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U'GC LUONG NHIEU MUC TRANG THAI HE PONG LUC
TUYEN TiNH MO

VU NHU LAN, VU CHAN HUNG, PANG THANH PHU

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

1. MO DAU

Céc tac gid [1] d3 tOng két bai todn wéc lwong trang thai hé ddng lwc tuyén tinh mo dwoce xét
trong [2- 4] trén quan di€m diéu kién ban diu mé& va nhiéu loan mé. Diy 12 bii todn con m&. Chinh
vi vdy, trong bai bdo nidy ching t6i mudn phét trién cac két qui [1-4] dua trén y tuéng [5] - wéc
lwong nhiéu mirc.

2. DPAT BAI TOAN
Xét hé doéng luc tuyén tinh me
z(k + 1) = Az(k) @ Bu(k) ® Gw(k) (2.1)

vél zg = I(to).
Phuong trinh quan sit mé tai diu ra:
‘ z(k) = Cz(k) ® v(k), (2.2)
& day:
z(to) 12 dieu kién ban diu vi 13 tip m& n-chiéu x4c dinh trén R™,
u(k) 12 d3u vio diéu khi€n, dwoc bi€t chinh xic,
w(k) 13 nhiéu diu vio va 13 tip md m-chiéu xdc dinh trén R™,
v(k) 1d nhiéu quan sit m& va 13 tip m& p-chitu x4c dinh trén RP,
A, B, G, C la cic ma tran cé cac gid tri thwe khéng m& dwoc bi€t trwée va cé chidu twong dng.
Bai toan wéc lwong trang thai & (1] dwoc d3t ra nhw sau:
Cho (z) hé thdng dwoc mé t4 bing phuong trinh trang thii m& (2.1),
(ii) tap cac tin higu diéu khién biét chinh xdc u = {u(0),u(1),...,u(k — 1)},
(i1) tap cdc tin hiéu ra m& z = {2(1), 2(2), ..., 2(k)}. :
Tim wéc lwong mé z(k|k) cda trang thai mo& z(k).
Tir [1) c6 thé tém tit thuit todn wéc lwong bao gdm hai buéc sau day:
Buéc 1: Gid st z(k — 1]k — 1) 1 wéc luwgng cda z(k — 1) dya trén co s& cdc quan st dén thoi di€m
(k—1). Khi d6 wéc luwong du béo trang thii trwéc mét buéc 13 z(k|k — 1) s€ nhén dwoc tir phuwong
trinh sau:
z(klk — 1) = Az(k — 1|k — 1) ® Bu(k — 1) ® Guw(k — 1). (2.3)

RS rang ring wéc lwong niy him chira mdt tip cic trang théi cé thé dat dén tr z(k — 1]k — 1).
Buéc 2: Hiéu chinh z(k|k — 1) trén co s& quan sit z(k) m& & d3u ra (2.2) bing cach gidi phwong
trinh (2.2) d&i vé1 z(k), ta thu duoc:

z(k) = C™[z(k) — v(k)] = —C~*[v(k) ® (—2(k))]. (2.4)
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Nhu viy, wéc luwong z(k|k) cda trang thai z(k) s€ thudc cd hai tip m& z(k|k — 1) va z(k) tinh dwoc
qua (2.4) nhu sau:

z(k|k) = z(k|k — 1) " —C~*[v(k) ® (—=(k))]. (2.5)

Thudt todn wéc lwong m& bao gom (2.3) va (2.5) véi diéu kién ban ddu m& z(0|0) = z(0) = z(to).
Ti€p theo cin xdc dinh ham thudc pg(kjk—1)(z) V3 Ka(kjk)(z) cda wéc lugng z(k|k — 1) va z(k|k).
Tir phuwong trinh (2.3), thiy ring:

BAs(k—1)k-1)(Z) = o(k—1jk-1) (A" z) (2.6)

" bew(e-1) (2) = pu(e-1) (G 2) (2.7)
#Az(k—1|k—1)e>Bu(k—1)(I) = l‘Aa;(k—1|k—1)(I — Bu(k - 1))

= p.,(k_”k_l)(A_lz — Bu(k—1)) . (2.8)

#Az(k—1|k—1)e>Bu(k—1)er(k—1)($) = sup {MAz(k—1|k—1)eBu(k—1)($ —q) A l‘w(k—l)(G~1‘I)}
q

hoic
Ha(kjk—1) () = sup {paz(k—1k-1)[A7 2 — Bu(k — 1) — ] A py(xk-1)(G 1) }. (2.9)
q
Tir phuong trinh (2.5), thiy ring:
Ha(k)e(-=(k)) (2) = po(k) (2 — (—2(K))) = bo(k) (z + 2(K)) (2.10)
Ba(k) (2) = Boc-1 (k) (—2(k))} (E) = Bu(k)[~Cz + 2(k)] (2.11)
#:(k|k)($) = HBz(k|k—1) (z) A Hy(k) [_0—12 + (k)] (2.12)

V61 pig(0)0) () = Hz(0)(2)-

Tém lai, phuong phap [1] thu dwoc cdc wéc lwong md (2.3) va (2.5) véi cdc ham thude (2.9)
va (2.12).

Tir cic wée lwong mo trén c6 thé thiy mét s8 dic di€m la:

a) Uéc lwong md [1] chwa phdi 13 t8i wu.

b) Bai todn wéc lwgng mé t8i wu con 13 bai todn mé. Chinh vi viy cé thé st dung wéc lwong
m¢& da thu dwoc & [1] nhu quan sit ddu ra méi d€ tién hanh 13p lai mét Iin nira qué trinh wéc lwong
m¢. Bai todn wéc lwong mo trang thai hé (2.1) dya trén quan sit mé (2.3), (2.5) véi cic him thude
(2.9) va (2.12) 13 bai todn wéc lwong mé hai mirc véi y twdng xudt phat tir [5].

3. BAI TOAN U'G'C LUQONG MO MUC THU HAI VA MUC CAO HON
Goi z2(k — 1|k — 1) 13 wéc lwong mirc hai cda z(k — 1) trén co s& z(k|k) nhu quan sidt méi cho

dén thoi di€m k.
Goi V2(k) 14 sai s8 wéc lwong mé mirc thi hai:

z(k) — z(k|k) = V2(k). (3.1)

Viét (3.1) duéi dang phuong trinh quan sdt m& méi:
z(k|k) = z(k) ® (—V 2(k)), (3-2)
trong dé (—V2(k)) 14 sai s§ quan sit m& mirc thir hai véi ham thudc p_v (k) (z) dwoc tinh nhu sau:

B-va(k) (%) = Ba(klk)o(—z(k)) () = sup {Ka(klk) (€ — @) A B_z(x)(9) }
q

= sup { Ko (kjk) (z — 9) A pa(i) (—9) }- (33)
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Trén co s& (3.2) wée lwong mic thi hai thudc cd hai tip me& z2(k|k — 1) va z(k|k), nhu vay:
z2(klk — 1) = Az2(k — 1]k — 1) @ Bu(k — 1) ® Gw(k — 1) (3.4)
va wéc lwong mé mire thi hai la:
z2(k|k) = z2(k|k — 1) N z(k|k) (3.5)
véi digu kién ban diu m& z2(0]0) = £(0|0) = z(to).
Cac ham thudc pao(kjk—1)(2) V& poa(kjk) (2) dwoe tinh twong tw nhu (2.9) va (2.12). Két qud la:
#Az2(k—1|k—1)eBu(k—1)er(k—1)(I) = Il'a:2(k|k—1)(z) =
=D {ba2(k-1]k-1)[A7 2 — Bu(k — 1) — ¢] A pyy (k-1) (G (q) } (3.6)

#zz(k|k)(1') = #z2(k|k—1)(1) N B (k|k) (z)- (3.7)

Nhw viy wéc lwong mirc thi hai cho két qud (3.4), (3.5) véi céc ham thudc (3.6) va (3.7)
twong ¥ng. Mét vin dé dit ra cin xem xét 1a: wéc lwong méi nay cé t8t hon theo nghia it m& hon
so véi (2.3), (2.5) hay khéng?

Dinh ly 1. Cho trudc hé (2.1), quan sdt (2.2). Uédc lugng mo mic thi hai luén luén tét hon so
v&1 wdc lwong mo mic thé nhdt [1] theo nghia
Pa(klk-1) (€) > pa2(ki(e-1)(z) V22

v Bz (klk) (Z) > poz(kik(2) Vk>1

vd1 z(0]0) = z2(0|0) = z(to).
Chitng minh. T quan hé (2.5) véi (2.12) cia wéc lwgng mo [1] rit ra

Ba(k) (2) > pa(k|k)(z)- ' (c.1)
St dung (2.2) va (3.2) thay vao (c.1), ta cé:
o) [—C ™z + 2(K)] 2 po(kix) (2)- ' (c.2)

St dung (2.3), (2.5), (3.4) va (3.5) vao (c.2) ta lai cé:
Khi k£ = 1: theo (2.9) va (3.7) thi

Ba(1)0) (2) = Haz2(1)0) (2)- _ (c.3)
Nhung theo (2.12) va (3.7) ta lai cé
Ha(1]1)(2) = Bz(1)0)(2) A pv (1)[-C 'z + 2(1)), (c-4)
Ba2(11) (%) = Baz(1)0) (2) A Ba(1)1)(2)- (c.5)
Vi viy, két hop (c.3), (c.4), (c.5) véi (c.2) ta thu dwoc:
Baz(1)1)(2) > pzz(1)1)(2)- (c.6)
Khi k > 2: tir (c.6) suy ra
Ba(klk—1)(Z) > Hoz(klk—1)(Z) (c.7)
va két hop (c.7) véi (c.2) thu duoe
B (ki) (Z) > Baz(kk) () (c.8)

Nhu v3ay Dinh 1y 1 d3 duwoc chitng minh.

Dinh 1y 2 (Téng quit héa Dinh Iy 1). Cho hé (2.1) vd quan sdt (2.2). Uéc lwgng mé mitc n luén
luén tét hon so vé1 wdc lwong mé mic (n — 1) vé1 cing phwong phdp wéc lwgng [1] tai cdc miic
do.
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Khdi niém tét hon dwac hi€u theo nghia
Bz(n—1)(klk—1)(Z) > Bz(n)(kk-1)(Z)

vd Ba(n—1)(klk) (Z) > Ha(n)(k|k) (2)

v61 z(n — 1)(0|0) = z(n)(0|0) = z(to).

Chi#ng minh. Cich ching minh hoan toan twong tw Pinh 1y 1 véi quan niém mic (n — 1) 13 mic
thi nhat v mic n 1 mirc thi hai trong qué trinh wéc lwong.

4. KET LUAN

Trong bai toin wéc lwong trang thai hé dong hoc tuyén tinh md& ching t6i da dé xuit mot
phuong phip wéc lrgng mé nhigu méc d€ phét tri€n cic két quéd thu dwoc & [1]. Dinh ly 1 va Dinh
1y 2 khdng dinh tinh wu viét cda phuwong phédp dé xuat. Tuy nhién mét s8 vin dé con mé lién quan
dén hai dinh ly ndy 13 khi n — oo két qud sé ra sao? Van dé niy cin dwoc ti€p tuc nghién ctu.
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