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MANG NO RON TRUy"EN THANG CHO efEU KHIEN., , A" ~
THICH NGHI CAC H~ 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.

Di'eu khi€n thfch nghi cac h~ th6ng phi tuygn la m9t van de kho, song neu giAi quyet
diroc se eo y nghia khoa hoc va thirc ti~n rat Ion. B6-i VI h'au nhir cac h~ th6ng thirc deu
la phi tuy~n. Bay nay, do thi~u cac phirong phap eo hi~u qua, d¥: bi~t chira to nhirng
phuong ti~n kj thu~t thich hop d€ thirc hien cac lu~t dieu khi€n phirc tap, nen ta dii don
gian hoa xet chung nhir nhirng h~ th6ng tuy~n tinh. Trong dieu khi€n thich nghi tuydn
tinh hien ton tai m9t s6 van de sau:

- Van 'de cau true cua mo hlnh d6i tirong: 11thuy~t dieu khi€n ben virng dii ea ban
gilii quyet diroc sir bat dinh thong s6 cda h~ th6ng, nhimg bat dinh ve cau true, nhat la
tnrong hop d6i tirong eo cau true bign d5i ho~c hoan toan khong bi~t v~n con nan giai.

- Van de thoi gian thirc.
Cac nha dieu khign hoc tlm thay 6- mang no ron nhan tao m9t phirong ti~n mm d€

kh~c phuc cac tr6- ngai tren. Ngiroi ta dii chirng minh diroc r~ng (Cybenko, 1988 [1]; Fu-
nahashi, 1989 [2]; Hornik, 1989 [3]; Hecht-Nielson, 1989 [4]... ): rnang no' ron truy'em thing
eo mot ho~c nhieu lo-p a:n voi ham hoat d9ng a(·) (activation function, non-dynamic nonlin-
ear function) eo dang bep (squashing), va ham t5ng trong (weighted summer, integration
function) tuy~n tinh ho¥: da thirc - la cong cu xap xi van nang: eo th~ xap xi cac ham
phi tuy~n bat ky v&i t6c de? chinh xac tuy i. Do do, ngay trong tnrong hop kho nhat -
khi khong bigt cau true cua mo hlnh d6i tirong - ta v~n co th€ tlm diroc dieu khign thich
nghi nhc phuong phap rat d9c dao: str dung mo hlnh ngtroc ciia d6i nrong (inverse model,
inverse system). M9t iru di~m nira cua mang no ron la: kha nang xtr 11phan tan song song.
Nho' nhirng vi mach thOng minh chtra s6 hrong km cac no ron nhan t"¥> 6- r!i rac trong h~
th6ng, dong thoi xtr 11tin hieu, thl van de thoi gian thirc se diroc kh~c phuc. Vm sir ra
dcri cua mang no' ron mer, van de bat dinh thOng s6 h~ th6ng cling diroc giai quyet kha d~
dang.

Trong bai nay, chung toi trlnh bay cac phirong phap dieu khi€n thich nghi phi tuygn
nhc mang no' ron truyen thltng. Trong trtrong hop mo hlnh d6i tirong eo dang: y(k + d) =
F(z(k)) + G(z(k)) u(k) ta vh str dung phirong phap di'eu khi~n phan hoi tuyen tinh hoa
truyen thdng [5] nhirng dung 2 mang no ron d~ xap xi cac ham phi tuyen khong biet
F(z{k)), G{z{k)). Trong trircng hop t5ng quat: y{k+ 1) = t{x{k), u{k)), nho' mo hlnh ngtroc
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If

ctia d5i tU'Q'ngxay d'1ng blng m"ng no ron ta c6 thg tim dU'Q'cdi~u khi~n thlch nghi u{le)
[6].

2. f)I:tJUKHItN PHAN HbI TUytN TiNB H6A

Xet d5i tU'Q'ngdi'eu khi~n 1dlu vao 1dlu ra c6 tr~:

y(k + 1) = 10(z(le)) + go(z(le)) u(1e - d + 1). (1)

Trong d6: u la di~u khidnj y la dlu raj '0(-), go(-) la cac ham phi tuyt1n kheng biGtj z(le) kf
hi~u vectO' h~i qui:

z(le) = [zdle), .", Zn(Ie), zn+dle),,,., Zn+m(le)r

= [y(1e - n + I), "., y(Ie), u(1e - m - d + I), "., u(1e - d)]T, m:5 n, (2)

d la tr~ t5ng quat:

d = r + Lj r ~ I, L ~ O. (3)

r la b~c tuong d5i, L la b9i s5 cila tr~ di'eu khi~n so vai chu ky c~t mlu. Nho' rlng
u(1e - d + 1) trong (1) la di~u khidn tr~ di direc sinh ra ~ thCridi~m cit mlu thu (le - d + 1)
trong qua khu. Dd bidu di~n quan h~ gifra d'8.ura voo di~u khidn u(le) ~ thai di~m le dang
xet, ta biGn d5i nhir sau:

y(1e + 2) =/0 (y(1e - n + 2), "., y(1e + 1), u(~ - m - d + 2),,,., u(1e - d + 1))+
go (y(1e - n + 2),,,., y(1e + 1), u(1e - m - d + 2),,,., u(1e - d + 1)) u(1e - d + 2).

Thay y(1e + 1) theo (1), ta co

y(1e + 2) =11 (y(1e - n + 1), "., y(Ie), u(1e - m - d + 1),.", u(1e - d + 1))+
gl (y(1e - n + 1), .'" y(Ie), u(1e - m - d + 1),,,., u(1e - d + 1)) u(1e - d + 2).

Thirc hi~n d - 1 Iln, ta nh~n du'Q'c

y(k + d) = F(z(le)) + G(z{k)) u(Ie). (4)

Trong d6: F(·), G(·) la cac ham phi tuyen phirc tap; z(k) la vecto g~m N = n + m + d - 1
phan td-

z(k) = [zt{le), ... , zn(Ie), zn+dle), .'" zN(k)]T

= [y(k - n+ 1), .." y(k), u(k - m - d + I), .." u(k _l)]T, (5)

B9 di~u khign diroc xay dung theo nguyen li tirong dircng virng (Certainty Equivalence
Principle) nhir sau, a burrc nh~n dang, cac ham phi tuyen khong biet F(z(k)), G(z(k))
duoc xap xi b!ng 2 mang no ron F(z(k), w(k)), G(z(k), tI(k)), Cac vecto trong w(k), v(k)
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d\rgc tinh theo phirong phap xay dirng tren ea sa thu~t tmin lan truy'en ngiroc. (; bircc
di'eu khien, d~ khd- tinh phi tuygn cda h~ thdng c6 th~ tinh

u(k) = Ym(k +~d) - F(z(k), w(k)) ,
G(z(k), v(k))

(6a)

trong d6 Ym (k + d) la d~u ra yeu c~u a tho-i di~m c!t m~u thu- k + d trong nrong lai. Cho
cac h~ th5ng thong thirong khOng tr~ L = 0, c6 b~c tirong d5i r = 1, ta c6 d = 1 va c6 th~
thigt kg h~ th5ng barn nhir sau

u(k) = Ym(k + 1) + [Cl et(k) + C2 et(k - 1) + ... + cl' et(k - p + 1)] - F(z(k), w(k)) , (6b)
G(z(k), v(k)) .

trong d6 bi~il thu-c trong d~u [] chinh la sai 55 barn et(k + 1) vc7i d~u ngiroc lai:

edk + 1) = Ym(k + 1) - y(k + 1). (7)

Phuong trlnh d~c trirng cua h~ th5ng kin se la

(8)

B~c va cac h~ 55 diroc xac dinh d~ M th5ng barn c6 cac tinh ch~t mong mufin, vi du theo
phirong phap d~t cue.

Bay gio- ta xay dung cac mang no' ron F(z(k), w(k)), G(z(k), v(k)) (voi lap vso gam
N = n + m + d - 1 no ron, lap ra 1 no ron). Cac cong trmh [1]+ [4] mci chd ygu chimg
minh slF ton tai, con ve cau true ciia mang: 55 lop, 55 no ron trong m(!)i 16-p8:n - thi chira
dira ra diroc phirong phap xec dinh clJ. thg. M~c du 11thuyet da. chi ra: chi ch mang 3
lap la dd, nhirng trong thirc tg v~n phai dung 4, 5 lop ho~c nhieu hon -tuy theo d9 phi
tuyen cua h~ thdng [7], bai vi x~p xi b~ng mang 3 lap tlnrong doi hoi sO' hrong no' ron
qua lcn; m~t khac la khong dti cho 5n dinh h6a, nhat la trong xap xi khong lien tuc, Cac
ket qua thirc nghiern (Chester, 1990 ...) cho thay: mang vc7i 2 lap 8:n cho d9 chinh xac cao
hon, tinh t5ng qua h6a t5t hon va c~n 55 no ron it hen so voi mang 1 lap a:n. C6 th~ n6i
(Sontag, 1992; Chen, 1994 ...): mang 4 lap vei 2 lap a:n phi tuygn la·thich hop cho nhieu
tmg dung. Phan tich chinh xac 55 no' ron c~n thiet trong tirng lap a:n la kha kh6 do tinh
phirc tap ciia mang, nen thuong xac dinh b~ng thirc nghiem.

D~u ra F(z(k), w(k))' G(z(k), v(k)) cua cac mang tren ch cho tinh di'eu khign u(k) theo
cong thirc (6), dang then dung d~ thanh l~p d~u ra x~p xi du bao:

y(k + d) = F(z(k), w(k)) + G(z(k), v(k)) u(k). (9)

Ta c6 sai 55 xap xi - la ham phi tuygn d5i v6-i cac vecto' trong w(k), v(k):

ea(k + d) = y(k + d) - y(k + d). (10)

Ta dinh nghia ham InlJ.C tieu
J = e;(k + d)/2. (11)
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Cac trong cila mang diroc c~p nh~t theo phuong phap gradient nhg,m C1{C ti~u hoa ham
m1;1ctieu J:

8J
w(k + 1) = w(k) - al 8w(k) ,

8J
v(k + 1) = v(k) - a2 8v(k)'

(12a)

(12b)

Trong do aI, a2 la cac hKng hoc (learning constant) diroc chon d~ dap img cac yeu cau ve
tfnh hi?i t1;J.cling nhir thoi gian hoc. Theo (11), (10), (9) ta tinh cac dao ham rieng trong
(12), va coi dau ra trong nrong lai y(k + d) gan b~ng dau ra yeu cau Ym(k + d) eo s~n, ta
nhan diroc

[A] 8i'(z(k), w(k))
w(k + 1) ~ w(k) + al Ym(k + d) - y(k + d) 8w(k) ,

v(k + 1) ~ v(k) + a2 [Ym(k + d) - y(k + d)] u(k) 8G(z_(k~~ .v(k)) .

Cho trtrong hen> d = 1, thay y(k + 1) theo (7), (8) ta co cong thirc chinh xac

w(k + 1) = w(k) + al [Ym(k + 1) + Cl et(k) + C2 et(k - 1) + ...
A ] 8i'(z(k), w(k))

+cpet(k-p+l)-y(k+l) 8w(k) ,

(13a)

(13b)

(14a)

v(k + 1) = v(k) + a2 [Ym(k + 1) + Cl et(k) + C2 et(k - 1) + ...
A ] 8G(z(k), v(k))+ cp et(k - p + 1) - y(k + 1) u(k) 8v(k) . (14b)

Vi~c con lai la: tinh cac dao ham rieng dau ra ctia mang theo cac trong trong (13), (14) -
se diroc thirc hien theo phirong phap ciia thu~t toan lan truyen ngiro'c [8]. B~ don gian ,
t I" , d ' I' , '"' NIl' ,J '" M I' 1 'a ay VI 1;1mang eo cp vao gom no' ron, op an gom no' ron, op ra no ron, va
bo qua bien so tho'i gian trong cac kf hieu diroi day. Ham t5ng trong cua cac no' ron trong
lop ~n la

N

hSj = 2: hWji Zi, j = 1, 2, ... , M.
i=l

(15)

Bau ra cua cac no ron ~n se la
=o, = a(hSj). (16)

T,J , I'ong trong cua no' ron op ra
M

°S1 = 2:°wljhO;.
;=1 .

(17)

Ta eo dau ra ciia mang

M N

fr(z, w) = a(OSd = a (2:°Wlja (2:hWjiZi)).
i=l i=l

(18)
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Ttr d6 tfnh diroc: d~o ham dlu ra cila rnang theo cac trQng cda lap ra
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aP(z, w) = . (OS) »o,ao a 1 J ,
wli

i = 1, 2, ... , M (19a)

vs theo cac trcng cda lap in

ai'(z, 'w) . (OS ) ° . (h )-L-- = a 1 W1J' as •. z,", J' = 1, 2, ..., M, , = 1, 2, ..., N.a"W,i . \, (1gb)

Cho ham hoat d9ng la mqt ham sigmoid di~n hlnh

eS _ e-s
a (S) = ta.nh (S) = eS + e-s I (20)

ta co c1~oham

(21)

Cac cong thu-c tren day d~ dang t5ng quat hoa cho tnrong hop mang co nhieu lap
in ho~ nhieu d~u ra, Thu~t toan hoc lan truy'en ngircc la m9t tron nhiing phat tri~n
quan trong nha:t trong Itch sd- mang no ron nhan t~ (Brayson, Ho,'1969j Werbos, 1974;
Le Cun, 1985; Parker, 1985; Rumelhart, ... , 1986). Nhc no mang truy'en th!ng nhi'eu lop dB.
tr6- thanh ca:u true ra:t diroc tra chucng cho cac llng dung trong nhieu linh V\l'C nhir: nh~n
dang, di'eu khit~n, xu' If tin hi~u, pha.n lop cac m~u .... Mang truy'en th!ng cung vm thu~t
toan hQC lan truy'en ngiroc goi la rnang lan truy'en ngiroc, dB. diroc che t~o thanh cac vi
rnach rat thu~n ti~n cho ung dung,

3, DD:U KHI~N SU DVNG MO HtNH NGUQ'C

Neu ma hlnh (1) khong phu hop, ta can ma ta doi nrong du-m dang t5ng quat - cho
tnrong hop khong tr~, b~c tuong doi bAng 1:

y(k + 1) :: f(x(k), u(k)), (22)

trong do t(-) la ham phi tuyen khong biet. Cac phirong phap di'eu khie'n thich nghi phi
tuyen truy'en thong d'eu chira d'e c~p den tnreng hop t5ng quat nay. Y tU-6-ng If da.y ciing
thirc don gian, nhir sau [6]. Chllc chlln giiia u(k) va y(k + 1), x(k) ton t~ quan h~ ham so

u(k) = r1 (x(k), y(k + 1)). (23)

Cho cac doi tirong trong thuc te, eo th~ gid thiet: to, r1(.) la cac ham don trio V~y
hoan toan co th~ xap xi ham phi tuyen r10 b!ng m9t mang no ron truy'en th!ng Nl.
Liic do, neu dau vao cua mang la x(k), y(k + 1), thi dau ra se la u(k) phai tim:

NI u(k) :: j-l(x(k), y(k + I), w(k)), (24)

trong do w(k) la vecto trong. De' l~p ham sai so X&p xi ea(k), khac vm trirong hop tren
kia - If day khong ton tai gia tri yeu eau cho dau ra cua mang u(k). Ngiroc lai, bai toan,
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d~t ra la: phlli Urn di'eu khi€n u(k) d€ dau ra cila h~ th5ng y(k + 1) barn sa.t gia tri yeu cau
Ym(k + 1). Nen, co th€ vigt

eo(k) = um(k) - u(k). (25)

Trong do um(k) la diu ra cda mang no' ron N2 - giong h~t mang NI nhimg co dau vao la
x(k), Ym (k + 1)

N2 um(k) = j-l(x(k), Ym(k + 1), w(k)). (26)

Ta da co th€ c~n Cl! vao eo(k) dd c~p nh~t w(k). Ta dinh nghia ham muc tieu

J = eo
2(k)/2. (27)

Trong thirc te ta se dung mang NI dd U'6'c hreng vecto trong w(k) va dung mang N2 lam
be? dieu khidn [9]. Ta co thd c~p nh~t theo phirong phap gradient nhAm cue ti€u hoa ham
J:

w(k + 1) = w(k) - Q ~
aw(k)

= w(k) + Q ea(k) a j-l(x(k), y(k + 1), w(k))
aw(k)

(28)

Van d'e xac dinh cau true ciia m~ng va. each tfnh cong thii'c (28) da. diroc trlnh bay
(y tren. Qua trinh dieu khi€n xay ra nhir sau. & thOi di~m btt dau k = 0: sau khi diro'c
luyen NI, N2 eo vecto trong w(O); be? dieu khi€n N2 nhan cac dau vao x(o), Ym(1) va sinh
ra dieu khi€n um(O) - tac de?ng vao doi tirong. 6' thOi di€m ctt m[u thir k = 1: dau ra
ciia h~ th5ng y(1) duoc do; tir cac dau vao z [O},y(1) mang NI tinh diroc u(O); so sanh v6'i
um(o) d€ tfnh sai s5 eo(O); tfnh vecto trong rnci w(1); mang N2 sao IllI-ivecto' trong w(1) va
tir dau vao x(1), ym(2) sinh ra di'eu khie'n tLm(1) • tac de?ng vao doi tirong v »..,

M9t so so' do di'eu khien khac co th€ xem [6,7],

" 4~. KET LU~N

Vm phirong ti~n mm la mang no ron truy'en th!ng nhieu 16'p, ta eo th€ giai bai toan
dieu khi€n thich nghi cho tat d. cac h~ thong phi tuyen, trong khi cac phtrrmg phap truyen
thong chl eo hi~u qua cho mQt sel lop deli tirong nhat dinh. Nho tinh chat xap xi van nang
ciia mang no' ran truyen th!ng, van de khong phu hop ve cau true gifra mo hlnh va. doi
turrng thuc - do nhan dang khong chinh xac ho~c bat dinh ciia h~ thelng, tirng gay rat
nhieu tro- ngai trong dieu khie'n tuyen tinh • da. diroc khl{c phuc, Van de bat dinh thong
sel se duoc giai quydt nho' rnang no' ran mer, ho~c sd- dung ki thu~t mien chet (Dead-Zone)
va. cac ki thu~t khac [9].... Tuy nhien, phuong phap gradient 0- day eo mot so nhiroc die'm
nhir: van de di~m Cl}.'C tie'u C\1C bQ, hQi tu tirong deli cham, dao dQng phan kl khi chon h~n:g
hoc 0: 16'n.... Nen gan day ngiroi ta chu y den mang no ran RBF (Radial Basis Function)
la. mQt loai rnang truyen th!ng d~c bi~t vci 1 16'p ~n, do eo iru die'm n5i b~t la: sai sel xap
xi la ham tuyen tinh deli voi vecto trong , do do eo the' stt dung lu~t c~p nhat theo phuong
phap blnh phuong C,!C tie'u truy hoi v&i nhieu tinh chat uu viet.
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