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DIEU KHlEN MO THICH NGHI cAc H~ THONG
PHI TUYEN THOI GIAN ROI RA-C

CHU VAN W{(I)

Abstract: This paper present a method of designing an adaptive fuzzy controller for discrete -

time non linear systems. The unknown non linear fuctions f(x), g(x) are modeled by fuzzy system f (x, 9r)-
g (x, 9g) with singleton fuzzifier, product inference engine, center average defuzzifier. The adaptation

laws for the adjustable parameters 9r, 9g are obtained by using gradient descent algorithm or recusive least
squares method.

I. MODAU

Trong khoang 40 nam t6n tai, dieu khien thich nghi chu yeu nghien ciru cac he thong

tuyen tinh [1]_ Cho cac h~ thong phi tuyen, mot so ket qua quan trong chi moi dat diroc trong

vong 10 nam lai day [2]. Day cling la thoi ky If thuyet mo bflt dftu duce ap dung vao dieu khien

cac h~ thong kT thuat [3]. Cling nhir mang noron, h~ thong mo duce sir dung cho dieu khien phi

tuyen chinh la nho kha nang xap xi cac ham phi tuyen cua chung.

Trong bai nay, chung ta xet mot 16'p cac doi tuong phi tuyen roi rac I dau vao I ditu ra,
bac tuong doi (relative degree) bang I. D~ xap xi cac ham phi tuyen khong biet f(x), g(x), ta xay

dung he thong mo' f (x, Sf), g (x, Sg). Bang each hieu chlnh cac vecto thong so Sf>Sg, eo th~ cue

ti~u hoa sai so xap xl va bo dieu khien thich nghi voi su thay d6i dong h9C cua he thong. 6 day

rat kho ap dung phirong phap ham Liapunop nhu trong twang hop he thong lien tuc [3]. Cach

tfnh cua cluing toi dira vao nhan xet: neu ta chon Sf>Sg la vec to' cac tarn cua tap mo trong phan

thi cua he luat, thl eo th~ bieu dien sai so xap xi bang mot ham tuyen tinh doi voi Sf>Sg. Do do

hoan toan eo th~ uoc hrong Sr, Sg theo cac phirong phap truyen thong, nhu: binh phirong cue ti~u

truy hoi, goi gradient V6'i f (x, Sf), g (x, Sg) dfi tinh duoc, ta thiet ke bo dieu khien - goi la

tirong duong virng (certainly equivalent controller) - nhu trong dieu khien tuyen tinh.

n. THANH LAP BAI TOA.N

Xet doi tuong phi tuyen roi rac I dftu vao I dftu ra:

y(k + 1) = f(x) + g(x)u(k) (1)

Trong do: u(k) la dieu khien, yCk) I~ dftu ra, x kf hieu vec to' hoi qui:

Xn+ J = [x., x2, ... , XII; Xn+ I' .... , XII+m]T

: = [y(k - n + I), y(k - n + 2), ... , y(k), uCk - m + I), u(k - m + 2), ... , uCk - I )]T; m :$ n (2)

Cho mo tit cac ham phi. tuyen f(x), g(x) khong biet, ta eo mot so luat mo nhu sau:

L,': NEU XI Ut Air va ... x,,+m la A,,+mr, THI f(x) la Er, r = 1,2._. N, (3)
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N/: NEU XI la BI' va ... Xu+", lit Bu, "'" THI gix) El H" s = 1,2 ... Ng (4)

D~ don gian, ta xet tnrong hop: mo hoa don dieu, dong CO' suy dien tich. r6 hoa trung
binh Him (singleton fuzzifier, product inference engine, center average defuzzifier). Gin tim dieu
khien thfcn nghi u(k) sao cho dau ra cua he thong y(k) barn sat dau ra cua 1110hinh mau Ym(k).

Ill. PHUONG PHAp GIAI

Neu biet cac ham so f(x), g(x) ta eo th~ cJ1Qndieu khien u(k) d~ khir tfnh phi tuyen - nrc la
d~ he thong kin diroc 1110ta bang mot phirong trinh tuyen tfnh - nhir sau:

u'(k) = [Ym(k+ I) + c.e.tk) - f(x)]1 g(x) (5)

Trong do: elk) la sai so barn

elk) = YI11(k)- y(k) (6)
That vay, thay (5) vao (1) ta nhan duoc phuong trinh tuyen tinh dac tnrng cho he thong

kin.

(7)
Do do eo th~ up dung cac phuong phap dieu khien tuyen tinh quen bier. Vf du: theo

phuong phap dac C\!C, d~ h~ thong barn tiern can can chon Ic/ < I,

Nhung, trong thirc te f(x), g(x) Ut khong bier. Ta eo th~ thay the bang cac h~ thong mo
f (x), g (x) dua tren cc sa h~ luat (3), (4), Thong thuong so luat nay nrong doi It, nen f (x) va
g (x) chi la xap xi rho cua f(x), g(x). D~ tang dQ chinh xac, ta se xay dung 2 h~ thong mo f (x ,
8f), g (x, 8g) voi nhirng be> sung sau [3]:

- Tang so tap mo mo ti cac bien so Xi' i = 1, 2 ... n + m

- Chon cac vet to thong s6 ,'r <10 ef> eg thich hop d~ d~ dang hieu chinh theo dong hoc
cua h~ thong.

Cho bieu so Xi' i = I, 2 ... n + 111,ta dinh nghia Pi tap mo C/, ji = I, 2 ... Pi' bao gom Ai', r
1 ') N (3)' di I 1- . 'D ki k' I ') b .' B' I ') N= , _,... f trong ; va in 1 ng 1Ia qi t~p mo i' I = ,_ ... qi, ao gom i, S = ,_... ~

trong (4). Nhu vay ta eo I1Pi IUa! C':iO f (x, ef) va I1qj luat cho g (x, eg):

, j =1 A i=1
NEU XI la cjji va ... Xu+mla C, + I11ju, In, THI f (x, 8f) la pjl .. jll+"',ji = 1,2 ... Pi' i = 1,2, ...

n + m (8)

NEA'U ]' D ki ' ]' D ku +111TH'1 <1 ( e)}' Qkl. kn + rn k' I 2 . I 2XI a i va ... XII + m a 11 + m , C' x, g a .. ,1 = , , ... qi' 1 = ,
... n + m (9)

V&i phuong phap mo hoa don dieu, dong CO' suy dien tich, 1'6 hoa trung binh tarn, ta
nhan diroc:
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f (x , 8f) = CL··· I Y f
j1=1 jn v m e I

cI1f.!Cj (xj»]/[I··· I (I1f.!cj (xJ)]
j=1 j1=1 jn s m e l j=l (10)

g(x,8g)= [I .. · Iy~I .. kn+m(I1~lD~j(xJ)]/[I··· I (I1f.!D~;(xj»] (11)
k 1= 1 kn + m = 1 i= 1 k 1= 1 kn+ m = 1 i= 1

Ta thay: thich h9"P nhat, neu chon 8f (va 8g) la vet to"voi phan tit y/ ...ju +m (va y/I. kn + nl)

- eo dong la tarn cua cac tap mo P".....jn + m (va Qkl. ku + '"I. Sau do eo th€ viet (10), (11) duoi dang

eo dong:

f (x, 8f) = :;rcx)8f (12)

A 8 Tg (x, g) = YJ(x)8g

Trong do: :;(x) la vec to"gom I1 Pi phan tir:
i=1

:;ji.jll+"'(x)= [I1~lC!i(Xi)]/[I··· I (I1f.!C!i(XJ)]
i = 1 . jl = 1 jn + m = 1 i = 1

va YJ(X)la vec to"ban gom I1 q; phan tu:
;=1

I1 ki '" '" I1 kiYJki.kll+m(X)= [ f.!Di (xi»]/[L.. ... L.. (. f.!Di (xJ)]
i=1 kl=1 kn e rn= I i=1

Vec to"gia tri ban dau 8reO) (va 8.(0» diroc xac dinh nhir sau: neu phan NEU cua (8) (va
(9» phu h9"P voi phan NEU cua (3) (va (4», thl ta lay pil. jll+ m = Er (va Qki. kn + m= HS

); tir do xac

dinh diroc cac tarn y/,jll +111(0)(va y /1. kn+111(0»tU'011gung. Nhiing tarn con lai duoc chon tuy y.

(13)

( 14)

(15)

Cac h~ thong mo 6 day la xap xi van nang (universal approximator): eo kha nang xap xi
cac ham phi tuyen bat ky, va bang each tang so luat 1110'eo th€ dat d9 chinh xac tuy y. Ta eo th~

thay f(x) = f (x, 8f) va gix) = g (x, 8g) vao (5) va nhan duoc bo dieu khien mo - goi la nrong
dirong virng (certainty equivalent controller):

u(k) = [Ym(k + I) + c.ejk) - f (x , 8f)] / g (x, 8g) (16)

Bay gic ta tim luat chinh cac vecto 8t, 8g d~ xap xi la tot nhat theo mot so tieu chuan. Ta

thay rat kho ap dung phuong phap ham Liapunov nhu trong twang hop he thong lien tuc [3]. Ta

thanh lap dau ra xap xi:

Y (k + I) = f (x, 8lk» + g (x , 8g(k»u(k)

Theo (12), (13), eo th~ bieu dien y (k + I) duoi dang:

y (k + I) = :;T (x)8lk) + 11T(x)u(k)8ik) = <pT(k)8(k)

<pT(k)= [:;T(X), YJT(x)u(k)f

8 T T T8(k) =( t (k), 8g (k)]

( 17)

Trong do:

(18)

(19)

(20)

Ta nhan thay: 6 thoi di€m cAt mau tlui' k + I, cric vec to"x. ~(x), YJ(x) va dieu khien u(k)

d5 bier, neu <p(k) d5 xac dinh y (k + I) la ham tuyen tinh doi voi cac vec to' 8Ck). Do do, eo th~

U'6"cIlfQ'I1g8(k) theo cric phirong phap trong dieu khien thich nghi tuyen tfnh.

Phuong phap gradient:
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Ta kf hieu xap xi sai s6 cua dau ra:

ea(k + I) = y(k + I) - Y (k + I) (21)

Trong do y (k + I) duce tao ra nho cac he thong mo theo (18), con y(k + I) eo th~ tinh
tu dau ra yeu eau va sai so barn theo (6), (7)

(22)

Dinh nghia tieu chuan:

J1 = e/(k + 1)/2 (23)

Ta eo luat hieu chinh cac vec to' 8lk), 8/k) nhu sau:

8lk + I) = 8rCk) - u,(DJ,/a8rCk» (24)

8ik + I) = 8/k) - u2(8J,/a8/k» (25)

Thay (23), (22), (21), (18), vao (24), (25), sau mot vai bien d6i ta nhan dtroc ket qua:

8lk+ 1) =8,{k) + u,(Ym(k + 1)+c,e,(k)- y(k+ 1»~(x) (26)

8/k + 1) = 8gCk) + u2(Ym(k + 1) + c.e.rk) - Y (k + 1»u(k)l1(x) (27)

Ta thay: neu 8rCk) va 8g(k) hoi tu den 8/ va 8g" khi k ~ 00, thi DJ/a8f = 0 va DJ/a8g = O.

Dieu do eo nghia: 8f", 8g0 la cue ti~u cue b<,?cua J1. V~y, theo phirong phap gradient ta eo th~

hieu chinh cac vec to' 8h 8g d~ cue ti~u hoa binh phuong sai s6 xap xi d<iu ra tai tirng thoi diem

dt mftu. Uu di~m cua phuong phap nay la: kha don gian cho lap trinh va eo hieu qua trong

nhieu truong hQ'P. Nhiroc di~m chinh la: khong dam bao dat diroc cue tieu roan cue nhir phuong

phap binh phuong cue ti~u; rat nhay cam voi viec chon cac gia tri ban d<iu 8rCO), 8iO) va d<,?dai

buoc u - trong mot s6 tnrong hop tham chi eo th~ ngan can su hoi tu cua thuat toan. D~ khac

phuc, ngiroi ta dfi phat trien ky thuat xac dinh d<,?dai biroc nr dong, tang toe do hoi tu [4] ....

Phirong phap binh phirong cue ti~li tf'ly h6i

Giup ta uoc IUQng vecto thong so 8(k) d~ cue ti~u hoa binh phuong sai 56 xap xi dau ra:

J2 = IT e;, (i) (28)
i= I

Ta eo th~ dftn ra cong thirc truy h.6i:

8(k +' 1) = 8(k) + P(k)<p(k)ll + tpTCk)P(k»),1[y(k + I) - <pT(k)8Ck)] (29)

P(k + I) = P(k) - P(k)<p(k)[ I + <pT(k)P(k)<p(k»)"<p\k)p(k) (30)

Trong do: gia tri ban Jau 8(0) duoc xac dinh nhu tren, va eo the chon: P(O) = 131, 13 la

mot s6 rat Ion. Ben canh lai giai eo ban (29), (30), ta con thay mot 56 loi giai nrong diroug khac

(nhu phuong trinh 6n dinh hoa, thira s6 hoa., ..), va nhirng cai tien nham tang tinh hoi tu cua thuat

toan, hoac tinh ben virng cua h~ thong khi mot khi eo sir thay d6i thong s6 hoac chiu tac dong
, cua nhieu.
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Tren day da trinh bay phuong phap eo ban cho thiet ke be) dieu khien mo thich nghi phi

tuyen - rnot Iinh vue con rat It ket qua va cac phU011g phap truyen thong clang boc le) nhieu yeu

diem. Be) dieu khien a day eo 2 tinh chat quan trong cua h~ thong thong minh la: kha nang thich

nghi va suy luan (ki~u Neu - Thi). Phuong phap a tren eo th~ ap dung cho cac he thong phi tuyen

tong quat eo bac tuong c10i Ion h011 1. Met so van d~ can nghien ciru tiep la [3]:

- Xac dinh mien gioi han cho cac vecto er, eg: boi VI ef rat Ion - nhat la khi thuat toan
khong hoi tu ef -7 00, hoac eg rat nho (eg :::::0),dan den dieu khien utk) qua Ion, khong

th~ thirc hien duce. Tinh hinh xay ra nrong tu' nhu trong cac he thong tuyen tinh, va ta

eo th~ giai quyet bang ap dung cac ki thuat: chieu thong so, mien chet, er - bien dang, £

- bien dang.

- Dam bao 6n dinh cho h~ thong: ngoai phuong phap thong thuong (xac dinh eau true va

thong so cua be) dieu khien), ta eo th~ suo dung cac be) dieu khien giam sat c1~can thiep

vao he thong khi eo xu huong mat 6n dinh.

Cong trinh nay duce thirc ltien trong khuon kh6 nghien ciru cua d~ tai cap nha nuoc

KHCN - 04-09 thuoc chuong trinh tu"dong hoa.
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