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f)IEU KHIEN H~ TUYEN TINH KHOANG SU' Dl:JNG lOGIC MO"
v); NGUYEN l Y TAcH MO HINH

VU NHU LAN, VU CHAN HUNG, DANG THANH PHU, B)...CH 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.

T6m ti{ t. SUo dung logic mer va nguyen ly tach mo hlnh d~mg h9C, xay dung thu;j.t toan di'eu khign toi Ull h~
tuygn tfnh khoang chju nhi~u tac di?ng vo'i tfnh toan don gih va nhirng tinh cMt co lqi cho cac irng dung
trong cong nghiep.

Nguyen ly tach me hl.nh dira tren y tiro'ng bat ainh khodng ia S'/f ch~p nhD.u nhien csl« cae mo
hinh con TO va co thg bigu di~n nlnr hl.nh duxri day

Bat dinh dang h~ H~ Ma voi
N kh J -! ~ _---" 1---. Me hlnh con roso oang cua mo --... • cac lu~t tach

hlnh h~ thong

Hinh 1. M5i lu~t tucng irng voi m9t me hl.nh

Dieu khign h~ chiu tac d9ng nhi~u da diro'c nhieu t ac gia giai quydt kha tron v~n. Dg hurmg
den cac thu~t toan di'eu khidn thOng minh cho cac dang bat dinh khac nhau, biroc dau can xem xet
bai toan dieu khign voi bat dinh nhi~u va bat dinh diro'i dang ma tr~n h~ so khoang [7].

Xet h~ roi rac:

x(k + 1) = A(k) X(k) + B(k) U(k) + W(k),
Z(k) = H(k) X(k) + V(k),

(1.1 )
(1.2)

trong do:
x (k) E R" x i vecto' trang thai

voi: ky v9ng E[X(O)] = X(O), phircrig sai coy [X(O)] = P2(0), (1.3)
U(k) E Rmxl vecta di'eu khidn,

Z(k) E e= vecta quan sat,

A(k) E s=», B(k) E n=», H(k) E tr=, (1.4)
W(k) va V(k) la cac chu6i td,ng, chuitn d9C l~p v&i nhau va co cac d~c trtrng thong ke sau:

E[W(k)] = E[V(k)] = 0, (1.5)
COy[W(k), WU)] = Q2(k) o(k - i), (1.6)
COy[V(k), V(i)] = R2(k) o(k - i), (1.7)
COy[W(k), VU)] = COy[W(k), X(O)] = COy[V(k), X(O)] = O. (1.8)

Can tlm di'eu khign toi iru theo nghia dam bao cue tigu tieu chuitn sau day:
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N-l
J = E{ IIX(N)II~ + L (1IX(k)lltdk) + IIU(k)111dk))}'

k=O

(1.9)

Neu tat d. cac ma tr~n A(k), B(k), H(k) biet trtro'c thl t.ir ly t.huydt dieu khign nhir dil. biet [2]
tlm diro'c dieu khign toi U'U duo'i day:

U(k) = -L(k) X(k/(k - 1)). (1.10)

Cr day:

L(k) = [Rdk) + BT (k) M(k + 1) B(k)r1 BT (k) M(k + 1) A(k), (1.11)
M(k) = AT(k) M(k + 1) A(k) + Qdk) - LT(k) [Rdk) + BT(k) M(k + 1) B(k)] L(k), (1.12)

vo'i dieu kien M(N) = S.
U'o'c hrcng du: bao toi U'U:

X(k + l/k) = A(k) X(k/k - 1) + B(k) U(k) + K(k) [Z(k) - H(k) X(k/k - 1)] (1.13)

vo'i dieu kien ban dau X(1/0) = A(O) X(O).

H~ so Kalman

K(k) = A(k) P2(k/k - 1) HT(k) [H(k) P2(k/k - 1) HT(k) + R2(k)r1
. (1.14)

Hiep phtro ng sai cu a sai so dir bao:

P2(k + l/k) = A(k) P2(k/k - 1) AT(k)

+ A(k) P2(k/k - 1) HT(k) [H(k) P2(k/k - 1) HT(k) + R2(k)r1
.

H(k) P2(k/k - 1) AT (k) + Q2(k) (1.15)

vo'i dieu ki~n ban dau P(1/0) = A(O) P2(0) AT (0) + Q2(0).
Khi h~ (1.1), (1.2) chu'a bat dinh the' hien 6- cac ma tr~n A(k), B(k), H(k) la cac ma tr~n h~

so khoang vo'i cac phan tu' khoang thl h~ tuyeri tfnh (1.1), (1.2) diro'c goi la h~ tuyen tinh khoang
(interval linear system [5]). Thuat toan (1.10) den (1.15) chira cac ma tr~n khoang va cac vecta
khoang , ngoai tr ir x(O), P2(0), Ql(O), Q2(0), RdO), R2(0) va S.

ve nguyen titc se tlm dtro'c dieu khie'n toi U'U v&i rnoi a7
J
, b;" h~q n~m trong khoang dil. cho

nlurng se khOng tim drro'c di'eu khie'n toi U'U nao c6 y nghia cho toan khoang. Van de d~t ra d day la
ph ai tlm ra diro'c dieu khie'n toi U'U lien ket moi thong so ctl.a khoang ve m~t thong tin va c6 y nghia
dai dien trong toan b9 khoang d6. Chinh VI vay giii dap don gian va hi~u qua la su' dung logic mer
va nguyen ly tach mo hinh xli- ly bat dinh dtroi dang ma tr~n h~ so khoang cho van de dieu khie'n
tren.

2. DIED KHIEN srr DlJNG LOGIC MO'
Xet h~ tuyen tinh khoang (1.1), (1.2). Gia su' rbg tren CO' s6- phan tich thong tin tien nghiern

ve cac dir lieu ban dau, c6 the' xay dung diro'c m9t so dang ham thuoc chuan, lei tren cac dai hro'ng
khoang cu a h~ (1.1), (1.2). Vi du dang ham thuoc tam giac, hlnh thang, hinh chuang ... C6 the' chon
dang ham thudc khac nhau cho cac dai hrcng khoang.

2.1. Mo' hoa tl;li tirng thb'i di~m k

Gii sU:ma tr~n khoang A(k), B(k), H(k) c6 cac phan tu' khoang tU'CYIl.gtmg:
k [k ( ) k ( )] . - . -aij E aij - , aij +, t = 1, n, J = 1, n

b;, E [b;,(-), b;,(+)], e = 1, m, f = 1, n
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0- day

h~q E [h~q(-), h~q(+)], p = 1, T, q = 1, n

Tren cac khoang d6, xay dung cac t~p mo' A~j (k), B~~ (k), H~~ (k) tai t irng thai die'm k nhtr sau:

Ala(k) = {ak, /lla(ak) lak, E R /lla(ak). R --+ [0 ll}vs t]' r-t] tJ tJ r r>: tJ . ,

B~~(k) = {b;f' J-L~~(b;f) Ib;f E R, J-L~~(b;f): R --+ [0, 1]}
H:)~(k) = {h~q, J-L~~(h~q) I h~q E R, J-L~~(h~q) : R --+ [0, 1]}

/ll,a(ak) .» (bk ) va .» (hk ) 111. cac ham ehuiin loir'J 'J ' ref ef rpq pq ,
lail = 1, Mail, Mail - so t~p me cua phan tti: khoang a71 '

lbef = 1, Mbef, Mbef - so t~p mer cti a phan tu- khoang b;f '

lhpq = 1, Mhpq, Mhpq - so t~p me)' cu a ph an tti: khoang h~q .

2.2. Suy lu~n Ilia- t~i titng thai die'Ili k

Lu~t Rl (k) IF-THEN mo' t ai tU'ng thai die'm k - the' hi~n nguyen If tach mo hinh:
IF ak, is Ala (k) AND bk is Blb (k) AND hk is Hlh (k)

'J 'J ef ef pq pq
THEN

Xl(k + 1) = A(J-L, k) Xl(k) + B(J-L, k) Ul(k) + W(k), (2.1)
Zl(k) = H(J-L, k) Xdk) + V(k). (2.2)

n n m n T n
Trong d6: 1= i,M, M = IT IT Mail IT IT ui., IT IT Mhpq va trtro ng ho'p cac ma tr~n don

i=11=1 e=1 f=1 p=1 q=1
gih nhat e6 the' 111.:

A(J-L, k) = [J-L;j(a71) a71] , (2.3)

B(J-L, k) = [J-L~~(b;f) b;f]' (2.4)

H(J-L, k) = [J-L~~(h~q) h~q]. (2.5)

Nhu vh t.ai thai die'm k, dieu khie'n toi tru Ul(k) h~ (2.1)' (2.2) tim diro'c tren CO" sd (1.10) den
(1.15).

2.3. Giai Ilia- t~i tha-i die'Ili k

Di'eu khie'n toi tru t5ng ho'p e6 dang:
M

L: alUl(k)
U(k) = l=1 M ,0::; al ::; 1,

L: ai
l=1

(2.6)

trong d6 al t iiy chon.

Tinh chat 1.

G9i Umin(k) = min{Udk), U2(k), , UM(k)},
UmaAk) = max{Udk), U2(k), , UM(k)}.

Khi d6 Umin(k) < U(k) ::; Umax(k). (2.7)

H~ qua 1. Khi a1 = a2 = ... = ou = 1, tit (2.7) nhqn dsro:c:

Umin(k) < U(k) < Umax(k). (2.8)

H~ qua 2. Gqi
Jmin(k) = min{J(Udk))' J(U2(k)), , J(UM(k;))},
Jmax(k) = max{J(Udk))' J(U2(k)), , J(UM(k))},
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tit: (2.7) suy ra:
Jrnin(k) ::::;J(U(k)) < Jrnax(k). (2.9)

Tinh chat 2. Gii stl: do sai so tinh toan, thu dircc:

dhden

U;(k) = u, (k) + ~Uf(k),

U'(k) = U(k) + ~U(k).

~Urnin(k) = min{I~Udk) I, I~U2(k)l, , I~UM(k) I},
~Urnax(k) = max{I~Udk)l, I~U2(k)l, , I~UM(k)I},

I . I - gia tr] tuy~t doi. Khi d6:

G<;>i

~Urnin(k) < I~U(k)1 ::::;~Urnax(k). (2.10)

3. HAM THUQC v61 cAc THONG SO Tal lTU

811-dung logic mer trong cac bai toan dieu khi€n [3,7] nhm chung khOng dira ra each chon cac
thOng so ham thuoc. Vi v~y phan nao han che d9 chinh xac cua di'eu khi€n. Di khiic phuc kh6 khan
nay can xac dinh cac thOng so ham thuoc theo m9t tieu chua:n toi tru nao d6. Gii s11-chon ham
Gauss cho toan b9 cac khoang. G<;>i:

la ( k) l' h' th A G ,. 2 hA
H la lal1-ij aij a am u<;>c auss VO"l tong so aij, aij ,

lb (bk ) l' h' hAG ,. 2 hA
H bib lbl1-ef ef a am t u<;>c auss VO'l tong so ef' aef '

lh (hk ) l' h' th A G e » 2 hA
H hlh lhI1-pq pq a am u<;>c auss VO"l tong so pq' apq.

Nhir v~y c6 the' bie'u di~n (2.1)' (2.2) duoi dang

Xl(k + 1) = A(I1-~j(a~j, a~j), k) Xl(k) + B(I1-~~ (b~~, a~~), k) Ul(k) + W(k), (31)

z, = H(I1-~~(h~~, a~~), k) Xl(k) + V(k). (3.2)

& day A( ) [la (k la la) k]. = l1-ij aij' aij' aij aij ,

BC) = [11-~~(b;f, b~~, a~~) b;f ],

H(·) = [11-~~(h;q, h~~, a~~) h;q].

(3.3)

(3.4)

(3.5)

C6 nhieu phiro'ng ph ap nhan dang thong so h~ (3.1), (3.2) nhir loc Kalman m& r9ng xap xi ngh
nhien, bmh phtro'ng cue ti€u hoac str dung rn ang noron, thu~t toan di truy'en [1,4].

Tuy trtrong hop c¥ the' rna sti' dung phircng ph ap nh~n dang thong so ham thuoc cho thich hop.

4. THU~T ToAN CHUNG DIEU KHrEN H~ KHOANG SU DVNG
LOGIC Mer VA NGUYEN LY TAcH MO HINH

T~i tirng thoi die'm k, voi cac dai hro'ng ban dau: N, X(O), P2(O), Qdk), Q2(k), Rdk), R2(k),
Ql(k), aij(-), aij(+), bef(-), bef(+), hpq(-), hpq(+), thuc hi~n cac buxrc sau:

Bu a c 1:
Tao cac dai hrqng ngh nhien phan be deu afj, b:g, h~q dei vai cac khoang.

Buac 2:
Tren CO' sO-ham thuoc dii diro'c chon (tam giac, hmh thang, hmh chuang), xac dinh dtro'c:

la (k ola) lb (bk Olb) lh (hk Olh)l1-ij aij' ij , l1-ef ef' ef ' I1-pq pq' pq ,
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trong d6 e(:l la vectrr tham s5 ham thuoc.

Bu ac 9:
Tjr lu~t Rl(k) tlm dIeu khidn toi ttru h~ (3.1), (3.2) stl: dung cac bigu thirc (1.10) den (1.15) cue tigu
ham muc tieu (1.9). Nh~n diro'c Udk}, l = 1, M.
Xac dinh dIeu khign toi iru t5ng ho p U(k) theo (2.6).

Beac 4:
Ti5i U'Uh6a thOng s5 ham thuoc eH bhg m9t trong nhirng phirong ph ap nhan dang thich hop [1],
nh~n du'o'c:

lL~j(a7j' ei}a), 1L~~(b~f' e:?), 1L~~(h~q,e;~h).
Bu a c 5:
Quay tHY lai thirc hien buxrc 2, va brro'c 3. Ket qua nhan diro'c dIeu khign toi U'Uvo-i thong so ham
thucc t5i U'U Ut(k) cti a tung lu~t Rl(k) va xac dinh diro'c dieu khiEfn t5i U'U t5ng hop U*(k) theo
(2.6).

Van de dieu khiEfn h~ tuyen tinh c6 thg st\.·dung cong cv ly thuyet dieu khign hen vimg (robust
control) ho~c dieu khiEfn trong che d9 trtrot (sliding mode). Song chll.c chitn se phirc tap vi ma tr~n
h~ s5 khoang thuo'ng diro'c ph an ra thanh da thirc v6i h~ s5 khoang chira biet. Nhir vay se dh den
vi~c giAi phuong trinh Riccati bi bien dang va hili toan t5i U'U dang sup min khOng don gian [5]. (;
day dira ra m9t quan diEfm khac dua tren y tu'6ng bat iiinh khodng la S'lf chqp ngciu nhien c-da ctic
mo hinh iiqng ho c con. Day la nguyen ly tach mo hinh iiqng hoe. Tu' day c6 thg s11'dung logic mer,
xay dung thu%t toan dieu khiEfn cho phep xac dinh dieu khiEfn toi 11'Uffii;lng thOng tin ve toan khoang
c6 y nghia lit dieu khiEfn toi 11'Udai dien trong dieu ki~n bat dinh dtroi dang ma tr%n h~ so khoang
trong h~ tuyen tinh c6 nhi~u tic d9ng. Trong trtrong hop s11'dung thu%t toan m9t each don gih
c6 thg bo qua biroc 4 va bircc 5. Thu%t toan de xufit khOng bi han che khi sd' dung cho cac h~ phi
tuyen vrri vecto: thong s5 bat dinh durri dang khoang. Nhir v%y rat thuan ti~n cho cac irng dung
trong cong nghiep.

TAl L~U THAM KHAO

[1] Anass B. et al., Nonlinear dynamic system identification, Int. J. of Control 72 (7-8) (1999)
591-602.

[2] C. H. Houpic, G. B. Lamont, Digital Control System: Theory, Hardware, Software, McGraw-Hill,
series in electrical engineering, Control Theory, 1992.

[3] Hao Ying, The Takagi-Sugeno fuzzy controllers using the simplified linear control rules are
nonlinear variable Gain controllers, Automatica 34 (2) (1998) 157-167.

[4] L. X. Wang, Adaptive Fuzzy Systems and Control, Prentice Hall, 1994.
[5] T. E. Djaferis, Robust Control Design, Kluwer Academic Publichers, 1995.
[6] Vii Nh11'Lan, Vii Chan Hung, D~ng Thanh Phu, Thiet ke mer nh an dang h~ thong t5i 11'U,Khoa

hoc va Cong ngh~ 39 (4) (2001) 12-19.
[7] Yen I. R. Langari and Zadeh L. A. (eds) , Industrial Applications of Fuzzy Control and Intelligent

Systems, IEEE Press, New York, 1995.

Nhqn bai ngay 28 - 2 - 2001
Nhqn lei sau khi sJ:a ngay 14 - 4 - 2001

Vi~n Gong ngh~ thong tin.


