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H 60 £ Kalman Fr QI R URHEIRIBLIE, FEFERRLT T EAR
R, T &l kst flrEnLAEZR(BENTRERSE). ITERNX L
HOLRME — RO LIRS, WMEANNRENANRSELEENBER LR HBIR
K, T BN REEAEFLE DA B Z AR RIS EENEEINE B AT R A E XK, MALRE
FEFTTERY Hybrid ek iR & Uiz il [l , Bl 25 R il A 4t

(2) = A@)x(2) + B()u(e) + f(¢), t€[t,,2tn1,
{ (1.1)
x(’n) = X

(Erp u(e)ilt,ty] > U ARE(LDRRHREORT T Hybrid B 7R EIRZHE

x(4) 2(2,)
. )——q], D[ - )-—q>

T(u(+)) = <W:D

x(zy) x(2y)
=+ S‘N {(Q(t)[C(t)x(t) — P(I)], C(t)x(e) — p(t))
+ (R(2)u(e),u(2))}de (1.2)

(<t <+ <ty BR—EETHLBONRMLEHINE (HP) Fika(-) €2 = L'(1,
ty3U), 15 J(A(+)) = min{J(u(+))|u(-) € 2 }.

XER 4@ :p(A@))SX — X #RR Hilbert BR] X FREESRKBER T 0(+,°);
B()€eC([2,,tx]1,<L(U,X)) (URE— Hilbert ZBfH], &L (E,,E;) z,%}f‘ﬂj% Banach 2

zmt? 1992 4 4 E 4 B W3,
1) EFEANFZESSEFREZHEILREEFEHIE.
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{8] E, A Banach Z[H] E, fyH R4kt Bwrek), ¥ E, =E, i, {HIC ZL(Ey, E)) A
L(ED); f(+) € L (4yy133X) 5 x € X AE; WeL(Z) (Z JRg— Hilbert Z[H]),
De L(XN,Z), geZ; Q(+)€C([#5t51,<L(Y)) (Y &2X— Hilbert Z[H]), C(*)€
C([2y,tx], L(X,Y)), p(+) € C([2%,25]1,Y),R(+) € C([25ex]1, L (U)); EWE Vi€
[2,6n1, O(2), R(:) HEME, EMIHREIER Hamilton 4
w =90,
O(t) =0, Vi€ [2,2y], (1.3)
358 >0, Vee[z,ty], R(2) =61,
314 SR B AR BR TS & (918 B 2 st BRI I DX 40 » B B A s A s Kl 5 % =
ERXXEBEP I =0 H D*WD HiAakE, SATRET <L (X) ©WiE#) Hybrid ik
“ kit HEIREE (HP), (323141 JFfJxEEIE1aJd—_E4$%-‘E, EHE TR AR T
FEN EERTHATR$E (HP),), B3 THRMBHEEXENZ R LRRESEN =R H
ER, AU THERME FRARN, BX3IREHN A EZE XA Hybrid £k
“REUEEIRIE, Ak, AR CHGBREBRESTENRE, € (HP) F4it oyt
R T R B I , AR RIS T S 1 4 B A B B 0 .

2 FRMIZESIE

& 2.1. (HP) EMTan TintEpygett: R LR HlRE (P) K 2(-) e 27 ,{E15

EUBKAL:
J(2(+)) "'ﬂﬁli {J(u(+)) = (W[Dz(zy) — q1,D2(2y) — q)
+ | LQWIEWD — p(], T@a(e) — p())
an + (RCt)uz) ,u(z))}de}, (2.1)
6(e) = 4(-). (2.2)
F(2.1)
}’1(.“)
3(5): — yle(t) ’ E(t):‘:((), " 'O,C(t)), ? € [IO,ZN]_

yn(2)
FHp (o) A TRIIEBHIARLE
{?k(t) — Ak(t)yk(t) + Bk(t)“(t) + ]ck(f): t€ [e,inl,

yk(0)=xn
HIR A RRIEL,
ACe), 16[30931{]5 B(t), 1€ [ip,1;]
. A (oY — . ) 0otz dos
XE A4,(-): {0’ L€ (1ot ] B,(2) {0, L (1 yin],
o f(e), 1€ [ 2552415
]ck(t)-‘—'{O’ ZE(J—'&,IN], ¢ Ly-eey IV,
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il yx(e)i=x(+) (R DX TRHIEE »(+) FRER K.

k. &
B(2,5) = diag(Dy(2,5), - -+ Py(,5)), } (2.3)
V(t,s)€EA={(1,0) R}t <o T <1y}, |
Ho
(pk(hs)::{@(mm(t,z,t),f), § K by, V(,)€A, h=1,--+,N,
Iy, s > 2y s

B 0,(,+) RENXKIK 0(-,°) £ A LRESEYE H F A4l

D) Dy(25+) € C[ 10511, L (X))(C*([a,b1, L (E)) Fk b R K [a,6] A
Banach Z[R E DA ALEHE F2KFTEA Banach {3 < (E) WEESE TEH B
2R, 0,(+,s) € C'([s,1],L(X)).
1i) supy,, s)e.&“{pk(z 5)”.'-:?(3) < Supy, ﬂe.::.“@("af)”ﬁ(x) << 00,
i) Ve, K r < s<i <y, 5 1 >, N

k(zﬂs)@k(sﬂr) = Iy~ Ixy=Ix= @k(z,r>;

Hos< 1, N
Dy (2,5)Dp(s,r) = @(min(t,zk),s)@(min(s,tk),r)
= O(min(z,7;),5)P(s,7)
= Q(min(z,2;),r) = ©,(2,7);
aH r<<i, H s>z, N
Pp(2,5)0,(s,r) = Ix» @(min(s,7,),7)
= O(tz,r) = O(min(z,4;),7)
= @, (t,r), k=1,--+,N,
i)—iii) FHH: 0(,+) TR A LBESEZRE T, HE, 2HFH 0,(-,) HERTT
A Ay(e)y k=1,---,N (FIE Ay(*):=4()). FrlL,

1O = (1w + || 0D BN + fy(D)1de

min (2 I,(

— @, (min(z,7,) 1) + j ®,(t,7)[ B(r)u(r) + f(z)1dr

iy

min(:.lk)

= 0(min(s,50), e+ |+ O(min(1,1), D BRIu(r) + f(2)1dz

in

= a(min(#,2)), Vi€ [#,2y],k=1,---,N, (2.4)
T EE
x(min(zy,2,)) x(4)
z(ty) = x(min(z;,,tw__l)) == x(t;.;_l) . (2.5)
x(¢y) x(2y)
il (HP) FHT (P). T

SRS (P), HARERNTLIR 44 — kEREsEeES N1l 21) 2R =] L3k
BT 5,
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S22 WATA Hamilton KEECLIRIL. M (P) ZBAMEH 4(-) SRR
g () EE

2(t) = —R()TB()*[R()£(e) + ()], Vee€[t,tn], (2.6)

Hrh K(2) 5 I(+) KRR TF] Riccati B4y H1E

KG) = 0@pn,)*D*WD®(2y,2)

+ | (e, Q@
— K(0M(0)K(1)18(z,2)dr,2 € [0, 4] (2.7)

5 Volterra R4 538
() + j’” (1, ) K()RI()I(r)d7

'

— j N G(zr,)*[K(DF(r) — C)*0()p(z)1dr

3

— O(1y,2)*D*Wq, 1€ [2,ty] (2.8)
R(ME— ) a5 B A% , 3 H. K( ) HE
R()* = R(2), Vire[z,ty]. (2.9)
E;T;E(Z_ﬁ)——(z.g)tlﬂ,
B1(.') fl(")
B():i=| g "y | MY = BORETEC*, (O ={; "y |
B(+) fCe)

ﬁﬁﬁlmﬁﬁﬁ_n E
pC)i=C(=)*0()p(+),

0
0(+):=C(I*Q(HT() = ¢ | 0C)(0---01,),
I'x

FHe 9(0) = C()*Q(-)C ().
EREZEN(2.4),(2.6), B5HE 2.1—2.2 7] %], —HIKBT Riccati 7‘3‘?_%(2 7)EE [,
ty] ERSRESEEARMR K() = (Kij(Dwxw, Ki(+) € L(X),ivg=1,-++,N, 3
KieT Volterra R ITFR(2.8)HME I(+) = (LD li(+) € C([70,251,X) i = 1,

N (EfEERR DFEm—rf513 2.2 {RIE), MIMR(2.6) 7] &

N

2(£) = —R(e)7'B(e)* > {Z K ()2(2) + [Zﬁ;i(t)]f(t) + f;(t)},
i=k “ji=1 ] =k

Vi€ [t 1521, k=1,---,N, (2.10)
H 2(0) 2RGADHNTERERE 2() BREEKK.

HETFTRFTDIEN, FEQC.7)S5Q)MRMBISHEE L(XVN) 5§ XV hEE
IR, MERERREZEE X, B, RERMBBEHR—/NNE, 5B 3ET i
RKRBEETANRAEREX PREN SR, EUEDERERCIDHEREET 5
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FROERTRZ)TM? MFK(2.10)AIFH: ARERXERIRE T AXIEFRIR, EREHR
= E AT K( ) l( ), REfgKE 2}%”( ) 5 Z Z K,,( ) [tk-—ntzc] Ry

i=f 1=

fRE] (= 1,23k — 1) & _Zzﬁ(-) TE [onte] LEORRE] (R = 1,---, N) ROF,

EREETEH, X2 THRNEH,
T 2.3 BiFESLEESIE 2.2, NBRMAIT(E(), 2(+)) EaWTRIERARN

2(e) = — R(z)“lB(z)*[z E§*2(s) + Ry(D#0) + 19

=1

VIG[Ik—ISIk]’ k= 19"':N- (2-11)
i=Wau {ﬁk(')af’m(')(T = 1,° Kk — 1) Z(k)}kml ﬁ%ﬂ%:ﬁﬁgﬂ

K, () = 2 O(t;, ) W10 (2,7 + j O(z,)*[O(r)

— K (o)M()K,(z)10(7,1)dr

N

+ > | fonr oo,y

g=k+1 **q1

[(D(z' K (1) + }_’j G)(z,,t)*L"’(r) M(r)
[ O(t,0)*K,(7) + 2 @(z,,z)*L"’(r)] “bar, (2.12)
L$(r) = i‘{ W,0(1;,1) + S" LMK, (1) D(z,2)de
+ 215 . L (7)M(7) [@(Tat)*Kq(f)
+ Z 01, LY@ dr, i = 1,00k — 1, (2.13)

JO() S (D('r,z)*Kk(r)ﬂ(r)l"”(r)dr

’

— j*k O(7,2)*[ K (1)f(z) — C(z)*Q(x)p(z)1dr

+ D rg {[@(r,t)*Kq(r) + qz;: @(tnt)*L‘;"(r)]

g=%+1 ¢*q}

X [{(zr) — M(0)19(z)] — o (z, r>*§<r>} dz

N
T Z @(zhz>*§ia zJ¢—1<-:3""§'--t.lp R=N,--+,1 (2-14)
1=K

fR. B W€ (X)) ENWETH W= D*wD W3, N—MuEK; 4(€X):=
D*W, BE i A58, ivi=1,--+,N; M():=B(@OR'@)B()*,Vi € [#,15].
iE., % K() 2HEQCDRE, L
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N N B N %
R =D, Ryi(e) = (Z T;)K(t)(z Tf) ; (2.15)
2=k s =k ] =k
N ) N %
ﬁ(ki)(t) == Z K”(I) = T,K(t) (Z T?) ) ] = ]., .. ',k - 1, (2.16)
j=k =k
N N
f(b — Z fi(t) = (Z T;)Z(t), Vi€ (Ik—lmzk]: k = 14" ,N. (2.17)
pn =%
ﬁ: | T.= (T(l) «ve, T’;’_N)); TE_:E) = [ y; TE” = ... = TEi-—l) = T5£+1) e 44 e — TEN) .

L (X) PETE, i=1,---,N., NASEIE: 3FN(2.15)—(2.17) fF £ X B BB &
{Ry(2), L(), i =1,k — 1,I0(CHWa BpER(2.12)—2.14)—HE, MTuH
F(2.10) 5HBEHQ.12))—.16) 2B p—E(XFHBEEZREF E Gronwall 5|33 &
FNEr SR AEENESIL. HEEE,
THZREHNRERE: MERMGER(L3)FHR> 0 i, BAICAMIGEH(2.12)—
Qu)ER, NEEKQIDEEDE (HP) NsiUIRESR 5?2 B TR EERA]
RIEFENEE.
EIE 24. FRETJHARERWEHO¥EIETY, REBREXSHERNIESHE N HEIEFE
AL, HIEHTIETE

K, (2) = 0(t;, ) WD (1,,1) + j b (e, )* [ D(r)

— K (v )M(7)K () 10(r,2)dr, (2.18)
Ly(e) + \"k Li”(r)ﬂ(r)K,t(r)@(r,z)dr == Wﬁﬁ)@(zk,z),
- t=1,---, k—1, (2.19)
IR () + J'k Q7,1 )*{Ky(v)[M(2)I®(z) + f(z)] — p(r)}dr
= O(4,0)*q}P, 4, <t<<t, k=N,---,1 (2.20)
MR GBAER {Ky(), L), i=1,---,k — 1, I®( )}m 7. (2.18)—(2.20)
H
D =D — j::_lLiﬂ(on'Zcr)Lgﬂ(r)*dr,
WAt =8+ LYo — |4 LPOMOLE0rar, ‘

137 Ck—1
Wi‘k—llg Wifk—i* 9

~f T ~ | : — . .
gk, =gt '—j L (e)M)I®(e)de, 1,7=1,-++,k — 2,

AL ¥ (2.21)
WJ((’S}%—f =Wft Lk—1 T L(k“l)(;k_]) + L( n(‘k—l)* —+ K&(‘&-ﬂ)

— j”‘ LD M() LU0 *de,
Sk—1

~r ~ o . _

TP =30+ 19G,) — |t LEOM@I@d, k= N, -2,
k—1

WE;H)'__W:H q(N)=Qi! 1,7 =1,--+,N, /
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W (HP) FinT &biRkE R R

k—

2(t) = —R()'B()* [Z L9(*8(2,) + B, ()2(s) + fm(t)] ,

yj=1

-

VZE(IIL_“Q], k=1,---,N, (2.22)
K 2(+) BN NTERERE 2() RB L BE

min J(u(*)) = (Wq,q5 + j:”<gct)p(t),p(:)>dz+ (R (20) Ty %)

u()E @

(GO ESED W I CIORTONN

k—1

— S| H@IRG), 100y, (2.23)
<),

=1 *¥k—1

IR 2.5. FEA2.12)—(2.14)5HEH(2.18)—(2.20)[E 2,

BRT 08, H 2.4—2.5 BYFHE MRS,

NN EREBRERATHEED, YMEYLETTFHORTEHEDEFETISTE
HEFER, FEIHERRE,.

!

g2 F X W
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HYBRID LINEAR-QUADRATIC OPTIMAL
CONTROL PROBLEM

Pan LiriNG
(Department of Mathemarics, Fudan University Shanghait 200433 China)

ABSTRACT

In this paper we proved that the linear-quadratic optimal control problem with
hybrid performance index can be reduced to the standard case. Thus we obtained a
feedback solution of the hybrid problem mentioned above by means of the standard
linear-quadratic optimal control theory. The problem considered here 1s much more

general than the problem discussed in [3].

Key words: Hybrid, linear-quadratic, optimal control, infinite dimensional.
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13th World Congress

International Federation of Automatic Control
San Francisco, California, USA

Hosted by the American Automatic Control Council

An Invitation to the International Control Community

It gives us great pleasure to invite you to participate in the 13th World Congress of IFAC to be held
in San Francisco, California, USA, from June 30-July 5, 1996. As this Call for Papers suggests, there
will be a spectrum of categories for technical presentations, including plenary lectures, survey papers,
regular papers of both lecture and poster session types, panel discussions, and case studies, Immedia-
tely preceding the formal opening of the Congress, tutorials are being offered to provide participants
an opportunity to learn new principles, methodologies, technologies, and applications that have been
developed in recent years. This IFAC World Congress is the major control conference in the world
for 1996. It will be the second of the triennial series of IFAC Congresses to be held in the United
States. The first one was in Boston, Massachusetts, in 1975,

San Francisco and the Bay Area afford numerous tourist attraction for the participants and their
guests. We look forward to seeing you in San Francisco in 1996}

Jose B. Cruz, Jr. Harold W. Sorenson
Chairman, IPC General Chairman, NOC

Congress dates:
June 30-July 5, 1996

Opening Ceremony: Sunday, June 30
Technical Program: Monday-Friday, July 1—5
Pre-Congress Tutorials: Saturday-Sunday, June 29—30

Congress venue:
The San Francisco Marriott Hotel
San Francisco, California, USA



