
T?-p chf Tin hgc va Di~u khi€n hoc, T.16, s.i (2000), 80-83

U'O'C LU'Q'NG NHIEU MlrC TR~NG THAI H~ fl9NG urc
~, ,

TUVEN TINH MC1

vi] NHU LAN, VU CHAN HUNG, D~NG THANH PHU

Abstract. In this paper we have studied the fuzzy state estimation problem and presented the multi-
step estimation method.

1. M<YDAU
Cac tae gia [1] dii t5ng H't bai toan u'o-ehro ng trang thai h~ d<?nghrc tuygn tfnh mer dtro'c xet

trong [2- 4] tren quan die'm di~u ki~n ban dh mer va nhi~u loan mer. Day Ia bai toan con m6-. Chinh
vi v~y, trong bai bao nay cluing toi muon phat tri€n cac ke't qua [1- 4] dira tren y ttremg [5] - tro-e
hrong nhieu rmrc,

2. D~T BAI TOAN

Xet h~ d<?nghrc tuygn tinh mer

x(k + 1) = Ax(k) ffi Bu(k) ffi Gw(k) (2.1)

vci Xo = x(to).
Phuong trinh quan sat mer t~i dau ra:

z(k) = Cx(k) ffi v(k}, (2.2)

6-day:
x(to) Ia di'eu ki~n ban dau vala t~p mer n-ehieu xac dinh tren Rn,
u(k) Ia dau vao di"eu khie'n, diro'c bigt ehinh xac,
w(k) Ia nhi~u dau vao va Ia t~p mer m-chi'eu xac dinh tren R""
v(k) Ia nhi~u quan sat mer va. Ia t~p mer p-ehieu xac djnh tren RP,
A, B, G, C Ia cac ma tr~ co cac gia tri thirc khOng mer diro'c bie't trtro'c va co chieu tircng tmg.

Bai toan troc hro'ng trang thai 6- [1] diro'c d~t ra nhir sau:
Cho (i) h~ thong diroc mf ta b~ng phuong trinh trang thai mer (2.1),

(ii) t~p cac tin hi~u di~u khie'n bigt ehinh xac u = {u(O}, u(l), ... , u(k - I)},
(iii) t~p cac tin hi~u ra mer z = {z(l}, z(2}, ... , z(k)}.

Tim iroc hrong mer x(klk) cua trang thai mer x(k).
Tir [1] co the' tom tll.t thu~t toan U"o-ehrong bao gom hai biroc sau day:

Baoc 1: Gia su- x(k - 11k - 1) Ia U"o-ehrong ciia x(k - 1) dira tren ca s6- cac quan sat den thCri die'm
(k - 1). Khi do iroc hrong du bao trang thai trtroc m<?tbtrrrc Ia x(klk - 1) se nh~n dtroc tir phirong
trinh sau:

x(klk - 1) = Ax(k - 11k - 1) ffi Bu(k - 1) ffi Gw(k - 1). (2.3)

Ro rang d.ng ·U"o-ehrong nay ham chira m<?tt~p cac trang thai co the' d~t den tir x(k - 11k - 1).
Baoc 2: Hieu chinh x(klk - 1) tren co s6- quan sat z(k) mer 6- dau ra (2.2) bhg each giai phirong
trinh (2.2) doi v&i x(k}, ta thu diro'c:

x(k) = C-1[z(k) - v(k)] = -C-1[v(k) ffi (-z(k))]. (2.4)
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NhU' v~y, U"O'chrong x(klk) cua trang thai x(k) se thu9C d. hai t~p mo x(klk - 1) va x(k) tfnh diroc
qua (2.4) nlnr sau:

x(klk) = x(klk - 1) n -C-1[v(k) ffi (-z(k))). (2.5)

Thu~t toan U"O'chrong mo bao gom (2.3) va (2.5) voi di'eu ki~n ban dau ma x(OIO) = x(O) = x(to).
Tiep theo can xac dinh ham thudc Jl:z;(klk-l) (x) va Jl:z;(klk) (x) cua U"O'chrong x(klk - 1) va x(klk).
Tir phtrong trmh (2.3)' tHy r~ng:

JlA:z;(k-llk-l) (x) = P.:z;(k-1Ik-l) (A-1x)

JlGw(k-l) (x) = Jlw(k-l)( C-1x)

(2.6)

(2.7)

JlA:z;(k-llk-l)EllBu(k-l) (x) = JlA:z;(k-llk-l)(X - Bu(k - 1))
== Jl:z;(k-1Ik-l)(A-1x - Bu(k - 1)) . (2.8)

JlA:z;(k-1Ik-l)EllBu(k-l)EllGw(k-l)(X) = sup {JlA:z;(k-llk-l)EllBu(k-l)(x - q) /\ Jlw(k_l)(C-1q)}
q

ho~c
Jl:z;(klk-l) (x) = sup {Jl:z;(k-llk-l) [A-1x - Bu(k - 1) - q] /\ Jlw(k_l)(C-1q)}.

q
(2.9)

Tir phirong trlnh (2.5), tHy rhg:

Jl:z;(k)Ell(-z(k)) (x) = Jlv(k)(X - (-z(k))) = Jlv(k) (x + z(k))

Jl:z;(k)(x) = Jl-C-l [v(k)Ell( -z(k))] (x) = Jlv(kJl-CX + z(k)]

Jl:Z;(klk)(X) = Jl:z;(klk-l) (x) /\ Jlv(kJl-C-1X + z(k)]

voi Jl:z;(OIO)(x) = Jl:z;(O)(x).

Tom lai, pluro'ng ph ap [1] thu drro'c cac U"O'chrong mer (2.3) va (2.5) vO'i cac ham thuQc (2.9)
va (2.12).

Tir cac iroc hrong ma tren co th~ tHy m9t so d~ di~m Ill.:
a) Uac hrong ma [1] chira phai Ill. toi U"U.
b) Bai toan U"o'chrong mer toi U"Ucon Ill.bai toan me. Chinh VI v~y co th~ su..dung U"O'chrong

rnrr di thu dtroc lr [1] nhir quan sat dau ra mo'i M tien hanh I~p 1~ m9t Ian nira qua trlnh u"(YChrong
mo. Bai t_oan iroc hrong ma trang thai h~ (2.1) dira tren quan sat ma (2.3), (2.5) vO'i cac ham thu9C
(2.9) va (2.12) Ill.bai toan U"O'Chrong ma hai rmrc vci y tU"lrng xu~t phat tir [5].

(2.10)

(2.11)

(2.12)

3. BAI ToAN troc LtrQ'NG MO' MU'C THU' HAl VA MUC CAO HO'N

GC,)ix2(k - 11k - 1) Ill.iroc hrong mire hai cua x(k - 1) tren C<Y slr x(klk) nhir quan sat mci cho
den th<ri digm k.
GC,)iV2(k) Ill. sai so U"achrong ma rmrc thrr hai:

x(k) - x(klk) = V2(k). (3.1)

Viet (3.1) diroi dang phircng trlnh quan sat mer moi:

x(klk) ;::;,x(k) ffi (-V2(k)), (3.2)

trong do (-V2(k)) Ill.sai so quan sat ma ~frc th..r hai vO'i ham thu9C Jl-V2(k) (x) diro'c tinh nhir sau:

Jl-V2(k) (x) = Jl:z;(klk)Ell(-:z;(k)) (x) = sup {Jl:z;(klk) (x - q) /\ Jl-:z;(k) (q)}
q

= sup {Jl;(klk) (x - q) /\ Jl:z;(k)(-q)}. (3.3)
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Tren csr sO-(3.2) rr6-c hrong rmrc thrr hai thudc d. hai t~p ma x2(klk - 1) va x(klk), nhir v~y:

x2(klk - 1) = Ax2(k - 11k - 1) ffi Bu(k - 1) ffi Cw(k - 1) (304)

va rr6-c hrong mo' rmrc thu: hai Ia:

x2(klk) = x2(klk - 1) n x(klk) (3.5)

voi dih ki~n ban d~u ma x2(OIO) = x(OIO) = x(to).
Cac ham thuoc J.Lx2(k\k-l) (x) va J.LX2(k\k) (x) drrcc tfnh tmrng tlf nlnr (2.9) va (2.12). Kgt qua Ia:

ILAx2(k-l\k-I)EIlBu(k-I)EIlGw(k-l) (x) = J.Lx2(k\k-l) (x) =

= sup {J.LX2(k-l\k-l) [A -Ix - Bu(k - 1) - q]/\ J.Lw(k-l) (C-I(q)} (3.6)
q .

va J.Lx2(klk) (x) = J.Lx2(klk-l) (x) /\ J.Lx(klk) (x). (3.7)

Nhir v~y u'&c hro'ng rmrc thii' hai cho kgt qui (304), (3.5) voi cac ham thu9C (3.6) va (3.7)
turrng irng. Mi;>tvan de d~t ra c~n xem xet Ia: rr&c hrcng mci nay co tot hem theo nghia it ma hem
so vm (2.3)' (2.5) hay khOng?

D!nh ly 1. Cho trv:a-c h4 (2.1), quan sat (2.2). Ua-c Iv:q-ng mer mu-c thu- hai luon luon tot ho:« so
veri v:a-c luq-ng mer mu-c thu- nhat [1] theo nghia

J.Lx(klk-l) (x) > J.Lx2(kl(k-l) (x)

J.Lx(klk) (x) > J.Lx2(kldx)

Vk ~ 2

va Vk ~ 1

va-i x(OIO) = x2(OIO) = x(to).

ChtCnq minh. Tit quan h~ (2.5) voi (2.12) cua iro'c hrcng mer [1] rut ra

J.Lx(k) (x) ~ J.Lx(klk)(X).

S13: dung (2.2) va (3.2) thay vao (c.1)' ta co:

J.Lv(k)[-C-Ix + z(k)] ~ J.Lx(klk) (x).

S13: dung (2.3), (2.5)' (304) va (3.5) vao (e.z) ta I¥ c6:
Khi k = 1: theo (2.9) va (3.7) thi

(c.1)

(c.2)

/;Lx(IIO) (x) = J.Lx2(IIO) (x). (c.3)

Nlnrng theo (2.12) va. (3.7) ta lai c6

J.Lx(lll)(X) = J.Lx(IIO)(x) /\ J.LV(I)[-C-1x + z(l)],

J.Lx2(111) (x) = J.Lx2(1IO) (x) /\ J.Lx(lll)(X).

Vi v~y, ket hop (c.3)' (cA), (c.5) v&i (c.2) ta thu diroc:

J.Lx(lll) (x) > J.Lx2(111) (x).

(cA)

(c.5)

(c.6)

Khi k ~ 2: tir (c.6) suy r a
(c.7)J.Lx(klk-I)(X) > J.Lx2(klk-l) (x)

v a ket hop (c.?) voi (c.2) thu diro'c

J.Lx(klk) (x) > J.Lx2(klk) (x).

Nhir v~y Dinh lj 1 da. diro'c chimg minh.

D!nh ly 2 (T5ng quat h6a Dinh Iy 1). Cho h4 (2.1) va quan sat (2.2). Ua-c Iv:q-ng mer mu-c n luon
luon tot ho:« so v6-i ua-c Iv:q-ng mo- mu.c (n - 1) v6-i cung phv:erng phcf.p ua-c Iv:q-ng [1] tq,i cac mu-c
i16.

(c.8)
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Khrii ni~m tot ha n. i1v:q'c hilu theo nghia

JLx(n-l)(klk-l} (x) > JLx(n)(klk-l} (x)

va JLx(n-l)(klk} (x) > JLx(n)(klk} (x)

V(ri x(n - 1)(010) = x(n)(OIO) = x(tO).
ChU:ng minh. Cach chtrng minh hoan toan nrong tl! Dinh ly 1 vai quan niern rmrc (n - 1) la rmrc
thu: nhat va rmrc n la mire th-fr hai trong qua trinh u-ac hrong.

4. KET LU~N

Trong bai toan u-ac hrong trang thai h~ di?ng h9C tuygn tinh mer chiing t6i dii de xuat mi?t
phrrong phap u-o-chrong mer nhieu rmrc d~ phat tri~n de kgt qUAthu diro'c & [1]. Dinh ly 1 va Dinh
ly 2 khhg dinh tfnh U"U vi~t cda phiro'ng phap de xuat. Tuy nhien mi?t 86 van de con m& lien quan
Mn hai dinh ly nay la khi n --+ 00 kgt qua se ra sao? Van de nay can dtroc tigi> tuc nghien ctru,
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