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Iterative Identification and Control Design Based on Vinnicombe Distance
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Abstract
performance improvement. In this paper, an iterative identification and control design method based on Vinnicombe

The main issue of iterative identification and control focus on how to ensure the system stability and control

distance is proposed. The method uses the controller designed at the last iteration for control of the real system and
identifies an uncertain model set that contains the real system. Then, the controller is redesigned to stabilize the model set.
At the same time, iterative closed-loop performance improvement condition and controller design method are proposed.
Simulation result shows that the proposed method is effective.
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Fig.1 Closed-loop control system

EX 1. Vinnicombe #5000 FIR WAL R
B B — P&, #5Hh v-gap, TS 6, &
. WAL B R RE G Gy 1 Vinnicombe B

BERIRN
max k(G (e3), Go(e?)),
6,(G1,Go) = U S A2 R (%) (2)
1, A

(14 GiGa)(e3) £ 0,V w, H.
wno(l + G1Gy) +n(Gz) —7(G1) =0

Hr, G*(el¥) = G(e™*), n(G) £x G MWIFA4 Y
Vi S, 9(G) Ras GO P AT P 1A R
wno(G) KRAEIELREL G 12522 s 2t i -4,
ll)ﬁﬁ’]liﬁl N G AR EATA RN, SR ARy
] £ B2 3BT I e A H(G1,G2) SN G~ G [
FAA R 2 BRI A3 B BE5E R 92 (Chordal

distance).

(%)

K(Gi(e™), Ga(el?)) =
[Gi(e¥) — Ga(e)]

VIHIG(e)Py/1+]Ga(e )]
EX 2 (SUEIRERRE). WA 1 PR, B

3)

MRS (G, C) MFEHTE A
1

boo = 4

¢ = 3G, Ol )

W (G, C) FRE, bee = 0.

PR 1. R G, PRI O, 4L
B IR R 5 Gy, O], R REIREE be,o,, N
HT AN 0,(Ga, G,) < B INAESLRRL G, HIEF
R (G, Ca] B4R

beCm > ﬁ (5)

HEF— AL 6,(C,, C,) < B HOEHIE C,, WA
%5 (G, C,) FarEHI 2t

ba,c, > (6)
MR 2. AMRER AR ESI RS (G, O], [Ga,
Cl, vH
bGzC’ S 5U(G1)G2) S
[M(G1,C) = M(G2,C)||

1.2 ()RR

FIEK 1 s R&458, Ca— MRzl Co
EHSERGE G ARSI H S8 i XA R il
AR BCUE, IRESRAFI AL R GV RE 2K A 25

FERFUIEACH I RE oA b B 411

g 1. AR RS (G, C)) &M T, #rif s
IR G, REB iR IE: C BUE LA Gy J9brFRs

‘bGlC -

(7)

RO EES
i 2. G, 3 |M(G.C) — M(Gi,C) | <
g.

e 1 2N T ERIESE ¢ OHE R IR AR BRAR AR X 42
e C; AR, Bk 2 e iR B TR R 4E
(G, Ci] FEARHIIRISE AR RG (G, C;] SR IR
T, e BN, G BIEIET G.

1E BB T, AT ¢+ 1 AR A
Cip Bovh, BRI L 4

1) Cipy BEEAEBTLES G

2) MRS (G, Cipq] 1EMERE EALT [G, Cy].

WAR, SF 1) RORUESE @ + 1 IR T3l g
AAERRGENE; &0F 2) BHAESE « + 1 RS
PEHIES LLE ¢ IR R A1 R Gk B B AT 21 35

2 EF Vinnicombe IFE B IE R ¥R 5%
#& it

TEE 1 Fros B IR, B OGEAHRRI A
fif s PERE AR 5 A Tl 1% 22 (Prediction error, PE)
AN E B AR

EX 3. — A PE AfE SRS HR LT

gPE(GkH ZN) ZD7 R) =

{G(q,ﬁ’)

Hrr, 0 € RM GBS, 0 S0 (i
RGPERTE]), R € RMF X FR ¥ IE @ HibE, 5
cov(0) FLLB, Zy, Zp Sy OB A 8 B AT
TR, Gy, OISR, A e EA R
HGLETF IR A A R R PE #5645 2.

Gla.0) = P10,

0€U9
Us = {8](6 —6)"R(6 — 0) < x..}
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EX 4. FJE— PE AMiEES G, bk
MG, WA G MG fEmIMEOL (Worst-case) T
Vinnicombe P 254

dwe (Gi; gz) = g}gé 5v(Gz‘a Gm) (9)

AN OL T Swe (G, G) B, TR () BE 1 L
S8 T AN 52 AR Y ARSI Fy s ol i A Aok 12,

EX 5. 4 — AR B AR S B M-
= M(G;,C;) M—AIRRIEX M G, #Eiil# C;
g Gy, XTI O, — AN ililes Cit1 a3
IR

[M(Gi, Ciyr) = M7 ||oo <
YNM(Gi, Ci) = Moo, 0<y <1 (10)
WRAK Cipy B838 T RSN R PERE.

B 1. B ¢ ERHHRE 2 PE AN E
Eh G, WA Gy, B4, Wit #Ehlgs Oy 1
ER G, 3 HJE T NS

C(Gi,G;) = {Clbg,c > éwc(Gi,Gi)} (11)

W Ciyq —ERBRUEEDE G WINPT A R, %45
il A A s, Hod, dwe(Gh, Gi) TR
R AR VR AL 408,

AP BERIER T Swe(Gy, Gs) AT
331,

EIE 2. SMEEM G« G F C;, C; FasE G; M
G, SISO MR RE (G, C;] MHMBUREERECh T(G,
C), T(G,C;) = G(1+GCy)~1Cy, M4

1
[\a—\ n ,C} 17(G.C) — T(C,. )] (12)

WERZ WCHR [14].

EIE 3. LT o PR G, Wit Al
PElgs CF, M* = M(G;,CF) WIS HRR
s O & Gy I— AR b2, —AMEHeE Oy
UL SNy S0

0<y<«l1
€
1 ="+ -
' [M(G;, C) — M
p2 =1— < -
|M(G;,C;) — M*||

M1§HSH2,MES77S1 (13)
2

W 3 AL

|M(G,Ci1) — M*||oo < n||M(G,C;) — M|
(14)
X (14) ZRGMERESGESAE. Wt 2 Ui, X T/
WAL (G, C, WK [G, O] ThERE RIHE.
WUERR. AfE i 2450

|M(G,C;) — M(G;,C))||s < €

(At

HIM(G,Ci) = M*||oe — [|M* — M(G, Ci)|o] <

IM(G,Ci) = M(Gi, G| <

|M(G,C;) = M* || + | M* — M(G;, Cy) ||
SudIiEs S|

| M(G,C;) — M*||oo — [|M* — M(G;,C5) ||| < €

[M(Gi,Ci) = M* || — & < [|[M(G,C;) — M*||
Ly =1 —¢/|M(G;,C;) — M*|| o, 1

p2||M(Gi, C;) — M*||o < [|M(G,C;) — M™ ||
AR, wnip

M (G, Ci1) = M™||loo < pl|M(Gy, Ci) — M™ ||

JRAT, WIHE < pa,y p/pe < < 1 5AFF, 30 (14)
DAERESOT. TR B (13) A e A&t

[M(Gi, Ciy1) — M*||oo <A[[M(Gi, Ci) — M*|| oo,
0<y<«1

UK 1 = vy + e/ |M(Gi, C) = M¥[los By <
AT LA 5]

[M(Gi, Cigr) =Moo < pl[M(Gi, Ci) =M™ || —€
ifi L0

[M(G, Cit1) =M™ || o < [[M(Gy, Cis1) =M™ ||+
T A4S 5]

IM(G, Cit1) = M*|loo < pl|M(Gi, Ci) — M7 ||og

U, 5 (14) M. 0
DR, e B3 9 2, B4 M [G, Cipq] T
Re—E T (G, C;] HItERE.
EE 4. & M = M(G;,CY), dwel(Gi,G) =
P, HM(Gqu) _M*Hoo = T1, HM(GHCl)HOO = T2,
P —A SISO f&iipk %y, H P € RHy,, v fF& &
B3, L A S

1= Pl <p p(|Plmi+m) <1 (15)
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JEEEE 3 1R (13) 451F, BHimnT e M (G, Ciyy) 3K
5

Cit1= Gi {[P(S; —S;)+ 8] -1} (16)
W EF 1 MR (11) &AF Hh, S, = (1+G.C) 7Y,
Sr=(14+G,CH™

WERR. ARIECHFIFAT (1 — P| < p, PILIFRELL
M (G, Ci) — M* oo, I
[1=P|[|M (G, Ci) —M"||oo < pl|M (G, Ci) =M™
i e 2k

1= Pl[|M(G;, C;) — M|l =
|M(Gi, Cir) = M* ||
DRIt s B 3 v (13) AANGE LT, 1T n] BAHR 3
n A (14) Bz, Xl EascAt p(|Plm +m) < 1
EE
Swe (G, G){IIM (G, C;) ||+
|Pl|M(G;,Ci) = M*|lo} <1
XA
[PM* + (1= P)M(G;,Cy)| <
[M(G:, Ci)lloo + |PI[|[M(Gi, C) — M|
P LA
dwe(Gi, G)|IPM™ + (1 = P)M(G;, Gyl < 1
Bl || PM* + (1 — PYM(G;,C)||I2L > dwel(Gi, Gi),
M

1
IM (G, Cisi)lloo

b33 be,o,,, > dwel(Gi, Gi), Wi R 1 13
(11) Z5fF. 15 b 2ot

M(Gi,CH_l) = PM* ‘l‘ (]. - P)M(G“CZ)

SEAXPTLIIFETT, R DLIIATHIAEE, Tl A £
1 1 1

bGiCi+1 =

= 1-P
14+ G,Ci4 14+ G,Cr +( >1 + G,C;
TR o = GTH[P(ST = 8:) + 8] =1},
e (16). 0

MR e B 4, SRAF B HI2S Cyy BRI AL 2 2]
1 ARE A, SO 2 e 2] 3 i ME R ol 24 A1,
AT GBI EK. RIS, SR EEANIEAAH R
S R R

BB 1. HIE—NHHEH RS, WE 1 PR,
SN RN G, (HBRR AN, B R E
WSS Co, HIEHTEHLE S @ = 0.

T] 2. EHH RS (G, C)] FTHIT RGEHH,
RFEIAERIES G, 2 (8) Frungify. EFbr
MR Gy, W2 | M(G,C;) — M(G;, Cy)|| < e.

$I& 3. 1HH dwel(Gi, Gi), 25N p.

PR 4. WTHEE G, sotsiEhe C,p,, W
R C,, € C(Gi,G;) = {Clbg,c > p}, WA Ciyy =
Cop MBI FEHIAS, IF H 2P 6.

PB 5. MR C,, ¢ C(G,,G,), hig il re
PerE g C,p A B RUEE SRR G [P E 1,
BRI, AN C(G, G;) WIS R PR RE S A IR 458
2%, BOZ W TERER IR 2 CF = C,y,
M* = M(G;,Cy), R 4, tFHEIEFHIR Cipy =
GH[P(S; — Si)+ 8] 7t — 1}, ¥ Ciy FEENEY
B4, fHRIRAN) Ciyy.

PR 6. KR Cop 77 L AR
K, B Rk BB AR E I EBR. a0 F 2, 4
W RSB 2, AhBLIEAR.

3 {AEXH)
ZRE—NURERGEN G, HELRGH S
224+ 0.5z 4+ 0.41

Gl = 3152706 —0.187
WILREE 2R k£ A
0.35z — 0.28
Gl =—""55

THAG T v BRI 2R 0.01 FIAMESE(ES. &g
KAEWTE) T's = 1, WG 5 r 2520 1 A S
5%, w ZMEEE R 10 MRS 5.
HERGRIFRFRIEAL Gy R
0.88722% — 0.4287z — 0.2249
23 —2.015522 + 1.3176z — 0.2761

PO B RS R AT I SRR PR S B, ) 2 (LR
UT) B, BRAE S B A AN [ A, ARG 70 FE A AH
[, AT R LA

FEREILAL I, AT 2] dweo(Go, Go) = 0.4947,
L Go B LA P hilas, 19 2] w2 %
il ek

Go(z) =

. 0.3z —0.25
Cop(z) =Ch(2) = T L_1
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ifi bayc,, = 0.2595 < dwe(Go,Go) = 0.4947, C,,
AR ORUERS E AN E BERLAE S G, BRIk, SRHTA
SR TR, AR — Rk AR R e v 45 o 2
Cy, M4 513 1, ArE U T || M (G, Cy) — M (G,
Co)|l KREAET 1.2, Wil e = 1.3, ||M(Go,Co)—
M| = 2.7, R EH 2, BilHmEHE O, Wy
=042, P= (2 +0.6)/(z +0.7), k15 C, F[%% 3
N R G ES

0.07(z — 0.75)
(z—=1)(z+0.85)(z — 0.07)

ﬁtﬂﬂ‘, bGOC1 — 0573 > (ch(Go,go) — 04.947,
I Oy W R K.

Ci(z) =

20

_tok] ------ Identified model G,
Real model G

Magnitude /dB
o

1072 107! 10°
Frequency /rad-s™!
K2 R 5 TSR (s
Fig.2 The Bode plot of the identified model and

the real model
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AFAE Ry ) 80 R R 5 ok BRARL 45 1R I AR, ) LA
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80
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