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PIEU KHIEN THICH NGHI CAC HE THONG PHI TUYEN CAU
TRUC THAY POI SUDUNG HE THONG MO NO RON.

CHU VAN 1Y

Abstract. In this paper, we present a method of nonlinear variable structure system control using neural fuzz\
systems. An inverse model adaptive control scheme 1s chosen. A neural fuzzy system with on-line supervised

structure and parameter learning (adapted from C.T. Lin. C.S.G. Lee) i1s analysed.

I. DPAT VAN PE

Yeéu cau quan trong hang diu ¢ day [a: mo hinh phai ¢6 kha nang thay déi cau tric phit hop voi doi
tuong. Trong diéu khién tuyeén tinh, ta ¢é thé giai quyét nho co cau didnh gid va thay doi bac cia mo hinh,
phuong phap diéu khién da mé hinh, hodc trén co so 1i thuyét diéu khién bén viing (cdc hé thong chia bat
dinh cau trie va thong so)... Cho cdc hé thong phi tuyén, tinh todn khé khan hon rat nhiéu, do ¢6 cic hin
bac cao phie tap. nhu hamluong gidc, ham siéu viét...; nhat 1a khi ché do lam viéc cua hé thong thay doi
gidn doan, vi du: su chuyén pha trong qud trinh truyén nhiét, thay déi dic tinh dong chay cua chat long
hode chit khi khi t6¢ do vuot qud gid tri gici han v.v... Van dé dit ra 1a phai xay dung duge mot mo hinh
tong qudt biéu dién duge tat ¢d cic dang phi tuyén cua hé thong. Day la mot yéu cau khé ¢o thé thue hien
bing cidc phuong tién va phuong phdp truyén thong, nhat la cho tinh toidn theo thoi gian thyc.

Mang no ron nhin tao va hé théng mo no ron - 1a nhiimg cong cy mdi gidp ta thue hién duoc dicu
do. Nguoi ta dii ching minh rdng [1.2.3,4]): mot s6 mang no ron va hé thong mo Ia nhiing cong cu xap xi
van niang - ¢6 kha xap xi cdc ham phi tuyén dang bat ki, véi do chinh xidc tuy y. Tt nhtmg linh Kién - goi
ld "thong minh" niy, theo mot s6 phuong phdp ta téng hopthanh mot mang no ron ¢6 thé thay doi cau tric
vir thong s6 dé mo ta ding quan hé vio/ra cia doi tuong phi tuyén bién doi theo thoi gian. Thuc chat. hé
thong mo no ron 1a mot mang no ron dic biét - lam viée theo nguyén Ii cua hé thong mo, gom 5 1dp. <o no
ron cua 16p vao va 16p ra bing s6 dai lugng vio va ra. Nhan dang cau tic o day chi con 1a tim ~o no on
cua 3 16p bén trong. Cho truong hop st dung mang no ron thong thuong. ta phai dong thoi xic dinh ~o lop
va 0 no ron cua moi 1op. Cong viée kho khan hon con do ta chua 6 mot phuong phip tim kiem chinh
xde, ma chu yeu dua vao két qua thue nghiem. Neén. trong bai nay chiing toi gidi thieu mot phuong phap
diéu khien thich nghi su dung hé thong mo no ron [1]. Ta di biét mot s6 phuong phip hoc cau trie va
thong so thich hop cho tinh toin on-line. He don gian, o day ching 100 str dung phuong phiip cua Lin va
Lee (1992, 1995). Nho mang no ron vivhé thong mo. ta di ¢o thé xét truomg hop hé thong phi tuyen tony
qudt nhat y(k+1) = f(x(k). utk) - trong Khi cic phuong phip truyvén thong chi giai duoe mot so dang phi
tuyén nhat dinh [6]. Phuong phidp mo hinh nguoc cua doi tuong da duoce st dung.

1L SO PO DIEU KHIEN
Xét he thong phi tuyén mot dau vio mot dau ra
vik+1) = fix(kuck)) 1)

Trong do: u(k) la dieu khi¢n: y(k) 1a diu ra. () 1a ham phi tuyén Khong bict, ¢ cau tric vi thong
s bién doi theo thoi giany x(k) ki hiéu vécto hoi qui:

x(K) = P (KL 2ok s Ky, U ey YT

= [y(k-n=Do vk utk-m=1uth=D]m < n(2)
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Can tim diéu Khién thich nghi u(k). dé dau ra cua hé théng y(k+1) bam sdt diu ra ctia mo hinh
v,.(k=1). Phuong phip dieu khién st dung mo hinh nguoc da duoc trinh bay trong [7]. Cho cic qud trinh
cong nghé. ¢6 thé gid thiét: ton tai mot ham don tri gita u(k) va x(k). y(k+1):

uck) =" (x(k).y(k+1)) (3)

Do do. nho bo diéu khién - 12 hé thong mo no ron S2 ta tim duoc diéu khién u, (k) theo diéu kién
bam y(k=1) =y (k+1):

m

S u (k) = FHx(k).y, (k+1)) (4)

Sm

Trong chu ki ¢iit miu thi k+1 tiép theo, ta do dau ra y(k+1). vd nhd hé thong mo no ron S, tinh
duoe dicu khién u(k) theo cic gia tri thue ciia hé thong:

Sy wk) = 1 (x(k).y(k+1)) (5)
Tir do xdce dinh sai s6
e(k) =u,(k)-u(k) (6)
Ta dinh nghia ham sai s6
J=ek)/2(7)

Quii trinh hoc sé thay déi ciu tric vi thong so cua hé thong mo S, sao cho cue tiéu hod ham J. Bo
diéu khién S, sao lai cdu trie va thong s6 mai cua Sy, vi tir cic dau vao x(k+1), y,(k+2) sinh ra diéu Khién
u, (k=17 - tic dong vio doi tuong...

{1 HE THONG MO NO RON VOI HOC ON-LINE CAU TRUC VA THONG SO

Do Lin vi Lee dé xudt nam 1992, 1995 [1]. hé thong <o khi nang thay doi thich ughi cic thong <o
vitmot phan cau tinic,

[11.1. Chie nang cua cac no ron trong moi lop

Mot no ron ¢6 2 ¢hie nang, duge mo ta biang ham tich hop F.) (hay con goi la him tong trong), vi
ham hoat dong at.). Ta ki hicu (e)l, [a dau vao no ron thit i cua 1op thu .

Lop 1: CO N no ron ngon ngi dau vio (input linguistic node). don thuan dé truyén gii ti cho lop
tiep theo. Ta ¢o
‘ Folamsgie L2 Novdia= F8)

Lap 2: Gom N nhom cic no ron dinh han dau vio (input term node). moi nhom <o T, no ron.
‘ Trong truomg hop su dung no ron don dé thue hien ham thuoc dang hinh chuong, ta ¢o:

F=-(""-m)"/ O, :via= ¢ Y
Trong do: my v oyla tam (gid tri irung binhy va chicu rong (phuong sai: T, T cd phan chia mo .0
dinh han. o tip mo) cia bién ngon nglr dau vao x,
Lop 3: cic noron luat (rule node) thye hien phép AND mo
F=min (", 1. ... ""ll,): viia=F (10

Lop 4: cic no ron dinh han ddu ra ¢6 2 kicu lam viée. Trong Kicu truyén ti dudi lén. thue hien

| phép OR mo
F:}_ ‘“l']' vaa=min (b h

1
|
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Trong kiéu truyén tir trén xudng, giong nhu ¢ 16p 2. chiing thuc hién cic ham thudc cho bién ngon
ngtr dau ra.

Lop 5: ¢6 2 loai no ron ngén ngit diu ra. Loai thi nhat thue hién kiéu lam viée tir trén xudng, deé
luyen mang theo gid tri yéu cau z,, cua dau ra

F =2z viva='F (12)

Loai thit hai thuc hién kiéu truyén tir dudi 1én. ¢é chirc nang nhu bo 6 hoa:
' . (5 5
F=Y (mo,) vaz=a=F/) (5,”'1,) (13)
i i

Cho cic hé thong mo o trén, ta ¢o: cic bién ngon ngr dau vao x; = x(k). i = 1,.2.0 N-1: x( =
v, (k+1) cho hé thong S, va xo = y(k+1) cho hé théng S;: bién ngon nglr dau ra: z = u,, (k) cho S,. va z
utky. z, = u, (k) cho S,. Hé thong ma S, chi lam viéc theo kiéu truyén tir dudi 1én.

il

m

m
HL2. Hoc cau trie va thong so

Ciwu tric tho va gid tri bit dau m(0). 6(0) cha cic ham thuoe dii duge chuyeén gia chon, chang han
theo két qua nhan dang off-line. Str dung thuat hoc lan truyén nguge ta cip nhat thong sé m(k). o(k) cia
cie no ron dinh han. Doi voi [6p 4, trén co so phan tich s6 do giong nhau (similarity measure) gitra ham

thuoc méi p(m, ... 6,,..) cho no ron thit i va cic ham thuoc cua cic no ron hién ¢6 - ma ¢6 thé thém vio
mot no ron. nghia la thém 1 tdp m& nhdm chia nho hon nita khong gian cua dau ra. Cin cii vio ngudng luc
(strength threshold), cic dau vio cua I6p 4 - tic la phian hé qua cua cic no ron luat I6p 3 - duoc sip xép lai
cho chinh xdc hon. Cudi cluing, thyc hién phép két hop cic luit ta ¢é thé giam s6 cic no ron ludt, va nhan
duge mo hinh “tor nhat™ cua déi tuong diéu khién ¢ chu ki cat miu thi k + 1. Qud trinh hoc thuc hién nhu
sa.

Lap 5: Dé cuc tiéu hoa ham sai 56 dau ra

J=(z,-2)2 (14

cie gia i maéi cua ham thude cho no ron thir i caa I6p 4 duoc tinh:

Myew = M(K) + Amy(k) (15)

Oinew =ci(k) it A0-1”\) ( 16)
Trong dé: Amy(k) = -adl/ém, (17)
Ac(k) =-adl/do,(18)

T (14), (13) ta tinh cic dao ham rieng

al/om, = -(z,, - 2)G, 'S’Ii /Z(Simll (19)

2186, = -z, 2 [m, - V1, /Z(ci‘s’li)~(Zmici'5’li)‘S’IiJ/(Z(Gi‘S’Ii): (20)

Theo 50 do giong nhau cha hai tip mo E(...), ta tim no ron ¢é ham thuéc - ki hiéu bang p(m
) - giong LM, ., 0, ,..) Nhat:

mew? M new

i closests

G| closest
degree (l’ k) = E[”(n]mr\\- 61 m'\\)‘ “(I“wln‘cq' Gisiﬂ\'fvl)]
=max E[f(m; . G, e )« M .0 )(21)

Cho hai tap mo A, B véi cic ham thuge pu, y4(x) = expl-(x - m, 4)*/ 67, g ta ¢6 cong thic gin ding:

E(A.Bl= |[ANB|/|AUB|/(o,/pi +0,4/pi-|ANB| ) 22)
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Trong do: %Ar\B!:h:[mB-mA +\/p_i(GA +0’B)/(2\/;(_GA +0‘B))

+hm,-m, + pi(cA —GB)/(z\/a(GB—GA))

+ [ — 1, +\/p~i(o'A—cB)/(2\/;(csA GB).) (23)

& day ta ki hiéu: h[x] = max[0, x]. C6 thé xay ra cdc truong hop sau:
) dergree(i.k) < (k):
a(k) [d mot s6 don diéu ting - goi 1a tiéu chuian gidng nhau. Ta cin thém vio 16p 4 mot no

ron mai voi ham thudc 1M, ,cqs Ticioses)- SaUl do, nhiing dau vio tir 16p 3 dén no ron thit i dang xét - ¢o
gid tri 16n hon hoiic bing ngudng lyc 'a > f s& dugc chuyén thanh diu vio clia no ron méi.

b) dergree(i,k) < auk):

NEU UM, s Oictoed) # KM, ;) thi cde dau vao cho no ron giong nhat ndy duoc chon nhu
trén. Trong truong hop chinh no ron dang xét la giong nhat. ta ldy cic gid tri méi

my(k+1) =m ., (24)
ok + 1)=0,..(25)
Cic dau vao duoc gilt nguyén.

Sau khi cic dau vao cua lop 4 - tie 1a phan hé qua cia cdc no ron luat 16p 3 da duoc an dinh. ta
thue hién két hop mot nhém cdc no ron ludt thanh moét no ron duy nhit theo cic tiéu chuan sau:

1. Ching ¢o ciing hé qua
2. C6 chung mot so tién de
3. Hop cua cic tién de khic bao gom toan bo tap dinh han cliia mot s6 bién ngon ngd diu vio.

Ta thay. o day hoc cau tric va hoc thong s6 duge thue hién dong thot, thich hop cho nhan dang on-
line.

Lop 4: Theo thuat todn lan fruyén nguoc, ta tinh dao ham riéng 3, cua ham sai 6 J theo diu ra
cua cde 16p no ron 16p 4, 16p 3 - can thiét cho ¢ap nhat cdc no ron 16p 2.

g, = o3/ a, = 01/, = (8)/3'a). (8®a/d*]) (26)

Trong do, tir (13) ta tinh

A1, = [moy Zcimli )—(Zmici‘s’li )O . ]/(ZGi(S)Ii ¥ a7
Boi vi Pa =z, nén

/e = 8)/0z = -(z,, - Z) (28)
Lop 3: Theo (11). ta co:

18, = 01/ a= 03/ ). (2@ = 5, (29)

Lap 2: Ta ¢6 ludt ¢ap nhat cic ham thuée nhu sau

my(k + 1) = my(k) - adl/om;; (30)

Gk + 1) =c,(k) - udl/do;; (31)

Ta lan luot tinh
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AJ/om,, = (9)/6% ). afom, ) = V587 a/Om,) (32)
Theo (9). ta nhan duoc

dafom, = 2?1 - my) / 67, (33)
Cho truong hop no ron chi ¢é mot dau ra. ta co
AV/a, = ()L = (3)/8*a,). (8¥afPL) = P8P ]) (34)
T (10) ta thay: 8%a/@PL = 1 néu “I, 1 nho nhat trong cic dau vio cia no ron luat thit i Iép 3.
Neén. trong trudng hop no ron I6p 2 ¢é nhiéu dau ra, ta nhan dugc

@5, = 30, = Y q. (35)

'3 ... néu P, 12 dau vao nho nhat cua no ron luat thi s (36)
Trong doé: q, =
0... cho cic truong hop khic

Thay vao (30), ta c6 két qua

my(k + 1) = my(k) - 2?8 (7L, - my) / 0% (37)
Tuong ., ta tim duge luat ¢ap nhat cho o,
ok + 1) =0;(k) = 205" (71, - my)* / o*(38)

IV. KET LUAN

Trén diy ta di chi ra kha ning str dung hé théng mo no ron cho gidi quyét bai todn diéu khién thich
nghi cdc hé thong phi tuyén ¢é cau tric thay doi. Dé don gidn, ¢ day ta chi xét sy thay doi phan chia mo
cua khong gian dau ra v hé luat. Ching toi thay: phuong phip ctia Lin va Lee holn toin ¢6 thé ip dung
nham thay déi cd phan chia mo cua cde khong gian diu vio. Mot hé théng mo khiic - vai hoe ciu triic trén
o s0 1 thuyét cong huong thich nghi mé - duge Lin dua ra nam 1994, Dé xay dung cic phuong phip hoc
cilu triic, nguoi ta cling st dung nhitg Ki thuat méi la, nhu cic thuat di truyén, lap trinh tién hoa...

Cong trinh ndy dugc thyuc hién trong khuon khé nghién ciu cia dé ti cap nha nuéc KHCN-04-09,
thuoc chuong trinh Tu dong hoa.
TAI LIEU THAM KHAO
1. Lin C.T., Lee C.S.G: Neural Fuzzy Systens, Printice-Hall International 1996.

2. Wang K.J., Sbarbavo D., Zbikowski R., Gawthrop P.J.: Newral networks for control
svwstems, Automatica, Vol. 28, No. 6, 1002, pp. 1083-1112.

3. Narendra K. S., Parthasara L: Ideutification and control of dynamical systems using neural
nerworks, IEEE Trans. Neural Networks, Vol. 1, No. 1, 1990, pp.4-26.

5. Karakasoglu A., Sundareshan M.K.: A recurrent newral network - based adaprive variable
stricture model-following control of robotic manipulaters, Automatica, Vol, 31, No. 10, 1995, ppo.1495-
1507

6. Krstic M., Kanellakopoulos L., Kokotovic P.: Nonlinear and Aduptive Control Design, John
Wiley, New York, 1995.

7. Chu Van Hy: Mang no ron truyén thang cho dicu khién thich nghi cde hé thong phi niven.
trong Tuyén tap cdc cong trinh nghién ciin - Mot <6 plutong phap diéu khién hién dal . phdan vien Tie dong
hod, Vién Cong nghé Thong tin, 1997

44



