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PIEU KHIEN MO THICH NGHI CAC HE THONG
PHI TUYEN THOI GIAN ROI RAC

CHU VAN HY"

Abstract: This paper present a method of designing an adaptive fuzzy controller for discrete -
time nonlinear systems. The unknown nonlinear fuctions f(x), g(x) are modeled by fuzzy system f (x, 6;),
g (x, 0,) with singleton fuzzifier, product inference engine, center average defuzzifier. The adaptation

laws for the adjustable parameters 0y, 0, are obtained by using gradient descent algorithm or recusive least
squares method.

1. MO DAU
Trong khoang 40 niam tén tai, diéu khién thich nghi chii y&u nghién citu cdc hé thong
tuyén tinh [1]. Cho cdc hé théng phi tuyén, mot s6 két qua quan trong chi méi dat duoc trong
vong 10 nam lai day [2]. Pay ciing la thai ky If thuyét md bit dau duoc 4p dung vao diéu khién
cac heé thong ki thuat [3]. Ciing nhu mang noron, hé théng m& duge sir dung cho diéu khién phi
tuyén chinh 1a nho kha nang x&p xi cdc ham phi tuyén cia chiing.

Trong bai nay, ching ta xét mot 16p céc déi tuong phi tuyén rdi rac 1 dau vao | dau ra,
bac tuong déi (relative degree) bang 1. D€ xap xi cdc ham phi tuyén khong biét f(x), g(x), ta xay
dung hé théng md f (x, 0;), g (x, 0,). Bang cich hiéu chinh cdc vécto thong s6 6y, 6,, ¢6 thé cuc
tiéu hod sai s& x4p xi va bo diéu khién thich nghi véi su thay déi dong hoc ciia hé théng. G day
rdt khoé ap dung phuong phap ham Liapunop nhu trong truong hop hé thong lién tuc [3]. Cach
tinh cta chiing t6i dua vao nhan xét: n€u ta chon 6, 6, la véc to cac tam clia tap mo trong phan
thi cta hé luat, thi c6 thé biéu dién sai s6 xap xi bang mot ham tuyén tinh déi véi 6, 6,. Do d6
hoan toan c¢6 thé uéc luong GI, 8, theo cdc phuong phép truyén théng, nhu: binh phuong cuc tiéu
truy héi, goi gradient. Véi f (x, 6y), g (x, 6,) da tinh dugc, ta thiét k€ bo diéu khién - goi la
tuong duong viing (certainly equivalent controller) - nhu trong diéu khién tuyén tinh.

II. THANH LAP BAI TOAN
Xét doi tuong phi tuyén rdi rac 1 ddu vao 1 dau ra:
y(k + 1) = f(x) + g(x)u(k) (1
Trong d6: u(k) 1a diéu khién, y(k) 1a dau ra, x ki hiéu véc to héi qui:
- T

n’

X:MI:[XDXE""’X S A xn+m]
c=(yk-n+ 1), y(k-n+2), .., y(k),uk-m+),uk-m+2),...,uk-1)]";m<n(2)
Cho mo ta ciac ham phi tuyén f(x), g(x) khong biét, ta ¢ moét s6 luat mo nhu sau:

L NEU X, A A/ va...x,. aA,,,  THHf®) AE,r=1,2 .. N, 3)

n+m?
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N," NEU x,1aB va..x, . 1aB, . THIgx)laH,s=1,2..N 4)

¥

Dé don gian, ta xét trudng hop: mo hod don diéu, dong co suy dién tich, rd hod trung
binh tam (singleton fuzzifier, product inference engine, center average defuzzifier). Can tim diéu
khién thicn nghi u(k) sao cho ddu ra cua hé thong y(k) bam sat ddu ra ciia moé hinh mau y, (k).

[11. PHUONG PHAP GIAI

Néu biét cac ham s6 f(x), g(x) ta ¢o thé chon diéu khién u(k) dé khi tinh phi tuyén - tic 1a
dé hé théng kin duoc mo ta bang mot phuong trinh tuyén tinh - nhu sau:

u'(k) = [y.(k + 1) + ciek) - f)1/ g(x) (5)

Trong do: e,(k) la sai s6 bam

er(k) = ym(k) - Y(k) (6)

That vay, thay (5) vao (1) ta nhan dugc phuong trinh tuyén tinh dac trung cho hé théng
kin.

ek+1)+ce(k)=0 (7)

Do d6 c6 thé dp dung cdc phuong phdp diéu khién tuyén tinh quen biét. Vi du: theo
phuong phép dic cuc, dé hé théng bam tiém can cin chon /¢,/ < 1.

Nhung, trong thuc t€ f(x), g(x) la khong biét. Ta c6 thé thay thé bang cic hé théng mo
f (x), € (x) dua trén co s& hé luat (3), (4). Thong thudng s6 luat ndy tuong déi it, nén f (x) va
g (x) chi 1a xap xi tho cua f(x), g(x). Dé tang do chinh xdc, ta s& xay dung 2 hé théng mo f (x,
6y), & (x, 8,) v6i nhiing bo sung sau [3]:

- Tang s6 tAp mOmoé ta cac bi€n s6 x;,i=1,2 ...n+m

- Chon céc vét to thong s6 1 4o O, 6, thich hop dé dé dang hiéu chinh theo dong hoc
cua hé théng. V

Cho bién s6 x;, i = 1, 2 ... n + m, ta dinh nghia p; tap 1116 Cl ji=1,2..p;, bao gobm A/, 1
=1, 2, ... N; trong (3); va dinh nghia g; tap md DM ki=1,2..q,baogdm B}, s = 1,2 ... N,
trong (4). Nhu vay ta cé Hp luat o f(x 0;) va Hq‘ luat cho g(x 0,):

i=1 ~ =1

NEU x,1aClva..x,, .12 c.aw" , THI f (x, 6;) la P"- "”'“,Jx =12..pi=12,..
n+m (8)

NEU x, 1aDMva..x,,1aD,, """, THI g (x, 0, 1a Q- ki=1,2,..q,i=1,2
..n+m 9)

Véi phuong phédp md hod don diéu, dong co suy dién tich, 16 hod trung binh tam, ta
nhén dugc:
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fx.00=02 ... 2y, (l—[uC @MY e D <Huc (x;)]
1=1 n-rms=1 j1=1  jm+m=1 i= (10)
0)=[2,... Dyt k"*"“(l’[;ka'(x MY, 2 (JIeDFx M an
k kn+m= kl=1 kn+m=1 i=1
Ta thay: thlc}ll }llop nhat, lneu chone (vae)la vét to v6i phan tlryJl AnEm vy yg sl

- ¢6 dong la tam cua cdc tap mo P 7™ (va QX " ™). Sau d6 c6 thé viét (10), (11) dudi dang

co dong:
f(x,0) = ET(x)0; (12)
g (x, 8, =n"(x)0, (13)
Trong d6: £(x) 1a véc to gém | [ p, phan ti:
& om0 = ([TRC? S Y (e (14)
v n(x) 12 véc to bao gbm Hq ohinties o b
a0 [HuD‘“(x ))J/[HZI kZ ,(H“Dk'(x )] (15)

Véc to gia tri ban dau Gf(O) (va 6,(0)) duoc xdc dinh nhu sau: néu phan NEU ciia (8) (va
(9)) phu hop véi phan NEU ciia (3) (va (4)), thi ta lay P~ """ =E' (va QY= +m= 1) tir 46 xdc
dinh duoc cdc tam y{" " ™(0) (va y, "~ *™(0)) tuong tng. Nhitng tim con lai dugc chon tuy y.

Cic hé thong md ¢ day 1a xap xi van nang (universal approximator): ¢6 kha nang xap xi

cac ham phi tuyé’n bat ky, va bing cdch tang s6 luat m& ¢6 thé dat do chinh xéc tuy y. Ta c6 thé

thay f(x) = f (x, By va g(x) = g(x, 0 ) Vo (5) va nhan duoc bo diéu khién md - goi 1a tuong
duong viing (certainty equivalent controller):

u(k) = [yn(k + 1) +ce(k) - T (x,09]/ &(x,6),) (16)

Bay gid ta tim luat chinh céc vécto 6, 0, dé xap xi 1 t6t nhat theo mot s6 tiéu chuin. Ta
thay rat khé ap dung phuong phdp ham Liapunov nhu trong truong hop hé thong lién tuc [3]. Ta
thanh 14ap dau ra xap xi:

§k+ 1) = f(x,00k)+ &(x, 0,()uk) (17)

Theo (12), (13), c6 thé biéu dién 9(k + 1) dudi dang:
Yk + 1) =ET(x)04k) + n"(x)u(k)0, k) = o"(K)O(k)  (18)
Trong dé: 0"(k) = [ET(x), n"x)u(k)]" (19)
0(k) =(6;"(k), 0,"(k)]" (20)

Ta nhan thay: ¢ thoi diém cdt mau thit k + 1, cdc vée to x, E(x), n(x) va diéu khién u(k)
da biét, néu (k) da xdc dinh y (k + 1) 1a ham tuyén tinh déi véi cdc véc to B(k). Do dé, c6 thé
ude luong O(k) theo cdc phuong phdp trong diéu khién thich nghi tuyén tinh.

Phuong phap gradient:
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Ta ki hiéu xap xi sai s6 ctua dau ra:
ek+D=yk+1)-y(k+1) 21

Trong dé S/(k + 1) duoc tao ra nho cdc hé thong ma theo (18), con y(k + 1) ¢é thé tinh
tir diu ra yéu ciu va sai s6 bam theo (6), (7)

yk+1)=y.(k+ 1)+ ce(k) (22)
Pinh nghia tiéu chuan:
Ji=elk+1)2 (23)
Ta c6 luat hiéu chinh céc véc to 0,(k), 0,(k) nhu sau:
0k + 1) = 04k) - o,(0],/004Kk)) (24)
0,k + 1) = 0,(k) - 01,(J,/00,(k)) (25)

Thay (23), (22), (21), (18), vao (24), (25), sau mét vai bién doi ta nhan dugc két qua:
Bk + 1) = 0(k) + o, (Ym(k + 1) + cre(k) - y (k + 1)) &(x) (26)
By(k + 1) = 0,(k) + cta(yml(k + 1) + ciek) - § (k + D)ukm(x) (27)

Ta thay: néu 04k) va 6,(k) hoi tu dén 0 va 0, khi k — oo, thi 0J,/00; = 0 va J /09, = 0.
Diéu d6 c¢6 nghia: 6, 8, 1a cuc tiéu cuc bo cua J,. Vay, theo phuong phdp gradient ta c6 thé
hiéu chinh cdc véc to 0y, 6, dé cuc ti€u hod binh phuong sai s6 xdp xi dau ra tai ting thoi diém
cit miu. Uu diém cta phuong phdp nay la: khd don gian cho lap trinh va cé hiéu qua trong
nhiéu trudng hop. Nhuoc diém chinh la: khong dam bao dat dugc cuc tiéu toan cuc nhu phuong
phdp binh phuong cuc tiéu; rat nhay cam véi viéc chon cdc gid tri ban dau 040), 0,(0) va do dai
budc o - trong mot s6 trudng hop tham chi cé thé ngin can su hoi tu cua thuat todn. Pé khic
phuc, ngudi ta da phat trién ky thuat xdc dinh do dai buéc tu déng, ting téc do hoi tu [4]....
Phuong phép binh phuong cuc tiéu try héi

Gitip ta udc lugng vécto thong s6 O(k) dé cuc tiéu hod binh phuong sai s6 xap xi diu ra;
L=]lelm | 28)

Ta c6 thé dén ra cong rﬂfr'c truy hoi:

B(k +'1) = 8(k) + PR)pK)[ 1 + o (P '[y(k + 1) - 9'(K)B(K)]  (29)

P(k + 1) = P(k) - P[] + ¢ (PR p(k)] "o (k)P(k) (30)

Trong dé: gid tri ban idu 6(0) dugc xdc dinh nhu trén, va cé thé chon: P(0) = BI, B Ia
mot s6 rat 16n. Bén canh 16i giai co ban (29), (30), ta con thdy moét s6 161 giai tuong duong khic
(nhu phuong trinh 6n dinh hod, thira s6 hod....), va nhing cai ti€n nhim tang tinh hoi tu cua thujt
todn, hoac tinh bén viing clia hé thong khi mot khi ¢6 su thay déi théng s6 hodc chiu tidc dong

“cua nhiéu.
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KET LUAN

Trén day da trinh bay phuong phdp co ban cho thiét k& bo diéu khién md thich nghi phi
tuyén - mot linh vuc con rét it két qua va cac phuong phép truyén théng dang boc 16 nhiéu yéu
diem. Bo diéu khién & day ¢6 2 tinh chét quan trong cua hé théng thong minh 1a: kha nang thich
nghi va suy luan (ki€u Néu - Thi). Phuong phdp & trén c6 thé dp dung cho cdc hé théng phi tuyén
tong quat c6 bac tuong d6i I6n hon 1. Mot s6 van dé cin nghién ciu tiép 1a [3]:

- Xdc dinh mién gidi han cho céc vecto 0, 0,: boi vi O, rat 16n - nhat la khi thuat todn
khong hoi tu 6; — oo, hodc 0, rat nho (6, ~0), dan dén diéu khién u(k) quai 16n, khong
thé thuc hién dugc. Tinh hinh xay ra twong tu nhu trong cdc hé théng tuyén tinh, va ta
6 thé giai quyét bang ap dung cdc ki thuat: chiéu thong s6, mién chét, o - bién dang, €
- bién dang.

- Dam bao 6n dinh cho hé théng: ngoai phuong phap thong thudng (xdc dinh ciu tric va
thong s6 cua bo diéu khién), ta c6 thé st dung cdc bo diéu khién gidm sit dé can thiép
vao hé théng khi c6 xu huéng mit 6n dinh.

Cong trinh nay duoc thuc hién trong khuén khé nghién ciu cua dé tai cap nha nuéc
KHCN - 04-09 thuoc chuong trinh tu dong hoa.
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