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STATE SPACE METHOD FOR HYBRID
DISCRETE-CONTINUOUS SYSTEMS WITH CONTROL
For hybrid discrete-continuous linear nonstationary systems, we in-
troduce the notion of an s-state by minimal information.

Consider the following non-stationary discrete-continuous system
() = A, Ox,O)+ 4, (Ox, ¢, +Th) + B, tlt, +kht, +kh+h), (1a)

Xty +lh+ 1) = 4, (¢, + kh)x, (¢, + kh) + 4,, (D x,(t, + kh) + B, (¢, + kinpu(t, +kh). k=0.1.... (1b)
with the initial conditions «x,(z,)=x,. x,(f, —h)=x,.

Definition. Lets =0, and let X, be the linear operator defined as
follows:
7).

‘

:Nr:_ (s 2505 10) = (Fpa 1 7D .—Nfﬁ(xls:xzeru) =% ¥
where y, = x,(t, +5.8, %o %305 1) 1o = % (6 +T, , ATty 2%, 4),
)= dp(0)x, G+ T h)ae v el + 5.6, + 1, h+h].
The quantity N, (x,.x,.4) is referred to as the s-information of the
solution, and the operator N, is referred fo as the s-informer of system

(1a), (1b).

Lemma. Denote x()=(x,().x,()). Then the s-information accumu-

lates the minimum information on the solution prehistory sufficient for its
unique determination in the future in the sense that
Bt ittt a0, o=d" 005t 45
& R, (.25 u) =, N, (251
Along with the basic control system (1a), (1b) consider the dual
observation system (with reverse time, 7 < ):
Xt R ) = (1T, _..\'fs,.\'_?g, u®). u(r) = u'().r> ty+$
& N, (. X0 0) =, N (. x50, ).
Along with the basic control system (1a), (1b) consider the dual ob-
servation system (with reverse time, r <z.):

,\i x (. 0) + 4, ()% ¢t 0) =0,
ar

iy +idht i
x, (taty +kh— D) = 4,,(t, + kh)x, (¢ t, +FH) + [ A, (2)x, (., r)dr,

tytich
x]'k(rh t, +kh—0)— rl(r t,+kh+0) = A;d](z‘g + fﬂti)x;(l‘*,fs_ +kh), k=0,1,..
xf(g,a) :x;: r*(rr +T;h) = r_* rfI b = xfs(r$,r) a8 TE [t +1’:J'1 + .
with the output
Vilte )= B(r) x;(ri:, ) T

3 (toty + Kit) = Bi(ty + ), (tosty + k), k=T. = {" = o 1 Pt
al

z
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This permits one to suggest a common approach to the statement of a
controllability problem for control systems of the form (1a), (1b) in the
sense of controllability of their states and to construct a dual observation
system and justify the principle of duality between controllability and ob-
servability problems as well.
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CTABUJIN3UPYEMOCTDb CUCTEM C 3ANA3ABIBAIOIIIUM
API'YMEHTOM TPETBEI'O ITIOPS/IKA BO3I[EFICTBHEM
PA3SHOCTHBIX PEI'YJIATOPOB

Hannuue cBoiicTBa cTaOMIM3UPYEMOCTH — OJTHO M3 OCHOBHBIX Tpe-
OOBaHUH, MPETBABIIEMBIX K pEaIbHBIM CHUCTEMaM perynupoBaHus. OHO
rapaHTUpyeT CYIIECTBOBAHUE JMHEHMHONW OOpaTHOW CBS3HU, O0O0ecreunBaro-
e aCUMITOTUYECKYH) YCTOMYMBOCTH 3aMKHYTOM CUCTEMBI YIIPABJICHUS.
B noknane uccnemyercs cTaOMIN3UPYyEMOCTh CUCTEM TPETHETO MOpsiIKa C
3ana3AbIBAIOIIMM apTyMEHTOM.

PaccmoTpuM cuctemy ¢ 3ama3abIBalOlMM apryMEHTOM BHJA!

x(2) = Ax(£) + Ax(z — h) + bu(r), >0, 0
u()eR, x()eR, Ae R4 e R,

[Mpucoeaurnm k cucteMe (1) auHellHYHO 0OpaTHYIO CBfA3b B BIIES

Pa3HOCTHOTO PeryiIsaTopa
u(t)=qg.x(0)+q¢ x(t—h), g,.q €R’. (2)

Cuctemy (1) HazoBeM cTaOUIU3HPYEMOIl peryagropoMm (2), eciu
HaligeTcs auHeliHasg o0paTHasA CBI3b BUAa (2), 4TO 3aMKHYTas clicTeMa
(1), (2) aB1sieTCSa aCUMIITOTHYECKH YCTOIYIIBOM.

B 1oknaze mpencTaBlIeHbl Pe3YIbTAThI, MPEACTaBIAOIIIE cO00I
JIOCTAaTOYHBIE VCIOBIA CICTEMBI ¢ 3aTa3AbIBAIONIIM apryYMEHTOB TPEThEero
OPAJIKA.

Vmeepocoenue. Cuctema (1) crabmiamzupyema peryiastopoMm (2)
©CJIIT BBITIOHAIOTCS CIISIYIONIIIEe YCIOBUS!

D a, =82,

oa

2) (_a'_z ,—(I:._) ef) (_a:: o a:s:_czi: a (13) €L}, (_azz <+ a:s:_(lé: +a;3) e,
rae () - 001acTh, IPAHNITE KOTOPOIl ONICHIBAIOTCS THHIAMII
lo+Peosh g, -
B=—a, 1 P ” & O=zga—,
| g —Bsinh g. h
r1e a,.a, - 3TeMeHTH MaTpull 4 1 4 COOTBETCTBEHHO.
[Ipennoxxensl hopmMynbl g mojacdera KodPQPUIIMEHTOB CTaOMIN3U-
PYIOIINX PETYISTOPOB.



