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PIEU KHIEN HE TUYEN TiINH KHOANG SU° DUNG LOGIC MO
VA NGUYEN LY TACH MO HINH

VU NHU LAN, VU CHAN HUNG, PANG THANH PHU, BACH DONG NAM

Abstract. Using fuzzy logic and principle of separation of the dynamical models to design an algorithm of
the optimal control for interval linear stochastic system with simple computations and useful properties for
the applications in industry.

Tém tdt. St dung logic m& vi nguyén 1y tdch md hinh ddng hoc, xay dung thuit todn didu khign t8i uwu hé

tuyén tinh khodng chiu nhidu tdc dong véi tinh todn don gidn va nhiing tinh chét c¢é loi cho céc dng dung
trong cong nghiép.

1. PAT VAN DE

Nguyén 1y tdch mé hinh dwa trén y twéng bdt dinh khodng ld sw chdp nhdu nhién cda cdc mé
hinh con 76 vi c6 thé bi€u dién nhw hinh duéi diy

Bit dinh dang hé ——— & M véi
s6 khodng cda m6 ——— .
hinh hé théng —

. ar + 2.1 |—— MO0 hinh con ro
céc ludt tach

Hinh 1. M&i luit twong tmg véi mét mé hinh

Dieu khién hé chiu tdc dong nhi€u di dwoc nhiéu téc gid gidi quyét kha tron ven. D€ hudmg
dén cic thuit todn diéu khién théng minh cho cic dang bit dinh khic nhau, buéc diu cin xem xét
bai todn ditu khi€n véi bit dinh nhidu vA bt dinh dwéi dang ma trin hé s§ khodng [7].

Xét hé roi rac:

z(k + 1) = A(k) X (k) +
Z(k) = H(k) X(k) +

< W
=
=
K
+
3
=

trong dé:
X (k) € R**! vecto' trang théi

véi: ky vong E|X(0)] = X(0), phwong sai cov[X(0)] = P;(0), (1.3)
U(k) € R™*! vecto didu khién,
Z(k) € R™*! vecto quan sat,

A(k) € R™>™, B(k) € R™*™, H(k) € R™>™; (1.4)
W (k) v V (k) 13 céc chubi tring, chu&n ddc 14p véi nhau va ¢6 céc dic trung thdng ké sau:
E[W (k)] = E[V (k)] =0, (1.5)
cov [W (k), W (5)] = Qz(k) 6(k — 7), (1.6)
cov[V (k),V(5)] = Rz(k) 6(k — 7), (1.7)
cov [W (k), V (5)] = cov[W (k), X(0)] = cov [V (k), X(0)] = O. (1.8)

Cin tim didu khi€n t8i wu theo nghia ddm bdo cuc ti€u tiéu chuan sau day:
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J = E{|IX(™) n2+z 1XC)IZ, ) + 10 (B2, ) }- (1.9)

Néu tdt cd cdc ma tran A(k), B(k), H (k) biét trwéc thi tir ly thuyét didu khién nhu da bi€t [2]
tim dwoc diéu khién t3i wu duéi diy:
U(k) = —L(k) X (k/(k — 1)). (1.10)
o day:
L(k) = [Rui(k) + BT (k) M(k + 1) B(k)] " BT (k) M (k + 1) A(k), (1.11)
M (k) = AT (k) M (k + 1) A(k) + Q1 (k) — LT (k) [R.(k) + BT (k) M(k + 1) B(k)] L(k), (1.12)
véi diu kién M(N) = S.

Uéc luong du bao t8i wu:

X(k+1/k) = A(k) X(k/k — 1) + B(k) U(k) + K(k) [Z(k) — H(k) X(k/k — 1)] (1.13)
véi digu kién ban diu X(l/O) A(0) X(0).
Hé s6 Kalman
K (k) = A(k) Py(k/k — 1) HT (k) [H(k) P;(k/k — 1) HT (k) + Rz (k)] . (1.14)

Hiép phuong sai cia sai s8 du bao:

Py(k+1/k) = A(k) Py(k/k — 1) AT (k)
+ A(k) Pa(k/k — 1) HT (k) [H (k) Pa(k/k — 1) HT (k) + Rz (k)] "
H(k) Po(k/k — 1) AT (k) + Q2(k) (1.15)

véi digu kién ban dau P(1/0) = A(0) P»(0) AT (0) + Q2(0).

Khi hé (1.1), (1.2) chtra bat dinh thé hién & cic ma tran A(k), B(k), H(k) 12 cic ma tran hé
s6 khodng v&i cdc phin td khodng thi hé tuyén tinh (1.1), (1.2) dwoc goi la hé tuyén tinh khodng
(interval linear system [5]) Thuit todn (1.10) dén (1.15) chta cdc ma tran khodng va cic vecto
khodng, ngoai trir z(0), P2(0), Q1(0), @2(0), R1(0), R2(0) va S.

V@ nguyén tic sé tim dwgc dieu khién t5i wu véi moi afj,
nhung sé khéng tim dugc dieu khi€n t3i wu nio cé y nghia cho toan kho:ing. Vin dé dit ra & day 1a
phdi tim ra dugc diéu khién t8i wu lién két moi théng s8 cda khodng vé mit théng tin va c6 ¥ nghia
dai dién trong toan bd khodng dé. Chinh vi viy gidi ddp don gidn vi higu qud 1a si dung logic m&
va nguyén ly tach mé hinh xi& ly bit dinh duéi dang ma tran hé s6 khodng cho vin dé diéu khi€n
trén.

bef, h'c nam trong khodng di cho

2. PIEU KHIEN SU DUNG LOGIC MO’

Xét hé tuyén tinh khodng (1.1), (1.2). Gi4 sd ring trén co s& phan tich thong tin tién nghiém
vé cac dir liéu ban diu, cé thé xiy dung dwoc mét s dang ham thubc chuin, 18i trén cic dai lwong
khodng cda hé (1.1), (1.2). Vi du dang ham thudc tam gidc, hinh thang, hinh chuéng... C6 thé chon
dang ham thudc khic nhau cho cic dai lwong khodng.

2.1. Mo héa tai tirng thoi didm k
Gid st ma tran khodng A(k), B(k), H(k) cé céc phin td khodng twong tng:
af; € [ak(-), ak (+)], =T 4

b:fe[b’ecf(—)i be(+)]> e=1,m, f= y N
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h’,;q € [h,;q(—): h’;q(ﬂ} ) P= ﬁ) g=1n
Trén cidc khodng d6, xay du'ng cic tip md A’f‘-(k) B % (k) H'h(k) tai timg thoi di€m k nhu sau:
A’“ —{a”,u” ER, ,u,”( ") R — [0, 1]}
Blb _{bef"ucf lb ’p‘ef( ) R_’[O) 1]}
Hxlrt; = {hpq’ “pq pq |h € R, 'u'pq(hk JeR—» |0, 1]}

o} day u”( i uef(bk ) va ,u,pq( o) 12 cdc ham chuén 15i,
Goi la;; =1 Ma” , Ma;; - s8 tip m& cda phan ti khodng a” ;
lb.; =1,Mb.;, Mb.s - s8 tip md& cda phin ti& khodng bef ,
lhyq =1, Mhyy, Mhy, - s8 tip m& cida phin ti khodng h%,
2.2. Suy luan mo tai tirng thoi diém k
Luédt R'(k) IF-THEN m¢ tai tirng thoi di€m k-thé hién nguyén ly tdch md hinh:
IF afj is Ai‘;(k) AND b’;f is Bil}(k) AND hﬁq is HLZ”(k)
THEN

s
=
+
=
I
-
E
=
>
=
_l_
=
=
=
=
=
+
=
=
=

n n m n T n

Trong d6: 1 =1,M, M = [] [] Ma;; [I [I Mbey [I II Mhpy va trudng hop cic ma tran don
1=1 g=1 e=1 fi=l p=1 ¢q=1

gidn nhit ¢ thé la:

Alp, k) = [pi2(al;) ak], (2.3)
B(p, k) = [} (b)) bk, ], (2.4)
H(, k) = [l (hE) 5, (25)

Nhuw viy tai thoi di€m k, digu khi€n t3i wu U;(k) hé (2.1), (2.2) tim dwoc trén co s& (1.10) dén
(1.15).

2.3. Gidi mo tai thoi diém k

Pidu khién t8i wu t6ng hop c6 dang:
Ulk) = =——, 0<a <1, (2.6)
trong dé o, tuy chon.

Tinh chit 1.
GOl Umin(k) = mln{Ul(k)y UZ(k)’ sy UM(k)};

Umax(k) = max{U,(k), Uz(k), ..., Unt (k)}.
Khl dé Umin(k) S U(k) S UmaX(k)' (27)
Hé quad 1. Khia; = az = ... = ap = 1, t& (2.7) nhdn dwgc:
Unin(k) < U(k) < Umax(k). (2.8)

Hé qua 2. Gos
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HE (BT dug ru: Junin (k) < J(U(K)) < Tonae k). (2.9)

Tinh ch&t 2. Gii st do sai s§ tinh toén, thu dwoc:
U} (k) = U, (k) + AU(k),
d4n dén U'(k) = U(k) + AU (k).
Goi AUpin (k) = min{|AU; (k)|, |AUz(K)], ..., |AUm (k) |},
AUpax(k) = max{|AU, (k)|, |AU(K)|, ..., |AU (K)|},
|- | - gid tri tuyét d8i. Khi dé: '
AUpin(k) < [AU ()| < AUpax(k). (2.10)

3. HAM THUQC VGOI CAC THONG SO TOI UU

St dung logic m& trong cdc bai todn didu khi€n [3,7] nhin chung khéng dwa ra cich chon céc
thong s& ham thudc. Vi vay phan nao han ché dd chinh x4c cda diéu khi€n. D& khic phuc khé khin
nay cin xdc dinh céc théng s6 ham thudc theo mét tiéu chuin t3i wu ndo d6. Gid st chon him
Gauss cho toan bd cic khodng. Goi:

"‘(a’c ) 1a ham thudc Gauss véi 2 théng s8 al%,o!%

i71%4i5
l“e/ (b’c ) 1a him thuéc Gauss véi 2 thong s8 bef, g} ,
ik (RE,) 13 ham thudc Gauss véi 2 thong s8 Rk otk
Nhu viy c6é thé bi€u dién (2.1), (2.2) duéi dang
Xl(k + 1) = A('u'tJ( 1]’ ) k) Xl(k) (“ef (bef) ef) k) U’(k) T+ W(k)) (31)
4 = H("pq(hg;’ ) k) Xi(k) +V (k). (3.2)
& aiy 400 = [ ey 2, ) ) 9
B(") = [wey (bes» bep» oe7) bes ), (3.4)

H() = [y (hpos g

rq’ "'pq?

o) hs]. (3.5)

Cé nhigu phwong phdp nhan dang thong s hé (3.1), (3.2) nhu loc Kalman mé réng xdp xi ngiu
nhién, binh phwong cuc ti€u hodc st dung mang noron, thuit todn di truyén [1,4].

Ty trudmg hop cu thé ma st dung phuwong phdp nhin dang théng s6 ham thudc cho thich hop.

~ ’ A ) ~
4. THUAT TOAN CHUNG PIEU KHIEN HE KHOANG SU DUNG
LOGIC MO VA NGUYEN LY TACH MO HINH

Tai tirng thoi diém k, véi céc dai lwong ban diu: N, X(0), P;(0), Q.1(k), Q2(k), Ri(k), Rz(k),
ai(k), ai; (=), aij(+), bes (=), bes(+), hpqa(—), hpqe(+), thuc hién cic buéc sau:
Budc 1:
Tao cac dai lwong ngiu nhién phin bé déu afj, bfg, h';q d3i vé1i cac khodng.
Buégc 2:
Trén co s& ham thudc di dwgc chon (tam gidc, hinh thang, hinh chudng), x4c dinh dwoc:

wig(afy, 0:3), mer (657, 627) g (hpgs Ope),
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()

trong d6 6 ) 1a vecto tham s6 ham thudc.

Budc 3: .
T luat R'(k) tim di¢u khi€n t3i tuwu hé (3. 1), (3
ham muc tiéu (1.9). Nhin dwoe Ui(k), ! =1,
Xéc dinh dieu khi€n t3i wu t3ng hop U(k) th
Budc 4:
T38i wa héa théng s6 ham thudc 98 bing mdt trong nhitng phuong phdp nhén dang thich hop [1],
nhan duoc:

"l"l]( {c]7 g*la)’ luef (b':f’ 0:?))’ p‘pq(h,;q’ egflh)
Buwédc 5:
Quay trd lai thue hién buwéc 2, va bréc 3. K&t qué nhan dwoc ditu khi€n t5i wu véi théng s8 ham
thudc t3i wu U} (k) cda ting ludt R'(k) va xdc dinh dwoc digu khi€n t3i wn tdng hop U*(k) theo
(2.6).

3.2) st dung cic biéu thirc (1.10) dén (1.15) cuc tiéu

( 6).

5. KET LUAN

Vin dé diéu khi€n hé tuyén tinh c6 thé st dung céng cu ly thuyét ditu khién bén virng (robust
control) hogc didu khi€n trong ché dd truwot (sliding mode). Song chic chin sé phirc tap vi ma trin
hé s3 khodng thudng duwoc phan ra thanh da thic véi hé s6 khodng chua biét. Nhu viy sé din dén
viéc gidi phwong trinh Riccati bi bi€n dang va bai todn t8i wu dang sup min khéng don gidn [5]. o]
diy dwa ra mét quan di€ém khéc duwa trén ¥ tuwdng bdt dink khodng ld sw chdp ngdu nhién cda cdc
mé hinh déng hoc con. Day 1a nguyén Ij tdch mé hinh déng hoc. Tir diy cé thé st dung logic md,
xiy dung thuit toin diéu khi€n cho phép xdc dinh diéu khién t3i wu mang théng tin vé toan khodng
¢6 ¥ nghia 13 diéu khién t3i wu dai dién trong diéu kién bt dinh dwéi dang ma tran hé s6 khodng
trong hé tuyén tinh cé nhi€u tic dong. Trong trudng hop st dung thuit todn mét cich don gidn
c6 thé b qua bwéc 4 vi buée 5. Thuit toan dé xudt khéng bi han ché khi s& dung cho cic hé phi
tuyén véi vecto thong sd bat dinh dwéi dang khodng. Nhu vy rat thuin tién cho cac tng dung
trong cong nghiép.
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