁg?—%zmqﬂ

L, FH¥E, ﬁﬁﬁﬁﬁﬂ{%ﬂ& 2) BRI

HER 1), 2) MRGSEETE S B 1 2
m, MERITAE S AT #, B BB TE S REH
iy @ RASRsE L  BILTRA @ HRRLS
B L T MR D T 2 R B M

3.2.2 #i+1 BEhHEREHE (Foundation of

the i + 1 level dynamic model set)
WA R R RIMRRAER NS, R g,ﬁﬁ
RHERTERN 2. RE D -2
@ =.Jl‘(p1,p2,‘ s P) (3)
Ry, . puo s po RFHEMBH
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D) PR | BRI @ RS p, 1
1L X [&] [.pk_\ow > Pk_nigh ] .

2) BEAGSHEAX BELRMESES R m,, BT
BEE R BFERN

P _nigh

Pk.h = Pk_low + h * %M' (4)
VBERESEARE + 1 ENERIEES
&ﬁ;ﬂ_ 2, = f(Pia""s Panr s Puy)-

4)@ﬁﬁmﬂlﬁﬁﬁﬁﬁﬂgﬁnu @

i+1,m;+1

AEE i+ | BHSEESEERE, ARERE
EHBTES.
IR, SIS BA B S R

Mis]

1>U;gz,gﬂéﬁﬂ¢nmu

+

m

2)V<I>eE s=1, -, +1,30<rs
I SRR - <1>||< I fb¢ﬂ91§’;ﬂ_?%zﬁ‘)*
Do r R ST 2 2) RE

I, RSB SEERFERE 2.
3.3 EHB/SHER & YRR (Foundation of the

controller parameter model set)
RUTFH SRR BRI R
=[|P(z")y(t + k) - R(z"Dw(t) +
Q(z"u(t) +S(z"Yo(t +k k) +rlF.(5)
X w(t) REFRESERA SIATE
P(z™") = F(z?HA(z™") +27*6G(z™") , (6)
Rl T B, TR RS RS TER
Gz y(t) + HzHu(t) +
H(z")o(t +k -k) +7 = R(z"Dw(s), (7)
[P+QB'Aly(t +k) =
Rw(t) + QB™'(1)d - r +

[QB'B, - S1u(t +k - k,) . (8)
A
H(z") = F(z7")B(z™") +Q(z™") ,  (9)
Hy(z™') = F(z")By(z™") +5(z7") , (10)
F=Fd+r. (11)
X FAER/ ML RS, 2
P(z") =1, (12)
Q(z™") = Al (13)
WA EE RN

[B+AA)y(t + k)=
BRw(t)+Ad-B(1)r+[ AB,~BS o (t+k-k,) . (14)

X A A—HE FAURIERA R R GRS, B
det[B(z™') + AA(z™')] #0, |z|=1. (15)
R T HBRRSREMTM TR EN, 4

R(z™") =TI+ AB'(1)A(1) , (16)
S(z™') = ABT'(1)B,(1) , (17)
r=AB"'(1)d. (18)

— BT, M B(z™") REt, AT RARBUR /M A
BERAUMRERGERTREN; A" e, TR
BB K A HRMRIER G MR E . FILAT L
RIBEI IR LR A 4.

EX 2 RESPHEY O 2i2K(6)(9) ~
(18) RS/ 6(z7"), H(z™"), Hy(z), 7%
FEUERHMRBER O B H 38 S 808 R StHaE
F o) th 0(r) FIER{EMRNES 0 ﬂ:w‘%ﬂ
BEPBME MMTH IR O(1) = 3(s =1,

m;) ) O(t) A BUEH REES n(s =1,
m;) f’“ﬁaﬁ}:#ﬁ%ﬂ%ﬁf‘%&ﬁﬁ_?% MRBF D e

2(5—1 ",m)E‘J@(s—l ",m)f'ﬁiﬂ?}:ﬁ
E‘A?%QB‘J%U
3.4 § R JiE N #E S 88 (Multiple models

adaptive controller)
X3 FiEZEEEH m MSHCHNE
RO, s =1, o, m, i =12, -, [ B

—F%ul@m%m%ﬁnﬁ@ O#h 0) fA
RIHE @ Rl EHRAEN BB @ FI R
X F BENE @ KON @ KOF RF") &

ez (2) ,*'J}ﬁf‘\(ﬂ(lz) 1%%?19\73‘1%?9
y(t +k) =G(z7)y(2) + H(z)u(t) +

H,(z)o(t) +71'. (19)
v
H(z") = F(zZ")B(z™") , (20)
Hy(z") = F(z"")B,(z") , (21)
r'=F(1)d. (22)
AT HHAR R
6.(1) =6,(1 1) + —LDXE k)

1+ X(¢t-k)"X(t —k)
[y, (8) =Xt ~B)"6,(¢ - 1)), (23)
X(2) = [y(0)", =, u()™, o, 0t +k=k)T, -,
117 hBdE b, BN SRERe = (6, 6,, -,
6.1, 6, = [&h, -, &gh; gh» L R,
RS 1T, i =1, 2, SIAIES 8

, g:",
e n.a(t) ﬂ\j_.



370 = H

B ® 5 N H

2B E

Hu(t) MARPUEKEA R, A o(t) HEHAR
(23) EHRt 6(1) , BIIEEH o < a(t) <2 -
0,0 <o < 1M,
Xt F 2R RE R A , R N T U8 bR
e (o) I
LT xGooxa-n
KX () AR E, e(t) =y(t) - y(8) oL
gﬁﬁ%*?ﬁs/l\ﬁﬁﬂﬁﬁﬂh%tﬂﬁﬁﬁﬁ
y(t) = TX(t—k) RRGLIRE L, @%J,%ﬁ?f"éﬁﬂ
AREME, y(t) = @TX(t - k) RE I REEREDE
s MR s = 1,
& argmm(]) s—l ,m,1=1,
1, R O, R F?%‘J%‘% M E&E— ):%l+1
2,8 j,,, = arg min H)s , s =1,2 3 BME
il 2%

1) jia # 3, Wt é () EHRBIE, B

1@30) ““l l@ (1) *fﬁf(%) PEATHHA,
HESH O = O |
2) i =3, lg)_;n , l+<f)'_3<t> RAIR(23) #47
P BHBSHOL) = 6 ().
Bty
CzNyy(t) + Hzu(t) + By(z)o(t +k —k,) +
F=RGzDw(t) . (25)
KPR, A, By ("), 7 BB
R(zY) =T+ AB'()[I-CG(1)], (26)
Az = B,(z7") + M, (27)
B (z") = B,(") + AHT' (1) E,(1) |, (28)
Fo= AR ()P (29)

4 EB4H( Analysis of the system)
4.1 EHESYEB KM ES MR (Covering
analysis of the controller parameter model set)
FEFHITE A EEEENER SRS RE
B EEN R RIER S RE N SB35
BRI SEN TETLE S L - EEHBSHN
AR L 7 WA R TR SL AT BB R S B4R P
B8 DR R A T, BRI R RS R R
MABEM RS B2 EE SRR RMER
HER BT ERE R EE EAMERA

B A, MRREXATLE R, N
TEFF IR B BAR B SRR gk sp 2 B R R
GBS IERE B T REARPSE 2B 1 B
REE AR EEMEHE TEUE+1 2
o BIE B SR PR 2 88 B 45 4 S A A R B 4 T 2R R
FHRELES b REHBS RN ELEE.

511 ERBESHEAE O H—RE

E Ve I HMTEEHOHRNAGT),

B(z"), B (z™"), d, B (6)(12) &AM —H
F(z'), 6(z7") 772E, 10 (13) (16) ~ (18) HIF
ME—9Q(z™"), R(z™"), S(z7) ,r 784, AR(9) ~
(11) JEE—M H(z™), H,(z7"), P, BT H
G(z'), H(z™"), Hy(z7"), r & REUE RS BN
6 & NP B (6) (12) ~ (18) HIARLMY
TREES T SRS 0 OWE, ML RS
20 R—iESE s, iR 3) M3 h—FE, N
S A R 0 0B R

siE2 hR(6) FRBMWFGE"), 6 £
SREE— REP T

iE HRO2)HRARK(6) +, 715

I = F(zYHAGE?) +27%6(z7") . (30)

Bn, n WEFUHFLEE-WEINERE
F(z), G(z™") N Tt S SR st , RSB AT IE.

BRI Bi+] BERMBSHEDTE 0 4.

DU 2282 g Hs =1,

2) V@ei;(l)s,s= m;,,, E!OSHIFJS
o0, WE|O- 61< RO HEBBFEND
‘D’;ﬁ,s R -

E 1) Ve 0 —RFERKD < I ih

RYSEBBERLT || 5
e m | R @ e

2 3 H,— 3p
CH 0 RfHRE AT

+lp i+l,p
+1

A6 0 auncu i3 AR

H>}

+1,s i+

XL B 0 5

2) R B XK = [ S j

lell= 1[Gy, -5 Ho, -5 Hy, =5 7] I\=
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i ) i ) ) L1172 (B, + Blz_l)u(t -2) +
[]ZO IG;I* + ]ZO A1 + Z &, 1 + 1717 (By + ByaYolt —2) 44 . (43)
(31) A
XFH I, HFIH2 H| 6 R, N 4 :[0.2 0.5] B - [0.03 0.04]
"los 02077 T loos 0.09)
Z eI < K., (32) s [ 1.5 ~0.5 0.2
HFE 2 W $aﬁzﬂmwﬁﬁ-$@&¢>ﬂ Ol PP T Rl B
"B”ﬁ‘ﬁ* )JJ B, = [0.1 0.7]’ = [0.2 0.3]’d _ [0.7].
; 0.5 0.2 0.5 0.2 1.5
0= |5 FBal< S IRBIS Ko O3 st v 5 petioh 2 it EHRA AR E 4
” REhlEs, HrE SRS B RIER b, SNy 5
ZMHW<K- (34)  {EAAFEL XPTFESEMEY - 0. 66 KIS bY, B A ER

I—JE 33{5&2) %HIIBZJII la|#& 5, M

ZMW<K (35)
|| I* < K. (36)
L ERTR, 118
lol< K. (37)
B K KNG @ HEX FHEE,
o l<kK. (38)
K, (IR/NG 0 EA%. BLl 8
lo- 0l<k <=. (39)

LR =KAHE BR R WIS, & R r X
42 SEEMEHEE EE (Sum of the
hierarchical multiple models)
WEBH BEE AEN RS I+ 1 2,
i L Z2iRAE SR, BE—BHEmmEA a3
L’Ziﬁﬁﬁﬂ[ﬁ!miﬁﬁ%@@ﬂ‘)ﬁﬁﬁ; S, NiK

S, =m +m, +

- +m; = Zm (40)

HTBEREREE RS, FJTU?ET:?E?% 1 ZEg
HMBNEREY j, P — A EH 2RBMEE, X
FES 2 RBAMIE m, MEEGETRRBIRMNE
Bj, KR, KRR L TREm, xm, M
ih E!LHG?E?E‘J&@"—“&S VA

EBE2 Ym, >2BTTBﬁ
S, <8, (42)

5 {FEM (Simulation example)
2R ER/MINEERENTHR:
(IT+Az" + Az )y(r) =

BRI AT EHME B E N R A RIE 3 A 10. THix
FREESRASE, B 1 RAN,2] PREBEX 0. 1 #4114
BIERR, B 2 FRA - 1,0] [EER 0.1 49 11 4K
BB SR b, WAL, BB 1 (c) T4, B TR
BEE S S by, M H S, R RIZE B SR B A
BERE | M% A A BNAER 12 ZR#47 )4, 5
B BERARE 12 B gk b I 78 B AR 1 Bk
R, RGERE A HENAR 2 (WL 1). T 2(c) i
THHR LB D, RFREESHEEHRE 4 5 gk
H ELBULASRAE RS A BT B R A B & AR
13 B, TR G SR B THE 1.
2 T T T T T v T
15+

0 5 10 15 20 25 30 35 40 45 50
t

(a) RgtHth v, (1)

0 5 10 15 20 25 30 35 40 45 50
t

(b) RgGtht y, (1)
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Fig. 1 Simulation Results of the HMMAC with
incomplete covering
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Fig.

2 Simulation Results of the HMMAC with

complete covering

6 %51t (Conclusion)
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