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Toém tat:

Mang No ron nhan tgo (Artificial Neural Network - ANN) noi chung, mang No ron Wavelet noi riéng
da va dang dwoc nghién civu, tng dung manh mé va thanh céng & nhiéu linh viec trong nhitng ndam gan day.
Véi cdc qud trinh nhw: xdp xi phi tuyén, dw bdo thi trueong chitng khodn, di bdo mé phong cac hé thong
diéu khién, ..., dwoc siv dung, gidi quyét cé nhiéu két qua. Cdc I6p bai todn ciia cdc linh viee trén ciing c6
thé sir dung va gidi quyét theo cac phirong phdp truyén thong nhuw phirong phép thong ké, quy hoach tuyén
tinh],... Tuy nhién Mang noron nhdn tao, mang Noron Wavelet dwoc hinh thanh co nhiéu kha nang virot
troi trong viéc phan tich, dw bdo, danh gia dir liéu va ap dung thanh cong trong linh vuc khoa hoc, ky thudt,
kinh té,... Khi gidi cac bai toan voi nhan dang qua trinh dong luc hoc cac doi tirong co do phi tuyén cao, do
tré Iom... va rat khé khan trong mé ta todn hoc. Pé cé thé diéu khién cdc hé thong nhw vy thirong phai xdy
dung cdc bg quan sat thich nghi... Sir dung Mang Noron Wavelet cho nhdn dang la mét phwong phdp tot,
va rat thich hop trong linh viee diéu khién thich nghi, phi tuyén cé tré... cac hé dong luwc. Cdc két qua ciia
bai bdo dira trén mé phong da dwoc thuce hién, qua dé so sanh va danh gid sai s6 cho thdy siv dung WNN
trong nhdn dang la hop Iy va tin cgy.

Tir khoa: WNN (wavelet neural network), nhdn dang, lan truyén nguoc, Wavelet.

1. Mé dau thong thuong. Viéc xac dinh mé hinh phi tuyén...

Nhan dang cac dbi twong diéu khién 1a mot
trong cac bai toan can phai xir Iy trudce khi xay dung
cac bd didu khién cho cac dbi tuong can diéu khién.
C6 rat nhidu phuong phap tiép can dén dé giai bai
toan nhu nhan dang d6i trong diéu khién théng qua
thyc hién mo6 hinh thir nghiém, hay cac tin hi¢u do
dugc str dung theo cac mo hinh xtr 1y hodc hé thong
duogc xac dinh trong cac 16p ddi twong duoc chon
cuia cac mo hinh toan hoc. Nhéan dang hé théng duoc
phat trién tir khoang nhimg nam 1960, dic biét 1a
trong linh vuc kiém soat va k¥ thuat giao tiép, dua
trén cac phuong phap 1y thuyét hé thong, 1y thuyét
tin hiéu, 1y thuyét diéu khién va ly thuyét udc luong
va chiu anh huong cia ky thuat do luong hién dai,
ky thuat s6 va nhu cau xir 1y tin hi¢u chinh xac. Sy
phat trién cta cic phuong phap nhan dang cho hé
thong dong luc phi tuyén [3] qua phan tich cac hé
thdng dong luc phi tuyén phirc tap bang cac phuong
phap mai 1a diéu can thiét.. Tuy nhién, viéc x4c dinh
mo hinh va thiét ké bo diéu khién c6 nhiéu thach
thirc hon. Trong linh vyre mé hinh hoa, kiém soat va
g dung, vi nhu cac hé thong sinh hoc ching han,
v6i muc dich tim hiéu cach thirc cac hé thong nay
qua két hop dir liéu thir nghiém véi mé hinh toan
hoc va k¥ thuat phan tich hd trg béi may tinh da
cho nhitng két qua kha quan [5]. Hién nay, cach tiép
can dién hinh nhit dé biéu dién cac mang sinh hoa
la théng qua mot tap hop cac phuong trinh vi phan
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thuong 1a mot nhiém vu rat kho khin, do thiéu
thong tin, hodc thong tin khong chic chin, nhiéu
tac dong cho nhan dang [7], Vi thé tiép can dén cac
phwong phép cua tinh toan mém [1,2,3,4,6,7] 1a hop
1y va tin cdy. Bai bao duoc hinh thanh tir cic phan i)
mé dau, ii) Co so toan hoc cia WNN, iii) Bai toan
nhén dang st dung WNN va iv) Két luan.

2. Co s6 toan hgc ciia mang no ron Wavelet
2.1. M6 ta hé thong mang Wavelet

Céu trac don gian nhat cia WNN rit gidng
v6i mang no ron thong thuong dugc miéu ta nhu
trong Hinh 1 [1,2,3,4], trong d6 mdi nat trong 16p
Wavelet duoc két ndi t6i tit ca cac bién dau vao.
Trén Hinh 1 1 mot mang no ron WNN gom ba 16p:
16p vao, 16p an hay con goi 1a 16p wavelet, va 16p ra.
L6p dau ra

L&p dau vao Loép Wavelet

Hinh 1. Cdu triic ciia mang Noron wavelet
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Pau vao 1a vector x = (x,, X, X)) Pau
ra 1a y. Giita nhimng két nbi cua cac nit dau vao va
cac nat 4n, gilta cac nit 4n va cac nit dau ra 1a cac
trong sb \w vaw,, voij=1..N, k=1..m, i=1. Ham
wavelet c dang nhu sau:

V() = (1

Trong do:
a > 01a h¢ so gian no (flexing) va
b€ R 1a gia tri vi tri (dich chuyén-translating)
Dau vao cua 16p ra ciia mang noron Wavelet
co the viet:

N mi WX, — b,

P= X Wil a—] @)

Trong d6: y 1a d4u ra ciia mang Wavelet va co:
y=6(y) )

O 1a ham sigmoid cuia no ron 16p ra.

2.2. Huén luyén mang Wavelet
Nhu d3 biét viéc huan luyén mang no ron

Wavelet ciing twong ty nhu huan luyén cic mang
no ron khéac va thuong duoc sur dung thuat toan lan
truyén nguoc [6]. . Trong thuat toan lan truyen nguoc
v6i muyc tidu 1a can cuc tiéu ham sai sb:

e=y(x) - y(x) 4)
va ham gid dugc dinh nghia nhu sau:

E= 1 e

2

Trong do: y(x) la tin hi¢u ra cia mo hinh
() 1a tin hi¢u ra mong mudn can dat

Qua trinh huan luyén mang dé dau ra mang
Wavelet sao cho y(x) tiém can 14(x) hay e--->0 thi
can phai cap nhat cac thong s6 \w va w, va cac hé
s6 co gidn a va dlch chuyén b [1, 2 3,4 6] Su thay
dbi ctia cac trong s6 w, va w, va cac hé sb a, b duge
tinh bang:

_ __9OF __,,9F
”aw’ Aa==1n73, Ab==173

Tir cac phuong trinh (1), (2), (3) va néu ta dat

v,(n)= 3w, (n)x, (n)
5)

W (M, (Vj (n))
& thoi diém » va thuc hién qua trinh dao ham theo

cac thong sb ta co qua trinh cap nhat cac thong sd
nhu nhau:

v(n)= z

Céap nhat trong s6 16p vao:

Awg(n+ 1) =15 ((,3) T ahw () =
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e 8 (), (1) 1 v n) -+ v ()

(6)
Cép nhat trong sO 16p ra

2. OE(n)

Awy(n+1)=- +oAw;(n) =

ij
ne(m)s(v(m)y , (v, (n)) + alw; (n) (7
Cap nhat hé sé gidn no a

OE(m) +ala(n)~

Aa(n+1)=—-n 2a(n)
v; () =b(n)
a(ny’

~1e(n)3 (v (m)wy (M, (v, (n)) . +aha(n)

(3)
Cap nhat h¢ s6 dich chuyén b

Ab(n+1) :_7735((2 + oAb (n) =

~17e(m) 8 (v () w, (Y (v, 0) i+ BB ()
©

3. Bai toan nhan dang hé dfng luc sir dung mang
WNN
3.1 M6 hinh nhén dang st dung WNN

Mang Noron cho nhan dang hé ddng hoc
theo tiép can mé hinh bang cach sir dung dau vao
va dau ra. Mot mang Noron c6 thé dugc huén luyén
dé c6 duge mot diu ra mong mudn thong qua diéu
chinh cac gié tri ciia cac két ndi (trong sd) giira cac
phin tir cia mang. Mot trong nhitng qua trinh phd
bién nhat ma NN duoc sir dung trong mé hinh hoa
hé théng bao gom viéc dat NN song song v6i hé
thdng vat 1y, 4p dung hé théng dau vao ciia mang,
sir dung dAu ra cta hé théng nhu 14 ddu ra mong
mudn cho hé théng mang va huin luyén mang No
ron cho dén khi 15i gitra dAu ra hé théng va mang
dat dén gia tri chap nhén duge. So dd cua hé théng
nhan dang hé dong luc hoc theo thdi gian dwogc thé
hién trong Hinh 2.

H¢ dong luc

A 4

u(?)

4
Mangﬁavelet =
F(w

[

Hinh 2. So do6 hé théng nhdn dang hé dong luc

A 4

Huén luyén
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Trén Hinh 2 v&i cac dau vao u(f) qua hé dong
hoc cho dau ra y cho j = 1,..., N trong khong gian
déu ra. Vi cdp vao-ra cia thm gian u(t), F(¢) cho hé
dong luc va u(t), F (t) cho mang Wavelet. Sai sdela
su khéc bi¢t gilra déu ra cua hé dong luc va déu ra
duogc tao ra béi mang Noron duogc tinh theo:

Fu)—Fu)<e (10)

Két hop chat ché cac déc tinh cuc bo theo
thoi gian /tan sb cia cac bude song Wavelet va cac
kha nang hoc cia WNN da cho thdy cac loi thé
trong nhan dang cic mo hinh hé thdng phi tuyén day
phtc tap. Nhitng song Wavelets da tré thanh mot
chi dé rat tich cuc trong nhiéu linh vyc nghién ctru
khoa hoc va k¥ thuat. Pac biét nhitng mang Noron
song con -Wavelet Neural Networks - WNN trong
d6 mdi Noron trong 16p an dai dién cho mot hé sb
song con, tir sy bién dbi ctia song con s& cho két qua
chinh x4c ctia tin hiéu ban dau. Vi Iy do nay, cac hé
s6 song con déng gop vao cac tinh ning riéng cua
tin hiéu dugc xac dinh trong qua trinh huén luyén
cho WNN. Vi thé nhimng van dé lién quan dén viéc
xdc dinh mot kién tric WNN t6i wu dé tim kiém
cac ham Wavelet hop 1y cho tirng ntt. So v&i mang
Perceptron da 16p (MLP), cac mang xuyén tan, mo
hinh WNN d¢é xuét hop nhit mot vai bién dbi so véi
nhitng WNN ¢6 dién nhdm nang cao hiéu suét ciia
no. Mot WNN sir dung cac ham co ban Wavelet phi
tuyén cho phep tinh gin dung bat ky mot tin hi¢u
mong. mudn dAu ra y(7) ndo théng qua té hop cua
mot s6 cac ham Wavelet qua phép co gidn a va tinh
tién b tir mot Wavelet me. Gia sit mot hé dong luc
dugc mo ta theo (11)

Yk + 1) =f(ulk),ulk - 1)...y(k), (k- 1....)
Trong d6: u(k),u(k-1) 1a cac tin hi¢u vao cua hién
tai, qua kha...

y(k+1), y(k), y(k-1) 1a ddu ra & cac thoi
diém tuong lai, hién tai va qua khtr. Hé nhan dang
cho (11) ¢6 thé thay & Hinh 3.

Hé dong luc >

J’m(k)_

Hinh 3. M6 hinh nhdn dang hé dong lyc cho (11)
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3.2. Ap dung cho mjt s6 hé théng
3.2.1. H¢ thong véi chudi thoi gian Mackey-Glass
Gia sir cho mot hé thong Mackey-Glass sau:
dx(t ax(t—r
dt 1+x'(t-1)

Qua trinh tao ra 1000 diém voi didu kién ban
daucua x (0)=1:2,t=17,a=0.2, b=0.1 va ching
ta ldy tap dir liéu tir t = 123 dén t = 1123. Lan dau
tién 500 diém dir liéu duoc su dung dé huan luyén
va x4c nhan, con lai 500 diém duoc danh riéng cho
giai doan thtr nghiém, ching ta st dung x (t), x (t +
1), X (t+2),, x (t+9) d du doan gi tri cta x(t +
10), trong khi ¢ budc kiém tra 6 budc, nhiém vu 1a
dé dy doan x (t + 6) str dung cac bién dau vao x (t),
X (t-6),x (t-12), x (t- 18). Bai toan da mo phong
b6n truong hop sau: (1) thuat toan gradient descent
duogc st dung dé huin luyén m6 hinh WNN véi kién
tric mang da dé xuét, thuat toan hoc lai dugc sir
dung dé huan luyén mo hinh WNN véi cing kién
tric mang, thuat toan descent (v6i momentum) la
dé dao tao mo hinh WNN véi kién tric mang Hinh
2. Dé loai bo cac hiéu ung cua cac gia tri ban dau
clia cac tham sb cho két qua cudi cung, mé hinh
dugc huan luyén cho cac giai doan va danh gi4 sai
s6 RMSE trung binh dugc tinh. B9 léch tbi da va tbi
thiéu trong RMSE 12 0.0028 va 0.012. Dé c6 két qua
tot nhat, viéc so sanh v6i thuat toan giam gradient
va k¥ thuat lai méi dugc trinh bay trong cho thay
viéc so sanh cac két qua thir nghiém cua cac mo
hinh khac nhau d6i v6i Mackey - Glass. Qué trinh
dd duoc thuc hién dé hién thi chudi thoi gian thuc
té, két qua cua mo6 hinh WNN t6t nhat va 16i du bao
bang cach sir dung thuat toan huin luyén lai ghép
cho tap dir liéu huan luyen va kiém tra. Kiém tra
cac phu’ong phap voi so hrong khac nhau cua cac
16p an va so sanh chi nhiing két qua t6t nhat nhan
dugc trong truong hop WNN duoc hién thi. RS rang
WNN c6 d§ chinh xac cao hon so véi NN thong
thuong. Trong khi d6, cac két qua mo phong ching
minh rang thudt toan huan luyén lai méi higu qua
hon thuat toan hoc gradient thong thuong. Tu cac
két qua mo phong & trén, c6 thé thay ring mo hinh
WNN dé xuét véi k¥ thuat lai méi hoat dong tot va
chinh xac. Trén Hinh 4 la qua trinh m6 phong cac
gia tri thyc va cac gia tri tinh toan st dung WNN
gan nhu nhau. Péanh gia sai s theo RMSE trung
binh 1a réat thap.
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Hinh 4. Sir dung WNN cho xdp xi nhur bg dir béo

3.2.2. Cho hé hé phi tuyén mét chiéu
sin 270

S =057 (13)

Vi du fi(x) da dugc thtr nghiém cho nhén

dang hé phi tuyén véi mang WNN. Vi tri va do dan
nd st dung cho cac chuc nang kich hoat wavelet,
mot bo huén luyén 100 mau d3 duoc tao ra bﬁng
cach dau vao duoc lay thong nhat tir khoang [0, 10].

x[0,10]

Tai liéu tham khao
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Hinh 5 trinh bay nhan dang cuia WNN su dung 10
chirc ning kich hoat wavelet va c6 thé thay WNN
c6 kha nang thyc hi¢én mot phép nhan dang hoan
hao trén

BIEU DO TINH TOAN XAP XI MANG NO RON WAVELET - GIA TRI THUC + GIA TRIJ XAP X
1t
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Hinh 5. Str dung WNN cho nhdn dang hé (13)

4. Két luan

Bai bao da trinh bay phuong phap nhan dang
cac h¢ dong luc hoc str dung mang no ron WNN.
Céc két qua mo phong cho thay str dung mang WNN
cho nhan dang trong thiét ké cic hé thong didu
khién thich nghi, du béo.. 14 rit phu hop va kha thi.
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A WAVELET NEURON NETWORK
AND IT’S APPLICATIONS FOR DYNAMIC SYSTEM IDENTIFICATION

Abstract:

The paper proposes using WNN for dynamic system identification. By using this method a lot of
control systems have been designed and implemented. This is a viable method, using the technique of
softcomputing for identification and design of the control system in accordance with the current advanced

technology.

Keywords: WNN, Identification, Backpropagation, Wavelet.
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