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R R AR R EES TEMR
A(z)y(k) = z7’B(z7)u(k) + C(27")e(k). (2.1)
b y(R) HrEREHHRE; u(ft)?@? i slmE; e(R) AARTMARZEIL TN
B; {e(k),k=1,2,---} XMUFESENESHEIRERFY, H¥RE E{e(k)} =0,
E{e(k)e'(k)} = R; RAEEFHEM; z " YRMNIERET; ¢ ARG &/IDNE; Hd=
1; A(z™), B(z™), C(z™) 5% p X p f@%ﬁﬁ%ﬁi RJ)

A(Z—I) =] + Az 4 -+ Aﬂaz "a,
B(z™*) = By+ Byz™* + -+ + B, 27",
C(z7)=I14+Ciz' 4+ ++« 4 C,27"%,

3R det A(z7') = 0 WREE Z SHE ﬁilﬁﬂﬁﬂ,ﬁﬂ%\%ﬁ%ﬁﬁ.
RGN Smith FEREWARALERWE 1 iR, NEHLE N ETRE

A

F(sa(k) = G(a™)[w(k) — (&) — (7 — 2 ) A (z)B( k)], (2.2)
R w(k) BB EHRARE; F(2), Glz™) %F‘TE&LTH’J?“ | 2% 2 Tz A fE , B
F(z7\Y)=1+% F,27* 4+ - -+ F oz,
G(z7') =Gy + Gzt + -+ + Gngz'_”g,

&(2.1)NEH

g

2t

[F(2™) 4 27'G(2™) 4™ (27 ) B(z7") Ju(k)
= G2 Vw(k) — G(z7)YA (™) C(z7)e(k), (2.3)

I:(k)

A1z HCE™)

wik) +

y(k)

F~Hz=1)G{z ™)

A1 ZTZEBARRGIEA

AR RS (2.1)2A(2.3) A KRR T A AR, Bl

[A(z") — 2z ¢°B(2™") [y(k)
0 F(z™) +;-16(3"1)4*1(3—1)B(z-1)] u(k)]
(z7) (&)
- [__ G(z"l)(;:(z-i)c:(z-i) G(Z"*)] [:;(i)] (240)
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y (k)
y(k)=1[1 0] [u(k)]’ (2.4b)
Wi PR R GE RSP AE 5 R2 1] oK &
A(z™Y) —z ?B(z7Y)
det[ _ _ CiN gy - _ ]
0 F(z™) 4 27'G(z27) A7 (2™)B(z™)
= detA(z™)det[ F(2™) + z7'G(z2)A(27)B(z7)] =0, (2.5)

EARRAWAS RGBS EHR AR, —8BD AR R RARAR N GEE ; 57—
A PR BRI A, SR AR B T EX

F(z)y + 27'G(27H) A7 (z7)B(z27) =T (z™), (2.6)
A T(z')=14+Tz' 4 -« +T,z""
X 1] AL 323 il &% 45 44 168 Y
G(z™') = K(z7)4(z™), (2.7)

N K(2™) 9RKEg 2 X o 42 T\, Rl
K(z™) =Ky + Kyz7' 4 - -+ + K, 27"k,

wF(2.7)ARA(2.6)zX

F(z) =T(2™!) —2'K(z")B(2™?), (2.8)
ffF b CH BRIBR R AN
deg T(2™) = n,,
deg G(z7*) = n; + n,,
deg F(2™*) = max{n,,n;, + n, + 1},
RIBHARRGE RS L REERNERER K(27) K&,
HQ24)X e gHRENHE T E
y(k) = 27?47 (7)) B(z™)T(z7)K(z™)4(z7")w(k)
LA — A BTG ICGE (). (29)
£ e(k) = 0L, IR ARAELFBIREN
w(k) —y(k) = [1 — 2724 ()BT (2 HK(z7)4(z7) Jw(k).
AERARARRERESTR, FIREXK hm[w(k) —yR)] =0T ARANSEZERAGE S, HE

ERE SRR K(27) mflxﬁmtﬁl,ﬁt*%ﬁﬁkf“ S DIKR
K(z2™) = K, =T(1)B™(1), (2.10)
A
»y ol

$(2.7),(2.8),(2.10) =N RA(2.2); BB — A pymElas 5 e

[T (z™) — 27T (1)BY(1)B(z)1a(k) = T(1)B'(1)A(z")[w(k) — y(k)].
(2.11)

%ﬁ’f‘tiﬁ 'J%Ejf Es I
1) REFARESUE, BREEXLZE, R/
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B(z™")a(k) = B(1)u(k);

1) B BRAMAR AL IMAERNR &y 1, B

Rl T(z™')=1+T,27*,
WJ(2.11)z=N "1 24 fF K

u(k) =u(k —d) — T [u(k —1) —u(k —d)]
+ T(1)B7(1)A(z") [w(k) — y(k)]. (2.12)

EFREYEERTEANZARAEE BRRIE Smith 4|2 5.
U B REUSHRANZ BT N, HERBIRFEEE S K, REREAI ERNE
TEHENBHEZRNTETRIFNWT.

1) B RENHERE ¥ (R);

2) wf’iﬁﬁ %ﬁ{ V{"jﬁ‘ﬂzm

y(k) = O0"(kR)e(k — d) + e(k).

=
@(1{) = [fil:!‘i!)' : ‘sfina?;ﬁﬂaﬁn‘ : ':Bng;,;él:éz:“‘:énf]r:
ek —d)=[—y"(k—1),—9"(k—2), -, —y"(k — n);
a(k—d),a’(k—d—1), -, a"(k—d —n);
' (k—1),8"(k—2), -, (k —n)]";
3) RS Mk B EITS% 0(k)

,. P(k — 1)e(k — d)&(k)
) —— @ — ] DY : | g
B = 8= D+ T = Pk = 1ok — )

_ P(k— ok — d)ep’(k — d)P(k — 1)
P = [P(k “UTOE ¢’(k — d)P(k — Ve(k — d) ]/ ’
eR)ey(k) — 0T (k — Dok — 1);

4) R¥BHIEIHE 0(k) ﬁ)\(Z 12)Z - st a(k);

5) REZZE 1) EEHRT ERT .

K AR 2T IR A | :l‘*‘?’“fﬁ%Tlﬂ%ﬂ%ﬁT:ﬁF AR EE A 274, SRR S
Bk ER, BHlESHESTEER F(2™), 6™ MMt EE e BREEHE
ER. AERITREEREL, TR, RAREERERTIER/INELARE.

RN ED H d RERERTP B/NERRIEERY, ¥ ARELIRNELE XN, FEL BR
WA S Bo FERUA TCRE /N, (BEFISR HBHSE B()EREX, ALK B BRI,
BT R RBIBEH &,

ARAEEZEENAT Keyser (9 Mikes" 24T HER T, R

j’(k 1~ d/li) = “‘f‘flf(li + d — l/k) — jzj’(]( 4+ d — 2/&) —
— A, 3(k + d — n,/k) + Bou(k) + Byu(k — 1) + ---
-+ Enb“(‘!{ — 1),
B AR NG Z TR, BREE TR S FOENES/AAR Tohag s, iR = wiEz A, H
5 AR SRR, MR BB E WSS, EFIRIRE R /NG, SEEREK Smith
G e tHEL, KR IREER AU E, ALER TAEERN " S/&1",
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ey R

=0 BB

A TEESBEBNAA R AR REENEREGE D, FERB KPR ERU 3
T YRR, BB RS

y(k) + A4 y(k— 1)+ A,y(k — 2) = Byu(k — 3) + Bu(k — 4) + e(k),
(3.1)

AW ¥(k) = [5(R),9:(8),5:(K)17, a(k) = [w(k),u(k),u:(k)]17,

— 0.638806 — 0.196805 — 0.118029]
A, = | — 0.024081 — 0.535597 — 0.247302],
—0.021666 — 0.081332 — 0.555747 |

—0.171519  0.119028  0.060035
A, =|—0.052144 — 0.168870 0.0870761,

— 0.026616 0.041570 — 0.234913
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% 2% F—4& BCM-IIIA

=

=1

5, 1E

K3 1A
8

£
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MULTIVARIABLE -POLE ASSIGNMENT SELF-TUNING SMITH
CONTROLLER AND ITS APPLICATION

Liww Hongear  Zusnc Fusian Wu BaoriaN Wane JiNe  SHU DioiaN

(University of Science and Technology Betjing)

ABSTRACT

By combining self-tuning controller with Smith-predictor, a multivariable pole assignment
self-tuning Smith controller 1s proposed tor industrial processes with long time delay. The
proposed controller not only can predict the process output and adapt to the control of non-
minimum phase system but alse has an asymptotic servo property. Its structure 1s simple. The
algorithm has been used to control a group of cover annealing furnaces with microcomputer

1in an iron and steel company. The control accuracy and temperature distribution nonuni-
formity in the annealing furnace are within *3°C,.

Key words Self-tuning control; maltivariable control system; parameter estimation,
Smith predictor.



