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The behavior of nonlinearity in the active noise control (ANC) system is
not the same. Therefore, in order to increase the efficiency of noise
reduction, we need to understand the type of nonlinearity in the ANC
system and choose the appropriate model. This paper presents a
comparison and evaluation between the even mirror Fourier series
(EMF) and the functional links artificial neural networks (FLANN) for
the nonlinear ANC system. By analyzing the nonlinear influences that
exist in the primary path, the secondary path, and the noise source in the
active noise control system, various types of nonlinearity, such as
memory nonlinearity, memory-less nonlinearity, and chaotic nonlinearity
has been discussed. Furthermore, the modeling capabilities of the
expansion functions based on the EMF and FLANN for the types of
nonlinearities have been analyzed. The causes for such behavior have
also been pointed out. Many computational simulations in different
nonlinear scenarios have been carried out to demonstrate the analysis
and evaluation of ANC systems based on the EMF and FLANN models.
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Méo phi tuyén

Thuét toan thich nghi

Dic diém cua tinh phi tuyén trong hé théng kiém soat tiéng on chi dong
ANC (active noise control) 1a khong giéng nhau. Do d6, dé ting hiéu qua
cho viéc giam tiéng 6n, ching ta can phai hiéu dugc loai cua tinh phi tuyén
trong hé théng ANC va Iya chon duge mé hinh pht hop. Bai béo nay trinh
bay mét so sanh, danh gia giita chudi Fourier mg rong EMF (Even Mirror
Fourier) v Mang no-ron nhan tao lién két chirc naing FLANN (Functional
links artificial neural networks) cho hé thong ANC phi tuyén. Bang cach
phan tich cu thé cac anh huong phi tuyén ton tai trong duong dan SO cap
(primary path), duong dan thir cép (secondary path) va ngudn tleng on
trong hé théng ANC, nhiéu loai tinh phi tuyen chiang han nhu phi tuyén c6
nhd (memory nonlinearity), phi tuyén khong nhé (memory-less
nonlinearity) va tinh phi tuyén hdn loan (chaotic) da dugc thao luan. Hon
nira, kha ning mo hinh phi tuyén ciia ham mo rong EMF va FLANN cho
cac loai phi tuyén trong hé théng ANC da dugc phan tich. Cac nguyén
nhén ciing da dugc chi ra. Nhiéu mé phong tinh toan trong cac kich ban phi
tuyén khac nhau da duoc tién hanh dé chang minh cho nhiing phan tich,
danh gia cac hé thong ANC dya trén mé hinh EMF va FLANN.
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1. Gioi thigu

Kiém soat tiéng on chu dong (ANC: active noise control) dd nhén dugc nhiéu sy chu ¥ trong
céc nghién ctu gan day ca vé mat li thuyét va tng dung [1], [2]. Nguyén ly cua h¢ thong ANC do
1a dya trén sy pha tron vat Iy cua cac song &m thanh dan dén hién tugng giao thoa, dan dén lam
cho song am thanh dugc tang cuong hoac bi suy yéu. Theo nguyén tic ndy, su giao thoa lam triét
tiéu cua song am thanh c6 the dugc su dung dé 1am giam tiéng on khong mong mudn [1]. So véi
phuong phap kiém soat tiéng on thu dong (st dung cac vat liéu dac biét dé cach am, giam am
hodc hap thu 4m) thi phuong phap ANC c6 chi phi thap hon dong thoi dat dwoc su suy giam
tiéng on hiéu qua tai tan sb thip (nho hon hoic bang 500Hz) [1]. Cung véi su phat trién cia cong
nghé dién tir va 1y thuyét xa 1y thich nghi thi nhitng khé khan can tré su phat trién cua ky thuat
ANC da dan duoc giai quyét. Hé thong ANC st dung bo loc FIR (Finite Impulse Response) véi
thuét toan loc tin hiéu tham chiéu binh phuong trung binh téi thiéu (FX-LMS) ¢6 thé dugc xem 1a
Cau hinh co ban cua hé théng ANC [1]. N6 da dugce ap dung nhiéu trong cac g dung khur tiéng
on [1], [2]. Tuy nhién, trong cac hé thong ANC thyc té, vi ton tai cac méo phi tuyen trong duong
dan chinh, duong dan phu va nhidu tham chiéu c6 thé 1a phi tuyén, nén hé théng ANC dua trén
cac bo loc FIR bi giam dic tinh déng ké [3].

Dé vuot qua van dé nay, nhiéu hé théng ANC dya trén mang no-ron da dugc phat trién [2],
[4], [5]- Bt loi 16n nhat cua cac hé thong ndy do 1a yéu cau tinh toan va thuét toan hoc kha phuc
tap, diéu nay lam can tro cac ung dung vé kiém soat tiéng dn. Mot giai phap khac st dung céc bo
loc tuyén tinh trong tham sd LIP (Linear-in-parametter) lam bo diéu khién cho hé thong ANC
dang thu hat duoc nhiéu hoc gia trong va ngoai nudc quan tdm. Cac mo hinh phi tuyén LIP phd
bién c6 thé ké ra nhu bo loc dwa trén mang no-ron nhan tao lién két chic ning (FLANN:
Functional links artificial neural networks) [6], chudi Fourier m& rong [7], chudi Volterra cit xén
[4].... Giira cac bo diéu khién phi tuyén nay, mo hinh dua trén EMF va FLANN di duoc st dung
rong rai vi kha ning mé hinh héa hiéu qua va d¢ phirc tap tinh toan thap cia chung. Nhiéu nghién
ctru cai tién vé ciu trac ciing nhu thuit toan cua hé thong ANC ding EMF va FLANN d3 duoc
phat trién trong [8] — [11].

Dé c6 mot cai nhin tong quan hon vé cac ham mo rong phi tuyen EMF va FLANN, trong bai
b4o nay, chung t6i dwa ra mot danh gia, so sanh vé dic tinh kht tiéng dn cho cac hé théng ANC
dua trén EMF va FLANN. Nghién ctru da chi ra cac anh huong cua loai phi tuyén trong duong
dan chinh (Primary path), duong dan phu (secondary path) va ngudn tiéng on 1én hé thng ANC,
cling nhu kha ning mé hinh héa cia EMF va FLANN cho cac loai phi tuyén. Nhiéu két qua so
sanh vé dic tinh khir tiéng 6n cua hé théng ANC dya trén mé hinh EMF va FLANN d3 trinh bay
dé chiing minh cho nhing phan tich, ddnh gia trong nghién ciu.

2. Hé thong ANC dura trén cac ham mé rong LIP (FLANN, EMF,..)
2.1. Céu triic

Hinh 1 minh hoa ciu tric ANC dya trén ham mé rong LIP. O day P(z) 1a ham truyén cua
duong dan chinh (tirc 1a duong dan tir micrd tham chiéu dén cam bién 15i); S(z) biéu dién ham
truyén caa duong dan tha cap (te 14, duong dan trong mién dién tir dau ra bo diéu khién dén dau
ra cam bién 13i); X(n) 1a ngudn tiéng on tham chiéu; y(n) 1a dau ra cua bo didu khién; d(n)1a dau
ra cua duong dan tht cap (16i ra cua bo diéu khién duoc loc qua ham truyén cua duong dan tha
cap); d(n) 1a tiéng on qua duong dan so cap; W(n) 1a véc to trong s6 loc cua bd didu khién thich
nghi; S(z)1a ude luong cua duong dan thir cip; Sf(n) 1a tin hiéu duoc loc cua tin hidu mé rong
S(n) quasS(z).

Gia sir tin hiéu vao duoc biéu dién dudi dang véc to, v6i chidu dai nho K,

X(n) =[x(n),x(n—1),..,x(n—K+ D]’ (1)
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Dua trén cac mo rong FLANN va EMF, vector tin hiéu vao X(n) dugc mo rong thanh vector
S(n). Nhu vay, chung ta c6 thé viét 16i ra cua bo diéu khién phi tuyén dudi dang tong quat 1a,

ym) = wr m)s(n) 2
d(n)
T P(z) — Y —
X(n) . )
§ IxIL | // d(n) e(n)
55 WG
— B¢ T WAn) |~ s(2)
Xy 5 g > //
; ks 1,
- S,
\ 3
L DS T ¢

Hinh 1. So d6 khéi cia hé thong ANC duea trén ham mé réng LIP sir dung thudt todn Fx-LMS
2.1.1. Ham mo rong dua trén EMF

Véc to tin hiéu vao X(n) c6 thé dugc mé rong thanh vector $(n) boi ham mé rong EMF [7]
nhu sau:
S(n) = [ST(n), ST (n), ..., SE(M)]"=[5,(n), 5, (n), . SLE(n)]T 3
o day §,(n); $,(n);...; Sp(n) 1a vector m¢é rong ctia ham EMF bac 0 va bac 1; bac 2;...; bac P,
tuong tNg. s1(n); s2(n); ..., s, (n) 1a cac phan tir dugc M6 rong. Le 1a chiéu dai nhé cua tin hiéu
dugc mé rong.
Biéu dién bac 0 va bac 1 cua ham mo rong EMF cung véi chidu dai L, = K + 1 nhu 13,

5100 = 150 (Ex0) sin £ 1) s -0l @

Ham mo rong bac 2, §(n) = [§3,(n), $5,(m)]" cing voi chiéudai L, = K+ K(K —1)/2,
duoc biéu dién nhu sau:

§21(n) = [cos{mx(n)}, cos{mx(n — 1)}, ..., cos{mx(n — K + 1)}]" (5)
cho i=0 :K-1; j=i: K-1vanéu i# taco
T
S,,(n) = [sin {gx(n — i)} sin {gx(n —j)}] (6)
Ham mo rong bac 3, S5(n) = [S%,(n), 8%, (n), §%:(n), ST, (n)] cung véi chiéu dai Ly = K +
(K-2)(K-1)K

K(K—-1)+ duoc biéu dién nhu sau

S5 () = [sin {F 2w}, sin{Fxtn - D}, sinfFxm-k+ )] @)
Cho i=0 :K-1; j=i: K-1; m=j: K-1;
néu i=j tacod

S3,(n) = [cos{nx(n —i)}sin {%x(n — m)}]T (8)

vanéu j=m tacé S;3(n) = [sin Ex(n — i)} cos{mx(n —j)}]T 9
nguoc lainéu i #j#m taco

S3.(n) = [sin {nx(n - i)} sin {nx(n j)} sin {nx(n m)}]T (10)

Su m¢ rong nay dugc lap lai cho dén bac P bét ky. Tuy nhién do phic tap tinh toan cua nd
ciing sé& tang 1én theo cAp mil khi bac ting 1én. Do d6 trong thyc té, ching ta chi sir dung cac ham
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ma rong EMF bac 2 hoac bac 3. Chiéu dai nhé cia ham mé rong EMF dugc tinh toan téng quat
nhu chuodi Volterra cat xén. Cu thé chiéu dai mé rong cia bo loc dua trén EMF vai bac P, chiéu

dai nh6 K duge dinh nghia bang Ly = (1;::)'.

2.1.2. Ham mao rong dua trén FLANN
Véc to S(n) dugc md rong bai ham FLANN [6] bac P ¢6 thé duoc biéu dién nhu sau:
T
S(n) = [51 2(M), oo, S1,2p41 (M), 521(M), .., S22p41 (M), e, S 1 (M), .. SK2P+1(n)] (11)
vGi [¢]" 1a ma tran Chuyen vi va Le=N(2P+1) la chidu dai cua tin hiéu dugc md rong. Mot cach
tong quat, chung ta c6 thé mé ta cac phan tir cua tin hiéu mé rong S(n) nhu,
X, j=1
s;j(n) = {sin(mnx;), j>1, jlachan (12)
cos(mmx;), j>1, jlalé
V6i L<m<P va x; 1a phan tu thir i cta véc to tin higu vao ban dau cia hé thong X(n). Tir do6 ta
c6 thé viet lai véc to mé rong cua tin hiéu nay qua ham FLANN nhu sau:
S(n) =[x(n),sin(zx(n)),cos(zx(n)),...,sin(Pzx(n)),cos(Pzx(n)), x(n-1),
sin(zx(n-1)),cos(zx(n-1)),...,sin(Pzx(n-1)),cos(Pzx(n-1))...,
x(n—K +1),sin(zx(n-K +1)),cos(zx(n - K +1)),...,
sin(Pzx(n—K +1)),cos(Pzx(n—K +1)]’

(13)

2.2. Thudt todn thich nghi Fx-LMS

Trong hé théng ANC tén tai duong truyen vat ly tur 16i ra cua bo diéu khién dén vung tinh
(vung tri¢t tiéu song am gita nguon tiéng 6n va ngudn thir cp), diéu nay lam cho hé thong dé
méat 6n dinh néu st dung thuét toan thich nghi LMS thong thudng (least mean square-LMS) dé
cap nhat cac trong so IQg. beé lam giam nhe 4nh huong nay, tin hiéu tham chiéu s& duoc loc qua
ude lugng cua ham truyen duong dan thir cap trudce khi cap nhat. Trong [12] mot thuat toan Fx-
LMS (filtered-x least mean square) da dugc phat trién va da duoc ap dung thanh cdng trong cac
ung dung ANC thyc té. Trong phan nay ching t6i s€ ap dung thuat toan Fx-LMS dé cap nhat cac
trong s6 loc W(n) trong cac hé thong ANC ding FLANN va EMF.

Tir hinh 1, ching ta d& dang xéc dinh dugc nhidu du e(n) =d(n)—d(n) (15i du e(n) duoc cam
nhan tir cam bién 13i dat tai ving tinh cua hé théng). Muc tiéu cta thuat toan thich nghi Fx-LMS
1a t5i thiéu ham chi phi ¢(n) = E(e*(n)) dua trén phuong phap dé doc I6n nhat, véi E(.) 1a toan tir
ky vong. Dé tbi thiéu ham chi phi ¢(n), vecto trong sé W(n) duoc diéu chinh theo phuong trinh
cap nhat sau,

W(n+1)=W(n) + e(n)S; (n) (14)

& day u 1a tham sd tde d6 hoc, cai nay diéu khién téc do hoi tu va do 6n dinh cua thuat toan;

S,(n)1a tin hiéu dugc loc qua udc luong ciia ham truyén duong dan thir cap. S, (n) dugc dinh
nghia nhu sau:

S; (n) =S(m)*V(n) (15)

VGi * biéu thi phép toan tich chép; bé dua ra mot céu trac thong nhét cho ca duong dan thir cap

tuyén tinh va duong dan thir cap phi tuyén, tham khao [12], chiing t6i dinh nghia cac trong s6 cua
b6 loc duong din thir cdp 40 V(n) nhu sau

V(n) :[v(n,O),V(n,l),---,V(nv Ks)]T = g(;,((g))’aj?n(i)l) @?:Enll )} =
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Chu y rang ching ta phai biét dwoc mé hinh phi tuyén cia duong dan thir cip dé co duoc cac
trong so6 cua bo loc duong dan thir cap 40 V(n).

3. Phan tich tinh phi tuyén, kha ning mé hinh hoa ciia FLANN va EMF

Hai dang méo phi tuyen thuong gap trong hé thong ANC d6 1a méo phi tuyén do hién tuong
bdo hoa va hién tuong tré. Trong cac hé théng phi tuyén bj anh huéng boi do méo bao hoa, dau ra
chi phy thyoc vao gia tri tac thql ctia dau vao, nén chi c6 mot gia tri dau ra duy nhat duoc lién k;t
v6i moi dau vao. Loai phi tuyen bi anh huong boi hién twong nay thuong dugc goi la phi tuyen
khong nhd (memory-less nonlinearity). Trong truong hop hé thong phi tuyén gay ra boi hién
tuong tré, cic mau ra khong chi phu thudc vao gia tri hién tai cua cac mAU vao ma con phu thuoc
vao cac gia tri truge do cua Mau vao hoac mau ra, két qua 1a dau ra c6 thé c6 nhiéu gia tri cho
mot dau vao nhat dinh. Loai méo phi tuyén gay ra bdi hién tuong nay dugc dat tén 1a phi tuyén ¢
nhé (memory nonlinearity). ) o

_ Phén tich md hinh phi tuyen cua hé thong dya trén ham mé rong FLANN, ching ta dé thay
rang ham mo rong cua né chi pbu tht{éc vao gid tri tic ‘th(‘yi. Hay noi cach khac FLANN la ham
ma rong phi tuyen theo dang di€m-diém cua cac mau dau vao tai cang mot thoi diém. Vi dy, tai
thoi diém n, mau dau vao la x(n) thi ham ma rong phi tuyén FLANN dugc biéu dién thanh,

w[x(M]=x(n);  w,[x()]=sin[zx(N)];  w5[x(n)]=cos[zx(n)];
oW [ X(N)] = SIN[PZX(N) |50/, [ X(N) | = cOS[ Pz X(n) ] (17)
Tuong tu, tai thoi diém n-N+1, miu dau vao x(n-N+1),
v [Xx(n=N+D]=x(n-N+1);  w,[x(n—-N+1)]=sin[zx(n—N +1)];
s [X(n—=N +1)]=cos[zx(N—=N +1)]...;w,, [X(N—= N +1)] =sin[Pzx(n—N +1)|; (18)
Wop [X(N—N +1)] = cos[Pzx(n—N +1)]

R& rang, ham mé rong phi tuyén dya trén FLANN khéng chira cic mau quéa khir cia cac mau
vao. Piéu nay c6 nghia 12 né s& mo hinh t6t hon véi cac hé thong co chira kiéu phi tuyén khong
nhé (memory-less nonlinearity).

Déi voi EMF, tai thoi diém n, miu dau vao x(n), ham mé rong phi tuyén dua trén EMF c6 thé
dugc biéu dién nhu sau:

p ] =iy [xO)]=cosCx(m); s [x(m)] =sin(x()sing x(n DK

T T (19)
oWy [X(N)] = sin(E x(n))sin(E x(n =N +1)),
Tai thoi diém n-N+2, voi mau dau vao x(n-N+2), chiing ta suy ra ham mé rong tuong tng,
v [X(n=N+2)]= sin(g Xn-N+2);  p,[x(n-N+2)]= cos(%x(n— N +2);
(20)

vy [X(n=N+2 ]=sin(z x(n—N +2))sin(§x(n— N +1)),

Dé thay rang ham m¢ rong cua EMF khong chi phu thugc vao gia tri tic thoi ma con phu
thudc vao cac mau qua khir cua cac mau vao. Nhur vay ham m¢ rong EMF chira dung cac ham co
ban dai dién cho cac s hang chéo (tirc 1a tich ctia cic mau ddu vao voi cac mau dau vao qua khir
cua no, (vi du x(n-i)"™x(n-j)", i#])). Trong truong hop nay, EMF c6 thé mo hinh héa hiéu qua hé
thdng phi tuyén chua loai phi tuyén c6 nhd (memory nonlinearity).

Mot loai phi tuyen khéc cling thuong duge nghién ctu trong hé théng ANC 14 phi tuyén hdn
loan (chaotic). Tiéng 6n do 4m thanh tao ra béi cac hé théng dong luc nhu tiéng gid cua quat,
dong co may moc, hé thdng thong gid cua diéu hoa, ..., thuong co thé duoc xem 14 loai tiéng on
hén loan trong thuc té. C6 ba loai nhidu han loan thuong duoc sur dung lam mo6 hinh cho tin hiéu
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tham chiéu dé danh gia hiéu qua cua h¢ théng ANC phi tuyén d6 1a nhiéu Lorenz, nhiéu Dufing
va nhiéu Logistic [3], [6]. Déi voi truong hop hé thong ANC chua dung tinh phi tuyén nay, thi
dic tinh khir nhidu s& phu thudc nhiéu vao udc lugng caa duong dan thir cap.

4. M6 phong tinh toan

Dé ching minh cho nhiing phén tich nhu dugc trinh bay & trén, ching t6i tién hanh so sanh
cac hé théng ANC duya trén cac bo diéu khién phi tuyén LIP (nhu FLANN va EMF) va bo diéu
khién tuyén tinh FIR vé mat dic tinh khtr tiéng on. Tham sb cua cac bo diéu khién duoc lya chon
nhu sau: chiéu dai nhé cua tin hiéu vao duoc chon ¢6 kich thuéc giéng nhau N=10, ham m& rong
bac 3 cho FLANN va bac 2 cho EMF (¢ day ching t6i chon bac 2 dé c¢6 su tuong duong vé do
phuc tap tinh toan véi FLANN). Dé so sanh dic tinh, chung t6i dya trén 16i du binh phuong dugc
liy trung binh (MSE: Mean Square Error) dat duoc boi cac bo diéu khién trén mdi lan lap
MSE = 10log10[E (e?(n))] va duoc lay trung binh trén 100 1an chay doc lap.

Thi nghiém 1: Trong thi nghiém nay, chung ta gia dinh rang duong dan so cap chira dung
tinh  phi tuyén yéu nhu dugc tham khio trong nghién cou  [6],
d(n) =u(n-2)+0.08u*(n—2)—0.04u*(n—2), Voi u(n)=x(n)*t(n), tin hiéu tham chiéu x(n) 1a mot dang

. 27500n
song sin X(n)=\ﬁ$m( gOOO

) va t(n)1a dap tng xung ctia ham truyén T(z)=z°-0.3z" +0.2z°.

Ham truyén duong dan thir cap duoc chon S(z)=z72+1.52° -

BG diéu khién FIR
B diéu khign FLANN |{
B diéu khign EMF

Bo diéu khién FIR
Ba diéu khién FLANN

Ba diéu khién EMF

-20 1 5
FIR
-10
25 il
1\

o
)
| | My A;w,w W ‘ﬂ'W‘m"‘ oy W,a
2 \ = 16\
35k \\ i EMF
o | 2 Mg i !
= ' Mo pgeoi| M|
D mnn ZDDD 3nnn 4DDD 5000 BDDD 7DDD nnnn DDDD 10000 0 02 04 06 08 1 12 14 16 18 2
Iterations lterations w10t
Hinh 2. So sdnh ddc tinh cia cdc bé diéu khién Hinh 3. So sanh ddc tinh cia cac bg diéu khién
cho kich ban thi nghiém 1 cho kich ban thi nghiém 2

Két qua cho thi nghiém 1 dugc minh hoa nhu trong Hinh 2. R3 rang, hé théng ANC sir dung
bo diéu khién FLANN hoic EMF c6 dic tinh khir tiéng on tét hon nhiéu so vai hé thong st dung
bo diéu khién tuyén tinh FIR. Hé thdng dua trén FLANN lam tSt hon so véi hé thdng dua trén bo
diéu khién EMF. Piéu nay c6 thé do tinh phi tuyén trong hé thong 1a yéu va dic diém cua tinh phi
tuyén 1a dang phi tuyén khong nhé (nghia 1a dau ra chi phy thudc vao gia tri tac thoi cua dau
vao). Piéu nay c6 nghia 1a FLANN s& phu hop hon véi cac hé thdng chira loai phi tuyén khong
nhé (memory-less nonlinearity).

Thi nghiém 2: Trong thi nghiém nay, chung toi gia dinh nguén tiéng 6n 1a mot nhiéu hdn loan
loai logistic [6], dugc mo hinh bdi phuong trinh d& quy X(n+1) = Ax(n)[L-x(n)], véi 1=4, x(0) =
0,9 van=I, 2, 3.... Ngudn nhiéu nay duoc chuan hoa dé c6 cong suat tin hiéu don vi, nham tranh
méo bio hoa gy ra & loa. Him truyén cua duong din chinh P(z) va duong dan thir cap S(z) duoc
md hinh nhu 13 cac bd loc tuyén tinh: véi dap tng xung cua P(z) =z°-0.3z2*+0.22° va dap ung
xung caa ham truyén duong dan thi cip S(z) c6 dang S(z) =z +1.52°~z* . Hinh 3 minh hoa so
sanh dac tinh cua cac bd diéu khién trong kich ban duong dan thtr cip co pha khong tdi thicu. Tir

hinh 3, dé dang nhan thay rang hiéu suat loai bo tiéng on cua hé thong ANC sir dung bo diéu
khién FLANN Ia t6t nhat. RS rang, trong truong hop nay, bd diéu khién FLANN c6 thé uéc
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lwong gan dung theo quy ludt nhan qua cua duong dan thir cip pha khong ti thiéu tét hon so véi
bo dicu khién EMF va bo diéu khién tuyén tinh FIR. Mic dit ham mé rong EMF ciing 1a ham phi
tuyén, nhung cé thé do ham md rong cia né thiéu cac thanh phan tuyén tinh, nén dic tinh ctia né
trong truong hgp nay bi suy giam so voi FLANN (trong ham m¢ rong cua EMF khong c6 thanh
phan x(n), x(n-1),...,x(n-N+1)).

Thi nghiém 3: Trong thi nghiém nay, chiing t6i sir dung mé hinh phi tuyén cta duong dan so
cap P(z), duong dan tha cap S(z) va tin hiéu vao tham chiéu nhu dugc tham khao trong vi du 1
Cua cong trinh [8].

86 diéu khién FIR
86 didu khidn FLANN
86 diu khién EMF | |

0 02 0.4 0.6 08 ‘\ 1.2 14 1.6 18 2
Iterations x10%

Hinh 4. So sanh ddc tinh ciia cdc bg diéu khién cho kich ban thi nghiém 3

Tir Hinh 4, ching ta c¢6 thé quan sat thdy rang dic tinh khur tiéng on dat dugc cua hé thdng
ANC dua trén FLANN thap hon nhiéu so véi hé théng ANC dua trén EMF. Nhu da thao lugn ¢
trén, loai phi tuyén giy ra boi hién tuong nay chinh 1a tinh phi tuyén co6 nhd (memory
nonlinerity). RS rang 1a dau ra cua hé thong phi tuyén nay khong chi phu thudc vao gia tri vao
hién tai ma con phu thudc vao cac gia tri dau vao qua khtr ciia nd. Him mé rong chirc nang phi
tuyén cia EMF chira cac mau dau vao qua khir cua tin hiéu vao. Két qua 1a hé théng ANC dya
trén EMF c6 thé mo hinh tot hé thdng phi tuyén chira dung tinh phi tuyén nhé.

5. Két luan

Trong bai bao nay, ching to6i da dua ra mot so sanh gitra cdc m6 hinh EMF va FLANN cho hé
thdng ANC. Ba dang phi tuyén (tinh phi tuyén c6 nhé, tinh phi tuyén khong nhé va tinh phi tuyén
héon loan) anh huong 1én hé théng ANC da dugc nghién ciru. Kha ning mo hinh héa cia FLANN
va EMF cling dé dugc phan tich. Két qua nghién cuu cho thdy mé hinh dua trén EMF dat dugc
dic tinh khtr tiéng 6n tét khi hé thong ANC chira dyng tinh phi tuyen c6 nhé (memory
nonliearity). Nguoc lai md hinh dya trén FLANN dat hiéu qua hon khi ngudn tiéng 6n 1a mot qué
trinh hon loan va duong dan thir cip co pha khong t6i thiéu. Nhiéu két qua mo phong so sanh dic
tinh khir tiéng on ciia cac hé théng ANC dua trén FIR, FLANN va EMF di chi ra 1a phu hop véi
nhitng phan tich ctia nghién cau.

Loi cam on
Tac gia cam on dé tai cap Bo ma s6 B2021-TDV-03 do B¢ Gido duc va Pao tao tai trg kinh phi.
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