2004 £ 10 A hETER Oct. 2004
E6HBH 10H Engineering Science Vol.6 No.10
FREX
FETFHE AT
(MIMO - GPC) #&&E Mot
FhFAk, HREE, FEFAL
(WFA¥EHLE, X#E 300071)
[(BE] RETETHEBOSER XFMES (MIMO-GPC) BEHAMT T, 5T MIMO- GPC i

PSRRI, 4 T T HFHE 2T MIMO - GPC 38 % tE B AR e HEHI 48 X EHIFER

fE8 MIMO - GPC # I 8 2 8t W EEKE
[xgia]

[(REFHEE] TP273 [X#kARIRA] A

1 3%

X B R (GPC)M A R R h A
Kl (SISO) VRATEHWAZHEMNERS
(MIMO-GPC), #BERGHENRES . XHBE
ERSFEBUS RIFHME. EXEBENATEER
MR T EFHIT,

PR AT, —HEBGERE R, REHZE
HE, METR XANERHNNEERE., 5—F
EAMES TR EENSEE T mBRET KEN
TAER), Xseiri k% 25 T B 8 i [ER AT
K, EEEHES MIMO - GPC A3 R 45 i &
B E, 4T ETFHEM MIMO - GPC B4
Mg '

2 MIMO - GPC ik #6ik

ZT R GPC BEHRIBERMARINT
A(z DAy(k) = B(z DAu(k-1) (1)
He.
A(z) =T+Az7 ++ A,z (2)
" B(z') =By + Bzl + -+ B,z " (3)
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J= 2 150k +j1k) = wlk+j) 1%+

A lduCk+j-1)]?2 (4)

Hep {y (k+jlR) Ay (R) BIBTE j HTWF
I, N B LK, N, hER LK, A=
diag (A1, -+, 4,) WEHIAETF, {w (k+i)|H
BEREWIREEFEMFY, HITIHBHESE:
w(k) = y(k),
w(k+j)=aw(k+j—-1)+a’y(k),
j — 1’ oo N (5)
HA o = diag {a;y, =+, a,| ARLMEFITAE, o
= diag {1-ay, =+, 1-a,t, y (k) HHEBEHE,
AR B AR j S BUE Y (k +5 1 &),
TERBIMTHAEZEEHE:
I= E'j(z_l) Az Ha + z_ij(z_l),
ji=1, -, N (6)
E;(z") B(z™") = G'j(z™") + z " Hj(z7"),
j=1,, N (7)
Hep. '
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Ej(z)) = Eg+ Eyz ' + -+ + E;_; 27 U7D
| (8)
Fi(z™") = Fyo+ Fjz™' + - + Fj 2™ (9)
G (z1) = Gy + Gzt + - + G, 501
| (10)
H(z"\) = Hy+ Hyz ™'+ + Hjnb—1z_("b_”
(11)
A=1-2z271,
% B(z™") = BoBt, H;(2™") = 0, LB G (27!) =
BoElj(Z_l) REBE T BRBHERRN:
Ej(z7") = I,F(z7!) = 2[I - A(z")],

Az =A(z1a (12)
E’j+1(z—l) = E']—(z_l) +rjz77,
Fi(z7') = 2[F;(z7") - rA(z1)],
j=1,+,N (13)
rj = F; (14)
¥ (1) FAERE; (), 18

E;(z")A(zHAy(k) =

E;(z")B(z"")Au(k - 1) (15)

¥ (6) f (7) XRAKX (15) 5
y(k) = G;(z")Au(k - 1) + Fi(z ) y(k - j) +
H(z)Au(k-j-1) (16)
FREE y(k) BT BN
y(k+jlk) = Gj(zDAu(k+j-1) +
Fi(z™") y(k) + H(z)Au(k -1) (17)
2
Y = [y(k+j1E)T, -, y(k + NIE)T]T,
AU = [Au(k)T, =, Au(k + N, - 1)T]T,
F (z7') = [Fi ()T, -, Fy(z"H7],
H (z') = [H(z)T, -, Hy(z™)T],
W=1[wk+DT, -, wk+N)T]T,

M G 0 0 7
G, Go 0
&= Gn-1 Gn-2  Go |°
_GN—l Gn-2 Gn-N |
Jlp=p
Y = GAU + F(z™') y(k) + H(z"D)Au(k - 1)

(18)
EAReREON :

J=ly-wli2+ lavli, (19
¥ (18) RAKX (19), 4 2] PAu=0, BEH
=

AU = (GG + A)'GT(W - F(z™!) y(k) -
H(z")Au(k - 1)) (20)
(GG + A)'GTHIRI NfTTAPT = [Py, -,
Pyl HH P(j =1, -, N) B nXnEE, TE,
X (18) AIBAH
Au(k) = PY(W - F(z™) y(k) -

z 'H(zV)Au(k)) (21)
3 MIMO-GPC H3RRA% &4
¥ EVERHA—BHINT .
m (5) mTH
W = Fy(k) + F,y.(k) (22)
He
F, = [a, o, =+, a"]T,
F,=[I-a,I-a% -, 1-a"]T,
a? = diag {a? =+ a,%l, =+, o~ = diag {a)N =+ N}
%
Au(k) = PT[Fy,(k) — (F(z™") — F,)y(%)]
(23)
g
T(z™') Au(k) = Ry, (k) - S(z7') y(k)
(24)
He .
T(z') = 1+ 'PTH(z™Y) (25)
R = P'F, (26)
S(z™') = (PTF(z™) - F,) (27)
B (1) %
Au(k) = zB 1 (z7™') A(z7!) Ay(k) (28)
¥ (28) XA (24), B
2T(z7') B 1 (z7') A(z7Y) Ay(k) =
Ry (k) - S(z7") y(&) (29)

B,
(2T(z") BY(z™') A(z7)) A+
S(z™")) B(z™") B'(z7") y(k) = Ry, (k)
(30)
3 (28) A1 MIMO - GPC MR R 145 #9
EE, K 1R, ARMEEEREAIRRRN:
G*(z™') = (2T(z™) B (zV)A(2)A +
S(z)7'R (31)
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Fig.1 Structure of MIMO-GPC

4 3R FAANKEREPRBRATH
¥ 4%
4.1 ETBRRBAGHEFLERTEXER
HEE 1 IAHAFFREERTACHE 2 BB
H(s) = Q(s)[I,+ F(s5)Q(s)]! =
Q(s)D.'(s) (32)
g,
H(s) = [I, + Q(s)F(5)]7'Q(s) =
D, '(5)Q(s) (33)

>&—o0 |+

2 ARRBEHIER
Fig.2 Structure of closed-loop feedback

% det Q(s) 0B, H(s) WERNETFREMR, ©
5priy)
H'(s) = {[L, + Q(s)F(s)17'Q(s)}™ =
Q7'(s) [I, + Q(s)F(s)] = Q7'(s) + F(s)
(34)
xR (32) EX (34) WD HIRTHIR,
AT B 2 E T I XMILRRT
det [I,+ F(s)Q(s)] = det Q(s)/det H(s) =
det H'(s)/det Q7 1(s) = det [Q71(5) +
F(s)]/det Q7'(s) = det [ I, + Q(s)F(s)]
(35)
LHAFFELZIRN o.(s), FFFEZTAHN
po(s) o AIFR
pc(5)/po(s) = det [ I, + Q(s)F(s)] =
det [I,+ F(s)Q(s)] (36)
4.2 STRAFRRGMEREEHITF
ERBE BB RERENRSVESRG, FIEEX
MAEAEFELFR. THEXMEST RBZE

BARS,

XTE 2 ARG, A EENTERMGRITIHAF
MEZTR o(s) KEFEF QAN TR PRI
P L,

R, ZRGEHIEE BT B BRI
IREZ K o.(s) HEMF[BATEFEHIF
P,

FFHFRAEZ T o,(s) - HFRFFAEZ A
pc(s) FEIZEERATIIRFAEM TR AR,

I;ZE—;; _ detl[ L, + Q(s)F(s)] =

MG-an/ThG-a) @D
i=1 i=1

Kt o RAFFAEZHRK o.(s) TR, B
RZHEMAFR S o' BIFFFFEZ K o,(s) B
TR, WHERENITFIMES . Fik, REREE
ZREEAIIR, MAHE RGN IR A IR
R, B R E R
ENBEEBAGHRENFEZAT, B
XD EELZ%, ERUEETIS KK R I
EA¥EFE— AT RNEL. MREKELLE
A 1S R B AR, NIRRT /M B A
Mg, ZHR IR ELZRN D B,
LEBRAGHEEHHFETHAMTE: &
R D(s) HEARTE, BEHTHIK det D(s)
B2 s WARE RS, 4 s i D BELEL—F,
PRAK det D(s) ZER VI BRI —RAG L, X
FKHLFEN det D(s) FIREWFFE, X&M G i
et TR R P B AR o + b IR A B
BARARBIERED (s) KT A RRIA%L, A

enc (D(s), a + jb) (38)
B
enc (D(s), A) (39)
miE A SRES, LR R EICA
enc D(s) (40)
FHRIFRA D(s) K JERE

ZEB ARG Nyquist £ € HIPE AT AR 10T -
WHAFFEZ TN o.(s) EH¥ s FH LA no 1
T, NAFREREN T T VERER

enc D(s) =— ny (41)
He D(s) ARG EZER

RN s FHEB : FEKBSXR, AHESE

ZERBHBAENREEAE. BBERNRGERE
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% H AU B BURHIE R N 2T RHER Y 7
 FEEMBEARPA, SEFERNESPNT 1,
FHN B LR GRS E K o

ke, ZEBBEBMALSEN Nyquist $25E FI 5 7]
HRWT . RIFFFHEZ TN o,(s) 7 = FHEAE
MRS A ng NMFA, WA RGERRE RN TS0
BARMR

enc D(z) =— ny (42)
ER¥IFERT T MIMO - GPC R e HEar#r o

5 A TFTHE MIMO - GPC H % 4&
T

B 1 PR IR R R A M AT TUE B8 R
Q(z™") = 2 HT(z"") B (") A(z71))l/A
(43)
EAE 18 R H—HEEE, ERE®St
REEHARERS Q(=™1), S(z7!) WEA. R4
FIEIZHERE D(=71) AIRR A
D(zH) =I+Q(zHs(z™H) (44)
FFI A 2T R o (27!) . F 3 $5 1E £ T X
pc(z7h) MEIZEEATHIRFEDN T XRRER:
p(z7 1) /p,(271) =
det [T+ Q(zH)S(27Y) ] =det D(z71) (49)
It det D(=27") B SN FFIFFAEZ TR o, (7))
B, T A AAEZ TR o (271) MR,

AL MIMO — GPC Y P 35 15 45+ 7 [B] 2=
MM, % MIMO - GPC #fTRa gt arthr, /AT
FREMHEH 1,

1 BEAZHIL BT SO 8% A 2
RIRGHIGE 2, REGfaENRBESRMRBIZER
175K

det D(27') = det [T+ Q(z71)S(=7!) ]
MESBSHE = FHEHEMBEMCRPA, BIEIZE
BEATPI T RSN T 1, SR EEETIX 2
F LA N Hurwitz LI,

ETEHBANANREREENRE R
#, BT MIMO - GPC R4 & T s 12 & vt
EH 2,

T2 BEAZHIWL BT SO E H 2% 35
ROREMmAE 2, wEIZEERETHI LA RN
WEANEH P, MAKRRERENRELER

enc [I+Q(zH)S(z™") ] =-P,

B =1 22 45 1751 X
det D(271) = det [T+ Q(271)S(z71)]
F 22 28 T i 2R 4 SRR S I BN P
RIFAEHE 1 FEH 2, WLUER AR £
B SCHU R #AT E E R e, R RE
HasSEt.

6 HAARK

SINTRERREHTHE:
[1—1.52_1+0.48z_2 -0.227'+0.1272 ]
-0.1z7! 1-0.9271+0.2272

1+1.5271 27!
Au(k - 1)
0 1+ 27!

Ay(k) = {
(46)
BRHBSBOERN: N=3, N,=2, A= 0.2,
a= 0.5, BArehiiy (&), yolk) B2 ANHH.
SR RGN EZERETHIIR A
det D(z7™Y) =det [T+ Q(zH)S(z™") ] =
num (2)/128 den (z) (47)
He '
num (2) = 5.192 28 —1.140 27 — 1.139 2° -
1.004 2° +0.3230 z* +0.1272 23 +
0.04685 2% — 0.01269 z + 0.0006923 (48)
den (2) = (0.04056 z° — 0.02368 2° —
0.06297 z* + 0.04127 2> + 0.01562 22 —
0.01624 z + 0.0031)(z — 1)? (49)
M (45) Al Hnum(z) R FFRERAE LI,
HAR R AL 18 R AL, E XN peo den (2)
WA FFARRAE BT, FHAR K FF3H %338 R B R
B, BXH poo RAGHAB SR SIT
pe = 0.6155 + 0.1041j, 0.6155 — 0.1041j,
—0.3471 + 0.4490j, — 0.3471 — 0.4490;,
- 0.01506 + 0.2639j, — 0.01506 — 0.2639j,
-0.2175, - 0.06960;
po =—1.076, — 0.7395, 1.087, 0.9999, 0.9999,
0.5019, 0.4051 + 0.1081j, 0.4051 — 0.1081j,
AW, AR ERA 8 MR ERMREN, WEEH
1 X F MIMO — GPC & #l 88 FI 3 R G ta € W5
EFA
BIEEMETIARENFEWE 3 s, B E
3R MZRGEMEIZER D(2) XTFRAKEAEH
enc (D(z)) =-2,
MARGH IR GE 2 NMERARES, WEEHE 2
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g 3-GPCMMM, £75 & GPC Al
I EFREL p EF, BIER (21) F B, HiEKRH
Xt RGN E R H B,
Au(k) = BPT(W - F(z™!) y(&) -
z 'H(z"")Au(k)) (50)
X (46) FrfliR ARG+, HEHSHEARE,
B p=1.22, RAR (25) ER (27), HEBHAKF
e R EI 25 D(2) , BHAFBFESTRN
num (z) = 8.308 2% — 5.816 27 — 7.054 2° -
3.69 2° +1.749 z* + 0.5688 2° —
0.809 22 - 0.1383 z +0.01649  (51)
FERFHEZ T K
den (z) = (0.1622 2% — 0.02991 2° —

0.3444 2* + 0.1440 2> + 0.1425 22 -
0.1043 2 + 0.01846)(z — 1) (52)

mxk (51) MK (52) A4 H0H8E B AFRA o
TR 0o

po. = 0.8072, —1.042, 0.3874 + 0.3739j,
0.3874 — 0.3739j, — 0.5357 + 0.3276j,
- 0.5357 — 0.3276j, — 0.2504, 0.08233;

p, =—1.313, —0.9021, 1.088, 0.9999, 0.9999,
0.5019, 0.4051 + 0.1081;j, 0.4051 — 0.1081j,
H B ZAEFETHIR det D(2') WRZEHFE DN

B 5 B
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MIMO - GPC Stability Analysis Based on Frequency Domain

Sun Qinglin, Chen Zenggiang, Yuan Zhuzhi
(Department of Automation , Nankai University, Tianjin 300071, China)

[Abstract] A MIMO — GPC stability theorem based on frequency domain is presented in the paper. The
closed-loop feedback structure of MIMO —GPC is proposed. Nyquist array methodology is used to analyze the
stability of MIMO — GPC. The parameters of MIMO — GPC can be determined by stability criterion.

[Key words] MIMO — GPC; frequency domain analysis; stability criterion

(con‘g. from p.27)

Self-adaptive Creating of Truss Ground Structure Based on ANFIS

Li Ying!'?, Hu Yunchang?, Cao Hongduo®
(1..Electronic Engineering Department of Tsinghua University, Beijing 100084, China ;
2. Construction Engineering School of Tianjin University, Tianjin 300072, China ;
3. Guanghua Management School of Beijing University, Beijing 100871, China)

[Abstract] The ground structure’s intelligent and automatical creating is researched. The ground structures of
truss structures are intelligently and automatically created by using collateral ANFIS ( Adaptive-Network-Based
Fuzzy Inference Systems). The essentials of this method is to form a mapping between configurations of the
trusses existed and those to be found. The ground structure is inferred by the mechanism contained in sample
trusses. To produce appropriate data format of ANFIS, the topology configuration of trusses is described as a
series of decimal fraction. The simulation shows the efficiency of this system.

[Key words]  truss; ANFIS; intelligent; self-adaptive
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