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Tém tit: Cac ham mé rong dwa trén mo hinh mang 1ién két chirc ning lwong giac
TFLN (Trigonometric Functional Link Networks) va mang lién két chtrc niang theo ham
mil thich nghi AEFLN (Adaptive Exponential Functional Link Networks) da duoc tng
dung mét cach rong rii trong vi€éc nhan dang hé théng phi tuyén. Tuy nhi€n cac md6 hinh
nay thiéu cac s6 hang chéo (tich cia mau vao va cac mau qua khi ciia nd). Diéu nay lam
dic tinh ctia ching bi suy giam, dic biét trong hé thong phi tuyén chira dung méo phi
tuyén manh. Trong nghién ctru nay chung t6i dé xuit mé hinh AEFLN suy rong
(GAEFLN- Generalized AEFLN) cho nhan dang h¢ thong phi tuyén. Vi GAEFLN chita
dung cac ham mé rong dang sin, ham mii va s6 hang chéo nén dic tinh héi tu s& dwoc
cai thién. Két qua mo phong dua trén nhan dang hé théng phi tuyén cho théy dac tinh
cua GAEFLN la vuot trd1 so vo1 TFLN va AEFLN.

Tir khoa: Mang lién két chte niang (FLN); nhan dang phi tuyén; s6 hang chéo.

1. Mé dau

Mang lién két chic ning (FLN) d trd thanh mét trong nhitng mo hinh pho bién dé
mo hinh héa cac hé thong phi tuyén. Trong cac md hinh nay, tin hiéu dau vao duoc mo
rong chirc ning phi tuyén theo TFLN hoic AEFLN [1]. Cac md hinh TFLN va AEFLN da
duoc Gmg dung rat rong rai trong cac linh vuc khac nhau nhu: loc thich nghi phi tuyén [1-
2], can bang kénh [3-4], khu tiéng 6n [5-7] va nhan dang hé théng phi tuyén [8-10]. Trong
nhitng nam gan day, cac nghién ctru vé GAEFLN ciing duoc ap dung trong nhiéu mé hinh
phi tuyén, cu thé nhu md hinh kiém soat tiéng dn, nhiéu trong cac kénh truyén [11-12], md
hinh giam tin hiéu nhiéu phi tuyén trén cac kénh truyén [11].

Nghién ctru nhan dang hé thong phi tuyén dang la chii dé dang duoc cac hoc gia
trong nudc va qudc té nghién ciru [8-10]. Trong cac nghién ctru nay, cac tac gia chu yéu
st dung ham chtrc ning luong gidc, ham mi thich nghi hay sir dung cac phién ban gan
dng cua AEFLN 1a 1 IAEFLN (Apx1-IAEFLN) va 2 IAEFLN (Apx2-IAEFLN) dé mé
rong chic nang phi tuyén nham cai thién gia tri MSE ciling nhu sy héi tu cua hé théng.
Tuy nhién, cac nghién ctru nay chua khai thac hét cac thanh phan chéo cta tin hiéu vao
mo hinh nén gia tri héi tu cling dac tinh héi tu chua cao. Trong khi d6 m6 hinh GAEFLN
d3 duoc nghién ciru ap dung rat nhiéu trong cac linh vuc khac nhau nhu mé hinh kiém
soat tiéng On, nhidu trong cac kénh truyén [11-12] va di dat duoc cac gia tri MSE, dudng
cong hi tu rat tot so voi cac mo hinh st dung TFLN, AEFLN [9-10]. Tt cac ly do trén
tac gia dé xuat nhan dang hé thong phi tuyén stt dung mé hinh GAEFLN.
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Gia st X 14 tin hiéu diu vio md hinh TFLN, khi d6 vecto tin hiéu duoc m rong
c6 thé dugc viét nhu sau, voi N 1a tong s6 mau dau vao:
g(n) ={x(n),sin[rx(n)], cos[zx(n)], x(n —1),sin[ zx(n —1)],cos[zx(n—1)],...,
x(n— N +1),sin[zx(n— N +1)],cos[zx(n— N +1)]}" (1)

Gia sit "= 13 vécto trong s6 thich nghi caa md hinh TFLN

W, (n)= [wgo(n),wgl(n),...,wg(M_l) (n)]

(2)
Ta c6 tin hiéu dau ra cia md hinh TFLN duoc biéu dién béng cong thirc sau
Y= W, (n) 6
Dua trén thudt toan thich nghi LMS (Least Mean Square) thi vécto trong sd W, ()
duoc suy ra boi cong thire nhu sau:
W(n+1)=W(n)+ p,e(n)x(n) )
trong d6 p,, 1 tham s6 diéu khién toc do cua thuat toan va 15i du €™ duoc xac dinh 1a:
e(n)=d(n)- y() )

2.3. Mé hinh AEFLN

Ham mé rong TFLN mo hinh hé théng phi tuyén dua trén m¢é rong cia dang ham
sin() va cos(). Tuy nhién, trong thuc té, nhiéu tin hiéu tu nhién cé su thay ddi bién d6 nhanh
(vi du nhu tin hiéu thoai) [1], viéc sir dung ham TFLN dé m6 hinh hé thong phi tuyén nhur
vay s& khong hiéu qua. Dé khac phuc han ché nay, trong nghién ctru [1], cac tac gia da két
hop cac ham TFLN véi cac ham mii. Hé théng nay duoc goi 1a ham AEFLN [1] va dugc
minh hoa nhu trong Hinh 3.

Tin hiéu ddu ra cia md hinh AEFLN duoc biéu dién boi cong thuc

)= FOOW () ©
trong do6 W13 ma tran trong so, S 13 vécto tin hiéu mé rong.

A A .

Trong dé tin hiéu fn) duoc mé rong dua trén ham AEFLN nhu dugc tham khao
trong [1].

f(n) = {x(n), g |sz'n[ mx(n)], ¢ |cos[ mxm)], xm-1),
g D |sz'n[ axm-1)], g k-l |cos[ axm-1)],...x(m-N+1),
e N sinfrxn- N+ 1)],e " Veosfaxn- N+ D]}’ ®)

Tham sé exponential thich nghi a(n) duoc biéu dién bai
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3. Nghién ciru mo phéng

Trong phan nay, ching t6i tién hanh nghién ciru, md phéng va so sanh cac mé hinh
TFLN, AEFLN va GAEFLN cho hé théng nhan dang phi tuyén. Gia st tin hiéu dau vao
x(n) la tin hiéu ngau nhién phén b6 déu trong khoang -0.5 va 0.5, nhiéu quan sat 1 nhiéu
cong tring chuan véi SNR bang 30 dB, tham sb diéu khlen toc dd hoc cua thuét toan mo
phong mé hinh TFLN véi u,, = 0.01, con cac tham s6 mo hinh AEFLN, GAEFLN duoc
dat 1a: p,, = 0.01; u, = 0.001; B = 0.5. Sai s6 binh phuong trung binh (MSE) 1a thudc
do chat lugng cua cac hé théng.

Qua trinh mo phéng hé théng duoc xem xét trén hai phuong dién. Phuong dién thi
nhat cho hé s6 thich nghi ban dau 1a a(1) = 0 va phuong dién tht 2 1a a(1) = 1. Trong do
tin hiéu udc luong p(n) duoc dé xut trong cac thi nghiém do6 twong Gng véi cac cong thire
(14), (15), (16) va (17).

pn)= 2{

trong do

1 1}
]+l 2 ,V(’yi a =404, Q(n)>ové a=0.5 p&, q(n)SO;

g(n) = %x(n) : %xm

(14)

pn)=x"(n)+0.3x° (n)- 0.4x(n) (15)

pmn)=0.6sinfrx(n)] +0.3sin[3xx(n)] + 0. 1sin[Swx(n)] (16)
()= 4’ (n)-1.2x°(n)-3x(n)+1.2

P 0.4x° () +0.8x" (n)- 1.2x° (n) +0.2x°(n) - 3 (7)

Cac gia tri MSE(dB) trong Bang 1 va Bang 2 duoc lay trung binh ciia 1000 mau
13p lai cudi cung trong tat ca cac gia tri dau ra. Cac duong dic tuyén cia MSE & truong
hop a(1) = 0 va trudng hop a(1) = 1 duoc thé hién Hinh 5 va Hinh 6 tuong tng.

Bang 1: Gid tri trung binh MSE (dB) mé hinh FLN (a(1)=0)
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THINGHIEM | TFLN (dB) |AEFLN (dB) |GAEFLN (dB)
1 21.407016 |-21.416452  |-25.162905
2 29.012901 |-29.167964  |-29.432813
3 -14.001666 | -14.768601 -16.737360
4 24.665353 | -24.667757  |-29.505264

Bang 2: Gid tri trung binh MSE(dB) mo hinh FLN a(l)=1

THI NGHIEM | TFLN (dB) | AEFL (dB) | GAEFLN (dB)
5 21.614735 | -21.766881 -26.332304
6 -29.393580 | -29.575364 | -29.923028
7 -13.737362 | -17.537854 | -18.102189
8 -25.070062 | -23.875429 | -29.112589
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SUMMARY

NONLINEAR SYSTEM IDENTIFICATION BASED
ON GENERALIZED ADAPTIVE EXPONENTIAL
FUNCTION LINK NETWORKS MODEL

Nguyen Phuc Ngoc
Vinh University
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Extension functions based on the model of the trigonometric functional link
networks (TFLN) and the adaptive exponential functional link networks (AEFLN) have
been widely applied in nonlinear identification systems. However, these models are lack
of cross-terms (multiple input sample and its past samples). This degrades their
performance, especially in nonlinear systems containing strong nonlinear distortion. In this
paper, we propose a generalized AEFLN model (GAEFLN) for nonlinear system
identification. Since the GAEFLN contains sine, exponential, and cross-terms expansion
function, its convergence characteristics will be significantly improved. Simulation results
based on nonlinear system identification show that the performance of the proposed
GAEFLN is superior to those of the TFLN and AEFLN.

Keywords: Functional Link Networks; nonlinear identification; cross-terms.
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