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NGUYEN LY TACH MO HINH VO1 LUAT IF- THEN
VA U'NG DUNG TRONG DIEU KHIEN HE PHI TUYEN

VU NHU LAN, VU CHAN HUNG, PANG 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.

Tém tdt. Bai bdo nay trinh biy nguyén Iy tich md hinh bing luit IF- THEN d& didu khin hé ddng hoc
bt dinh phi tuyé&n khodng trong ché dd trwot.

1. MO DAU

Trong cdc nghién ctru gin diy vé nhin dang va diéu khi€n hé tuyén tinh trong diéu kién bt
dinh tham s& khodng, cic tdc gid [4,5] d3 st dung phuwong phdp tdch mé hinh don gidn va thuin
lgi cho céc ing dung. Phwong phdp nay dwa trén y twdng cda nguyén ly tich trong bai todn diéu
khién t5i wu hé tuyén tinh chiu tdc déng nhidu [1]. Nguyén 1y niy dwogc phat bi€u nhw sau : “Bai
toan diéu khi€n t3i wu hé tuyén tinh chiu tic déng nhiéu dwoc tich thinh bai todn wéc lwgng tdi
wu trang thii hé thdng va bai todn dieu khi€n t8i wu hé tién dinh”.

Cé thé coi phuong phéap [4, 5] thé hién mot quan di€m phét trién nguyén ly tach néu trén sang
bai todn diéu khién hé tuyén tinh v&i bat dinh tham s6 khodng. Nguyén 1y tich dwoc phét trién nay
dwgc goi 13 nguyén ly tdch mé hinh (NLTMH). Chiing t6i ti€p tuc nghién ciu bai todn ditu khién
hé phi tuyén trong dieu kién bat dinh tham s8 khodng dwa trén NLTMH.

Nguyén 1y tich mé hinh dwoc phét bi€u nhw sau:

Bai todn diéu khié€n hé ddong lwc tuyén tinh hodc phi tuyén vdi bt dinh tham sé khodng cd thé dwagc
tdch thanh bai todn wéc lwgng mé hink theo lugt IF - THEN va bai todn diéu khién véi cdc tham sé
dwoc chon ngdu nhién theo phin b6 déu trong cdc khodng dd cho.

Viéc wéc lwong mé hinh hé thdng theo luit IF- THEN c6 thé bi€u dién theo hinh 1. Bat dinh
tham s8 khodng c¢é thé bi€u dién theo hinh 2.

Bat dinh tham s& M6 hinh wéc
khodng cda hé théng  IF - THEN lwong hé théng

Hinh 1. M3i luat R twong tng mét mé hinh wéc lwgng hé théng

Sk LAp hé thbng chia bt dink

/

Hinh 2. B4t dinh hé thdng duéi dang tham s8 khodng. Céc di€m a,b, ... 1a cidc di€ém ngiu nhién,
Sk 13 mé hinh wéc lwong hé thdng véi cdc tham s8 dwge chon ngiu nhién
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2. NGUYEN LY TACH MO HINH TRONG HE MO

Mét trong nhirng hé m& nhigu diu vao mét diu ra dwoc st dung phd bién trong cic bai todn
hién nay c6 dang nhu hinh 3.

Co sé&
ludt mo&
. A
e,Ae, A(Ace) Mo héa A Suy luin m& B’ 3 my u, Au, A(Au)
— e ’. N —
(Y nghia héa) R (Gidi nghia)

Hinh 8. Mot trong nhitng loai hé m& co ban

.

Xét bd suy dién md theo 1ip ludn xdp xi trén co s& General Modus ponen sau day:
A': Tip m&
Tir {
R: Luit IF A THEN B

Két luin B’

Cé thé quan niém réng hé chira bit dinh dwoc hi€u 12 hé théng c6 tinh da ciu tric, da ¥ nghia,
vi thé B’ chinh 13 mé hinh dwgc wéc lwong theo luit R dé tich riéng tirng ciu tric, timg ¥ nghia
B'=A'0oR (2.1)
vé6i
pp (y) = sup T[par(2), ur(s,y)], (22)
trong d6: T - T chuén, o - phép hop thanh.

Nguyén 1y tdch mé hinh dwoc thé hién qua bai todn wéc lugng md hinh B’ theo ludt R va bai
todn dieu khi€n (sau khau gii m&). Twong tu nhw vidy nguyén ly tdch mé hinh ciing thiy rd trong
cdc m6 hinh dang Mamdani, dang Takagi-Sugeno. Tuy nhién trong dang Takagi—Sugeno, bai todn
wéc lwong mé hinh dwoc gidi quyét dong thoi véi bii todn diéu khién.

3. NGUYEN LY TACH MO HINH TRONG PHUONG PHAP PIEU KHIEN
HE PHI TUYEN CUA C.G.CAO

C.G. Cao, N. W. Rees v G. Feng [3] di dé xudt mdt md hinh m& dé gidi quyét bai todn digu
khién hé phi tuyén dang sau:

3(t) = f(=(t), u(2), (3.1)

trong do:

z(t) € R™ - vecto trang thii,

u(t) € RP - vecto digu khién.

Hé phi tuyén (3.1) duwgc xét véi didu kién c6 thé bi€u dién dwéi dang cic hé tuyén tinh trén
mot ving dia phwong ndo d6. Vi vdy hé (3.1) dwgc md t4 bdng mé hinh ddng hoc md théng qua
ludt I[F- THEN sau:

R, : IF z, is F;; AND ...z, is F,;
THEN z(t) = C; + Aiz(t) + Biu(t), !=1,2,...,m. (3-2)

Bb (Ci, A, C1) 12 mé hinh dia phwong thi [ cda hé phi tuyén (3.1). Trang théi chung cda hé
théng dwoc tong hop theo trung binh trong sd cda toan bd mé hinh dia phuwong. St dung céc phuong
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phap suy ludn m¢ véi phuong phap gidi md trung binh trong tdm, suy lusn tich vi phwong phép
m& héa singleton, mé hinh m& ddng hoc tdng hop theo (3.2) c6 thé dwgc dién td bing md hinh toan
cuc sau diy:

(t) = C(u(t)) + A(u(t))z(t) + B(u(t))u(t)- (3.3)
o] day: m
Cu(t) =D _mle)cr,
AW®) =3 (04,
Bule) = Y- m ()5,
v6i p(z(t)) = p(t) = (p1(t),p2(t),- -+ s m(t)) va w(t) 1a him thudc chudn.

Nguyén 1y tdch mé hinh dwgc thuc hién & qud trinh tdch hé phi tuyén (3.1) thanh céc hé tuyén
tinh (3.2) trén co s& ludt R'. M3i lust 13 m6t mé hinh. Bai todn digu khi€n hé phi tuyén (3.2) dugc
tdch lam hai bai todn: bai todn wéc lwrong mé hinh trén co s& luit R d€ nhian dwgc mé hinh tuyén
tinh (3.2) va bai todn dieu khi€n hé tuyén tinh théng thuomg. céc tdc gid [3] da tOng hop cic hé
tuyén tinh dia phuong d€ nhin dwoc diéu khién d.ng:

u(t) = K (ult))a(t) = [ > K (6) 2(0) (3.4)

=1

Nhu viy nguyén 1y tich mé hinh c¢é thé st dung khéng chi cho cic bai todn chira bt dinh ma
cdn c6 thé dung cho céc bai todn didu khi€n hé phi tuyén.

4. UNG DUNG NGUYEN LY TACH MO HINH TRONG BAI TOAN DIEU KHIEN
HE PHI TUYEN CHU'A BAT DINH THAM SO KHOANG
Trong phin niy sé trinh bay mét quan di€m khic véi C.G. Cao d€ gidi quyét bai todn ditu
khién phi tuyén chtra bit dinh.
Xét hé déng hoc bi€u dién duwéi dang phwong trinh vi phan thda man ddy dd céc diéu kién tén
tai nghiém vé&i moi dieu khién va ddm bdo tinh 8n dinh toin cuc [2].

2(t) = f(z(t), Ir) + 9(z(t), Lp)u(t). (4.3)

& day:

t € [0,00] 13 thdi gian,

z4(t) = [zl, T oy xn]T € R™ la vecto trang thai,

u(t) = [ua(t), ua(t), ... ,um(t)]” € R™ 1a vecto digu khién.
Véi

I;(t) = [Is1, Ips - , Iy,]" € RP 13 vecto bit dinh tham s& khodng,

Iy, = [I1,(-), Ir,(+)] c R, i=1,2,...,p,

L,(t) = [y, Ipss- - » I,]" € R? 14 vecto bit dinh tham s§ khodng,

I, = [Ig].(—),IgJ (+)] CR, 7=12,...,q
f(:): R*"x R? — R™ vag(-) : R™ x RY — R™ ™ ]a cic ham Carathéodory manh véi moi Iy,
val.,1=12,...,p,7=12,...,q

Hé nhigu diu vio, nhiéu diu ra (4.1) c6 thé tich thanh nhidu hé véi nhitu dau vao, mét daura
(m=1).
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A/ Khi khéng ton tai bit dinh duéi dang khodng trong md hinh (4.1), c6 thé st dung phwong phép
diéu khi€n hé phi tuyén mét diu vao, mét diu ra bic n trong ché do trugt (sliding mode control)
[2].
Dé c6 thé dwa hé (4.1) khong chiva bit dinh tham s§ (tham s8 biét truéc) va dang hé mdt diu
vio, mot diu ra bic n, trwéc hét xét hé sau diy:
&1(t) = z2(t),
2(t) = z3(t),

(4.2)
; 2n(t) = a(s(t), Pr) + b(z(t) + Qg)u.
O day:
u € R 13 diéu khién,
P; € RP va Q4 € R 14 céc vecto tham s8,
a(): R* X R - Rvab(:): R™ X R? — R 1a céc ham s8 v huéng.
Dit:
fi(z(t), Pr) z2(t)
fa(z(t), Pr) z3(t
f(z(t), Py) = = (4.3)
frn-1(z(t), Py) ()
fn(z(t), Pr) a(z(t), Pr)
va
g1 (Q(t)a Qg) 0
92(2(t), Qq) 0
9(z(t),Qr) = : = : : (4.4)
n—1(z(t), Q) 0

gn(2(t), Qg) b(z(t), Qq)
Luu ¥ r3ng cdc ham f(-) va g(*) trong (4.1) dugc xét & diy vé6im = 1, cé6 nghiala: f(): R* x RP —
R™vag(-): R® x R? — R™*1,
Goi:
z(t) = zu(t); (4.5)

khi d6 vecto trang thai cda (4.2) dwgc vi€t nhu sau:

() = [z(t), 2(t), ... , s D ()], (4.6)
0 day: zi(t) =26-V(t) véii=1,2,...,n.
Gid si: i B .
z4(t) = [24,(8), 2, (), - -+ 1 20, (O] = [7alt), 2alt), ., 25 H)] (4.7)
13 qui dao mong mudn véi
sup()zg)(t)b <e; 1=0,1,...,n; g >01Ia cic hing s3.

Bbi toan dit ra I3 c3n tim di¢u khién u ddm bdo hé 8n dinh va sao cho trang théi z(t) tiém cin dén
z4(t) v6i 6 chinh xdc cho truée.

Ly thuyét didu khién trong ché db trwgt [2] cho phép gidi quy&t bii todn trén nhu sau:

Buéc diu tién 13 thiét ké m¥t Ts trong khong gian sai s8 bdm (hodc khéng gian trang théi néu
z,4(t) = [0,0,... ,0]T) cda hé dong hoc:
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Ys = {e € R™| S(¢) = 0}. (4.8)
O day e 13 vecto sai s§ bim duoc x4c dinh qua:
e(t) := z(t) — zalt), (4.9)
S(-) 14 ham v6 hwéng dwoc goi 13 him chuyén huéng (switching function) va thudng dwoc thiét ké
duéi dang:
S(e) = Ares + dzea + ...+ Anep, ' (4.10)
= Are; + Agé + ...+ Ape(®D), (4.11)
trong d6 A; #0,1=1,2,...,n. C4c hé s8 )\; dwoc chon sao cho da thirc sau diy
L) =v" + 20" 1+, 4+ X

véi v 13 bién Laplace ¢6 dang da thiéc Hurwitz, téc 13 nghiém cda da thérc ndy nim & nira trai mit
phing phirc.

Mit s dugc thi€t k& & (4.8) duoc goi 13 mit phing trwot hay mit chuyén huéng (sliding
surface or switching surface). M&t nay bi€u dién céc quan hé tinh gifra céc bi€n sai s mé td déng
hoc sai s8. Néu hé thdng bi ép phii truot trén mgt cho truwét (4.8) thi cic quan hé tinh nay s€ din
dén viéc dong hoc sai s8 dwgc xdc dinh qua c4c tham s8 thi€t ké ); va cac phuong trinh x4c dinh
mit truot (4.10), (4.11).

Tiép tuc ldy vi phin S(e) theo thdi gian, nhan dwoc:

S(g) :A1é1+A2é2+...+)\nén, (412)
=A1é+ Agé+ ...+ Ape”. (4.13)

T (4.1), (4.2) va (4.6), suy ra:
él = €2, é2:€3, ceey én_lzen.

Nhu vay (4.12) va (4.13) c6 thé viét dwgc duéi dang:

S(e) = Aea+Adzes +...+ An_1en + Anén - (4.14)
Néu digu khi€n u dwgc chon sao cho
S(e).S(e) <0 (4.15)
thi hé théng sé dat dén mit trwot Xg trong pham vi thoi gian hitu han va sai s§ bam sé suy gidm
tiém cdn dén 0; c6 nghia 13 ¢(t) — 0 khi t — oo.

B/ Khi t5n tai bat dinh duéc dang khodng, c6 thé st dung nguyén ly tich mé hinh dé tao ra mé
hinh wéc lugng cda hé (4,1) duwéi dang m6 hinh (4.2) trén co sé luat R! sau diy twong ty nhw cich
xay dung lust IF - THEN trong [4] tai th&i diém ¢ no dé:

R : IF py, is FIy; AND g, is FI;
THEN &'(t) = f(z'(¢), Py (1)) + 9(e'(¢), Qg ("))’ (¢)- (4.16)
Trong dé:

I, (=) € py, < It (+) : ps; 12 mot phin td chon ngiu nhién theo phan b8 déu cda khodng Iy,
I (=) < qq; < I, (+) : g9, 13 m&t phin tik chon nglu nhién theo phan b8 déu cia khodng I, ;

FI,‘CI 13 tip m& trén khodng I;, dugc bi€u dién trén hinh 4,
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FI,’cg 13 tip mo trén khodng I, dwoc bi€u dién trén hinh 5,
l TR |
FIk, vol I‘k,(Pf.-)

~—1  kf=1,2,... kg -
ks, 13 s8 tip m& trén If,

Is0) Pfi Ifi(+)
Hinh 4. Céc tip mo FI,‘cf

Uil
FIL véi i, (as,)
T k= 1,2,... ,k,,
kg; 13 s6 tap m& trén I,

Igif)  ag Igi(+)
Hinh 5. Céc tap m(‘)’FI,‘cg

p q
trong d6: 1 =1,2,... ,M véi: M = [] kg, . [] kg, ;
j=1

=1
T
Py (') = [uk, (pr)Pses i, (Pra)Pras - s ik, (1, )P, ] 5
P
Qu(w') = [k, (901) 9015 #k, (99) 9035 - - - + Pk, (d9,)Pg,]
Sau khi st dung nguyén ly tdch mé hinh, thu dwgc mé hinh phi tuyén (4.16). Tir c6 thé thiét
ké digu khi€n trong ché do trwot duwa trén (4.8)—(4.15) d€ nhin dwoc dieu khién cho timg mé hinh

phi tuyén. Cudi cing, digu khién t8ng hop (sau khi gidi m&) c6 dang duéi diy va c6 diy di céc
tinh chit nhu trong [4]

w(t)= E——, 0Ly <1, (4.17)

5. TONG KET

Bai bdo néu 1én nguyén 1y tdch md hinh trén co s& luit IF - THEN vai kha ning wng dung nguyén
If niy nhim xt 1i bit dinh tham s8 khodng trong bai toin diéu khi€n hé phi tuyén theo ché dé
trrot. Nguyén 1y nay 13 su phét trién cda nguyén ly tich trong ly thuyét diéu khién ngiu nhién.
Néu nguyén ly tdch da thanh cong trong van dé xi& i bat dinh cé ciu tric x4c xuit thi hy vong ring
nguyén 1y tich md hinh ma nhiéu tdc gid di tinh c& st dung tir trwéc dén nay (vi du [3]) ciing s&
h6 tro t6t cho qud trinh xi 1i bat dinh c¢é cdu tric md trong cic bai todn didu khi€n théng minh.
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