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MANG NO RON TRUYEN THANG CHO BIEU KHIEN
THICH NGHI CAC HE THONG PHI TUYEN

CHU VAN HY

Abstract. Multilayer feedforward artificial neural networks are used in nonlinear adaptive
control problems. In case of a feedback-linearizable plant, two networks are needed to model
the unknown system and generate the feedback control. In general case, an inverse model
adaptive control strategy is developed and analysed.

1. MO PAU

Diéu khién thich nghi cac hé thdng phi tuyén 14 mét vdn dé khé,; song néu gidi quyét
dwoc sé cé ¥ nghia khoa hoc va thuc tién rat 16n. Béi vi hau nhu cic hé théng thuc déu
la phi tuyén. Bay nay, do thiéu cdc phwong phép cé hiéu qud, d¥c biét chwa c¢é nhitng
phuong tién k§ thuat thich hop dé thwc hién céc luat diéu khién phlrc tap, nén ta da don
gidn héa xét ching nhu nhu’ng hé théng tuyén tinh. Trong diéu khién thich nghi tuyén
tinh hién ton tai mot sd van dé sau:

- Van'dé cdu tric cda md hinh d8i twong: If thuyét diéu khién bén virng di co bin
gidi quyét dugc sy bat dinh thong s cda hé thdng, nhung bat dinh vé ciu tric, nhit la
truong hop d6i twong cé cdu tric bién ddi hodc hoan toan khéng biét van con nan giai.

- Van dé thoi gian thuc.

Céc nha digu khién hoc tim thidy & mang no ron nhan tao mét phwong tién méi dé
khic phuc cac trd ngai trén. Ngudi ta da chimg minh dwoc réng (Cybenko, 1988 [1]; Fu-
nahashi, 1989 [2]; Hornik, 1989 [3]; Hecht-Nielson, 1989 [4]...): mang no ron truyén thing
¢6 mot ho¥c nhiéu lép &n véi ham hoat dong a(-) (activation function, non-dynamic nonlin-
ear function) c6 dang bep (squashing), va ham téng trong (weighted summer, integration
function) tuyén tinh hojc da thirc - 1a cong cu x4p xI van n¥ng: c6 thé xap xi cic ham
phi tuyén bat ky véi téc dd chinh x4c tuy y. Do dé, ngay trong trwomg hop khé nhat -
khi khéng biét cdu tric cia mé hinh ddi twong - ta van cé thé tim dwoc digu khién thich
nghi nh& phuong phép rat déc ddo: st dung mé hinh nguoc cda ddi twong (inverse model,
inverse system). Mét wu di€ém nita cia mang no ron la: khd ning xi i phan tan song song.
Nh& nhitng vi mach théng minh chira s6 lwgng 16n céc no ron nhan tao & rdi rac trong hé
théng, dong th&i xi& i tin hiéu, thi van d& thoi gian thuc s€ duwgc khic phuc. Véi su ra
doi cda mang no ron md, van dé bat dinh thong s6 hé théng cling duoc gidi quyét kha dé
dang.

Trong bai nay, chiing t4i trinh bay cic phuong phép diéu khién thich nghi phi tuyén
nhd mang no ron truyén thing. Trong trudng hop mé hinh di twong cé dang: y(k+d) =
F(z(k)) + G(z(k)) u(k) ta vin sir dung phuong phap diéu khién phan hdi tuyén tinh héa
truyén thong [5] nhung ding 2 mang no ron dé xdp xi cdc ham phi tuyén khong biét
F(2(k)), G(2(k)). Trong trudng hop tong quat: y(k+1) = f(z(k), u(k)), nhor mé hinh ngugc
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cla ddi twgng xdy dyng b&ng mang no ron ta cé thé tim dwgc diéu khién thich nghi u(k)
[6].

2. PIEU KHIEN PHAN HOI TUYEN TINH HOA

Xét ddi twong dieu khién 1 diu vao 1 d&u ra cé tré:
y(k+ 1) = fo(z(k)) + go(z(k)) u(k —d +1). (1)

Trong dé: u la diéu khi€n; y 1 diu ra; fo(-), go(-) 1a cdc ham phi tuyén khéng biét; z(k) ki
hiéu vécto hodi qui:

a(k) = [21(k), ., Zn(K), Sns1(K); s Tnpm (k)]
= [y(k -n+1),..,y(k), u(k—m-d+1),.., u(k- d)]T, m < n, (2)

d la tré tong quét:

d=r+L; r21, L2>0. (8)

r la bac twong d6i, L la bdi s6 cda tré dieu khién so véi chu ky cit méu. Nhé réng
u(k —d+ 1) trong (1) 1a diéu khién tré da dwoc sinh ra & thoi diém cdt miu thir (k—d+1)
trong qua kht. D€ biéu dién quan hé giira diu ra véi didu khién u(k) & thoi diém k dang
xét, ta bién doi nhu sau:

y(k+2) =fo(y(k = n+2),.. y(k+1), u(k—m—-d+2),..,ulk-d+ 1))+
go(y(k—n+2),., y(k+1), ulk—m=—d+2),.., ulk—d+ 1)) u(k—d+2).

Thay y(k + 1) theo (1), ta cé

y(k+2) =fi(y(k = n+1),.., y(k), u(k —m—=d+1),.., u(k—d+ 1))+
a(ylk—n+1),.., y(k), u(b =m=d+1),.., ulk - d+ 1)) u(k — d + 2).

Thuc hién d — 1 l&n, ta nhan duoc
y(k + d) = F(2(k)) + G(2(k)) u(k). (4)

Trong dé: F(-), G(-) 1a cdc ham phi tuyén phtc tap; z(k) 1& vécto gdm N =n+m+d—1
phan ti¥

2(k) = [21(K), ey 20 (K), Zas1(R), o, 2n(K)]T _
= [y(k —n+1),..., y(k), u(k —m —d+1),..., u(k — 1)]", (5)

B6 diéu khién dwoc xay dung theo nguyén li twong duwong virng (Certainty Equivalence

)
Principle) nhu sau. O buwéc nhan dang, cdc ham phi tuyén khong biét F(z(k)), G(z(k))
dugc xip xi béng 2 mang no ron F(z(k), w(k)), G(2(k), v(k)). Céc vécto trong w(k), v(k)
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dwoc tinh theo phwong phap xay dung trén co s& thuat todn lan truyén nguoc. & bude
diéu khi€n, d€ khtr tinh phi tuyén cda hé théng cé thé tinh

_ Ym (k +.d) - ﬁ‘(z(k), w(k))
G(2(k), v(k))

u(k)

) (Ba)

trong d6 ym(k + d) 1a diu ra yéu ciu & thoi di€ém cit mAiu thi k + d trong twong lai. Cho
céc hé thdng théng thuomg khong tré L = 0, c6 bac twong d6i r = 1, ta c6 d = 1 va cb thé
thiét ké hé thdng bam nhu sau

ym(k+1) + [c1 er(k) +caer(k—1)+ - +cper(k—p+ 1)] - ﬁ"(z(lc), w(k))

== &(a(R), viF) o
trong d6 biu thitc trong dau [ ] chinh 13 sai s§ bdm e;(k + 1) véi dau nguoc lai:
et(k+1) = ym(k+1) —y(k +1). (M
Phuong trinh dic trung cda hé théng kin s& 1a
et(k+1)+cre(k) +caee(k—1)+ - +cpes(k—p+1)=0, p>r. (8)

Bac va céc hé s8 duwoc xic dinh dé hé théng bam cé céc tinh chit mong muén, vi du theo
phuong phap dit cuec.

Biy gio ta xay dung cdc mang no ron F(z(k), w(k)), G(z(k), v(k)) (véi 16p vao gom
N =n+m+d—1no ron, 16p ra 1 no ron). Céc céng trinh 1]+ [4] méi chd yéu ching
minh s ton tai, con vé ciu tric cda mang: s6 lép, s8 no ron trong mdi 1ép an - thi chua
dwa ra duwgc phuong phap xac dinh cu thé. Mic du lf thuyét da chi ra: chi cain mang 3
16p 1a dd, nhung trong thuc té van phdi dung 4, 5 16p hodc nhiéu hon - tuy theo d6 phi
tuyén cda hé théng [7], bdi vi xdp xi bdng mang 3 16p thuong ddi héi s8 lwgng no ron
qué 16m; mit khac la khong di cho dn dinh héa, nhat 1a trong xdp xi khong lién tuc. Céc
két qud thwc nghiém (Chester, 1990...) cho thdy: mang véi 2 16p an cho d6 chinh xéc cao
hon, tinh t8ng qua héa t6t hon va cin s8 no ron it hon so véi mang 1 16p an. Cé thé néi
(Sontag, 1992; Chen, 1994...): mang 4 1ép véi 2 16p &n phi tuyén la“thich hop cho nhigu
ting dung. Phaén tich chinh xé4c s6 no ron cin thiét trong ting 16p an la khé khé do tinh
phtic tap cia mang, nén thudmg xic dinh bing thyc nghiém.

Dau ra F(z(k), w(k)), G(z(k), v(k)) cda cdc mang trén cin cho tinh diéu khi€n u(k) theo
céng thirc (6), dong thoi dung dé thanh lap diu ra xdp xi du béo:

g(k + d) = F(2(k), w(k)) + G(2(k), v(k)) u(k): (9)
Ta c6 sai 86 x4p xi - 14 ham phi tuyén déi véi cac vécto trong w(k), v(k):
ealk +d) = y(k + d) — §(k + d). (10)

Ta dinh nghia ham muc tiéu
J=e2(k+d)/2. (11)
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Céc trong cia mang dwogc cip nhat theo phuong phép gradient nhdm cuc tiu héa ham
muc tiéu J:
aJ

w(k + 1) = w(lc) — Qg W, (128.)
o(k +1) = v(k) — az %(Jk). (12b)

Trong dé a;, az 1a cac hdng hoc (learning constant) dwgc chon dé dap ting cac yéu ciu vé
tinh hoi tu cling nhuw thoi gian hoc. Theo (11), (10), (9) ta tinh cic dao ham riéng trong
(12), va coi dau ra trong twong lai y(k + d) gin bing diu ra yéu ciu y,,(k + d) c6 sin, ta
nhan duoc

0 (2(k), w(k))

w(k+ 1) =~ w(k) + a1 [ym(k +d) - gk + d)] 30 (k) , (13a)
olk + 1) 5 (k) + o [y (k + d) = §(k + )] u(k) %&)”(’“” (13b)
Cho truomg hop d = 1, thay y(k + 1) theo (7),(8) ta cé cong thirc chinh x4c
w(k +1) = w(k) + oy [ym(k+ 1)+6geelk) +ox gl — 1+ -
+cpet(k—p+1)-—§(k+1)] @(ﬁ%"—(’—‘n, (14a)
v(k+1) = v(k) + az [ym(k—i- 1) ey esllk) =+ e eslk = 1} %=1+
+eperlk—p+1) - ik +1)] u(k) W. (14b)

Viéc con lai la: tinh cdc dao ham riéng dau ra cia mang theo cic trong trong (13), (14) -
sé dugc thuc hién theo phuwong phap cda thuit todn lan truyén nguoc [8]. D€ don gian,
ta ldy vi du mang cé 16p vao gém N no ron, 1 1ép 4n gdm M no ron, lép ra 1 no ron, va
bd qua bién s6 thoi gian trong cac ki hiéu dwéi ddy. Ham tdng trong cia cac no ron trong
16p &n la
N
hSp=) Pwjiz, j=1,2,.., M. (15)

=1

P3u ra cda céc no ron an sé 1a
B0 = a("8;)- (16)

~ e
Téng trong cia no ron lép ra

M
08; = ) %wy;"0;. (17)
j=1 -

Ta cé dau ra cda mang

N

Pz, w)=a(°81) =a (D Cwija (Y Pwsiz)). (18)

=1 =1



MANG NO RON TRUYEN THANG ... 49

Tir d6 tinh dwgc: dao ham dau ra cla mang theo céc trong cia Ié'p ra

aﬁ'(z, W) . h .
—W = 4(051) 0_7', ] = 1, 2,..., M (19&)
va theo céc trong cda lép an
aﬁ,(l’ “') a(°S1)wija(*S;)z; 7=1,2,.,.,M,i=1,2,.., N. (19b)

Cho ham hoat déng 1a mét ham sigmoid dién hinh

¢S — =S
a (S) = tanh (S) '-3-—_;7:3: ) (20)
ta c6 dao ham
a(S)=1-852. (21)

Céc cong thirc trén day dé dang tdng quét héa cho trudng hop mang cé nhidu lép
&n hodc nhigu dau ra. Thuét todn hoc lan truyén ngwoc 14 mét tron nhitrng phat trién
quan trong nh&t trong lich st mang no ron nhan tao (Brayson, Ho, 1969; Werbos, 1974;
Le Cun, 1985; Parker, 1985; Rumelhart,..., 1986). Nh& né mang truyén thing nhigu lép da
tré thanh cdu tric ré.'t dirgc wa chudng cho céc t’mg dung trong nhiéu linh vye nhu: nhén
dang, diéu khién, x If tin hieu, phén lép cédc mau.... Mang truyén thing cling véi thuat
todn hoc lan truy®n nglrcrc goi la mang lan truyén ngu’o’c da dugc ché tao thanh céc vi
mach rat thuén tién cho iing dung.

. PIEU KHIEN SU DUNG MO HINH NGUQC
Néu mé hinh (1) khéng phi hop, ta cin mé td ddi twong duéi dang téng quét - cho
trudng hop khéng tré, bac twong déi bing 1:
u(k +1) = f(z(k), u(k)), (22)

trong d6 f() la ham phi tuyén khéng biét. Céc phuong phép diéu khién thich nghi phi
tuyén truyén thdng déu chwa dé cap dén trudng hop tong quéat nay. Y tudng & day ciling
thuc don gidn, nhw sau [6]. Chic chdn giita u(k) va y(k + 1), z(k) ton tai quan hé ham s&

u(k) = {1 (z(k), y(k +1)). (23)

Cho céc ddi twong trong thuc té, cé thé gid thi€t: (1), f~*(-) 1a c4c ham don tri. Vay
hoan toan c6 thé xdp xi ham phi tuyén f-!(-) bing mét mang no ron truyén thing N1.
Lic dé, néu dau vao cda mang la z(k), y(k + 1), thi dau ra sé 1a u(k) phdi tim:

N1 u(k) = f~*(=(k), y(k + 1), w(k)), (24)

trong d6 w(k) la vécto trong. D& lap ham sai s6 xap xi e,(k), khac véi truong hop trén

kia - & diy khong ton tai gid tri yéu cdu cho diu ra cia mang u(k). Nguoc lai, bai toan
o
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d¥t ra la: phdi tim diéu khién u(k) dé diu ra cda hé théng y(k+ 1) bam sat gid tri yéu ciu
ym(k +1). Nén, c6 thé viét
ea(k) = um (k) — u(k). (25)

Trong d6 u,,(k) 1a diu ra cda mang no ron N2 - giéng hét mang N1 nhung cé dau vao la
z(k), ym (k + 1)

N2 um (k) = £~ (2(k), ym (k + 1), w(k)). (26)

Ta da c6 thé cén cit vao e,(k) dé cap nhéat w(k). Ta dinh nghia ham muc tiéu
J = e2(k)/2. | (27)

Trong thuc té ta s& ding mang N1 dé wéc luwong vécto trong w(k) va ding mang N2 lam
bd digu khién [9]. Ta cé thé cap nhat theo phwong phép gradient nhdm ciyc ti€u héa ham

J:

el e ) i) -a%‘(’k)
8 f~Y(z(k), y(k + 1), w(k))

= w(k) + aeq(k) EMD)

. (28)

Vén dé xdc dinh cdu tric cda mang va céch tinh cong thic (28) da duwoc trinh bay
& trén. Qua trinh didu khién xdy ra nhu sau. O théi diém bit diu k = 0: sau khi dworc
luyén N1, N2 c6 vécto trong w(0); bd digu khién N2 nhén cic diu vao z(0), y,.(1) va sinh
ra diéu khién u,,(0) - tdc déng vao ddi twong. O thei didm cit miu thi k = 1: diu ra
cda hé théng y(1) duoc do; tir cadc diu vao z(0), y(1) mang N1 tinh dwgc u(0); so sénh véi
U, (0) € tinh sai s8 e,(0); tinh vécto trong méi w(1); mang N2 sao lai vécto trong w(1) va
tir ddu vao z(1), ym(2) sinh ra digu khién u,, (1) - tac dong vao déi tuwong v.v...

Mot s8 sor dd diéu khién khéc cé thé xem [6,7].

4. KET LUAN

Véi phuong tién méi 1a mang no ron truyén thing nhigu 1ép, ta cé thé gidi bai todn
diéu khién thich nghi cho t4t cd céc hé théng phi tuyén, trong khi cic phurong phap truyén
théng chi cé hiéu qué cho mot s8 16p ddi tuong nhit dinh. Nho tinh chdt xap x{ van ning
cda mang no ron truyén thing, vdn dé khong phd hop vé cdu tric giira mé hinh va déi
tuong thuc - do nhin dang khong chinh x4c ho¥c bat dinh cda hé théng, tung giy rat
nhiéu trd ngai trong diéu khién tuyén tinh - da dwoc khic phuc. Van dé bat dinh théng
s8 sé duoc gidi quyét nhd mang no ron mo, hodc st dung ki thudt mién chét (Dead-Zone)
va céc ki thuat khéc [9].... Tuy nhién, phuwong phép gradient & day cé mét s6 nhuoc diém
nhu: vdn dé di€ém cuc ti€u cuc bd, héi tu twong ddi cham, dao déng phan ki khi chon hing
hoc a lén.... Nén gin day nguoi ta chd ¥ dén mang no ron RBF (Radial Basis Function)
1a mdt loai mang truyén thing djc biét véi 1 16p an, do cé wu di€m ndi bat la: sai s xdp
xi 12 ham tuyén tinh ddi véi vécto trong, do dé c6 thé st dung luat cip nhat theo phuong
phap binh phuong cuc ti€u truy hoi véi nhigu tinh chit uu viét.
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