55 35 %3 8 W) wa 25 A Vol. 35 No. 8
2018 4 8 H Control Theory & Applications Aug. 2018

DOI: 10.7641/CTA.2018.60718
2 BB 5 H oo T B B 25 1

MogEZY, £ BT, FHRE!
(1. FEEF TR A T R S A AL BOR S B B 5 206 %, B 200237; 2. _EiEACiB A B L 5B FHoR G, B 200240)

R HT 2R 8 ik R R B KR S TR, SEGHE S R )8, AR SCHR 3 T Ho BIR 1
LIRS BRI SR ik, 1ZTE Y e SECE L X A T4, MBS B X IR g AR, T 3RIG 2 4
AUE. SRS RIRENR BT TR S 88, B RIFIPIT-IME, I8 Rt > PRI R HOR, St 5 Edda
B, WIHREAE TLIUR AR, 1T DM IR He U #6220 SR s 1] b A7 TR AR D) 6 i . d5 0, XA SO 7 vk kAT
iR ERE RGNS AT, 85 RRIYIE N RSEAEEAH R RNRBIIIE, 12580 LR D
TARRBE R RTIR FFAIE RGEAT RIS

EHEE: SR RA Hoo HiG, BN, a5

SIAHE: BREE, B0, THRE. 2HA0REG Ho B Feih. 6B 5RH, 2018, 35(8): 1074 — 1082

FRESHES: TP273 SCHRFRINAD: A

Multi-models mixing H-infinity theory robust control

CHEN Deng-gian', WANG Xin?, WANG Zhen-lei'
(1. Key Laboratory of Advanced Control and Optimization for Chemical Processes,
Ministry of Education East China University of Science and Technology, Shanghai 200237, China;
2. Center of Electrical & Electronic Technology, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: To solve the problem that leads to establish a large number of off-line sub-model and increase computational
burden obviously because of the traditional methods of controller design, a new idea that means controllers design of
multi-models mixing control based on H-infinity control theory is proposed. Firstly, the variable parametric interval is
decomposed, then the model set are established according to the sub intervals. Secondly, according to the H-infinity theory
the robust sub-controllers are designed, so this method own good anti-disturbance performance, and can effectively reduce
the number of sub-models; Next the control output of the object is obtained by mixing the mixing signal and the output of
robust sub-controllers, which can deal with the continuous switching problem of multi model switching control. Finally,
numerical simulation and the polymerization kettle temperature system are researched on the basis of the proposed method.
The results indicate that when the controlled object have the features of uncertain parameters and input disturbances, the
method can guarantee excellent robustness under the condition of a less number of sub-models.
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Fig. 1 Uncertain feedback system

BIG (=) NEA B, RoR] XRAEX A,
I BN
G Gz
G —
lGQI G221 ’
TRA
z = Gw + Grau,
Yy = Gglw + G22u.
MR 5E, TH Z30(6) T RIAN, AT
z = [Gll + GlzK(I — GQQK)_1G12](IJ. (7)
N TR, R (] — Goo K )W E— N EAHAE
Wi AT A, ) 2] 6] 5 R
z = H(GK)w. 8)
Ho Rz inl BT DLRA Jy: G4 — A HSeA
(428 AR B K, 72 K808 GRITE LR, 143 Mw Bz 1)
3 R B (1 HLo Y B8R/ M, B
min [ H(GE)]|.. ©
U EHE Ry > 0, FH A H A B

FEK, 7 KEEGRITE DL T, 115 Mw B 2 4% 34 bR 45
FEFEH BIVEEN T > 0, Bl
[H(GK),, <7, (10)

TITH o 8 SR 425 ] i) 5.
4.1.2 H. H¥H8$(H, sub-controller)

AT BT 087 RSN R H JE 28, 5o
SCHR ST ) SRR AR A 3 BRSO A e AR
SRR AR PR T
NO’Z‘(Z_I) am7i0§7i

(6)

Goi(277) Doalz 1) 1+ B’ (11)
W PR TR
zi(k+1) = Ajz(k) + Bu(k), (12)

N R EAIH IR I8, H e g
.

EE 1M 7%y > 0, HG(z7 1) I/ N LBl
(A, B,C, D)%5 H, WHE BE A2 #0E B, BRI 2| Gl

; A; | Bii By
“1 A i B; - 2
Go 1(2 ): CD = Cl,i Dll,i DlQ,z’
e Cy Dsy; 0O
| (14)
TE XHPE
Ny = [Cy,; D21,¢]¢7 (15)
Nx = [BQTz D1T2,i]b (16)

;_EQEPZ [0277; Dglvi]L/_\%ﬁi]:E[CgJ Dgl,i]A = OE(J‘JV%&%E
M AR 580 2 (SRR, [By, DY, )1 R SCHFA.

MG E L, FFAEME X RA) PR RGN
wE, B ||H(G;, Ky) ||, < yHIFEH] & K 78 25 1F

oo

ALMI2:
[NT, X AT+ AX;, X,Cf, By,
ChiX; —yI Dy,
L I BlT,i ‘D;rl,i -1
NX,i
<0, (17
. I_
[Ny, | [ViAT +AY; YB, Cf,
B;Flyz -1 D;rl,i
L I_ Cl,i Dll —’}/I
N;f
<0, (18)
- I_.
(X, 1] X, I
IZ Y, >0, ranklIZYi] <n+ng. (19

X, >0, Y:>0. Hriin, ny 2 BIREEN R A1)
7 ) 2% K, TR R
HISRLMIF K, =Y, « X1 N
u; = K; * y,. (20)

PRIk, bk Sy g i) e a] BLORAIE, ZERE
T IXIA], 2R IS A 45 R 5 IX TR) T R Y A AR AR
PRI, TR S TR RES HE B R 48, JF HARIE R
LB RAF M RS
42 Z B AR & & B 1 H 28 (Multiple model
mixing robust controller)
AT SRS MR R I A, &
PR RREE ). i, AT T 2 B ]



ERE ]

MRz SRR G Hoo BB B2 1077

a, A v IR RS SR AL BT - i A

(RVINAURN, DT 38 G 1 RF S D46 1) &, FRAIE T R SR

INAERLy ST e S G

4.2.1 X RS HE R (Parameter identification
of controlled object)

BT RITESL &GRS, FESRNHAZ5IR
A B AU, AT R B 4% %) G TR A 428 il
. AR, 2 5IR GG H )& T H S AL
(H I TSR A (k) VA1

N TAETFSEIER, ¥ R250(1D)-Q)FAL AN« i
B FRLI3-141,

y(k) = 0" p(k) + No(z~")d(k).  (@21)

I T SE BRI e AP AEAE T Id (k) S ANH E T AR,
IR ERGHTZHOER, 2 SEBHRSH BN
R, K B RG] PERE, DRI & S R A E
Beas F (2~ )0 sR@DBEATIEBALHE, FRAEH RS2
SHUHR BRI RS, [2n TR

2(k) = 0" (k) F(z7") + n(k), (22)
e

z(k) = F(z7")y(k), (23)

n(k) = No(z~ ") F(z7")d(k), (24)
AR 1

F(z >_ (2_1 _|_)\(k))anl( )a (25)
Sy Ne(zTh)

Fy(2 )7Dﬂ ) (26)

(k)N RFEBARZE, SPHR RGUR S HN,
S NR(23)—(25) T LA M, 3 5 g
P (2 ) AT AHBEE, ARy (k) IO, A(k)>0
WIS, F, (27 1) Sl IMEAL U8 35
YR S B HEO (k — 1) B S B AH0 1,
Rz (k)N
é(k) = z(k) — 2(k) =
2(k) — 07 (k — 1) p(k)F(z7). 27)

SE X NRZERA, BRI u (k) My (k),
He(k), M (@21D)—~(25), FTFEIRZRAL

zp(k +1) = Ap(k)ze(k) + Be(k)u(k)+
Gr(k)y(k),
(k) = Cp(k)xs(k) + Di(k)y(k), 28)
Z(k) = 0" (k — 1)¢(k), ¢ = Crap(k),
é(k) = (C(k) — 07 (k — 1)Cz)w(k)+
De(k)y(k),

e (k) MR ZEBA PR .
BExF @8 iR Z R, SR W BT LR R

VR IR

O(k) = PAO(k — J%

_ek)otk)
c+ T (k)o(k)’

1+ A4 } =

,0(k) € 0,

0(k) ¢ 0.
(29)

, PPN EY

Ok —1)+ A
O(k —1),

B AN EENIE B, R
ST, MTHO(k) ARAES R0 .

4.2.2 B & ¥ #il 8% &% 11 (Design of mixing con-
troller)
ST RIVE G B, AN AR S MR
T02;, BRIK Ofitn A2
N A 0 i Hai eai -0 i
wi(f) = (0 — (B2 P o)
Y|z (0)] < 1, R0 € 2, R NEHRIN S5

T4, M0y, 00,5 I A TH 10 F A1,
T 1 B R 0 1 2 508 s ), (0)] > 1
i, R0 ¢ Q. WTHHRK RS SR,

TR FAR R 28 T4 (0, (6), 3 F ok
A T R IR 5

~ N eﬁ7 |xz‘ < 17
i(z:(0)) = 31
Bi(z:(0)) {07 Sii (31
HE—ik, 15
BO(k)) = [B1(0(k)) Ba(B(k)) -+ Bu(@(k))T.
(32)
X B2 TIH— A, A
xﬂ®=,ﬂ@), (33)
; 5(0)
TR R IR A S
B(O(k)) = [B1(0(k)) B2(0(K)) -+ Bu(B(k))]",
(34)
HH ERRAE S EA W ER:

D) Bi(B(k)) +B2(0(k)) + - Ba(B(k)) = 1, Hrby
B1(0(k)), B2(0(F)), -+, Bn(0(k)) = 0; FFHZ0(k) ¢
Qij(k) ¢ §2;, /Bi(e(k)) =0.

2) BO(K)) R TO(k)IIES R AB% T
HlER AR AT = [ur ue -+ w,); MW LA H]
RE TS

u="1uxpB(O(k)) = Bi(B(k)) *ur+
Ba(O(k)) * uz -+ Ba(B(K)) ¥ un.  (35)

ghif BT, 4 2 BRI S B e R AR 1Y
BARGHIHEOLE2). B2 g NS E R, Ko 74%



1078 7w w5 N H 354
Ha%; BRIRAEE S wNRA R dNINIIsh; o HEOE
YRR PR S E TR SR T R R N egsm s | 6 Py Y
B, FLThRE R S o W g N S 5, I8 35 B al
BHRAE S TR " "*ﬁi*%% ----- ) —
. : .—|1 Yy
5 RN fSta?lllty analysis) T | memw [l waag —
ks B UL 6 R () R S BUIRAS T R Y — T
y(k) = Cpzp (k). Bl 2 % MU e
(36) Fig. 2 Block diagram of multiple model hybrid robust control
K36y
[0(m—1)x1 [ T(m—1)x (m—1) O(m—1)xm Opm-1)x(n-1) |
01xm O1xm 01><(n—1)
Ap — 0(m—1)xm O(m—1)x1 L (m—1)x (m—1) O(m—1)x (n—1) ’
O1xm O1xm O1x(n—1)
0(n—2)xm 0(n—2)xm O(n—2)x 11 (n-2)x (n-2)
Q*T 9*T G;T

Bp = [01x(m-1) T1x1 O1x(min-1)] "
zp = [am (27 (k) am(z7)d(k) —an_1(z

w, KRS . B, B REHRAN BB HORES R
31(36), AR RIAFORA T 2
{:L‘p(k:—l—l):(AP—BPKCP)J:p+Epd(k), a7
y(k) = Cpxp(k).
HE— 5 X B 4% 0 Gt AT Ak 2R, HR 4 X(28)(36)—
(37), AT ASRAF a2t G IR IRAS 1R A Y

{ vpp(k + 1) = A(k)zpr(k) + B(k)n(k), (38)
é(k) = C(k)xpg (k).
x(38):

QJPE(k) = [$P(k) xE(k)]T,

Ak) =

Ap — BpK (6(k))Cp 0
Ge(k)Cp — Be(k)K(6(k))Cp  Ax(k) |
Ep 0
=[5 1]
C(k) = [Dg(k)Cp Cg(k) — 0% (k —1)Cy).

N T UERR FH IS Bl 3 SRmE ORUE R A2 0 SARE 1,
T age R 5
SIER 117181 b RS R
x(k+1) = Az(k) + Bu(k),
y(k) = Cx(k).
W Riccati NG
AY(B)P(k)A(k) + C" (k)C(k) — P(k)+

(39)

Ep = [01x2m-1) T1x1 O1x(n-1)]
Dy,

BoCe =10 05T 0T,

ATP(k)B(k)(I — B (k)P (k)B(k)) ™"

BT (k)P(k)A(k) <0 (40)
HIEEMP (k) = PT(k)HI—- BT (k)P(k)B(k) > 0,
WU 2 B (39) AW AL E .

HEE 31 801, Of FLG & ah AR 7 R, s S 4
EEAE

O] _

822

611
©= l@m
(k)P(k)A(k) — P(k) + CT(k)C (k)+
ATP( )B(k)(I - BT(k)P(k)B(k')) g
B" (k) P(k)A(k), 41D
TREHNERETRCHSHARANRED T, bHE
2l
o O11 Oy
o= [ &)

42
O,, 42)

A
@11 =



% 8 10 MRt

TR A Hoo TS M2 ] 1079

FRIE LRI 434T, T4 2 a0 T 4518

TX,O1 >0, p2 >0, p3 > O, #EVXLQ:
QT > 0 AR, S R M MRiccati 7 FE

AT (k) Py (k) Ay (k) — Pi(k)+
AT(k) (k) E, M (k)ES P(k)Ay(k) =0, (43)
A (k) Py(k) A (k) —
Py(k) + Wy (k)Ws(k) + pol =0 (44)

B TE R AR P, (), Pa(k), 37 Fik 2 A2,
I — By (k)Pi(k)Ey (k) > 0, (45)
IR Bl )
Ag(k) = Bi(k)C,,

Cg(k) = psQ + QT(k’ — 1)y,
Dg(k) = [p3'p2Q 7" — psQ ' Pr + psQIC,
M ATA3 2R 4518
1) RGG7) R ER.
2) WERITIN R ZE e (k) A T, IFH.
k — oo, é(k) — 0. (46)
NI BR3P EE e A IR B, v TAIERH T fE, T
TSI, AP B
1) H@4)nra
Oy = —p2d < 0. 47
EBHA RN O, IRHEK(43) T 155
Oy = Py — W)Wy — pol + WW,. (48)
S DN L, Wbl 438 Dy, XE N
Oy = 01, = [Ag P B.C, + W, W]',  (49)
fIibhOy = 0. 43 A RNO,, = 0115
O = —pil + Py — W1TW2-
FANWIW, > 0, 6, =0, FrblO,; < 0.
M _ETH AT RO < 0, #REE 51 B, MURSL(37)
FEBTH R E .
2) DR E 0T R (37) o2 H ik A € 1, AR 4 SR
[18]H T EE2 ) Z516, mI %N

k — oo, xpr(k) — 0. 49)

(AT AT AR 245 18:2)
6 TiEWHR jL(Slmulation experiment)

T TR P AU 5 S8 UE T A v, I HOR %
T3 B SR Tl A =,
6.1 HUE i E M1 (Numerical simulation analysis)

ERELNT 2R B ] R 4

yk+1) =

1.2y(k) — 1.22y(k — 1) + byu(k)+

0.1u(k — 1) + 0.85d(k) + 0.1d(k — 1),  (50)

P oy WBEERN RARFISHL, by € [-0.5,0.9], Bl
HER N = [-0.5,0.9], ANFIAILZN, HOyF8Ers

4 R ARG, Bt R I A 0%
i 4 S B A 8] 23 N8 AN X T8], WER 1.
FEREAS T4 (A LT AR, Jf5 e T8 71 1) s 4
2 AR 2 s S DA

&1 AR H AN

Table 1 Fuzzy control rules
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Fig. 3(a) Output contrast of two methods
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Fig. 4 Output contrast of two methods
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Fig. 6 Internal temperature variation curve of polymerizer
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