F1LEE 1M PR 0 5 A Vol. 14,No. 1
1997 4£ 2 H CONTROL THEQRY AND APPLICATIONS Feb. ,1997

iRl IR 5B R RN S REENRSES T

T #

CRHAER2 B ML F + JL3K,100085)

BWE. AT RT }ﬁﬂ:ﬁfrﬁua%'}lﬁ%’éfﬁ#ﬁﬁﬁﬁﬂkﬁﬂkﬂ’aﬂlwﬁkﬁ‘ﬁi@<MCT),ﬁ§ﬁ T
(martingale) #4 S &€ B (MHCT). T T A 3 T A4 28 R 0 A5 R RS i e N
R B A 7 6 BP0 B 4 TS — R A R LAR A T T IR JHERET B A SCLGE TR TR
NS N B, S A MHCT 4447 T B8 SR B BB

semiE, M AS; BUCSCETE BRISCER: ST e R T S T

1 5. ®

iﬁ%[ﬂ?f‘ﬁd\:i}?ﬁ‘?ﬁ(FFLS)EIUEEEE’:HH‘E%%%SI~%¥}¥iﬂﬂff§§%é’ﬂ~4\ﬁﬁﬁ&‘- 23]
T T B W S5 1R B2 B T HEIRA ) R ST witn, S [1~315 B4 T I AZE R RN B
FFLS fiat 2 #4609 FFLS i 8504 , Lozano™ | FI B Lt #2 3 i 434 T FFLS B WK
P BARE R E RSP SREETEDBET 1 it (B % 0388 HE B /b SRS H: . RLS) , BY
ﬁﬂ%?%iﬂﬁﬂ%ﬁ%,mﬁﬁﬁéﬁﬂé‘viﬁcmﬁ%i‘éﬁﬂﬁ?%%,5z~é*%'—ﬁ%ﬁﬁaﬁ<lzl,.s "
B BB ) £ SR ik 2 — Bt S [5~ 715k X1 25 FA T F ek BFA T FFLS HIE B 5
PR 2T 2 BEY W8, Ding , Xie, Fang™iERA T FFLS B A RS A T 2 EUR
BAREH ETH.

BRI S IEE AT T FFLS Myl st I8 T &M &R %R 82, FFLS WL SRCTE BT
5 L. MBI E B R R IR B R R A — AT ¥t LR,

Xﬂﬁ%ﬁi%%ﬂ‘]ﬁ%ﬁﬁ*ﬁsﬁ$?&%%?ﬁ(LyaPunov)%E‘I@%Eﬁ”ﬁ#lﬁ’XFTH‘J'
TASBE L 2 SR SR A B 43 7, A MCT X —$# TR DR S, o 2 (5 i e i B R R
Sﬁﬁ%iﬂﬁ%%%ﬁkﬁl‘rﬂ%ﬁdﬁ%@ﬁ%iﬁi‘ﬁé@%&%l‘ﬁ. S, AT MCT, B T X
B4 T H— SuB W SUE 3 (MHCT). T LA E &% i BT SRR R B IXA
NS BETTEE S RBE SER ABCRAREREE X

23 S/ B B TR R R PRRAS BRI S E AT MHCT, %k /& B & 34 A et 22 28 fh
H# FFLS #kiH RS,
o #k (martingale) HBIEL EIE (MHCT)

g AR A B T L R S B L B OB T B = AR SR

1° —BUR st }irg(?(t) = 0(). a.s.

2o H RS limE | BG) — ) | < e<<oo. (IR

3° — R Sk }irLlE I8¢ — 0 |2 <oo.  (FHEL)
Heh ) B 0@ B (47T,

{ELX¢ F- Bt A8 2R 48, TE 41 Solot* B 45 i Y U RS S MR AL R B A SRR A

% 863 M M TRV BIITE.
ACF 1995 4 6 A 30 FLIZHE). 1996 47 1 7 2 T EHE .




14 B W 80 T R ) B /0 R S e O 3 A 91

FrrE — B ST Ay B, ZE 2 AT B AR B8 T SR RS bk i, U S Rl R W St T — i
WSt 3T RS R — B ER) HBD e = 0. 01) , AR L XA BaE A kR 4
1B, RZ e HE KX e =100) , A AXNHHEBIR A KKK B MHE. B F WS R4 % 52h7
MR GH, RERARH TR S EE RN, AR S B A RS A 450 0, 5t g
WA ASK 5 43 M7 S50 ) — AR i S

MCT J& Lyapunov 8% £ & B 7EREVL R L W N, AT U R0 4 A7 B R A8 & 45 RLS
TS HER T B /N R SRS THAY — B SvEN )5 T MHCT A 2%4 F MCT e A & 4 b
BB RS, TR LR R TR A S H TR Fl sk,

Bi (martingale) B EE (MHCT) ¥ EIEREEH

T@ =TW]= [z@®|°*
& R =[z@®:glx@]< 7 < o0,a.5 ],
EXNT 2@) € R HTRBILR & R KM
EfTGH+ D|F]—T@ =4aT¢ +1)<— b+ 1). a.s.

Hg(x) = @) FRAWHER « B— M EZHHERAETNE, 7> 0 R~ ERER
BEHLEE (B R C Ry1),6() B—AHENER, (@), F) B—MERFF.

RFAER > 0,8 2(6) € (R, URD. % 2(t) € RIFF 5 = 2,6 > 0,0, JUKF
K, EH @) € R,,a.s. ﬁﬁi,ﬁ}irzx(t) € R,.a.s.

ik | z(t) € R, #R R (indicator function)M) % I, 2(2) € R fyRERE N T,
MYz € R Bt 3Ft =, H

E[T(t + DIL..] = E[T )], + E[AT¢ + DL, J<E[TOL] — E[t i 1]

" BT 0L <E[TCoL) —E[ 3 &
$ob ) HERA RBEHLASHE.
%t oo b, D) L= Ot > oo, % ¢ TAKH K

=t+1

= ~ b 7.
T'@) <42, TSTLE A

=t+1

WAL X EWEE liml, = 0,a.s, JREMimI, = 1,a.s. Blima () € R... a.s. FHFH.

=00

EOWME AR EEMENEREE LR T W T BB PHY 7,, EIRAE B
IR AL
3 (hiti BB FFLS & tEath
BT AR S 80 R 45 A 4Rk (E] AR AY
y(@) = ¢ @0 — 1) + v(@®) D)
MR, HP y@) € R ARGH A v@) AEWEMILES,00) € R HAFRBSHE,
p(t) € R" BREHRZHWMAF ¢ — 1) TR LLATH 3 #4015 B .
I RE Q) BESE 06 FHREE F &/ e (FFLS) TR Y
0) =60t — 1) + L®[y®) — F WG~ 1], (2a)

P — Do)
A+ @ OPGE— Do)’

L&) =P@)et) = (2b)



92 EHMe S5 N A 14 %

P = APt — 1) + oOF 1), 0< A< 1 (20)

%g{:

P@) = 2[I — LOF@®IPE — 1), (2d)

Hrh 6() 2 0 BT 000 FEFEFREE,LO) = P, > 0,4 K #EH T
¥*F FFLS FEmi st f e 1.
BRI 10 XETFHARE (DD RTFHE 0 MU TFRR
AD Ev@) |F,_, =0, a.s.
A2) EQV() |F,] = ot(t) K ol <Coo, a.s.
A3) hmsup—Lv(s)<a < oo, a.s.

t—+00

He F, BHES ¢ HT?TJE’JWEJ/_MEB’J o- B
i) SHAMLE w@) = 0¢) — 0¢ — 1) RHEX, BHFHH R, W
AL E[w@®w ()] =0, s3*t; Elv@®w()]=0,
A E[ fw@®) || 2] = 04, () < ol, < oo,
i) FREEB AR AL

A6) ol < NZ¢<x—s+1)¢(z—s+1> < BL,as. N>0,0<<apB<oo.

B lirn —}_Iqo(s)go (s) = E[e(s)¢'(s)] = R > 0.

B Lo ()] ﬁ?&iﬁﬂa,mp,ﬁﬂfg () HHH)
ADOL @) | KM < oo,  a.s.
A 4. FFLS ¥k ()4 B S THiR2E 0@) — 6 ¥y 774 5L A1

LmE || 8¢) — 0@ || * << £/ (1 — MDsupE || v(®) || * 4 %_Z AsupE (| || 2

t=een 1

Hep w= = £

(74
SRR

0@t) = 8() — 6(z),

MAOXF@ORH
() =8@) — [0¢ — 1) + w@)]

=0t — 1) + PO~ 3@ + v(1)] — w). (3)

Hr
Y@ = @I — 1). (4)
{\?\
T@ =P @)dw).

FH 2)~ (O, 775

T =A@ — 1) — [1— @OPWe() ]y (1) + ¢ ()P ) ) (t)
+ w' OPT (Hw) + 2[1 — O P @) Tyt)vt)
20"t — NP Ww(t) — 20" WwE)[— y@) + v()]. (%)
R (20) AL 6 7F As) . AT {8



14 B i S8 B S AR R T de /N SR R 0 WS A 93

pPN—1

1

STl et < RSP+ L=Zpr e apr, pa
MFFRATKE 6> 0,3 > BELFH
> d , e
EP () S Lo WP BPI)S S B ST (6)
1 < —’B—I 0< A< 1. (6b)

/1 1, A
HF 5,000 ,00), P 5 v@) we) REE, & Fo ATE, (5) KA F.o B
#ig
E[T@|F_]=2'G¢—1 —[1— ¢®OP®e@) ]y @)
+ E[F@OPWe@) |F,Jo2(@) + E[w" @ P ' W)w) | F,-]
AT (¢ — 1) + E[¢"(OP @O o) |F,_, o}
+ E[w @) P (Dw ) | F,_,]
<A (¢t — 1) + 7. (7
K g =E[@@OP@Oe@) | F, ., ]oi@) + Elw" WOP 'WDwk) |F_]. '
HF e L@, P @ FR LW 9 H LS Do B 2, AR

- R o MO — A
ETWIF]-Te-D<-A—-DT¢—1D + a(i = A‘l%df
(725 + HanPs )i == 5o ®)

HA [ X 1A [ XD FREEE X F KON FRIEE.
R, = [8(£): (1 = DTt — 1) < Ppaxoa. 5. 1
NARY = [8(): (1 — DTG — 1) < Ye + €52, 5. & > 0.

e R Ee - B TV | EE 3
HEH R CNAR)FAGR R,XTF @) € N(R) K
b(t) =€ > 0.
W MHCT . X F RS F . EHOG) € N(R) , HF e BEBMN . B TFRAKLIEH G €

R.a.s. X4 r KA. H
MQ O

limd(1) € R, = [8): (1 — DTG — 1) < LL= Doty cloatins

RIE T fyE XaTE
T(@) =G @P ()G = L PP 0) |2 = R [ LN 8 |2 (10)

FORF A0, 75
limfe || 6oy || # <limad, [P @ T (0) < hm _1 (+)

M — A
LM mdlny xobou (11)

SEHE 1R

ATV AT AR M /N 28 08 5 TR B (RO e it S PO g/ h s 5 TR 22 2 R e



94 e LR S VA 14 %

Elb)

1 [eB %y 5 : BM |
2= 1= 32 im0 1 <2 B o

B EE TSR ERMETERES. Fli, Y4 « = 10,8 = 20,M = 50,0, = 0. 1,0,

1.0 Hﬂﬂmﬁfﬁﬁ?l??@ A=0.8, g/hsHftiRELRA 0. 2.

M A1 RATH % A =1 0, BHAATHEELR . B R/ N Ik R A R SR
BEH7, T B F /D — 3 (FFLS) (0 << A << 1) AJ AR B AT AR 280, 45 1A R 2 HG 1R

EIE 1B XEEFAER B Y RS0 # 0,0! = 0] MBI A B AT N RENL R 48 [0l # 0,00 #
0 8 o, = 0,0} # 0],FFLS #¥k HEEA B A A S HMTHRE s M AW EE AL =
= 0],FFLS HA M ST T ES .

B &t A0 BREBMTHMBLESME. X4 AD EERARETEMNEN. NEEH
ZEE o K (B RN MM TR SHA RS, RN FRETH T RESHIHRY

1 Bittanti,S. .Bolzern,P. and Campi,M.. Convergence and exponential convergence of identification algorithms with di-
rectional {orgetting factor. Automatica, 1990,26(5):929—932

2 Bittanti,S. and Campi, M.. Adaptive RLS algorithms under stochastic excitation L.;-convergence analysis. IEEE Trans.
Automat. Contr. ,1991,AC-36(8) :963—967

3 Canetri.R. M. and Espana, M. D. . Convergence analysis of the least squares identification algorithm with a variable for-
getting factor for time-varying linear systems. Automatica,1989,25(4):609—612

4 Lozano,L.R..Convergence analysis recursive identification algorithms with forgetting factor. Automatica,1983,19(1):
95—97

5 Guo,L.,Ljung,L.and Priouret,P. . Performance analysis of the forgetting factor RLS algorithm, Int. J. Adptive Control
and Signal Processing,1998,7(6);525—527

6 [Ljung. ,L.and Priouret,P.. A result on the mean square error obtained using general tracking algorithms. Int. J. Adaptive
Control and Signal Processing,1991,5(4):231-—250

7 Ljung.L.and Priouret,P.. Remarks on the mean square tracking error. Int. J. Adaptive Control and Signal Processing,

1991.5(6):395—403

Ding.F. ,Xie,X. M. and Fang,C. Z. . The convergence of the forgetting factor algorithm for identifying time-varying sys-

tems. Control Theory and Applications,1994,11(5):634—639

oo~

9 Solo,V..Stochastic adaptive control and martingale limit theory. IEEE Trans. Automat. Contr. ,1990,AC-35(1),66—71

10 TR R, 48R R AR PSRRI G R RS IR (8 RFH IR . 1992,32(4):100—106

11 TEE IR, S0 R AR R/ RSB, R S % . 1992.7(6) 448 — 447

12 AEEA. B4, EER PR L. i Tolk i B #1986

13  Goodwin,G. C. and Sin, K. S.. Adaptive filltering prediction and control. Prentice-Hall, INC. , Englewood Cliffs.New
Jersey,1984 i

14 Moustafa,K. A. F.. Identification of stochastic time-varying systems. IEE Proc. Pt. D,1983,130(4):137—142

15 S )RR R —— BB G SR KRB I RB R AR W A, 1993

16 T B2 REHHR IR, AR A AL R AR ERT. 1994



1

BIOH ok 2B 5 3 AR I 1 /D A I M Sk S AT

Martingale Hyperconvergence Theorem and

the Convergence of Forgetting Factor Least Squares Algorithm

Abstract: In this paper,the martingale convergence theorem used to analyze the convergence of identifi-
cation algorithms of time-invariant systems is extended. The martingale hyperconvergence theorem (MHCT)
is established , which may analyze the convergence of various algorithms for time-varying systems and give a
new method for analysis of covengence and stability of time-varying systems. Taking the forgetting factor

least squares algorithm (FFLS) as an example,we prove the convergence of the FFLS algorithm by means of

MHCT.

Key word: time-varying system; martingale convergence theorem; martingale hyperconvergence theo-
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A Preview Compensating Algorithm of External-Disturbances
of the Position Servo System

TAN Yuegang
(College of Machinery and Electron, Wuhan University of Technology » Wuhan,430070,PRC)

Abstract: There are various external-disturbances on the position servo system,but some of these can be
previewed. This paper presents a preview compensating algorithm for the foreknown external-disturbances
with the help of the theory on preview control. The practical simulation of numerical value and the analysis of
experiments show that this algorithm can get rid of the disturbances on the system only if selecting
appropriate preview information. Therefore the algorithm is effective and feasible.

Key words: position servo system; preview control; disturbance compensation

A AFHE WA
WK 1959 47 /E. 1989 4R BUHCR 2 HLAR U — R UL 9 A B o 6 41380 A SR Tl o 25 4L 2 B 4 2, 3 0 B 3
£, 1998 £ X 1994 F—4E [ A B AR DA TS E. BEENETRH SR, JURD F— (b1 R %0 3
F 55,

(k4 £ 95 71D

Title 1997  Place Deadline Further Information
IFAC/IFIP Conference Aug. 31- Campinas 15 Jan. Mr. Roberto de Oliveira
Management and Control of Sept. 3 Brauil 1997 CTI,Rodovia D. Pedro I(SP-65)
Production and Logistics km 143. 6. Caixa Postal 6162

13081-970 Campinas. SP. Brazil
FAX +55 19 240 20 29
e-mail| MCPL97@ia, cti. br
http://mep197. ensieg. fr

IFAC Symposium Sept Nanges 15. Dec. Prof. W. Khalil

Robot Control 3-5 France 1996 LAN-Ecole Centrale de Nantes
F-44072 Nantes Cedex France
FAX 433 40 74 74 06
e-mail ; Khalil@lan. ec-nantes, fr
http://www. ec-nantes. fr

IFAC Workshop Sept, Smolenice 31 Jan. IFAC Workshop’97
New Trends in Design of Control 7-10 Slovakia 1997 Ms. Alena Kozakova. Fac. of El, Engg.
Systems Ilkovicova 3. SK-81219 Bratislava, Slovakia

FAX+42/7/72 9734
e-mail ;:ntdcs@kasr, elf, stuba. sk

IFAC Conference Sept.  Brijuni 1 Feb, Prof, Z. Viukic, University of Zagreb
Manoeuvring and Control of 10-12  Croatia 1997 Fac. of El. Engg. and Computing
Marine Crafe-MCMC'97 Unska 3, HR-1000 Zagreb. Croatia

FAX +4-385/1/6129800
e-mail;zoran. vukic@fer, hr

IFAC Symposium(6th) Sept. Kraniska Gora 25 Sept. Dr. Janjko Cernetic

Automated Systems Based on 17-19 sl 15 1996 J. Stefan Institute, POB 3000, Jamova 39
Human Skill-Joint Design of A SLO-1001 Ljubljana. Slovenia
Technology and Organization FAX +386/61/219 385

Fax +-42/7/72 9734
e-mail ; janko. cernetic@ijs. si






