2 5 B % 5 #H F
J. Sys. Sci. & Math. Scis.
32(12) (2012, 12), 1460-1471

o1 A B # 1E VE 75 85 8 5T Z i

#E

(PEBEEEE S RER LR REREHFRI,  JLx 100190)

WE FHANMATEXERERVHENE X, EEENERERTIEGIER, PRXMH
PEATHIR BRI A e, Lk, MEES T 6 1973 4EHR L Astrom 5 Wittenmark #(#2% #
FEAWICR, EHpRERRAAEE S EEY SIS R R RS BORXEM T . BE,
EE BT B CRIMRFRET, HEBEA AT B4 i g B & IR 8 0 2 R sk
B BE, AU TETHREERNER.

X#E HEYLARZ, BENESR, BERIEETE, RBATRAM, BT EEH, BREN
JE, g, REtk, dosd

MR(2000) @4 %S  93D21, 93E03, 93E24

2012 472 i B B2 5t 7 0 28 ) B SR B0 L 50 AR, 1T 2013 4RI S Astrom 5
Wittenmark #(#% & 3% H £LIEJH 7 & 49 418 3C 40 4. [HILRHL, B3 E A2 H1EE A
HRER TR e i —BAF LR, RAEEENL

1 ftaz “BRIEETIE"?

INR TSR i R ARG S W A Y, LR SRS AT E k. 1E
PBREH G IS RA AT EEAEO T, WX &R G HY12 ZR 2SR RE 2 AT 32 i 1
7, LABEIAMIBr AR B2k (et S matess), 2— 1 RATEm R ER
AR i PR3 — W] ) o A D o BE 7 35 02 B A 22 1

38 R 7l — ol Al B X RS [ A S B P R O . B BB TE R S HY PR S RO SRR
WHRAFEATHEEREROHBL T, REPIRGHRERESSE G, LRI RS 3)
AT AMAFE AT R YA, I Lm B SRR RSN S, ERERRR
750 341 6 A B 5 A B R H Y.

nf 2B ER B BE NS EREAL AR Y — A H AR I IR R K I B R A
B, S m s A (— i T R AR RIS R0, RIF, FIH LRRGH RS
5 BXT RS BOEATIEL A, I AR A5 7HE 2 L AN (B IE) B f 2 il ML iy
RS X 2 SR I, AR A £ 6] 48 PR B AL IE (self-tuning) ¥ #%,

Yok H#A: 2012-12-20.




12 3 PR [EI ] E RO R T AR T 1461

ERBSHAT R S R mER SRS E R, FFNAER - REEE . B TSE8AT8
Ao, “DRFMIRIN” T4 e AR E B S R DR — S8 E RN, HE, mEA
PP 2R G0 0 PR RE 48 07 R S T WO S B B B, TR IA 3] “ARLE HMT .

BB AR ERT S, EEHLEMIISREN S/h " fiitfkE S
HE BEHABRERB ST, T8N, HXWDNRER “SIUEE B4 3 IE
WA, MUEMERYHS, MHEEAEMOESE. #—0, SR EMLIRME, 4
RUEWHHEA RIFERE. AT, B TERERVSELARL, 2h—HRERWIELES
JE-F-ERFE L3 S 7 BR BT 20 E (B 4 Xt R R RGN R), X5 15 FL g 7 e Stk B i
23 18 ) T A N 21 g TR o

W4, BT ME AR A 5 3E St 498 ?

Lhr b, B —PIRERAREN A RE, FEREA - BRE BN W5
M, HtE LS, X B REA Bk AR Bt B BB AR R, EREER
ATEA “BHREE SEMREBILE, X—VHEE A—eBEN) fRahbEs, &
MR BRI A, DEE-SRHERENERGES. K, Wi, RIRES
M BRI 7 R AR LA TG B SIE S R EmA e —R. Fik, NERHFTE LR,
RASGHBTEHE “PEHRRIE: MRFEBARENH LGS, RREGWENERGES; H
HTEHRHGES BRI TAHEE, BB EERENMGTER #—8, A THITHER
NG TGS, NTHREAWENHLES, XXEF TRIEMES | XS R T
IR ol g o A JE A

s b, ERREESIR T2 E ARG X d N S S B TR, 1960
RS, TE BB R AT R F LT RAFT, G 2m B oe T 3 8 M & 0 K =5
7% M 1958 4%, BURFERIL B A R. E. Kalman £ % B KA S 5000 LV B 8T R R 45 (5
REERG), B TH /D RAESERHSRITHEESHARERYEE P, 1959 £, %H
MIT ) Whitaker #{ 2% 1 T i S0 A R G M BIRIS % 1 & MR H 7 ik B 1961 48, AR
BHIR S — A R. Bellman 10 T Wi sh S A F LA FHENES W, HE, A
FYEEXT A SN R Z RARAAR, KBS TR FRERE, S
Xt [ 3 R 42 1l 9 AIF 5 % — BE RS

WEE T AAL B ARMER BIRWRA KRR, BENEGSESE 70 ERGUE N, XER
KBE LI FE K. J. Astrom 5 B. Wittenmark Z 2 1E 1973 4E R FEH L8143 B X
R — IR L X REAL 2 4 2 T B /D e Sk A B AL IR A T AR AT T SRR R,
WRHAES T BENER TR E. ENEREZERR 2R, L2 RB 25+ L
Ljung ZFF7E 2000 EPER K. J. Astrom 5 B. Wittenmark §9383C [5] B PR i, “fE#
TR 10454, FLETRATARERTSOIERMMACEHR. EERIYETTE, XH
XEMEG AR ERTASRSESREER AR E TROAFME. XA T KEE L

B e TER SR, 244 SEhr A eboR T B J7 9 4 1) [0 3 0 2 AR 4 1 A A I 75 4% (9 R
wwite, e R IE 7 47 6015 B 08 N ¥ 2 R B JERAE 70 SEACRIIIAE LR X

(revitalized)” (P I, [6] 423-424 T).
R B, TN FRA R LR N LR A b, #X BB RS EES T
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HESBRE A, 1993 4F, K. J. Astrom #EE X E N A9 B R FE, 3818 IEEE 4]
KW 5% (IEEE Medal of Honor), B A B fl e A2t f Py s B4R B HE A R. E.
Kalman il R. Bellman 2 J5, % ={IRMHERGTEHI B FEK.

2 TR HIE

16 3 B NG SR, —BoRYE, RAE B R — MERI AR R AR KRE . IE
i T S H R, BRI AEAE TXE Brit th e A, BE A A ERIE L AR GE AR AR AT 2R
RGERAREES WSS FEN R IFERE. EF b, WHER LB HENEH RS
M Ae T S S, KA RLSR B A R 2 X — WU O M (central problem), 5 E fr
B A AROR SR 5205, O DA i B R & R s B — AN

HAEEGRENE, D232, | “IEEE #§l R4 %27 HE0ER TR 1932-1981 48
6] & 2 25 f A1 (seminal) ¥ B S # A O, F 3 f 3¢ ([5, 7-8)) 5 A AL LA 8%
HIC SRR TR B UIAR O . X T AR BAR B RE R A L B B AE A 1T 25 O S 1v) 8, (B IRAS T
AEBEMEERRE, N7 AET ) ZEm.

X 3l EA WX RN AR IEE AR A T B ?

H4E, K. J. Astrom 5 B. Wittenmark 303 1) iy FLRR B 28 SORN HE 244 O 20 15 A T 42 21
. TR R, VEF TR R B RO ) RS 52 TRy I Hioh A sz K
—/ME CRLZEE) WELT, IE T ZH REERER R, XD ANBIER LR,
R, MERR— R TR ? ML R TR GRS FEEXEFREA: B TH
HEG ML RGRZE, %4l — M RIES S — B3R H F XERY (very
difficult).” | % 1E I A WS X AN BRI KR, 1E 2 X SR I E 4R T ik,

HK, 1977 4F L. Ljung 7 3¢ ) A4 T 40 W — M B3 OB (A 38 S S0k A 5 4 6 o
77 %2 (ODE) 717, 3 H T4 B A EJR T & a0 fc B, %30 3k IEEE Trans. Automatic
Control (TAC) By R X%, FFESCE ) ZH FHRIFZAFME. H “ODE Jik”
AR A ) PR 0 B T SE R E SE PR B 1, 140 L. Ljung fECE s iy, “XEBEAHE
FrikFMRYY . L. Ljung %76 K. J. Astrom §945 % T F 1974 FRGBE L2 00, AENHEN
e SR 73 BT B At 1 F 9 DR

%=, G.C.Goodwin 5&/E# P. J. Ramadge fil P. E. Caines #J T{E 3, BRE/EN
YNXE” KRR TEEE-TAC LRy, RMABNE, EAREG T ZTYMRERCE. &
FIH—A BT SR E AR T H (Key technical lemma), 7EAR B INF B HEH KT, &
W& T — 2B RN ] B 8 5 2 ) S0 19 S8 B S E W], T AR T )iz 8 md . B, A
g bk, WA AFMEE SRS TEAAMERK, FAEXIMELT, St EENREHN
LM RARM, MATUEARLZ N E N REWARANSH, ZI5E A 8BNS 7
W% B, M= 00RE S PR T AR R ML RS O (R, AT HERBFRATE, il
TE (9] AR S /D R B A o BB By “RE ML BE JEA7 , BRS04 R B4 £ 4L O — A5
. EW G. C. Goodwin 4 N\ 5 & 1EHFE 7 — kM 510 3¢ MO A pras by, JLF-7EREALIE B
P 0 BT A LR R, AN ATR T R 2 e/ R E T AR REAL RS Bk, B i Ay W8
HEWEEREGZ.
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A, B ERA R Z % E WX G ER W SETE KRBTSR, HERE RS LR
B U X REBRE, IR A A R LR 4 B 3¢ SRR A B TR B AR 3B 4 4 A

B B B AE A 75 4% 8 PIHO R /D IR TNE, BT DA S /s 3R i BF 9T 2 T B ) TR N B
EBERT AL EEM. R/ Rk kARSI LBHBEREKBEZX S (C.F.
Gauss, 1777-1855), E—H ST F P HRESW T IEZ —, ELAHSRZHERF LI P EHH
RN, MR A SCEIR BT A SR B, B REET S A B SRR, 5
BRMAR T FISFERA A, T EEORIUAE I8 5 i A 72 5 1 4 7 57 T2 BEAL ) 9.
AL, o TR BRI ER, X B [ H ) i 7 5 BE AR A SL AR P AR X H BE
AT AR R /D RSB ST B e RURVR A R M

FTw T, 8K IEHETSRESUEF R EBERR, KRMS) T X — R BEHLIE H ) B AR
/D ZIRFERBESS, AT B A R P ST LR BN 2L # R (Lyapunove)
B BRI B (martingale) WK . 7EREH R AW, L. Ljung!™) 5 57 R AT Bl $0e B A 55
FREE il (persistence of excitation) 264 F i/ T H AW SLE:;  J. B. Moore 5% Kalman
WEB R R A, BCRAA T B2 L 7% K R BOR AT 58 /D SRR W s (W [13] &
H 4.3); V. Solo M % ARMAX HLELAGH™ & /N e SLILENT T oS, HE| T oA LIE
H ) B HE T (monitoring) TR BREHEE 10 Mgk — 2B BF 78 T 24 MR J7 2 B s [|) G 7 16
i, Z275H ARMAX iR 5 R e/ TR Sk A W St A I R B . R = e s 8,
FA T RENLZE T R R B, Rt b B e SICE BRI OG T I8 IS e A RN A 1F . (HTS 4R
Py, M\ 20 et 80 MR, REFLEARHTZRE TR (T. L. Lai) 5HEKR (C. Z.
Wei) DA 8 18 7 4% 09 W S 72 8 5 5, WP RE AL (] 3 p fE B AL B /D R FIA R AT — &
FIEEHLIE. #hH, MR AT (Y. S. Chow) Hy /5 il S 2 B, 4 1d X BE ML 2= .
W R R BORE BT X 58 R B, MR E T IEREFE T, RIER/D ZRFIERSN R 5”7
W 0O e EE N, XR— B EERR, 58— RIS SN E M

SR, XA IETET P, BERIE Lai-Wei 3¢ T /D T8t il “Be 55" 8 & 14
WAEH W XE, A€ &/D "R FIEBIRS T2 E RIEL BRI D I R W &
W B, fER/D AT SRR R B Ir B EN B RRE (HRRFTHEARE) W5
TR, AREE s R EBEN PR, TR RN £ 3 SRR 2 2R aE
LYERENLE S RS A SR EAPENE R, A4 A T REE B A AN LAE R “IEHRiE rRA
BB . XS R B ] O B RO R S AR S B GEv H x B/ IR AE B R 2 ]
HIAR A DX, A 3 — [ A 7 S 582 PR M i 7.

INRZGHRMAE, B R/D RN EHEEEMAR) KSFISHEE HEE),
— N DBEXRMRERARHMERE T HE — B (excitation) YT, LABUR RIS ETE Y
B HIE, MHENERRERY, BEESSEIESR B, BBt ER SR —
ERIERFH G5 EAX MR, i, X8a XK ANE A EMERFRITFH5IA (B
) —ASMEEEPLR (probing) {55, PUHARMELERMBI &M, BT W SR AE = Xt
P RGERE R AR O E IR, ST B R R T N 0T, s S, T o 1)
S EARE NS, XA SR 6 B S R R R K AL AL Feldbaum Fir 4@
H 4 “NEPEH (dual control)” 20V {4 4 2 BUR UMY, A H IR & B MM L FR W AT HE.
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R, ANEER R, M ARERTERRMH, BESIA—CHEMES, WA EREIEN &
N FRFIE TS X, /D R SAIE WS IR TR R G SR AR A TR
LATSESN IR S S, ANMETE BEEIEWI A R B E M, B EXEN] R SR\ S
SHRAIEREA RIE HRE T T4, BT SR A A BT A, — ] RE AT A i g —
MBS SR, IR CEHIER 5 CWOMER ZEHETEY R . HE, XK
DI04 1 7 1 W SO E WA 7 B MBUR T SR R G e v 102, W, BARAR L
P H AR AT A A R AW S, B R BT T LI EIER K.

WP IER F A ERRAERF S, Hidl K. J. Astrom S8 76 1987 £ “EFR Loy
R BRI A RS RSmE D, BTERELE V26 S e LrydtREZEm
N (slow and painstaking)” 22l WA F|T. G. C. Goodwin Z{#%, HFIWF M. Gevers 2 #%
M¥EE D. Q. Mayne £ # %1 1991 44936 3¢ 23] ety G R R B3 fE AR 000, LB
MLIE B FE i B A A X (surprisingly difficult) 7. 2E P. R. Kumar Z#Z7E 1990
Fiese P R RS, FEAKREETHRESEERNREEE—4 15 FL LK
AFFME; RERT R (T. L. Lai) fIEER (2. L Ying) BHRAE 1991 2R H#3C P iy
TR XA AR A .

3 KN—EHREH

1B 38 N 2 ) B S A8 E B B an ook R Ry, 20 il 70 SRR, REMERE T B
WEXR. BEITHITH, AR EER IR R T 6. REINAE SR8
HHE., PEMZERARAGREP TN E R RCER AT 1980 FHlf5, YL2RFELTL
Ar [ b 35 4 22 5 Sk 45 1), P 423E R. E. Kalman, K. J. Astrém, W. M. Wonham fI T.
Kailath 5. 1EANETE AR F] 0, §PALRHE ARG X B ALE 57 480 o IR STk R (E
B, RIEMAEYLE K. J. Astrom 20852 356 17 1 18] 48 1% 56 SC B %8 A9 bR 8 0 A 12,
K. J. Astrom F- 80 FACHIAE A B PR BE, 5% 42 3] 5 AR I 15 2% A0 SR A AR R A ok
WA FF . (HE, 2R RHE BT IR A A RN XA ME A AF 5T

1982 £ 7k, BMNINARFZFR T RERLHTIHRA, SIHEHRBELE. ek
L 2R G5 A A 5 1 4 07 TG %G e it — R B LR 126, A% X B ML MR B TR e bk A
PR, DL e/ A S E R TR A BTSRRI, 1983 4, MFEME KM P. E.
Caines U HAH], 568 T 5 T HEHLIE B ] 3 40 2 B0 - W S5tk 9 win s sR 27,

RBP4 W, RETRIGEHRARIES T 21180 5% 07 m e iRE, £
MR R LR AN AALRE, HPafaomiRie, g, Ml ZA 75
SHTRE, FIREHZ T LS R ML T RS E L T E. KA =TTIRY
Kogm iR —Z2F —REKHRGITEERR, TEANFRZHALE (Y. S. Chow) il T.
Teicher 35 #) (HEZRIEY B8, H A FE BRI MBS AR EMIREN WA & H %06
JRIES# R. S.Liptser fil A. N. Shiryaev & F M FiHA (FEHLEREITY 2O, Hepy g
B HEREEHEFNEEAZRER; —REWEERIF RN B EFH a5 R—E, W
P H At 5 BRIE A E B 25 45 B E] P 41 23 B B X B J. Hannan RN & RA A BB 512
3¢ O S AR AR R A U AR N B Bk B B 0 3 A 9 9 A AT VY. B TR 0 A R A R S R
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5B R E AT & )8 R R B, H R /D Al T A [ ) B R BE ALY, H— R
ZRIELERBEYES. ZI0EEN, XEIRENEROBF LIERE S T EEAAM.

SRT, TEEEMFR A B, WIFRAE AR IEHT W SUER IR XA F 2 MESE N2
PLIE SCH . TERT LR R A B B, TR 32 B USRS TE RE AL B A 1 3005 W SR B 5
FASEARF BRI, @ B8 AL M Jo 55 e 1, EXT BRGS0 “Rril
Jilr BER AT B R RMOBURT BEK, IX A JE SR S A 8 B A AR B E T
Feflh. EBCEE AN, B EERR WA B BN, 5SS
PER G (R ER e in A IR BL S AR 55) Ry VR RE M Rk 2. Z BN, XBRFRE
ARG R m LAERE & T B AR

1987 EE LR R, AV E R A % %K B. D. O. Anderson # M #1F, #EK
FILESLKRZ RS LRAMNFELFER, 4R EE E R EDEIUA i35 200 5 8 5
HRAFOZ—. REBRKFA T EBESIEZZ—, J. B. Moore 2R HE & FEHL B 1F B 4% i 30
BERELERZ —, MR/ ZRFIEH 5P HOL S BB SRR 1, 5 58 A S B
HLAE B ) 1l A Y. RETRR, R LRAMNFHMERE RSP AKE, BEAFHFF
oA B EFREE A E. J. Hannan 242, CBUAYHRFR 292 S Y #Y1EZE P. Hall M1 C. C.
HeydeB?l & ZMRG %K. Ui, BRT SRS LER J. B. Moore M S. P. Meyn
FR S REES, &5 EERZERVINMEKBIELM E. J. Hannan Z & R T IEF52
BFHEF 5 7 A AR, HEERSIFERELERT R TIRE DRSS &/D ZFfhitm
WCSE AR B3, DL T e/ R A9 3R TR ARMAX AR o 2505 B 5 R B 5 31 B e 85k
B B FRTERF R B L T A R A FR B (double-array martingale) ff5it EH. X &
— BB MmN ET.

A FAET A E, 1988 FE R EEFFEF A% P. R. Kumar Z2 37 [ WK F] I
WETE. MRer sk C 22 E br & AR RENLE MG LR T, G M3 R “SIAM #4654~
ARG O T HE ML IE I 1 R A 55 S0 101 PR Kumar #08% 5 8 78 MK A T — U0 T w9t
WAVHEE AR IEHT RS X —m 8. 4 P. R, Kumar 2 2] <D Hrig N7 ek
AT H AT, HEH A “BIIME (exceptional set) [ BH” J&1X 4> J7 ¥k Jo 1k 3 40 Y R A< J5)
. BAUNRBERARIIEEMNRED, HE5MMEANTRMZH R, #—23EE
FoXF X — ] B SR ZUBF ST 0. HE, YR A B R TR 5 — M RE AL 1R IS e A L
T, B AR S RO Ik A B A el A (56

1989 £ H, AR T AR KA LHFHIELEIE, BEFREREREZMRTRS
BRI E TAE. ZENEEREH FE, B8 T/EMAERZM4HERE, HITRIERER
Mt A, W EREET R, R .

EfTH R BRI, ERTE WSEEAR L. BARYE CEEE T A AL
RLEEEEHEACETE, HEAEEXEKPAANE, ARFEFH WM LAH. F£5E
TARAFN G A H U R RN, WG X PriERe 45107 A VR 5E: MEE B AL E 7 S
W EEMNARSZR GBS ? A, ARAraE, B SE6R R K 07 B K SRR X S it
075 FRUL, XTAnUt E AR R AL ER T A, WUOREE R EARRSRENE, IR
BT VHZ, iy m B a5 2 R a2
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1990 FW B — N EK, RIEFR A ZHEILRE BN, RERK, KHANE—K
WAL f, A G IVE B AL E VR 88 M A A . T2 7o /0 IR BCET N8 2 Bt b, A
S HTREPLAE LA B R R FT 7. BAORTE, MR E — B LRy LB RS,
R —H, HEEs EEE FRERTR RS NG mEE, J—Fm, XIaFaE
BRAXT “WMRE 2 M B R AAG T, MEBOEREEFRITZ BRI,
BENEW] R G TR EER B Y. X — KRR, MR RARESHMME AR IERTRN2R
T e S WO X — MR BT, R AR b, B SGE A 25 L 2 AR R A AR A
B, EM T ERLREA RS B %,

ARBTEA, BERRRRAEARRE, FRRRHFMEMFTNE, FUSEIHAR
MBFAE, FERERHITNEMH LA, ANLBRELETE. EXUBRY, FrHFE
TIZ N Ry B AT e e B r ANig R, (EA Y AT REAR DUt & 18 B AT N AT R 35 24 08
AR TEE, BATERCRAEHMREZATEL2ZRFET)ZERT. Ltk
T AR ERVY RO FRBR P58 T EiE X —%K.

$z b, 3 [37) FEH R E IEEE-TAC FlYits B, MBRFAEFEEFN—HE
S, WA KRR T AEESCE (great paper) - -- - BB R D T — 4K 0 R e D 1
. AR B X — 4 NHEIH) AR (spectacular achievement) 2 FI#LE; “X J&— i T €418
X (ground-breaking paper)”, 5& “BEHLIE Y ¥E #] # K8 (breakthrough)”; “IX f 3C 5 i #f 52 52
R T BN EH P —NBEHEEND (outstanding important problem)”, %%,

AAZIE, BEMLIE R ¥ 6 0 B Rk Az —. EEM P. R. Kumar ##&7E 1990 £
BEIFMH PTG, WEEFEM S AR AR 30 BY AR (37 BT B R AR (key
and seminal idea)”, ;UfG T “I F R B (remarkable breakthrough)”; f 5, P. R. Kumar ##%
TE 55 &1 IEEE-TAC 2 3C [40] Hr, FRRIEHT [37]) B9 LAEMRDR T “RIARISR B i 1 4% ] 4
B DRI (central issue)” J& “FEZEH (major breakthrough)”; H % 1F P8 37 % 7] 55 Y 32
Hi#, FdLy K. J. Astrom #4824 BI7E R %% W | ERR H S SRS & (IFAC) thF K&
Kol 12 MR e ) R XU RA T8 &, B, fhre (43] PIshig L, <&
TREHEZE, BEYLRSEE K E T 4% 0 WSOk 0] Big STk [38] & B e B g o s B Br 2 44
GitFER, RESEBRFEN T. L. Lai ZRIERCHUI X LS THE, A AR
RGBSR BT TIIP Y (ingenious)” M), Y T K BIAR M YL 0] B (long standing
problem)” ¥l J b, L2 HAE R FRFHATFERT —RIE &N, H10 [46-48]. 1993
FEBBBITH IFAC A R b, BHEWKTHFFEIEER (Young Author Prize), 2 FH
J& “TE [38] XA 7N 8 3C (outstanding paper) H R T f /s 5 H AL IE I 75 4 B S Sk
SO JBE X A P2 1 BE A2 R R AR g e i [0 8 (long standing problem)”.

WEE Lk B 8OE A aR B B oT LA S mE, BE LIS R ) AU A BF 5T T A I R AR
THRAENRE. XHRREEFEN LML EREEFIFRE TR !

4 JLRERESETR

1) AROE R ERE LR — AR G F RS 1 R A i, X—
TRRA MR B ZFAEI M RN T TR XA BB TELM AT E R
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HHy, HEMMAYEWR. EF M, AMERRFRESER ks fREs, £
RGN SHRE—E “BEW R, HHAREEENRZEWNZIRE BREFL) B
SRk, NaFEERFRPE EHRIE L. EEHEHAE, BRUMNIAER, £F
WHEELERENBEFRBUAE, fim, £2 5 ERRERLHEERFRBX RGEZD)
RER EEE Bk % LR L, ERASGPARFEERZ T EMEKR, HEE
M, FHEMERY . EEHRERTSRERHRPRGH RN, FESETEFRTE LY G
C. Goodwin 58 A2 T “REBARGI I S HrERM R, WRA LI, BETINE K
AR R G0 A R B ALK ). E 4 20 HE 28 KB K A /R0 FF (Hilbert) 7E 1900 4F [ br %
FRRE LR FE LI CBCERBY BEribe:  ER— DB RER, WREATE
BRGRHY), FEREEEETRIBEENRE — R WL

2) fE HROE WA B R 09 I 2 b, G 2B/ AR TAES ) T 28 S i iF 52,
XNEM ERIE A AR, HAFARELER, FAERSTHSEEY ERABEESH
WEMAS, HIEZmWERSERENSEH “AEe280. Fik, EARERTHERS, &
AT CTIRIRZE” AT M AE LA A, PR S IS T RS EUETT B SR,
T L 28 P 1 I A B AN P ) B SR, /D L RS AR XT Rk B4k
WEMAMTT, T HENEREEEERE SR HiRiRE, IMTEMAPE Z WEE
LR E N A, A REHEATACEIR AT, XA RREE ST HRER GRS EN 8%
T B ARBE.

3) G EF SRR RUR — R, X IO 58 RUR 22 T St R T A T HT B B SRS
4. fltn, G.C. Goodwin, P. Ramadge fil P. E. Caines f 85 O, B WKIEEA T & T HE ML B
B B R WS L, BT T s T N B T D R E
T8N X — BB E R MEA R, HJ& R S oA — X — R R T A&
H, AR EEERREER L. e, 168 8 A EET R — e 4L
g1, BEBLIE I A e/ RS, BOARARMERE “ORSr R IE B H Sk, HE, 2
Bel), &/ ZRFELEETRERANM SR BEREM. FEXT7TH, ELRHTERETR
(T. L. Lai) MK (C. Z. Wei) BUR T WA XI5 9 BUR 10, Hp e 1AM orik
MIER T AR PR (0 i A RIS 8 T 4RI AE . 33X T UK Uk A 78 40 4 i BT 9 o o e SELARL
TSGR EREE. BRI LY, BEmREhm R AR AR AR B
T RN ZIBEN, ML F RS AR X UK SRR (B LR E
K) WIRAZ T BEN. WA, FHRRATL N B BE 785 SR X — X8 Y p 22
AR, DA S I At S R 22 28 8 A T] 0] 380 L AR S BBk 2 e g <, O Y B

4) 7 HROE T A B R A gt e, BB RIS P Ry Bt (martingle) W S5 BEATAH 56 Yy Bt
fhiit e, KETREEM. WA AN WRAGMBEEZT A A EE SEFHEM
SEIR G ATRERLEBY), IR AR & Gk 2 BEH i LR ? RiINK, BEREHFEW. EMA
B, B ERETHESR T, AHREXEREEANGLGES BT I®EZh) BA
AR AoT 56 S PR B FT LACEARF S rh B A, (LI It ) R Al ot e B, (75 R T DA X R AT TR i vy B
BLF 5 45 kg B0y LA s T, AT ZE B8 0 A7 v BE A 3 S A SCRF 4R B i 08 PR R~ Wl
ARSI R RS 2 RS RS X RS EE R LRI T
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BRENTH LA, 1946 FREAEAER A G 3 EWEE S, @ ERANER
IV Y 8 B2 R RS R T IR IR R E Y7 TE HBIE TR T AR B S0 T AR e e K
IIARAE, BRAY & PR R E R R RGO TN R BRI AT H AR S K FEE BAE .

5) FEd ZEA LA, BRARNERERRA T BEMEETWERE, BINFFLE
A ARG E Y. Glan, AR R, SRR ] AR G Y R0 R A 2R A O % S (] Y B
g7, S ALEY A e X R FE i (sampled-data control) A ¥ i R H B 7%, KRR
BEERAFERRE R ELESHAETHRENRARS (hybrid systems). 24 A1k,
TE 3 S 1) JF AR BB QY B JE v, AR S ROAR L Bt XT3 e [ FE 4R B9 (A 24 TR BRI
RITFKER). SR, (ELBRN T, T2t ASUE IR, & RE RS S HATI I Y
PEPR S, — AR SRR B R RER, XA T — M IRA IR M X T B
FELR R BRI, Al M P R R RCE L B AR R AN B R R R SR A R B AT
1 A 3 R 8 R RE 76 4 8K — B AR [ . FOMfE AUFE T B 45 DA B G e A T 224 i SR RE A
BRI A TEAR A AR — A RAE A R R 2, A0 2 M A S0 540 3 4 I = &
GEPERER RN . TR HE SR I I] 5 ] BT 7S Pl R RS ORI, X SR R H R R T LA
v g AR AR PR S TR RO AT, (H B TIXT 4 R SRR SRR B R BT R R SR A
B 2FRT, KRR RG-S B L [ ] RGBT LA — D RAZH], B
BF FEME BT AE .

WA AER, AXAFHABIEFEY SR, ERTESEREHET, @il fAd M
WRIME, a2 T 5T B/ e B R A S AR X B A R 1S R AR REAL 2R G0 7 ol B i 2 JA e e 1k
FWCSMEER e . ARG R AT LAHE ) 8 — KRB R [ SR IR R At R AR #Em], K
A RIS A AR KR EE PO R, YIERukal S EA 8RB K ER,
FESLAR Y B I8 ) R R B E A BV R A, A N RORE R, XA R AR R R
Fe— A WP A B EREAT O SR IR, T EL S EE R, WAOTR X BA A E
PR IERE RS, RBHLE T A AR EE) A S B HI RN EERANRRYE B
R ECT X SR ML A AT AN 2 R R ORBE ST 7 X — BB MR R AR, UK
— RS RS P20 X B 5 A RE AT AR T — B, AR E A %
bR G, T LR BE 7 A — R 5B i A B A R 1)

BT SR TE 1L 5T Y !

B AU, BN D AR SO B 5T AR AR G XA R A a6 R LA
W, TEB—IFE.
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A RETROSPECT OF THE RESEARCH ON SELF-TUNING
REGULATORS

GUO Lei

(Institute of Systems Science, Academy of Mathematics and Systems Science, Chinese Academy of

Sciences, Beijing 100190)

Abstract This paper gives a retrospect of the research on the well-known self-tuning
regulators (STR), by firstly explaining what is STR and why establishing the convergence of
STR had been a long standing problem, followed by briefly delineating the twists and turns
in the theoretical investigation of STR, which was initiated in the pioneering work of Astrém
and Wittenmark (1973). Then the paper roughly recalls the author’s own experience in the
investigation of STR and explains how the convergence theory of STR was finally established.

Some inspirations and perspectives related to the research on STR are also presented.

Key words Stochastic systems, adaptive control, self-tuning regulators, least squares,

minimum variance control, certainty equivalence principle, nonlinearity, stability, convergence.



