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VE MOT PHUONG PHAP NHAN DANG BEN VI'NG BO LOC PHI TUYEN
DUNG MANG NORON
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2 Truong Pai hoc Cong nghiép Tp. H6 ChiMinh

Abstract. In this paper, identification of systems is considered with input and output noises. Identi-
fication is very complicated and is absorbed by many researchers. There are many different approachs
to identify many different systems such as conventional least square method, self-organizing map to
multilayer perceptron (MLP) or radial basis function (RBF). In this paper, we propose a robust

adaptive method using RBF neuron network to identify linear and nonlinear systems.

Tém tdt. Bai bdo gidi quyét van dé nhan dang hé théng & trudng hop c¢é nhiéu dau vao, dau
ra. Nhan dang 14 mot van dé phitc tap va dang duoc nhiéu nha khoa hoc quan tam. Cé nhiéu
phuwong phép nhan dang cho nhiéu doi tuong khéc nhau, vi du nhu phuong phap binh phuong toi
thiéu truyén théng, phurrong phap tu t6 chitc (SOM- Self-Organizing Map) ting dung trong cdc mang
truyen thang hodac mang RBF. Trong bai bdo nay, ching t6i trinh bay phuong phép nhan dang thich

nghi bén virng cho hé tuyén tinh va phi tuyén.

1. GIOT THIEU

Nhan dang hé théng dong 134 mot linh vire nghién ciru moé hinh toan céc hé thong, dic biét
1 hé phi tuyén, tir cac dir lieu thu thap dwoc theo thoi gian bang cach do dac hoic quan sét.
Cau tric cla cdc mo6 hinh moé tad hé thong phi tuyén hay tuyén tinh déu cé chira cic thong
s6 chua biét. Céc thong s6 nay duoc xdc dinh sao cho sai s6 gitra ngoé ra mo hinh va ngo ra
that su cia hé thong dwoc t6i thidu, ¢6 nghia la moé hinh ¢6 thé bam theo dic tinh dong cia
hé théng. Mo hinh sau khi diroc nhan dang c¢é thé dung dé phan tich, mé phéng, du bdo,
quan sat, chan dodn hé théng va thiét ké bo dieu khién cho hé théng dé ([1]).

Mang noron nhan tao tir lau da dwoc ting dung thanh cong trong viéc nhan dang va diéu
khién nhiéu loai hé thong dong phi tuyén khic nhau nhw cdc hé théng trong nganh héa hoc,
kinh té, dia 1y, ky thuat cong nghé. Thanh qua dat dwoc 1a mot s6 16m cdc cong trinh nghién
ctru veé 1y thuyét va thuwe tien cho viéc xay dung va huan luyén cdc mang gidm sat truyén
thang nhu mang MPL va mang RBF ([1,10]).

Trong bai bdo nay, ching toi dé xuat phwong phip nhan dang bén virng cho bo loc phi
tuyén ding mang noron RBF. Gid sit mo hinh mé ta bo loc phi tuyén roi rac theo thoi gian
duwgc mo ta bang phwong trinh sai phan nhu sau [1]

y(n+1) = fly(n), ...y(n—mny, +1),u(n), ..., u(n —n, + 1)], (1)
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trong d6 n, va n, la cdc s6 nguyén. Nhu da néu trong moé hinh (1), ngd ra hé thong y tai
thoi diem n + 1 s& dwoc dinh nghia bang ham phi tuyén f(.) ctia Ny, gia tri ngo ra trong qua
khit va n,, gid tri bién diéu khién trong qua khit. Trong nhieu truwomg hop ta phai xap xi mé
hinh ngwoc cida hé thong phi tuyén. M6 hinh ngwoc cia hé théng phi tuyén cé dang nhw sau
[1]:

u(n) = fHy(n+1),y(n), ., y(n—ny, + 1), u(n — 1), .., u(n —ny, + 1)]. (2)

Trong nhan dang hé théng, ta phai wéc lwong hai ham f va f ! tir cac dir lieu {u(n), y(n)},
n=1,..., N thu thap dwoc.

Phan tiép theo gi¢i thiéu thuat todn huan luyén mang nhan dang cdc thong s6 moé hinh
ctia hé thong tuyén tinh va phi tuyén. Phan ba phan tich tinh bén virng cia phwong phap
da dé xuat trong phan thit hai. Phan bon la tng dung cu thé thuat toan trén vao nhan dang

hé phi tuyén bac 2. Cudi ciing 14 két luan va huwéng nghién ciru tiép theo.

2. THUAT TOAN HUAN LUYEN MANG NHAN DANG
CAC THONG SO HE THONG

Mang noron RBF thuwomg duwoc sit dung dé nhan dang cic hé thong phi tuyén. Phan thi
nhét ky hiéu la z(n) chita dir liéu vé ngd vao cia hé thong; phan thit hai, z(n) 1a ngd ra mong
muon cia hé théng. Thong s6 cia noron thit ¢ dugce ky hiéu 1a 0;(n).

Dura vao cic bién dwoc chon dé xay dung céc vecto x(n), z(n), ching ta cé thé huan
luyén mang noron nhan dang mé hinh thuan va nguwoc cia hé thong. Dé xdc dinh mé hinh
thuan, ta cé thé chon nhu sau:

z(n) = [y(n), ..., y(n—ny + 1), u(n), ...,u(n — n, +1)], (3)
z(n) = y(n - 1). (4)

Néu nhan dang moé hinh nguoc thi:
z(n) = [y(n+1),y(n), ...,y(n—n, +1),u(n—1), ..., u(n —n, + 1)], (5)

z(n) = u(n). (6)
Cap nhat céc thong s6 trén theo luat nhu sau:
0(n) = a(n)®(n)[z(n + 1) — 27 (n)0(n)]. (7)

Trong dé:
a 1 hang s6 hoc.
0 13 vecto thong s6 clia mang.
. () — eil|®
@(Z, n) — exp( — W
x(n) 1a vecto ngd vao cla noron.

) la ham xuyén tam dang Gauss.

a(n), o(n) la cdc ham suy gidm theo ham mu rat nhanh theo thoi gian:

a(n) = ao(a—T)(%) vao(n) = UO(U—T)(%). (8)

O
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3. PHAN TiCH TiNH BEN VONG THUAT TOAN HUAN LUYEN
MANG NORON

Trong phan nay, chiing t6i phan tich qud trinh hoi tu cia thuat todn da néu. Muc tiéu la
x4c dinh sai s6 wéc lrong cé that sw gidm va hoi tu vé trang thai on dinh trong qué trinh
huan luyén hay khong?

Gid st he thong ¢6 dang nhw (1) va chudi dir lieu vao ra {z(n),u(n)},n = 1,..., N thu
thap dwoc. Trong trwong hop nay, ngo ra cia bd wée lwrong nhuw sau:

j(n+1) = " (n)0(n). (9)
Sai s6 wéc lwong dwoc tinh nhuw sau:
£(n) = [|z(n) —y(n)]|. (10)
D6 hoi tu mang c6 thé danh gid thong qua sai s6 du bdo binh phwong trung binh:
J=EY & (11)
€A

Trong d6, gia st rang gid tri mong doi dwoc xdc dinh sau mot s6 mau X = {z} xéc dinh. O
day chiing ta stt dung phwong phép xap xi ngau nhién dé t6i thieu héa J dé tim gid tri toi
wu @ cho thong s6 6. Theo phuwong phép nay, J duoc tinh theo céc gid tri {z(n)} va {g(n)}

nhuw sau: o .
T =305 ) = 30 — 50 (12)

Muc tiéu la gidm ham J tai budc lap n. Cdc thong s6 dwoc cap nhat nhu sau:

. . 1 dJ(n)
On+1)=0(n) — —aln)— , 13
(n+1) = 0(n) = 5a(n) 98(n) ) (13)
trong d6 a(n) 1a vo huéng dwoc xdc dinh theo tirng budc va thda man Y, a(n) = oo va
n=0
3 a?(n) < .
n=0
T (12), ta cé: ~
’ aJ
) o)z 4 1) — gn 1 1), (14)
96 (n)
Luét cap nhat trong s6 trong (13) trd thanh:
O(n+1) = 0(n) + a(n)®(n)[z(n + 1) — g(n + 1)]. (15)

Phuwong trinh (15) twong tw nhw (7). Do d6, tir gid tri dau 6(0), cic thong s6 cia hé sé
hoi tu ve gid tri toi wu 0.

4. NHAN DANG HE THONG PHI TUYEN SISO/MIMO

Ung dung xtt Iy tin hiéu déi v6i cdc hé thong phi tuyén nhu céc tng dung khuyéch dai
nhiéu nhiéu Ian, cdc bo loc tuyén tinh hoat dong khong dwoc tot. Theo cdc nghién ciru truée
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day thi trong nhirng trudmg hop nay nén dwa céc bo loc phi tuyén vao. Mot dang phé bién
cla céc bo loc phi tuyén la bo loc da thirc (polynominal filter). Mai quan hé gitra ngo vao/ra
duoc ldy tir chuoi Volterra cho hé phi tuyén. Céc bo loc da thitc bac hai da dwoc sit dung
trong nhiéu &ng dung nhw xtt Iy anh, can bang kénh (channel equalization) hoic loai bd tiéng
vang (echo cancellation) [2]. Han ché ctia bo loc da thitc 1a ching dodi héi lwong 16m céc hé s
dé mo phoéng cho qué trinh phi tuyén. Van dé nay cé thé sit dung cau tric da thirc dé quy.
Tuy nhién, céc bo loc da thitc dé quy thuwong la khéng on dinh. P6 6n dinh cia bd loc phi
tuyén dé quy khong nhirng phu thudc vao cac hé sé ma con phu thude vao tin hiéu dau vao.
Cho bd loc phi tuyén da thitc bac 2 cho bdi phwong trinh vi phan nhuw sau [2]:

Ne Ng N, Ne Ne
:Zaiu(n—i)Jriidiju(n—z u(n—j Jerly n—1i JrZZc”y n—)y(n—7),
i—1 i=1 j=1 i=1 j=1

trong dé:
y(n) : tin hiéu ngo ra,
u(n) : tin hiéu ngo vao,
{ai}Ne (b} Ne, {1 et {dij}iv:dl,jzl : cdc thong s6 cia hé thong.

C4i tién so v&i [2], tin hiéu dau vao va dau ra cia hé thong bi sai léch nhiéu Gauss duoc

z(n) = y(n) +w(n), (17)

cho bdi:

Thay vao (16) ta c6:

Na Ng Ng Ny N: N¢
z(n)= Zaix(nfi) Jrz Zdijx(nfi)x(nfj) Jeriz(n—i) Jrz Zcijz(nfi)z(nfj) +n(n),
=1 =1 5=1 =1 =1 j=1 (18>
trong dé:
n(n Zal n—1 JrZZd”rn—z n—7j) ZZd”x —7)
=1 1 =1 1
Ng Ng g Ne Ne "
—ZZdijx(n—j n—1) wan—z JFZZC” (n—dw(n—7)
i=1 j=1 i=1 j=1
Ne ]Nc Ne Ne "
—ZZcijz(n—i)w(n—j) —ZZcijz(n—j)w(n—i). (19)
i=1 j=1 i=1 j=1

bat:

T
9 :[a1a2 (J,Na b1b2 bNb C11C12.. ClNC ..... CNclch CNCNC d11d12 led ..... deldeg deNd]

va goi 1a vecto thong s6 cia hé thong. Khi dé:

z(n +1) = ®T(n)0(n) + n(n). (20)
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Bai toan dat ra & day 1a ching ta wéce lwong cdc thong so 0 cia hé théng tir cic dir lieu
ngo vao/ngo ra cé nhiéu thu thap dwoc {z(n),u(n),n=1,..., N}. Ngo ra bo nhan dang la:
gn+1) = @T(n)é(n) (21)
Céc thong s6 duoc wéc lwong sao cho thda phwong trinh ddnh gid nhu sau:

Js = Hgn{éllé —0(0)|* + %IIZ(% +1) = T (n)0(n)||3} — b, (22)

trong dé 6 > 0 1a thong s6 bé Tixonop ddm bdo tinh bén virng cho qué trinh huan luyén.
Thoéng s6 bé Tixonop ¢ duwoc chon thay ddi theo tirng budc lap théoa man: ¢ (n) — 07 va

n—0o0
d(n)/é(n+1) > 1.
Tl d6 ta suy ra luat cap nhat trong s6 nhuw sau:
e(n+1)=z(n+1)—dT(n)0(n) = z(n + 1) —g(n + 1), (23)
; ; ®(n)
0 1)=20 1 24
(1) = 0n) + () s s £ 1), (24)
+oo +oo
trong dé, a(n) duwgc chon theo phwong phap xap xi ngau nhién, Z a(n) = oo, Z o?(n) < oo.
n=0 n=0
2
Théng s6 bé Tixonop ¢ thé dwoc chon 6 = U—g. Ho#c mot cdch khic chon thong s6 nay
O-Z

2

O-n
o2 +o?
n(n) va tin hiéu ngo ra z(n). Khi dé, luat cap nhat thong s6 nhuw sau:

R . P

O(n + 1) = 0(n) + a(n)— (n) e(n+1). (25)
o
— + oL (n)d(n)

4

la dat o, = va § = min{l,02, 0,,.}, trong d6, o2, 52 14 hiép phiwrong sai ctia nhiéu

5. KET LUAN

Chuing toi da dwa ra phwong phap nhan dang bén virng cho hé phi tuyén ¢é nhieu dung
mang noron RBF. D& mé ta cho hé phi tuyén, st dung da thitc tuyén tinh khé dem lai két
qué tot nén trong bai bdo nay ching téi da sit dung da thitc phi tuyén d€ mé ta cho hé phi
tuyén. Thuat todn huan luyén mang RBF & day da két hop thuat todn xap xi ngau nhién
dé dwa ra thuat todn ben virng nhan dang hé phi tuyén ciing véi hai cach chon thong s6 bé
Tinoxop. Trong bai bdo tiép theo, ching toi sé trinh bay két qui mo phong cia thuat todn
trén va so sanh chat lwong cia phwong phap nay véi cdc phwrong phép nhan dang khéc.
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