1 H ® &£ ¥ #
A ACTA AUTOMATICA SINICA 114

e ol e - . B e m e AW Ny A temALU b, Al L om wrs - I o S P T T TR T T T T Ty Y T o -_— + -
r—— —'_lh--

m—

IR TR D P R 43
B R R I

7% I
(i-— JXE «‘Elu F,TG)

w =

ﬁXﬁéﬁ TZWHHREFEW—RLBRT T E. ErE AR BEK REHD
K, EAGE RN, :

LI ASGELR TR ARG ZHAELEE, SN RBEAE CHE, 184 E’Jmﬁ)’l
4. Sﬂ—r BT EAE SIS RIER AR, Frilg REUQRLTER T HE8E, X
()R T EM R RERRE SR, 02 BRI TR RS H 5 #®,
i([@kﬂi‘%kﬂ?’”‘ — N REBBM—T/NSER YRR B,

AXRARSEHFREFTE W BESEFRNNSEOZNFRR SadEE: i dlR s,
EABBRE-IENERES BRI BT E5S, FH98 i Z2AT RE0ET
7%, BAT & S Bl R ARt s R il

W ERRREEERE N

);1=A11‘A"1+A12X2+A13X3+-B1U, (1.1)
7\.};2=A21X1 '*'Agg)(z’l" A23X3+B.2U, (1.2)
Hn)'(s"—‘A31X1+A32X2+A33X3+B3U. (1. 3)
) a5 SR X1(0)=X;0y X200)=X%x3¢, X3(0) =X3¢,
_V=C1X1+szz+cs}(3. (2)

NHIX1, X2y XafVBIRDL, 0o, nHRRAMES v miEsile; yEo MR
Ay, By Cyy 1,i=1,2,3, 7RI ARFHENEIROELRIEN; A, peRAKTEHRNS
&, l—fﬁ 2 A0, 0/7\2 (Z/Dpo/A)—>0,

MAWMEEIRRL (1), (2) WM uep,, HIEEEIERIEUR/D,

} = é j (y'y+tu'Ru)dt, R>0, (3)

KAssFIA 2 — Ass AT Aasz%‘F. ?7\”*"’0 .}Afﬁjﬁ“ﬂ“’o# e (1.2) F (1,3)
2 5

KX F198354 8128 Yz,



1 34 BT = H*T%é%?%ﬁﬂtﬁiﬁ%'lm ﬁﬁ-——-ﬂﬁ%’%ﬁ‘—ﬁ@ﬁ& 65

"

'xzz'AhiAlxl“AhiEz'U, (4)
xs=—- A7} Asx, - ASIE,u , (5)
;T:QEP AlmAzl"Aza ?%Aan A2=Az‘z“Aza ?‘;Asz; A3=A31"A32A—:§A13
E,=By~ A;3A7iBss Es=Bs—~A;, A=jE,, ¥ (4) f1 (5) &R (1.1) f1 (2) K
=
;;=Ao;1+.Bﬂa-, (6)
7= Cu;1+Du?. (7)
L Au""‘Au“AIzAhiAl"AmAﬂAai Bn""'BJ"'AuA";Ez A3 ATE 53
Cg =‘C1 “CzA-—iAI "CaA?;AaiDu - (CzAhéEz +C3A-1E ) %ﬁb%'ﬁ:xlﬂ_xl(o)

FEE (6) Fl (7)) ARKWOMBIMERE, BERMTRALEWRES, Bikiyn., RRERHER
vy

; o0

Jo=-—) 7y +u"RE ) dt, (8)
0

&1 ME (Al B, Co) BFEAEHMTEHMm, M (6) ., (7)., (8)
HHEREE U

e

U= “(’R'I‘DuTPu)“I(DnTCn‘*' BUTKS)—;J.- (9)
RK HRERIE (100 HEE R,

- K(Ag—=B,(R +D0TD0)“1D0TC0)"'(Au"BQ(R"FDUTDB)HIDGTCD)TKs'F
KsBo(R+D;TD)" B 7K = (CoTCy~Cy™Do(R+D¢™Do)™ D 7Cy) =0 (10)

7’373]2\1_5%}275‘21&&[%’}E%?fﬁﬁﬁﬁﬁiﬁl_%”ﬁiﬂ%ﬁ%ﬁisﬂﬂﬁX1 =M%, X, = Xs =0,

2ES
4 X, "X2'—xm29 X3“X3=Xm3, I.I'-U-Um, y-— y ym’jﬁf

}\-;(mz:Azzxmz+A23Xm-3+Bzuma (11, 1)
UU;‘m3=—A—32xm2+A33 Xm3 +B3Um, (11, 2)
Vo=CsXmz+C3sXns, (12)
BIAYBESRT =t/\, H¥En.=p), pERTEYNSE, XH, Q1 NIARTRA
dxgz,r(T) =Azzxmz(‘€)+A23Xma(T) +Bzum('f), (13.1)
Cdxms(T) _ A Baun(t) (13. 2)

3 d'l' ‘"Asz sz(‘l')'*‘ 33 xm?,(‘t)‘i‘ 3Um ° .

FAEEH, Sp—0, TE 13) ROBAFWNTRE. RTRLE T

ud"ﬂéz‘f"’)_ﬁ*=Az?mz+Eza'm(r> , (14)

o

Ym = C?mz "“D_Em- (15)



66 -f El Z;U P(; 2 1%

TR T ke, e e s e e
L — re—— —. P rr— . Al Er o .-\_,.u-—_...—.ﬂ-.-u--....-. ——— iyl

EU:PC C2 C A Aag, D= --C.. A33Bs, FlsH xmz(O)——x“-—xz. (14) F1{15)
X (13) J:Ur:t*rﬂﬂa‘ﬁjﬁ’:llﬁ%%ﬁﬂi, F’M(%nz.-- % HAERRIEHR g

A
2

EfE2. WM (A,, E,, C) BAfaE0fMaikile, Wl (14) , 15) , (16) i
5 2

Jm=—F (yIym+ uiRux) d T, . (16)
0

e ——

Up= —(R+D™D)™ (D"C+ETK 1) Xus . a7

APK HBEEFE (18) BEIEER.
~Kg(A,; =E,(R+D™D)'DTC) ~(A; - E,(R+D™TD)"!D'CYTK , +

KnEs(R+D™D)™E,; Ky~ (CTC~C™D(R +D™D)~*D7C) =0, (18)
hFRAT N
LX) - Aysxi(0) +Baur(B), (19>
yi(0)=Cs3x,(0), (20)
AXT = Xms— Xmos Xms= = AT A5, Xme —AT1Bylms Ur=Un— Ums Y1 =Yn= ¥n 3
0=t/pn=t/p,, EEERIERH
J,—"u”jy; yi+U; " Ru)do, (21)

RS MR (Aus, Bo, Co) ZWEUERAITREEG, W (19, (20, (2
e gy Xl J

U = “R_IB:-}TK; X, .-. (22)
KRB K c HR-ERGE (23) WEEER.
~KAgs= AT, K(+K(BsR™'ByTK(~C,;"Cy=0, (23)

*ETEMLJEEB’J{" FEtbRt, v, 0 PRETFREENs=MLEGH, WTURGRAN 5 B
Hluc=u+ uptuy, HRRK
U= —{(I-(I-R™B;TK;A7iB:)(R+C™ D) (DC+E,TKn) AT3E, -
ROIB,TK A (A, ATIE, +EDIR+D D)™ D,"Co + B, TKs) +
(I-R™'B;TK;ATIB)(R+D™ D) (D'C+E,TKm)A~LA, +R™!'B,T
KiATI(A; AT A+ A X, —((I~-RT'B;TK(AT3B:)(R+D7D)™!
(DTC+E,"Ka) +R™By"K (AT A 4,) x5, R By "K ¢ xs. (24)

Km IJ-KI ~ X T )
J=p 2= e Ry
puKi] pK~ X 3
.A.g 0 4 'Ez '
y. = -{(1 ~R™'B JP[ ] [ ])(R +D,TD )" (D,"C, + B,"K o) +
0 Aa':s | E,

4 (B,7, B,7/p)= By, |

.
—

A, 0 ' A,
RnlngP{ J l: J xi“RMIBETPZIUEG- (25)
0 A A



A VIR SRR AR £ 5 -

APFK, =(Ka(B,RT!'B, 7K ~- Aza)-—(C TC3+A sz))(Aag—aBgR“iBsTK )""Jl
FTHE (25 R ue BESE (1), (2) WHEELEH, ¥ (1) 1 (25
A

¢ e e T o — b

3A11X1+§122+B1 , (26.])
XZ—A21X;+A“Z+E U, (26 2)
y C1x1+022 (27)
“ AE‘.I AZZ A23 Bz

s Ay, = L B,= y
‘/“‘]’ e [ 32/“.A33/P«}’ Bz [Ba/uy

égﬂ_j;: (C. Ci), & A—>0, £33 (26) Fi (27) IR LR

f‘:qﬂ 212=(A12 Aw]; gzlz[

E:-—H;;A“E-ﬁ;;l"‘?zx, (28)
X1=Aox,+ Bou, (29)
y=0CoxX;+ Do, - (30)

fm:ﬁ‘,. ﬁh=A11?zlzz?3221; ED--:BI'—EIZE?;:Ez; GESCI—-@EZH?}A‘?l;
50:: “EZH?;EZ. ETW'EE%*E’ ’%J-ﬁﬁ-TE@%W\&@ - c ot

AT AL T AT | -RATIAL AR B
2 - :-_As_z‘-/ll -As'sl/,}t? - _. A.;%ASEAmz }‘LA 3(I+ A:szA AzsAza) "j
| (31)
] 5% A=A -A,:47 A“:A“...A”A'”A - A3 ATIA; = Ay, (32)
Bo=B,-4;,:43 Bz"*Bl AlehlEz A.:\;-;A sty = By, (33)
@80 ,=Cs, Do=D,, _L‘ti[ (29) , (30) fﬁt’ﬁ}%lﬁv@{; (6), (7) T\
REERISE] (26) , 27) RET =t/ AP+ RE, |
dzg - P
dz:r"‘ AgeZnt+ Biugy ' (34)

X zm=z—2z; Yazy-y. 305 G5 REMETFRSG A1, (12) . CEMMNEL
BT Rs Ry

U, — —RHIEngZm. (36)
Aot PoARR-RR TR (837) B IEER.
P As-AJ P+ PBRTBTB-0,T0,=0, (D)
BiEr(2), &34l
Ue= U +Uu= = (=R B,TPATIBE D (R+D,"Dy) " (Dy7Co+ B, 7K s) +
R*B,TPAGIA.,)x,-R™'B,"Pz, (38)

A, 0 WJHI(AI

A, 0 1""‘,..E3 .
0 .J.A.Lg;_?,f -'-3-3.3

D MEDRTEATI A, =] o




68 H % & % # 114

RN (25) K, mﬂucﬂtﬁ%ﬁj
Uc= —-((I-RT'B,"PAGIB)(R+D, D) (D,"Cy +B,"K ) +
R™B,"PA7}4,)x,-P'B,"Pz (39)
thig (38) 5 3D R, BRPSPRKBIHERLMEHE, i P 2P MO ER, Fr

Pl we RuclOM) FEl. XRURUop OM) SERL BT LU RIR RGO H,

BE. MEBELELBS, MWEEMS0, p*>0, BUAEW, A%, 1y €0, 1o*)
i, MIAERREAE (1), (2 1 3) WHEBRMEFuFEE, Bu Rk Ediu, e, 180 e)
Jfl, €= max{A, us,

TRBIEL R,
uc—"'R 1BTKXI],-{} (40)
ﬁ-u.

Ks }\Knxl Ks AKng l.Lusz
st B7=(B,7 BzT/k BaT/H0]3 K"‘r [ ]

L J___ lK 7LI{-T.I!I uﬁKf
AK: AP T Iz noK7 poKy

X3 I; ~ (H1“H2H_1H3)_1'(G1"'H?.H“:Gz)
x=[x )y KaT=[ =( ], steRH, = A
pKI.” “nH7I(G,-HK]))

X3
KpS,-K,SI;, Hy= Ag_z-KmSza"Kzss, Hy;=A7,-K;S7s, H4=AL—-K;S“
G;=(KnpS: +K,;Ss; -AKs-KgA,;; -KA;;-C,7Cy, Gz*(K:Sal""__AI_s)Ks
~-K(Ay;-Cy7C,8,=B,R™*B,™,Ss=B,R™'BJ,: S,,=B,R™'BT, S,,=B,R™'BT,
Say=BsR7*B,",

X1 ~0.2  0.325 0 0
. %‘Eﬁ%[le]=[ 0.04 —0.4 0,32 ]+[0]u,

Lo X3 0 0 =02 1
10 14! 1 [°
y= - X2 J = 2 j' (y'y+ulu)dt, A=0,1, po=0.01,
--..O 1 0..-" x ? 0
3

‘ 1. 602885 : 0 206588 0, 072395
ﬂ*ﬁﬁﬂﬁ?ﬁ?ﬁﬁu Uop K op, =

0. 206588 9 333632 0.044734 } B u PR
0. 072395 10, 044734 0. 0299195

=10.211213 0. 293945 0. 042066
0. 074947 0. 942066 0. 023607

e Koo AIK, AL R EREFHIT LI,

. [1. 518137 0. 211213 0. 074949]



13 HE ZNRRRERRERN S B —NSEFR BRI T 69

$ T T B |

(1) Sannuti P and Kokotovic P, V, Near-opti-mum Design of Linear
Systems by a Singular Perturbation Methot’fl,IE;EE Trans , Automat
Control AC-15(1969) 15-21.

(2) Chow.,J H and Ko—fk.gtovic_P,V,A Decompositions of Near~optimum
Regulators for Systems With Slow and Fast Modes, IEEE Trans,
Automat Control AC-21(1976), 701-705.

(3 Mahmoud M,k S,Near-optimal Control Design for Three~-Time Scales
System, Preprints of. the 2nd World IFAC Symposium, Large
Scale Systems. Theory and Applications, (1980)221~-228.

(4) O’Malley. R, E, Introduction to Singular Rerturbations, Academic
Press (1974) .

A DECOMPOSITION OF NEAR-OPTIMAL ‘CONTROL FOR
THREE-TIME-SCALE SYSTEMS—THE TWO-PARAMETER
SINGULAR PERTURBATION METHOD

Tang Xuebing

JiangHan Petroleum Inmstitute

A bstract

In this paper, a decomposed design method is proposed for three-
time—-scale systems It can obviously reduce the system order and Simplify

the optimal regulator design,



