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Abstract, III this paper. we present a method of nonlinear variable structure system control using neural fuzz-
systems, An inverse model adaptive control scheme is chosen. A neural fuzzy system with oil-line supervised
structure and parameter learning (adapted from C.T. Lin. C.S,G, Lee) i, analysed,

I. f)~T VAN DE
Yell c.iu quail rrong himg dau 0' day 1:1 1110hinh ph,ii 1:0 kh.i nang thay doi eau true phu hop voi c16i

tuoug. Trong dieu khieu ruyeu tinh, ta 1:0 the gi;ii quyet nho 1:0 eau d.inh g i.i va thay doi bac cua 1110hinh.
plurong ph.ip dieu khien d •• 1110hinh, hoac tren 1:0 SI.',.1fthuyet dieu khien ben virng (c,ic he thong chuu b.u
dinh C;IU true \'il thong sol... Cho cric he thong phi tuyen, tinh to.in kho khan hem r,\t nhieu. do 1:0 c.ic h.un
bac ":010phuc tap. nhu hamluoug g i.ic. ham ~ieu viet...'; nh,lt lil khi che do lam viec CUa he thong rhny d(ii
gi.in do.m, vi du: su chuyen ph« rrong qu.i trinh rruyen nhier, thay cl6i dC1Ctinh dong ch.iy cua ch,lt 10llg
hO:1Cchat khi khi toe do vuot qu.i g iri tri gi6'i hun v.v ... Van de dat ru la phai xay dung duce 1119t 1116hinh
tong qu.ir bieu dien duce t,lt d c.ic dang phi ruyeu cua he thong, DelY lil met yell ciiu kho eo the thuc hien
btuIg C,ICphiroug rien viI phuong phap rruyen thong. nh,lt lil cho tinh to.in theo thoi gi.m tlurc.

\1ang 110'ran nhan tao viI he thong 1110'no ron - lil nhCl'ng coug cu l116'ig iiip ta rhuc hien duoc dieu
do. \guO'i ta dii clurng minh rtJng [1.2.3.4J: mot so mnng 110'ron Vil he thling mo lil nhuug cong I:U ,\;-'p \1
van nClng - eo khu xap xi c.ic hum phi tuyen clang bar ki. vo'i do chinh :\<11.:tuS' ), TtI' nhCl'ng linh k icn - gOI
lil "thong minh" nay, theo 1110tso plurong phrip ra tong hopthanh mor m,1I1!! no ron eo the rhay c!c;i c.iu 1II'le
va thong s6 d~ 1110t,'l dung quan he vao/ra cua d6i nrong phi tuyen bien d6i theo thoi ginn. Thuc eh.it. he
thong mo 110 ran la mor mnug 110'ron dfl1.:bier - lill11vice thco nguyen If CIl:1he thong mo, gom 5 \<')'P, sli 110
I'On cu.t 16'p vao Vil l6'p 1',1btuIg s6 dui IlfO'llg v.io \'il 1<1,\h;:UI r.\;ln,:!eau true I.l'duy clu con lil tun 'C) IH! 1()1l
cua J 16)1ben rrong. Cho rruoug h9'P su' clung m;,lng no ron thong tlwc·l'Ilg. ta ph,'ri clang thni X;iL clinh '0 It''l)
v~ s6 no ron 1.:1'1:1111(')i16p, Coug viec kho kh;'11I hon con do LI chu.: ":1.')mor phll'o'ng ph;'Ql tun k iern cluuh
X;IC. 111;\chu yeu clu.: \'il0 ker qu.i rhuc nghie.». '\ell, trollg hili n;'I), ..:h(1I1groi giti'i thieu 111('1\phu'O'llg l,h;ip
dieu khien tluch nghi 'll' dUll,:! he th611g mir Ill)' roll 11], T<I 1.1:1biet mot ,tl phll'll'llg ph.ip hoc ":;1111IIIe \;1
thong so thich Imp cho rinh to.in on-line, De r.1UIIgi.m. n r.1:I) chl'lng roi "1'1'dUllg pluroug ph.ip ,11:1 Lin ':1
Lee (1992, 19(5), \ho' mung no roll ,il he thCin,:! mo. t,1 I.U (() the xet tnroug hop he tItl)llg phi tuycu t(illg
qu.ir nhCit )lk+11 = ftxt k ). ut k n - trong khi ..:;il: plwll'll,:! plt;ip uuycu theing ..:lti gi;'ri I.ltI'O,' mol 'c'; d,1I1g phi
tuyen nh;!t dinh 16], PhlfO'llg ph,ip mo hinh nglfuL' ,1'1<1cloi tlftHIg dii duoc 'II' dung.

11.sO t>() t)Jj:~L:KIIII::N

Xer he tltClIlg phi tuyen melt d.iu vao mot dnu l;r

ylk-r-I 1= ftxtk i.utk r) I I)

Trong do: u(k) lil dieu khien: y(k) lil d.iu ra, ft) lil ham phi tuy cu khoug bier. eo eau tru; \il tlHllIg
~6 bien doi theo rhoi g ian; xik) ki hieu vecto hoi qui:

xt k ) = [XI(Kl. .... x,,(kl: \.,1(1') ... '. \",,,, Ilk) rr
= ly(k-n"'l I." .vt k ): utk-m+l :.... 1111\-1)11: III -. n 121
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CIIl rim dieu khien rhich nghi utk ), de dau ra cua he thong y(k+ I) b.im stit dCiu ra cua mo hinh
~",(J,.+I), Pluroug ph.ip dieu khien -nr dung 1110hinh IIgLf(jl: d£i diroc truth bay trong [71, Cho c.ic qu.i rrinh
C:OllgIlghe.l:o the gi:i rhier: ton tai met ham don ni gilra u(k) va xtk). y(k+I):

u(kl=fl (x(k).y(k+I»(3)

Do eta. nho bo dieu khien . 1:1he thong mo 110'roll S2 ta tim duce dieu khien u",(k) theo ctieu k ien
b.im )(k-I) = )",(k+1 I:

S!" u",(k) = f'(x(k).y",(k+I» (4)

Trong chu ki l::-lt mau rlur k+l tiep thco, ta do d.iu 1':1y(k+1 \. vii nho he thong mu IJ()" 1011SI tiuh
(IIrO'c clicu khi~1I u(k) theo c.ic gi:\ rri tlnrc cun he thong:

SI'" utk ) = fl (x(kJ.y(k+I» (5)

TtI' c16 x.ic dinh sai so
et k ) = lI",(k)· ut k ) (6)

Ta dinh ugh 1:1hum sui so

Qu;i rrlnh hOI: ~e th.iy lh'ii eau mic viI thong so CU:Ihe thong 1110SI sno cho cue ti~u ho.i h;'1I11.I, B()
tliclI khien S~xao lai C;\lI true viI thong so moi cl'la SI' \'il nr c.ic d.iu v.ro xt k+ I), y",(k+2) sinh ra clieu khiell
lI",(k.,.1 ) . t:IC dt'lIlg vim c16i tll'O'llg..,

Do Liu \:'1 Lee d0 xu.n nam IlN:!. 1l)()5 111, he thong eo kh:lll:'lIlg thay doi tluch nghi c:ic thoug V)

\:1 mot ph:\IIl::IU In'I~',

Ill.!. Clurc 1l:-ll1gcuu cue no' run trong mili lop

Vkll no ron ui :! chuc IICIIIg.duoc mo t:l b:\lIg h.un tich IJO'pf(,) (h:l) Call goi lil ham «)lIg trong ). vii
h.uu hoat c16ng ;1(,), Ta k ihieu (e il, la deill vao II()' roll thl'l' i cua 16'ptlur I.

1Ai'P I: C6 '\ no ron IlgClII ngfr clau vao (input liugui-ric node). dou 1 hu.u I de rruyeu gi:i u i cho kip
1iep rheo. T;I eo

1'·- :'I,=\,.i=I.:2, .. ,\:\il;I=F(S)

l.op 2: Gom '\ nhom c.ic no' 1011dinh h.m (!;'iu vao (input term node ). I1H\i IIh6111(;0 T, IJO'rou.
Tlull/! tnrtl'llg hop vu dllll/! 110'ion don de rhuc hicn h.un rhuoc dallg hlnh chuoug , ta Cl):

Trullg del: 1111\\ il 0):1 bill (gi;i tri il'Ullg blnh: \'il chieu rong (phll'lrllg xui ): T, LI L'li ph.m ch!:1 m« 1'.(1

dillh kill. '(\ I::IPIllti) CII;I bien Ilg()1l Ilglr (\;lu vao \,

L(fP .1: c:u, 110'101111I:,I!(rule node ) tlurc hicn ph':p .-\'\D m«

F = mill (d'II' '-"I:, .. , d\): \';1 a = F (10)

Lop -+ c.u, IH> ron clinh han dau 1';1cri :2 kicu bill vice. Tn1llg k icu truyen tit dtr6i leu. thuc hien
phep OR m«

F =I ,-I, I :\;1 a = mill 11.1:1 ( I1 1
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Trong kieu rruyen rir tren xuong, g iong nlur d !Cll' 2. cluing tlurc hien c.ic ham rhuoc cho bien ngou
ngCr chill ru.

Lop 5: -.:0 2 loui no ron ngon ngjr dtill ra. Loai rlur nhtit thirc hien kieu liun viec nr tren xuong. M
11I)en mang theo gi~i tri yeu eau Z'" cua driu ra:

F = z",: vii a = F ( 12)

Loai rhir hui thuc hien k ieu truyen tir diroi len, (;0 clurc nang nlur bo r6 hoa:

F= ~(m 0'): vilz=a=F/""(cr 151} ) (13)
~ I I L.. I I

Cho c.ic he thong 1110'd rren, ra eo: c.ic bien ngon IlgCr d.iu vao X; = x.t k ). i = 1,2 .. , \-1: x , =
y..•(k+ I) cho he thong S:. vii x, = y(k+ I) cho he thong SI: bien ngon ngl'r ctfiu ra: z = u.,,(k) cho Se. vii Z =
ut k I. z", = 1I.,,(h) cho SI' He thong mo Se clu lam viec the 0 k ieu rruyen tir clLfo'ilen.

11[.2. Hoc dill true va thong s6

CIlI true rho vii gi~i tr! btlt d[iu mt O). ot O) cua cric ham rhuoc cla duce chuyen gia chon, chang h.ui
then ke: gll~i nhan dang off-line. Sir dung rhuat hoc lan rruyen nguoc tu c;~p nh[1I thong so mtk). ark) cua
c.ic 110'ron dinh hun. D6i voi 101,4, tren eo sa phan tich so eta giong nhau (similarity measure) gilfa h'·lI11
rhuoc moi ~l(Ill","", a r ue ,,) cho no ran rhu i viI c.ic ham rhuoc cua c.ic no ron hien eo - mil -':0 the them vao
mot no ron. nghi.: lil them 1 t~lp me nham chin nho hou nlra khong gian cua dilu ra, Can dr vao nguoug luc
(,11eugth threshold). c.ic d.iu vao cua krp 4 - tire lil pluin he qua (;1'1<1c.ic no ran luat I&p 3 - duce s,1p xep lai
cho chiuh x.ic hou, Cuoi cung, rhirc hien phep ket hop c.ic luar ta eo the gium s6 c.ic no ron luar, viI nhan
duoc 1110hinh "t61 nh.ir" u'la doi ruong dieu khien 0' chu kl dt mall tlur k + I. Qui trinh hoc rlurc hien nrur
S;l11.

IJrp 5: De circ rieu hoa ham sai so d.iu ra

.I = (Z", - z)"/2 (14)

c.ic gi,\ rri l116'iCl'!;1 ham rhuoc cho no ron tlur i cua lop -+ duce tfnh:

111•...c" = m.tk) + ~\Illi(k ) ( 15)

Troug de>:

a...c" =ai( k ) + 0.ai(k) ( 16)

,'''mi(k)= -aoJ/oml (17)

l\ai(k) = -aoJ/()al( 18)

Tit' ( 14). ( 13) ta tinh c.ic dao ham rieng

151 / "" 15/
eJ/D1ll1=-(Z",-Z)ai Ij L.,Gj }j(19)

2.1k~aI = -(z., -Z) [Ill, - I -' I Ij / I (0' j I5IIj ) - (I m jG j I
511j ) I51Ij J / (I(0' j 151Ij r (20)

Theo so do g iong nhau cua hai t~~p1110'E(. .. ). ta rim 110' ran eo ham thuoc - k i hieu bang fl(lll. d,,,c,"

a. d."cJ - gioug fl(m" ••", a.nc,,) nhat:

degree (i, k) = E[p(nl, ..n,' at u".). ~l(m t-d••"SI' ai d••",~)j

= max E[fl(m.nn,. o, uc,,)' uun, .aJ(21)

Cho hni I:\p ma A. D v{)'i C,IC ham rhuoc fl,\ u(x ) = ex p] -Ix - 111..\,Il)"/ a"" 11ta eo c611g tlurc g,llI dllllg:

E [A. DJ = lA n BI/1A uBI / (G A JPi + G Il JPi -I An BI) (22)
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Troug do: jAnB!=h:[111B -111A +.Jpi(0A +0B)/(2.JPi(0A +0B))

+ h: [111B - 111A +.JPi (0 A - 0 B ) I (2.JPi (0 B - 0 J)
+[11113-111r\ +.JPi(0~ -0IJ)/(2.jpi(0A 0IJ)) (23)

() clfly 1;11" hieu: h[x] = maxl O, x ]. Co the xay ra c.ic rrtrong hO)1 sau:

;1) dergreet i.k ) «k):

a(k) 1:11110tso don dieu tang - goi lil tieu chuan giong nhau. Ta dn them vao lap 4 1116tno
rou Illoi \,o'i ham rhuoc ~L(111'-<I.•-;"",CY;-<:I",,,,')'Sau do, uhirng dilu vao rir lop 3 den no ron tlur i dang xet - eo
gi;i tri Ion hon ho~c btlllg ngiroug lire (31a 2: ~ se duoc chuyen rhanh d£iu vao cua 110" ron moi.

b) dergreeri.k) < «(k):

;\eu ~L(1ll;d'''c;>'CY;.d,,-;e-;t)-:F- ~L(m" CY;)thi c.ic dilu vao cho no ron giong nhfit nay duce chon nlur
rren. Troug rruong hop chinh ne ron dang xer la giong nhur. ta lay cric gi;i rri moi

CYj(k+ I) = CYj.n."C!5)

Cac dilu vac duce gifr nguyen.

Sau khi c.ic d;lll vao cua lop 4 - nrc la phan h~ qua cua cac no ron 11I(1tlop 3 oil CltIO(;an dinh, 1;1

tlurc hien ker hop 1119tnhom cac no ron lu~t thanh 1119tno ron duy nhat theo c.ic tieu chuan sau:

I. Chung eo Cling he qua

2. Co chung 11l9t so tien c1e
3. Hop cua cric tieu de kluic bao g6m roan bo tap diuh hall cua mor so bien ngon ngCI d;lu V:IO.

Ta thay. o· (hiy hoc eau true viI hoc thong so duoc tlurc hien dong rhoi, thieh ho-p cho nhan clang on-
line.

Lop 4: Theo thuat to.in lan truyen nguoc, ta tinh duo ham rieng (110j cua ham sai so J theo dau ru
cua ctic lap 110' ron 101,4, l6'p 3 - can th jet cho cap nhat cac no ron 16'p2.

(~IO; = 8.J/EJ;:aj _, o.l/usll; = (O.J/a<Sla). (u5Ia/(JIsII;l C!o)

Trong do, rir ( 13) la t iuh

-,,51/5'( [ "(511) (" (511) ]/(" 1511 )121 ("7)o: a ,= I1ljCY;(L.,.0j j - L.,.t1lj0j j 0j L.,.0j j -

B6-i vi (51a= z. nen

u5la/u5la = oJ/Clz = -tz", - z) (28)

Lop J: Theo ( I I), ta eo:

1.>'1\ = oJ/c"'fJ'a,= u.J/iJ"a). (r) "a/u·I\) = i~'6;(29)

Lop 2: Tu eo lu(\t c,~p nlH~tcric ham thuoc nhir sau

J11j/k + I) = ll1;j(k) - ao.J/Otll;j (30)

CYi}k+ I) = CYjj(k)- ao.l/oCYij(31)

Tu Ifin IU<;>ltinh
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aJ/om;! = (OJ/CP'al ),(a2'a/m));,) = (2'0;«(12'a/om;,) (32)

Theo (<). ta nhan dum;

8'2'a/(1))'1 = 2eh('"II, - m,,) / a\ (33)

Cho rruong hop no ron chi (;0 mot dtiu ra. la (;0

?J/I:;2'a; = (oJ/a},!;) = (DJ/a3'a,). «)(3'a/E)l3'1;) = U'i\(aJ1a/aJ'1;l (34)

TLr I, 10) tu thay: i)dla;/(l'J1L = I neu <3'1,lil nho nhat rrong <.:;1<.:dau vao cua 110' ron luar tlur i l6'p 3.
'\ell. rrong mroug hop no ron 10'112 eo nhieu dau ra, ta nhan diroc

'"'8; = DJ/fP'ai = Iq, (35)

'3'(,\", ueu (2Ia, lil d.iu vao nho nh;lt cua IJO' ron luCIt rhir s (36)

Trong do: 'Is =
0 .. , cho <.:;1<.:tnrong hop kluic

Thay vao (30), ta eo ket qua

m ..(k + I) = 111..(k ) - 'a(~lo,er-;('~'j - m) / cr2, (37)tJ '.I - I I 1.1 1.1

Tirong nr, ra rlm duce luar c,~p nh(lt cho cr;j

o ,(k + I) = o ..(k) = 'a'2'o,el',«(2'j - 1)1,)~ / crJ(38)
11 1.1 - I I 1.1 1.1

IV. Kf~T LU~N

Tren day ra etii chi ra khu nang si:r dung h~ thong )))0'no ron cho gi,ii quyet bai to.in dieu khien thfch
nghi <.:;1<.:he thong phi ruyeu <':0eau true thuy cl6i, De et011 giun. a day ta chi xer sv thuy d()i phuu chin llle1
cua khong giau dau ra viI he luat. Chung roi thay: phuoug ph.ip cua Lin vit Lee hoan roan eo the lip dung
nham rh ay d6i ea phnn chin 1110cua cac khong gi.m cl;1u vao, VIM he thong 1110'kh.ic - vo] hoc eau true rren
eo sa If rhuyet coug huoug thich nghi 1))0' - duce Lin dun rn narn 1994, De xay dung cric pluroug ph.ip hoc
cnu mic, nguO'i ra cung xir dung nlurng ki thuat moi la. nhu c.ic thuat di truyen. 1(lp rrinh tieu hou .. ,

Cong rrinh nay duce tlurc hien trong khuon kho nghien ctru <':LIa de tai C;;IPnhil nuoc KHC\-04-09.
rhuoc clurong rrlnh Tu dong hoa.
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