
Bat dinh tham s6
khoang cd a h~ thong ===I~ IF -THENI >

Mo hmh It&c
hrong h~ th6ng

T~p chf Tin hqc va. Dieu khi€n hoc, T.18, S.l (2002), 44-50

NGUYEN LV TAcH MO HINH VaILU~T IF-THEN
" , 'A,l A ,c

VA U'NG Dl:JNG TRONG DIEU KHIEN H~ PHI TUYEN

vu NHU LAN, VU CHAN HUNG, D~NG THANH PHU

Abstract. In this paper we propose a principle of the model separation with IF - THEN rule for control of
the uncertain interval nonlinear dynamical systems in sliding mode.

T6Ill tlh. Bai bao nay trlnh bay nguyen ly tach ma hlnh bang lu~t IF - THEN M di'eu khie'n h~ di?ng hoc
ba:t dinh phi tuyen khodng trong cM di? tnrct.

1. MO· DAU

Trong cac nghien ciru gan day ve nh~n dang va dieu khi~n h~ tuydn tinh trong dieu ki~n bat
dinh tham so khoang. cac tae gii [4,5] da sd- dung phuong phap tach mf hmh don gian va thuan
lei eho cac trng dung. Phuong ph ap nay du a tren y tU"<Yngcua nguyen ly tach trong bai toan dieu
khi~n t6i 1tU h~ tuyen tinh chiu tac dong nhi~u [1]. Nguyen ly nay diro'c phat bi~u nhtr sau: "Bai
toan di'eu khi~n toi tru h~ tuyen tinh chin tac d<:mgnhi~u dircc tach thanh bai toan U"ae hrong tili
tru trang thai h~ thong va bai toan dieu khi~n t6i 1tU h~ tien dinh".

C6 th~ coi phtrong ph ap [4,5] th€ hien mi;>tquan di€m phat tri€n nguyen ly tach neu tren sang
bai toan dieu khi€n h~ tuyen tinh voi bat dinh tham so khoang. Nguyen ly tach diro'c phat tri€n nay
diro'c goi la nguyen ly tach mo hinh (NLTMH). Chung toi tiep tuc nghien ciru bai toan dieu khign
h~ phi tuyen trong dieu ki~n bat dinh tham so khoang dira tren NLTMH.

Nguyen ly tach md hinh diroc phat bi~u nlnr sau:
BiLi todn. iiieu khitn h~ iiqng 11(c tuyen tinh. hoq,c phi tuyen veri bat iiinh tham so khodng c6 tht iiuqc
tach thdnh biLi todti uerc lucrng mo hinh theo lu4t IF - THEN va bai toiin. iiieu khitn veri cdc tham so
iiu(rc choti ngdu nhien theo plui« bo iteu trong cac khodng iiii cho.

Vi~c u·ac hro'ng mo hlnh h~ thong theo lu~t IF - THEN c6 th€ bi€u di~n theo hlnh 1. Bat dinh
tham s6 khoang c6 th€ bie'u di~n theo hinh 2.

Hinh 1. M5i lu~t R tiro'ng irng mi;>tmo hmh iroc hrong h~ thong

SR Ldp hf thong chJa ba't d/l7h

Hinh 2. Bat dinh h~ thong dtroi dang tham s6 khoang. Cac die'm a, b, ... la cac die'm ngh nhien,
SR la mo hinh iroc hrong h~ thong voi cac tham so drroc chon ng~u nhien
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2. NGUYEN LY TACH MO HINH TRONG H~ Mcr

Mi?t trong nhirng h~ mer nhidu dau vao mi?t dau ra diro'c srt- dung ph5 bien trong cac bai toan
hi~nnay co dang nhir hlnh 3.

e,~e,~(~e) u, ~u, ~(~u) ..
Hinh 9. Mi?t trong nhirng loai h~ mer CO" bin.

Xet hi? suy di~n mer theo l%p lu%n xa:p xi tren co' s& General Modus ponen sau day:

A': T%p mer
Tif {

R: Lu%t IF A THEN B

Ket lu%n B'

Co thg quan niern d.ng h~ clura ba:t dinh dircc higu la h~ th5ng c6 tinh da ca:u true, da y nghia,
vi thg B' chinh la ma hlnh diro'c iro'c hro'ng theo lu%t R dg tach rieng tirng ca:u true, t irng y nghia

B'=A'oR (2.1)
v61.

(2.2)
trong do: T - T chucin, 0 - phep hop thanh.

Nguyen ly tach mo hmh dircc thg hien qua bai toan U'()'chrong mf hlnh B' theo lu%t R va bai
toan di'eu khign (sau khau giai mer). Tirong t\l" nhir v~y nguyen ly tach mf hlnh cling tha:y fa trong
cac ma hlnh dang Mamdani, dang Takagi-Sugeno. Tuy nhien trong dang Takagi-Sugeno, bai toan
lfue hrong mf hlnh diro'c giai quyet dong tho'i vo'i bai toan dieu khign.

A ~, ....." , ••••• ,..:)

3. NGUYEN LY TACH MO HINH TRONG PHtrO'NG PHAP DIEU KHIEN
H~ PHI TUYEN CUA C. G. CAO

C. G. Cao, N. W. Rees va G. Feng [3] di de xua:t mi?t ma hlnh mer dg giai quyet bai toan dieu
khign h~ phi tuyen dang sau:

trong do:
x(t) E R" - vecta trang thai,
u(t) E liP - vectrr dieu khi~n.

H~ phi tuyen (3.1) diro'c xet vo'i dieu kien co thg bigu di~n diro'i dang cac h~ tuyen tfnh tren
mi?tvimg dia phrrang nao do. Vi v%y h~ (3.1) diro'c ma ta bbg md hlnh di?ng h9C mer thOng qua
lu~t IF - THEN sau:

R/: IF Xl is FlI AND ... Xn is Fn/

x(t) = f(x(t), u(t)), (3.1)

THEN x(t) = C/ + A/x(t) + B/u(t), l = 1,2, ... ,m. (3.2)
Bi? (C/, A/, Cd la md hlnh dia phiro'ng thrr l ciia h~ phi tuyen (3.1). Trang thai chung ciia h~

thong diroc t5ng hop theo trung blnh trong so cda toan bi? mf hlnh dia phirong. S11-dung cac plnrong



u(t) = K(J.L(t))x(t) = [L KIJ.LI(t)] X(t).
1=1

(3.4)
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phap suy lu%n mo' v6i phirong ph ap giai m<'r trung bmh trong tam, suy lu%n tich va phirong phap
ma- hoa singleton, ma hlnh mo' d9ng hoc t5ng hop theo (3.2) co th~ duoc di~n ta bhg ma hinh toan
cvc sau day:

x(t) = C(J.L(t)) + A(J.L(t))x(t) + B(J.L(t))u(t). (3.3)

0- day:
m

C(J.L(t)) = LJ.LI(t)CI,
1=1
m

A(J.L(t)) =LJ.LI(t)AI ,
1=1
m

B(J.L(t)) = LJ.LI(t)BI'
1=1

voi J.L(x(t)) = J.L(t) = (J.Ldt), J.L2(t), ... ,J.Lm(t)) va J.Lz(t) la ham thudc chu[n.

Nguyen If tach mo hinh diro'c thuc hien 6- qua trinh tach h~ phi tuyen (3.1) thanh cac h~ tuyen
tinh (3.2) tren CO' s6- lu%t RI. M~i lu%t la m9t mo hlnh. Bai toan di'eu khi~n h~ phi tuyen (3.2) ducc
tach lam hai bai toan: bai toan uac hrong mo hlnh tren CO' s6- lu%t R M nhan diro'c mo hinh tuyen
tinh (3.2) va bai toan dih khi~n h~ tuyen tinh thOng tlnrong. cac tac gia [3] da t5ng ho'p cac h~
tuyen tinh dia phiro'ng d~ nh%n diro'c dieu khi~n dang:

m

Nhir v%y nguyen If tach rno hlnh co th~ s11-dung khOng chi cho cac bai toan chira bat dinh ma
con co th~ dung cho cac bai toan dieu khi~n h~ phi tuyen.

, .... " A" .., '.... '"
4. UNG DVNG NGUYEN LY TACH MO HINH TRONG BAI TOAN DIEU KHIEN

H~ PHI TUYEN CHU A BAT D~H THAM s6 KHO.ANG

Trong phan nay se trinh bay m9t quan di~m khac vai C. G. Cao M giai quyet bai toan di'eu
khieri phi tuyen clura bat dinh.

Xet h~ d9ng hoc bi~u di~n du ci dang phtro'ng trinh vi phan thoa man day du cac di'eu kien ton
tai nghiern vo'i moi dieu khi€n va dam bao tinh 5n dinh toan cvc [2].

2«t) = f(.~(t), If) + g(.~(t), Ig)u(t). (4.1)
0- day:

t E [0,00 ]la tho'i gian,

;£f(t) = [Xl, X2, ... , xnf E H" la vecto' trang thai,

u(t) = [U1(t), U2(t), ... ,um(t)f E H'" la vecto· dieu khi~n.
V6i

If (t) = [Ifll Ih, ... ,If pf E RP la vecto' bat dinh tham s5 khoang,
Ifi = [Id-),Id+)] c R, i = 1,2, ... ,p,

Ig(t) = [Igi' Ig2, ... , Igq]T E Rq la vectrr bat dinh tham s5 khoang,
Igj = [Igj(-),Igj(+)] c R, j = 1,2, ... .s.
1(-) : H" x RP --> R" va g(-) : R" x Rq --> Rnxm la cac ham Caratheodory manh voi moi If;
va Igj , i = 1,2, ... ,p, j = 1,2, ... ,q.

H~ nhieu dau vao, nhieu d'au ra (4.1) co th~ tach th anh nhieu M v6i nhieu d'au vao, m9t dau ra
(m = 1).
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AI Khi khOng ton tai bat dinh dtrrri dang khoang trong mo hmh (4.1)' e6 the' st dung phirong phap
dih khie'n h~ phi tuygn me?t d'au vao, me?t d'au ra b~e n trong ehg de? triro't (sliding mode control)
[2].

Dg e6 the' dira h~ (4.1) khOng chira bat dinh tham so (tham so bigt trtro'c] va dang h~ mot dau
vao, ffie?tdau ra b~e n, triroc het xet h~ sau day:

xdt) = X2(t),
X2(t) = X3(t),

(4.2)

Xn(t) = a(x(t), PI) + b(x(t) + Qg)u.,
O' day:

u E R 111. di'eu khie'n,
PI E RP va Qg E Rq 111. cac vecto tham so,
a{-) : H" x RP ---+ R va b(-) : H" x Rq ---+ R 111. cac ham so vo hurmg.

f)~t:
IIC~(t), PI) X2(t)
hC~(t), PI) X3(t)

J(~(t), PI) =

In-d;£(t), PI) xn(t)
In (;£(t), PI) a(;£(t), PI)

va
gd;£(t), Qg) °g2(;£(t), Qg) °g(;£(t),QI) =

gn-d;£(t), Qg) °gn (;£(t), Q g) b(;£(t), Qg)

(4.3)

(4.4)

Liru 'I rhg cac ham 1(-) va g(-) trong (4.1) dtro'c xet If day vai m = 1, e6 nghia 111.: 1(-) : R" x RP ---+

R" va g{-): R" x Rq ---+ e=».
Goi:

x(t) := xdt), (4.5)

khi d6 vecto' trang thai cua (4.2) diro'c viet nhir sau:

;£(t) = [x(t), x(t), ... ,x(n-I) (t)f. (4.6)

,o· day:

Gii 811-:

.()- (i-I)() "'-12x, t - x t VO'l 2 - , ,..., n .

(4.7)

la qui dao mong muon vai

sup(\x~/) (t) \) < C/ j l = 0, 1, ... ,n j C/ > ° Ill. cac hhg so.

Bai toan d~t ra 111. can tlm di'eu khie'n U dam bdo h~ 5n dinh va sao eho trang thai ;£(t) ti~m e~n den
bl(t) vai de?chfnh xac eho truxrc,

Ly thuygt dih khie'n trong ehe de? trtrot [2] eho phep gW quyet bai toan tren nhir sau:
Bircc d'au tien 111. thigt kg m~t ~s trong khOng gian sai so barn (ho~e khOng gian trang thai ngu

bl(t) = [0,0, ... ,O]T) ctia h~ d9ng h9C:
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•••
~s = {~E s: I S (e) = O}. (4.8)

Cr day ~ Ill.vecto- sai so barn diro'c xac dinh qua:

dt) := .:f(t) - .:fd(t), (4.9)

S(-) Ill.ham vo huo'ng diro'c goi Ill.ham chuydn lnrong (switching function) va thirong dtro'c thigt kg
du'ci dang:

S(~) = Alel + A2e2 + ... + Anen,
\ \. \ (n-l)

= "lel + "2e + ... + "ne ,

(4.10)

(4.11)

trong d6 Ai f= 0, i = 1,2, ... ,n. Cac h~ so Ai diroc chon sao cho da thirc sau day

L(v) = vn + AnVn-l + ... + Al

voi v Ill.bign Laplace c6 dang da thirc Hurwitz, tu-c Ill.nghiem cu a da tlnrc nay nttm & mra trai m~t
phhg phirc.

M~t ~s duo'c thigt kg 6- (4.8) duo'c goi Ill. m~t phhg trirot hay m~t chuydn hmrng (sliding
surface or switching surface). M~t nay bi~u di~n cac quan h~ tinh giira cac bign sai so mo ta d{)ng
h9C sai so. Ngu h~ thong bi ep phai trtro't tren m~t cho trtrot (4.8) thl cac quan h~ tinh nay se d[n
Mn vi~c d{)ng h9C sai so dircc xac dinh qua cac tham so thigt kg Ai va cac phirong trlnh xac dinh
m~t trtrot (4.10)' (4.11).

Tigp tuc lay vi phan S (e) theo thoi gian, nhan dircc:

S(~) = Alel + A2e2 + + Anen,
=Ale+A2ii+ +Anen.

(4.12)

(4.13)

Tir (4.1)' (4.2) va (4.6), suy ra:
. .

el = e2, e2 = e3, ... , en-l = en.

Nlnr v~y (4.12) va (4.13) c6 thg vigt diro'c diro'i dang:

S(~) = Ale2 + A2e3 + ... + An-len + Anen. (4.14)

Ngu di{;u khign u duoc chon sao cho

SL~).S(~) < 0 (4.15)

thl h~ th5ng se dat dgn m~t trrrot ~s trong pham vi thai gian hiru han va sai so barn se suy giam
ti~m c~n dgn OJ c6 nghia Ill.~(t) -> 0 khi t -> 00.

B/ Khi t()n tai bat dinh diro'c dang khoang, c6 thg su.. dung nguyen ly tach md hmh dg tao ra md
hlnh rr&c hrong cu a h~ (4,1) diro'i dang mo hlnh (4.2) tren CO" s& lu~t RI sau day ttrcrng tv: nhtr each
xay dung lu~t IF - THEN trong [4] tai thai digm t nao d6:

RI: IF PJ; is FIkJ AND qgj is FIkg
THEN .i:1(t) = f(.:fI(t),PJ(j.LI)) + g(.:fI(t),Qg(j.LI))ul(t). (4.16)

Trong d6:
Id-) :<:::: PI; :<:::: IJ;(+) : PJ; Ill.m{)t phlin tu.. chon ngh nhien theo ph an b5 dh cua khoang IJi!
l«, (-) :<:::: qgj :<:::: l«, (+) : qgj Ill.m{)t phan tu· chon ngh nhien theo phan b5 d{;u cua khoang Igj j

F Ik, Ill. t~p me tren khoang IJ; diro'c bi~u di~n tren hlnh 4,
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F ILg 111.q.p mo' tren khoang Igj diroc bie'u di~n tren .hlnh 5,

FIL, voi JL~,(PI.)
kl = 1,2, ... ,kli
kli 111.so t~p me tren Iii

Ir;(-) Pfi
Hinh 4. Cac t~p mo' F Ih,

FILg vai JL~g(qgj)
kg = 1,2, ... ,kgj
kgj 111.so t~p me' tren Igj

Hinh 5. Cac t~p maF It
p q

trong do: 1= 1,2, ... ,M voi: M = IT kli· IT kgj j
i=1 j=1

PI (p.l) = [JL~, (Ph )Ph' JL~, (Ph )Ph, ... ,JL~, (P/p)P/pf j

Qg(JLl) = [JL~g(qgJqgllJL~g(qg2)qg2l'" ,JL~g(qgq)pgqf·

Sau khi srl: dung nguyen ly tach ma hlnh, thu diro'c ma hmh phi tuyen (4.16). Tit c6 the' thiet
ke di'eu khie'n trong ch~ d9 trtrot dira tren (4.8)-(4.15) de' nh~n diroc di'eu khie'n cho tirng ma hinh
phi tuyen. Cuoi cung, di'eu khie'n t5ng ho'p (sau khi giai me)') c6 dang diro'i day va co day du cac
tinh chat nhir trong [4]

MI: alu
l (t)

u (t) = :...1=-=1':c-
M

-:---

I: al
1=1

(4.17)

A' "5. TONG KET

Bai bao neu len nguyen ly tach rnf hmh tren co' s& lu~t IF - THEN va kha nang trng dung nguyen
ly nay nh~m xli' H bat dinh tham so khoang trong bai toan di'eu khie'n h~ phi tuyen theo ch~ d9
tnrot. Nguyen ly nay la Sl! phat trie'n ciia nguyen ly tach trong ly thuyet di'eu khie'n ngh nhien.
Neunguyen ly tach da thanh cong trong van de xrl: li bat dinh c6 cau true xac xuat thl hy v9ng rhg
nguyen ly tach mo hmh ma nhieu tac gia da tinh ca srl: dung tit trrroc den nay (vi du [3]) cling se
h5 tro tot cho qua trinh xrl: li bat dinh c6 cau true me trong cac bai toan dieu khie'n thOng minh.
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