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Tom tat: Cac ham mé rong dua trén md hinh mang lién két chire nang luong giac
TFLN (Trigonometric Functional Link Networks) va mang lién két chirc nang theo ham
mii thich nghi AEFLN (Adaptive Exponential Functional Link Networks) da dugc ung
dung mét cach rong rai trong viéc nhan dang hé thong phi tuyén. Tuy nhién cac md hinh
nay thiéu cac sé hang chéo (tich cia mau vao va cac mau qué khir caa nd). Biéu nay 1am
dic tinh cua chdng bi suy giam, dic biét trong hé thdng phi tuyén chira dung méo phi
tuyén manh. Trong nghién ctru nay chung t6i dé xuat md hinh AEFLN suy rong
(GAEFLN- Generalized AEFLN) cho nhan dang hé théng phi tuyén. Vi GAEFLN chira
dung cac ham mo rong dang sin, ham mii va s6 hang chéo nén dic tinh hoi tu s& dugc
cai thien. Két qua mo phong dua trén nhan dang hé théng phi tuyén cho thay dic tinh
cua GAEFLN la vuot troi so véi TFLN va AEFLN.

Tir khoa: Mang lién két chire nang (FLN); nhan dang phi tuyén; sé hang chéo.

1. Mé dau

Mang lién két chirc nang (FLN) d4 tré thanh mot trong nhitng mo hinh pho bién dé
md hinh hoa cic hé théng phi tuyén. Trong cAc mo hinh nay, tin hi¢u dau vao duoc mé
rong chirc niang phi tuyén theo TFLN hodc AEFLN [1]. Cac mé hinh TFLN va AEFLN da
duogc Gmg dung rat rong rii trong cac linh vuc khac nhau nhu: loc thich nghi phi tuyén [1-
2], can bang kénh [3-4], khir tiéng on [5-7] va nhan dang hé thong phi tuyén [8-10]. Trong
nhitng nim gan day, cac nghién ctru vé GAEFLN ciing duoc ap dung trong nhiéu mé hinh
phi tuyén, cu thé nhu mé hinh kiém soat tiéng on, nhidu trong cac kénh truyén [11-12], md
hinh giam tin hi¢u nhidu phi tuyén trén cac kénh truyén [11].

Nghién ciru nhan dang hé théng phi tuyén dang 1a chu dé dang dugc cac hoc gia
trong nude va qudc té nghién ciru [8-10]. Trong cc nghién clru nay, cac tac gia chii yéu
sir dung ham chirc nang luong gidc, ham mil thich nghi hay sir dung cac phién ban gan
dung cia AEFLN 1a 1 IAEFLN (Apx1-IAEFLN) va 2 IAEFLN (Apx2-IAEFLN) dé mo
rong chuc nang phi tuyén nham cai thién gia tri MSE cling nhu sy hoi tu ctia hé théng.
Tuy nhién, cac nghién ctru ndy chua khai thac hét cac thanh phan chéo cua tin hiéu vao
md hinh nén gia tri hoi tu cling dac tinh hoi tu chua cao. Trong khi d6 mé hinh GAEFLN
dd duoc nghién ctru ap dung rit nhiéu trong cac linh vuc khac nhau nhu mé hinh kiém
soat tiéng On, nhiéu trong cac kénh truyén [11-12] va da dat dugc cac gia tri MSE, dudng
cong hoi tu rat tot so v6i cac mo hinh sir dung TFLN, AEFLN [9-10]. Tur céc 1y do trén
tac gia dé xuat nhan dang hé thong phi tuyén sir dung mé hinh GAEFLN.
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2. M6 hinh phi tuyén FLN
2.1. M hinh nhgn dang hé théng phi tuyén

Trén Hinh 1, x(n) 1a tin hiéu dau vao di qua mot hé théng phi tuyen chua biét dé
tao ra tin hiéu p(n), tin hiu nay dugc cong voi nhidu nén (gaussian tring) dé c6 tin hiéu
mong mudn d(n), voi n 1a chi sb thoi gian roi rac. Goi W(z) 1a dap Gmg xung thich nghi
(FIR) vé6i hé s6 W(n). Tin hiéu dau vao x(n) dugc mé rong boi khdi mo rong chirc ning
(FEB) dé tao ra vécto tin hiéu mé rong. Trong nghién ctru nay chiing t6i stir dung cic ham
mé rong TFLN va AEFLN dé mo rong tin hidu vao. Khéi WUB str dung 11 du dé cap nhat
cac trong sb loc W(n). Céac tham sb duoc cip nhat nhd vao khéi PUB.

AWGN
() H¢ thng phi tuyén P * TN
L/
l.‘ +
gln) - y(n) -
TDL *| FEB * W(Z) “C)

xom) L L e E

e(n)

a(n) ;| PUB

Hinh 1: So dé khéi bé nhin dang phi tuyén. PUB: Parameter Update Block,
WUB Weight Update Block, FEB: Functional Expansion Block, TDL: Time Delay Line

2.2. M6 hinh phi tuyén dea trén TFLN

Hinh 2 minh hoa mé hinh mé rong dua trén ham lién két chirc ning luong gidc
TFLN [9].
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;'EC(”)
sin[7x(71)] .

Functional cos[.T.\'(n)]

Expansion

x(n— \’+1)

»
>

cos[zx(n— N +1)] W a1y 07)

Weight
Update

Hinh 2: So do cdu triic mé hinh TFLN co ban
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~ Gia st XM 1a tin higu du vao mé hinh TFLN, khi d6 vecto tin hi¢u duoc mé rong
c6 thé duoc viét nhu sau, voi N 1a tong so mau dau vao:
g(n) ={x(n),sin[zx(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 + D]} (1)

Gia sir Wo (M 13 vécto trong sd thich nghi cia mé hinh TFLN

W, (1) = o (1), Wy, (7)1 Wy () ]

(2)
Ta c6 tin hiéu dau ra cia md hinh TFLN dugc biéu dién bing cong thic sau
Y = gmwy (n) -
~ R , , . <, < W (n)
Dua trén thuat toan thich nghi LMS (Least Mean Square) thi vécto trong so =~ 9
duoc suy ra boi cong thire nhu sau:
W(n+1) =W (n) + g, e(n)x(n) (@)
trong d6 p,, 1 tham s diéu khién téc d6 cua thuat toan va I3i du e(") duoc xdc dinh Ia:
e(n)=d(m)- y(n) 6)

2.3. M6 hinh AEFLN

Ham mo rong TFLN mé hinh hé thdng phi tuyén dya trén mé rong cia dang ham
sin() va cos(). Tuy nhién, trong thyc té, nhiéu tin hiéu ty nhién c6 sy thay doi bién d6 nhanh
(vi dy nhu tin hiéu thoai) [1], viéc sir dung ham TFLN dé mé hinh hé théng phi tuyén nhur
vay s& khong hiéu qua. Bé khiac phuc han ché nay, trong nghién ctu [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 dau ra caa md hinh AEFLN dugc biéu dién bai cong thic

y(n)= f(MW{ (n) 6)
trong d6 W (M 1a ma tran trong s6, T (M 1 vécto tin hidu mé rong.

W, (n):|:wf0 (n)’wfl(n)""’wf('\"'l)(n):| (7

Trong d6 tin hisu () duge m& réng dua trén ham AEFLN nhu duoc tham khao
trong [1].

f(n) = {x(n),e * " sin[zx)], e P cos/mxe(m) ], x(n - 1),
e'a(n)‘x(n'l)‘sin[nx(n -1)], e'a(n)‘x(n'l)‘cos[nx(n -1)],...x(n-N+1),
e PN Yigin - N+ 1)],e ™ N cosfmein- N+ 1)] 17 ®)

Tham sé exponential thich nghi a(n) duoc biéu dién boi
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a(n+1)=a(n)+ e(n)z" (N)w(n)

My
[2" (Mw(n)]* + 5 )
Vi 2N quoc biéu didn boi

z(n) = {x(n)e ™ sin[ zx(n)],x(n)e ™ cos[ zx(n)],

x(n - 1)e ™ sin[ zx(n - 1)], x(n - 1)e * ™ Yeos[ zx(n - 1)],

o X(N - N +1)e "N Dginl Zx(n- N +1)],

X(n - N +1)e N Deosr 7y N+ 1)1 (10)

x(n) x(n)

Functional
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Hinh 3: So do cdu triic mé hinh AEFLN co ban

YYYY

Vécto trong s6 Wi (n) su dung trong mé hinh AEFLN &p dung cdng thuc (4).
2.4. M6 hinh GAEFLN [9]

Ham mo rong AEFLN da dugc chung minh 1a hiéu qua trong nhan dang cac hé
thdng phi tuyén, kht tiéng on [1]. Tuy nhién, nhu dwoc chi ra trong [9] thi ham mé rong
AEFLN thiéu cac s6 hang chéo (nghia 1a tich cia mau vao va cac mau qué khir cia no).
Diéu nay cd thé lam giam dic tinh cua no khi trong hé thdng chira tinh phi tuyén nay. Bing
cach thém céc sé hang chéo vao trong ham AEFLN, mot ham méi da duoc dé xuét trong
[11], [12] va d4 duogc &p dung thanh cong trong hé thdng khir tiéng 6n tich cuc. Hinh 4
minh hoa md hinh GAEFLN.

Gia su X(n) la tin hiéu du vao caa md hinh GAEFLN, (tham khao cong trinh [11],
[12]) ching ta c6 vecto tin hiéu dugc mo rong nhu sau,
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f.(n) ={x(n), e sin[zx(n)],e * ™™ cos[zx(n)], x(n -1),

e M sin[zx(n-1)], e ™ cos[zx(n -1)], ..., x(n- N +1),

e MM NDlsin[zx(n - N +1)],e ™ N cos[zx(n - N +1)],

x(n-2)e ™ sin[zx(n)], x(n -1)e ™™ cos[zx(n)],

x(n - 2)e M sin[ zx(n -1)], x(n - 2)e ™ cos[zx(n -], ..,

x(n - N)e 2N ginrzx(n- N +1)],

x(n - N)e N eos[zx(n - N + D]} (11)
Tin hiéu cap nhat trong s6 z; (n) ciia mo6 hinh GAEFLN dugc md ta bai céng thirc:

Mg
a(n+1) =a(n)+ me(n)zT(n)w(n)
Vi

z,(n) ={x(n)e* ™V sin[zx(n)], x(n)e ™ cos[zx(n)],

x(n - ™ sin[zx(n -1)], x(n -2)e ™™ cos[zx(n -1)], ...,

x(n-N +1)e M NDginl zx(n- N +1)],

x(n- N +2)e ™MD eosl zx(n - N +1)],..., x(n -D)e ™ sin[zx(n)],
x(n-2)e ™™ cos[zx(n)], .., x(n - N)e* ™ N D gin[zx(n - N +1)],

x(n-N)e* ™ eos[zx(n-N + 1)) (12)
Tin hiéu dau ra:
y(n) = fl(n)WE (n)

(13)
Trong m6 hinh GAEFLN téc gia st dung thuat toan thich nghi LMS, nén vécto
. W, (n . LA ,
trong so fl( )duqc xac dinh baéi cong thac (4).
x(r) F======= .
:; gl xi 'sin[,r x()] :
I |
L4 | gl |c03[,.*.\'(n)] I
Y ! s
: PO
x(n—1
x(n—1) : I :é_
V: | : v N
l 1 !
] | | [} !
[4,] ! . ()
v Weight eln
z | : i\—' ’J Upiate
x(n—-N+1) t 8= )\ Parameter
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Hinh 4: So d6 cd4u tric md hinh GTFLN
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3. Nghién ciu mo phéng

Trong phdn nay, chung t6i tién hanh nghién ctiru, md phong va so sanh cac mé hinh
TFLN, AEFLN va GAEFLN cho h¢ thong nhan dang phi tuyén. Gia sir tin higu dau vao
X(n) la tln hi¢u ngau nhién phan bb déu trong khoang -0.5 va 0.5, nhiu quan sat la nhiéu
cong trang chudn véi SNR bang 30 dB, tham sb diéu khlen tdc d6 hoc cua thuat toan mo
phong md hinh TFLN véi p,, = 0.01, con cac tham sé mé hinh AEFLN, GAEFLN duoc
dat 1a: p,, = 0.01; u, = 0.001; B = 0.5. Sai s6 binh phuong trung binh (MSE) 13 thudc
do chét lugng ctia cac hé thong.

Qué trinh md phong hé théng dwoc xem xét trén hai phuong dién. Phuong dién thir
nhat cho hé sb thich nghi ban dau la a(1) = 0 va phuong dién thw 2 14 a(1) = 1. Trong d6
tin hiéu wéc luong p(n) duoc dé xuat trong c4c thi nghiém d6 twong tng véi cac cong thire
(14), (15), (16) va (17).

m=2{ -3}
1+e 2 VOi a:4néu q(n)>ova a=05 néu q(n)so,
trong do

3 3.,
q(n) =2 x(n)- 75X (")

(14)

p(n)= x3(n)+0.3x*(n) - 0.4x(n) (15)

p(n)=0.6sin[zx(n)] +0.3sin/3nx(n)] +0.1sin[5ax(n)] (16)
(n)= 4x3(n) - 1.2x%(n) - 3x(n)+1.2

g 0.4x°(n)+0.8x*(n) - 1.2x3(n)+0.2x*(n) - 3 (17)

Cac gia tri MSE(dB) trong Bang 1 va Bang 2 duoc lay trung binh cua 1000 mau
lap lai cudi cing trong tat ca cac gia tri dau ra. Cac dudng dic tuyén caa MSE & truong
hop a(1) = 0 va trudng hop a(1) = 1 dugc thé hién Hinh 5 va Hinh 6 tuong @ng.

Bang 1: Gia tr; 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: Gia tri trung binh MSE(dB) md hinh FLN a(1)=1

THINGHIEM | 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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+ Trwong hop 1: (a(1)=0)

MSE {48}

A |
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Hinh 5: So sanh két qua md phong mo hinh TFLN, AEFLN va GAEFLN
vai hé so thich nghi ban dau a(1)=0
a) Thi nghi¢m 1; b) Thi nghi¢m 2; c) Thi nghi¢m 3; d) Thi nghi¢m 4

Céc gia tri MSE trong bang 1 1a két qua mo phong cac md hinh TFLN, AEFLN,
GAEFLN véi cac tin hiéu ude luong p(n) dé xuat khac nhau. Thi nghiém 1 sir dung tin hiéu
p(n) theo cong thic (14) c6 két qua la: —21.407016(dB), — 21.416452(dB),
—25.162905(dB). Thi nghiém 2 st dung cong thuc (15) cho gia tri MSE
—29.012901(dB), —29.167964(dB), — 29.432813(dB). Thi nghiém 3 st dung cong
thirc (16) cho gia tri MSE —14.001666(dB), —14.768601(dB), —16.737360(dB). Thi
nghiém 4 st cong thirc (17) cho gi4 tri MSE —24.665353(dB), —24.667757(dB) va
—29.505264(dB). Két qua trén cho thdy mo hinh GAEFLN c6 gia tri MSE t6t nhit va tinh
chét hoi tu duoc thé hién trén Hinh 5 cling tdt hon so v6i cac mod hinh TFLN va AEFLN.

Tuwong tu nhu trong truong hop 1, cac gia tri MSE cua mo hinh GAEFLN trén Bang
2 cua cac thi nghiém 5, thi nghiém 6, thi nghiém 7 va thi nghiém 8 véi cac p(n) tuong (tng
Vi céc cong thuc (14), (15), (16) va (17) cho két qua MSE tbt nhat va dac tinh hoi tu dugc
thé hién trén Hinh 6 ciing nhanh hon so véi cac md hinh TFLN va AEFLN. Céc thi nghiém
trén cling cho thay gia tri MSE va dac tinh hoi tu cia GAEFLN véi truong hop a(1) =1 tét
hon so vai truong hop a(1)=0.
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+ Trwong heop 2 (a(1)=1)
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Hinh 6: So sanh két qua md phong md hinh TFLN, AEFLN va GAEFLN
V6i hé s6 thich nghi ban dau a(1)=1
a) Thi nghiém 5; b) Thi nghiém 6; ¢) Thi nghiém 7; d) Thi nghiém 8
Qua két qua phan tich cac d6 thi Hinh 5, Hinh 6 va gia tri MSE trong Bang 1 va
Bang 2, tic gia nhan thay rang mé hinh GAEFLN véi hé s6 a(1) = 1 cho két qua tot nhét
ca vé dic tinh hoi tu cling nhu gia tri sai s6 binh phuong trung binh (MSE).

4. Két ludn

Trong nghién ctru nay, chung t6i da chi ra duge m6 hinh GAEFLN 1a phu hop cho
mO hinh nhén dang phi tuyen. Céc ket qua md phéng cho thay n6 dat duoc déc tinh hdi tu
nhanh hon va gié tri MSE (dB) tot hon so v6i cac md hinh dya trén TFLN va AEFLN. Tuy
nhién do phai b6 sung thém cac thanh phan chéo trong ham m¢ rong nén tinh phirc tap cua
hé md hinh cling tang 1én dang ké.

Loi cam on: Tac gia cam on d& tai cip B mi s6 B2021-TDV-03 do B Gido duc
va DPao tao tai trg kinh phi.
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SUMMARY
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ON GENERALIZED ADAPTIVE EXPONENTIAL
FUNCTION LINK NETWORKS MODEL
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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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