®17 % %5 H
Vol.17 No.5

Control
1001-0920(2002) 05-0575-04

and Decision

2002 £ 9 A

Sept. 2002

FEM, Kk TH, FREG
D AT RSN S HER %, 3

’

PR RZRBAHRRELR,

200030)

WRTE. o7 MEE ZREFERAHERRE, F5HT XA Lidstone HBEH L ET M =AFEH H 7
BRI BRRSG HERS FEXK
: TP 13

KL SIS RERGAE R LD T H B

A

A class of extended two step robust identification
MO Jiandin, ZHANG Wei-dong, X U Xiao-ming

(Department of Automation, Shanghai Jiaotong University, Shanghai 200030, China)
Abstract: Based on the traditional two step robust identification,

a class of robust identification
algorithms are proposed for the system in which frequency data are sampled in unequally distributed
frequency intervals. T he worst vase identification error upper bound is analyzed, and an explict error
upper bound is obtained when the Lidstone interpolation spline and triangular window are used.
Key words: robust identification; robust convergency; interpolation spline; window functions
1 5l 5 ,
[11,12]
2
H e H e 1 (FFT), 2
Nehari Hankel ,
( ) [1,2,5]
2
? 2
’ H hed
[1 4]
) [13]
B} H ©o [5’6]
H [7.8]
HOQ 9
2
[9,10]
2
2001-03-16;
(1973—),

: 2001-08-01
(

)

?

(1967—) ,



576 = il 5 s K %17 %
, e(A(D), Qv (0),6y) =
, Asug; 3Py g - gulle (1)
H N=C
o lim e(A(D),
2 IR RS 0.6 = 0
X ,
g A
, g A(D) , . EN fﬁV:XW(EW),
Bew2 (f|f Ay, NfNew= zsuRJfl =M) I
M> 0 ,P=1
L-1
A(Da &A{f  H(Dy), Do gii= T S Wity
}, De {z||z| < P02 | ||z|= P -
-1 D,,A(D) He(Ds) 2 flf = 0L (2
— J
Dy : ||f||m:;u,5)|f|< oo} »We= e, L
/ , L(N) ,
’ /\hﬂrgL(N) = oo gLk TgLk=
g g . g(2) gLt ¥
glmc(l/z) N
H (D) sl
g Stepl:
A n Ex ~ -
! ! gn = ka,,,Agl #z (3)
Av A {wvd k= 1,2, N}, Wy, s Wk o1 ’
n(L ,L > 2n,limn(L) = oo,
v, i+ 1, A2 max {1 (L) L (L)
=LA Step2:
(N3 Av=8, . N g = arg min{ ||g,n V- g/a"ool gia Ho}(4)
k Step1 3l
Ex& (Exu(g, M} en(A(D).Qn(0).8) =
Evi(g,) 2 gni+ Tha sup |, oup o, Mg = g Me ()
gN.k = g(em»k) A, <9w ATy Oy (@
an A {gna)i=
ny & {n/\,k}?:l
Ov(0) 2 (M| | 4| =0 k= 1,2, ,N)

o

)

Iy e = §ug|f| =

A(D)
g?\l;,

B

N | VA | PO §ug|f| ,

sup| /]

[14]

3 BEPPREENERERN
R

Lidstone )
g Boen s
1'"*(Lidstone )
[a, b] a= x0< x1< < xm= b,

‘i{%) tb(xi)’t: Oe 17 5 1y



%5 # RRME: | KESWHSEBHRTE 577

Lidstone S(x), n

1..
S(xi) = Hxi),i= 0,1, ,m, e - Z“’”’”’”Z e
[xi-1,x:]  ,S(x) 2n— 1 s
1] WHL (g—
[a,d] 2n - 2 , Z Z
" pm(g))(WL)WL ]Z "m_
S(P = Z [SP (xie1)f3e1(v) + - 1
"g - Z’M}n,kpkzkllw‘i‘ Em(g)ow =
(xi)gz,'+1(v) 7 (6) =
= — xi)/hihi= xi— x«~ i- i k d
, 0= (x— « )/h,h Xi— Xil,Xi- 1 =x =xi, ng - Z(l _ I—nL)P"’ZLIIm‘F En(g)Qv <
SPxi) = S(xi) = Vwi),i= 1,2, ,m;fae1 B .
g2+ 1 Lidstone , jJ=0 , fi(v)= En(g)(1+ Qu) + ||Z' pAz Moo (11)
1— = oo
T o (hi) 21 g= pule)
. (x) (x) [Cl, ] n-— ,{gi}?:o g ,
1  Lidstone , o .
NS" - F7lle < — p Zhuz g= gz
n 1 1 ~ -1
lIIF(z) |Im(§+ 7 WF™;h) > | :oz
2 )
3 2n—r
3+ Znnqh” , r= 0,1, ,2n- 1 7 | o ~ i .
( 2] 7 hi= 5 M (g- pn(g))e "dw i= 0.1, oo
ch=" max (h),Wf s h) / NIV
hy = Hhf'" e lr
. —_ —_ - jw
, Lidstone n= 1 |hl| “lom TrEg pm(g daf =
r=0 g - p:;,(Ag) Il
IS - Fllo < |gi— pil =g - p;(g) I,
F 2>" i 12 + WF?:h) 3+ % B |pi| =lg- pn(g) N+ |gi| (12)
3 2?) > 221 316l p
m m
(8) (z )
~ () gy E) ’ R
WF 75 h) = WAF M sup - infllg — pulle= MP ™' (13
2 S Lidstone , & Bpurn Pu
, HNSle=1 i
A Lidstone S gsu}owllg pmlloc— MpP (14)
D o HNOPNo= 1, 4" g Bow,
sup{S(D|«|x  [a,b]} = _max {Hxi)} =1 gi(i= 0,1, )
|gi| =mp (15)
- 3 4 11 12),
ST = S "|S|¢,||" =1 — ) (1) (12
s o Hig- go)ll =
mim=DMP " p, g1y, oyp=" (16)
1- |k /n, - n=k=n ) 2n
Wn,k =
07 |k| > n 17 [a’b] = [09211-]7
L =n, n g - Xvllo=
[15] B
Wl Mg Mo 3o F g™ ) 3+ 2
1 21 _ 2
L 2 Yw- 5h= L Vo 0.95 (10 (17)

g Av) = Av g He,
(g~ gi\é) | e H(g‘?;f— g,ﬁ) lo=="Qullg =" "Xn,iles'=



578 &l il 5

w"oK 17 %

(Mg 2‘||m@ + Avlg? Iloo A (18)

Nile<o (19)

5" (PM) (1,00] <[0,00),k
,& Bow,
(k) ME!
g™ W< 7507 (20)
g(k) = d'f(2)/d"
(16),(18) (19), Stepl
eni(Brw, Qv (0), B) (21)
7 M 45 MO
Q=0+ 16 - 1t 2 (p- O
m(m— l)Mp—m — 1 - m— 1
> (P+ Py + 2MP
(22)
2Q
4 w
[13] ,

(References):

[ 1] A J Helmicki, C A Jacobson, K Gever. Identification in
Ho: A robustly convergent nonlinear algorithm[ A ].
Proc of the American Control Conf [C]. Atland: IEEE
Publish Socdiety, 1990.3:386-391.

[2] A J Helmicki, C A Jacobson, K Gever. Control-orient—

ed system identification: A worst—case/deterministic

approach in He[]]. IEEE Trans on Automatic Control,

1991, 36(9): 1163-1176.

[3] R J Rubin, D J N Limebeer.
robust controll A]. Proc of the American Conirol Conf
[C].San Antonio: IEEE Publish Society, 1994. 2: 2040—
2044.

[4] L Giarre, M Milanese,
model quality evaluation] J]. IEEE Trans on Automatic
Control, 1997,4(42) : 188-199.

[5] Gu G, D Xiong- A class of algorithms for ident ification
in Hel|l]. Auwomatica, 1992, §( 28): 229-242.

[6] L Giarre, M Milanese.

Int J Robust Nonlinear Control,

H o identification for

P Pisco. H « identification and

H o identification and model
structure selection[J] -
1996,5(31): 367-3717.

[7] J Chen, C N Nett.
and H /1" identification: A time domain approach[]].
IEEE Trans on A utomatic Control, 1995, 40(4): 729~
735.

[8] , , . H o

[J]. , 1998, 24( 2) : 153-159.
(Zheng Lihui, Feng Shan, Pan Dehui- Design of worst

The Caratheodory<'ejer problem

case H
matica Sinica, 1998,24( 2): 153-159.)
[9] K J Harrison, J A Ward, S Pachuri.

«: ldentification in time domin[ J]. Acta Auto-

Sample complexity
of worstase identification [ J]. System Control Lett,
1996, 5(27): 155-160.

[10] J Chen, N Nett, N Mosier. Worst case system identifi—

cation in He: Validation of a priori information,
essentially optimal algorithms and error bounds [ J].
IEEE Trans on Automatic Control, 1995, 4(40): 1260—
1265.

[11] Z Szabo, ] Boker, D Bebiros. Identification of rational
approximate models in H o using generalized orthonor-
mal basis[ J]. IEEE Trans on Automatic Conirol,
1997, 2( 37): 1123-1137.

[12] P Lindskog, B Wahlberg. Application of Kautz models
in system identification [ A]. 12th [FAC World
Congress| C]. Sydney, 1997.309-312.

[13] J R Partington-
with unequally spaced function measurements| J]. Int
J Control ,1993,58(1):2131.

[ 14] . [M].

,1995.

Algorithm for identification in H e

[15] A Zygmund. Trigonomeiric Seriesf M ]. London: Cam—
bridge U niversity Press, 1959.

[16] N J Young- An Introduction to Hilbert Space[ M].
Cambrodge: Cambridge University Press, 1938.



