CONG NGHE

MOT PHUONG PHAP TRIET NHIEU TAP THICH NGHI MO
SU DUNG BIEN DOI FOURIER PHAN DOAN FrFT

A NEW APPROACH FOR ADAPTIVE NOISE CANCELLATION USING FRACTIONAL FOURIER TRANSFORM FrET

TOM TAT

Triét nhi€u thich nghi 1a mot phrong phap hiéu qua trong bai toan loai bo
can nhiéu. Bai bao trinh bay mot phuong phép triét nhiéu tap thich nghi méi
hiéu qué hon so vdi phirong phap cd dién trude do. Phuong phap mdi dirge thie
hién trén co s& cai tién thuét todn loc thich nghi ¢ dién va sir dung bién ddi
Fourier phan doan Fractional Fourier Transform (FrFT). Béng gdp cla phuong
phap mgi thé hién @ gia tri sai s6 binh phirong trung binh chuan hoa Normalized
Mean Square Error (NMSE) trong 3 trudng hop tin hiéu vao khéc nhau khi ding
phuong phap mdi déu nhd hon so vdi gi tri duoc tinh khi dlng phuong phéap co
dién. Cac két qua md phdng da chi ra tinh hiéu qua ctia phuong phap méi. Triét
nhiéu thich nghi sir dung bién dGi Fourier phan doan FrFT la mot giai phap day
trién vong cho bai ton loai bd can nhiéu.

Tlr khoa: Triét nhiéu thich nghi, loc thich thich nghi, bién d6i Fourier phan
doan.

ABSTRACT

Adaptive noise cancellation is an effective approach in noise cancellation
problem. This paper presents a new approach for adaptive noise cancellation,
which is more efficient than the traditional techniques. Our proposal is based on
improving the traditional adaptive filter algorithms by making use of Fractional
Fourier Transform. Numerical results highlight the effectiveness of our approach
when normalized mean square error in three cases of different input signals are
less than the value obtained with conventional algorithms. The results suggest
that adaptive noise cancellation using FrFT could be a promising solution .

Keywords: Adaptive noise cancellation, adaptive filter, Fractional Fourier
Transform.

Trutng Bai hoc Cong nghiép Ha Noi

*Email: maidtp2013@gmail.com

Ngay nhan bai: 10/01/2018

Ngay nhan bai stra sau phén bién: 30/3/2018
Ngay chp nhén déng: 21/8/2018

Phan bién khoa hoc: TS. Dao Thanh Hai

CHU VIET TAT:

FrET Fractional Fourier Transform

IFrFT Inverse Fractional Fourier Transform
LCT Linear Canonical Transform

NMSE  Normalized Mean Square Error

LMS Least Mean Square

RLS  Recursive Least Square

108 | Tap chi KHOAHOC & CONG NGHE @ S6 48.2018

Pao Thi Phrong Mai”

1.DAT VAN BE

Bai toan loai bd can nhiéu va tap &m ludn la van dé l6n
trong cac hé thdng xi Iy tin hiéu [1]. Triét nhiéu thich nghi
la phuong phap hiéu qua dé woc lwgng tin hiéu khi tin hiéu
bi anh hudng bdi nhiéu cdng [2]. DE c6 hiéu qua tt hon,
nhiéu thuat toan loc thich nghi dwgc dé xuét nhuv thuat
toan binh phuwong trung binh cuc ti€u (LMS), thuat toan
binh phuong dé quy cuec ti€u (RLS), cac thuat toan LMS, RLS
trén mién tan s6... Tuy nhién c6 rat it nghién ctu thu duoc
khi triét nhiéu thich nghi tir mién thoi gian dén mién tan s6
[3]. Bién d6i Fourier phan doan (FrFT) la sy mé réng cla
bién déi Fourier. Trong FrfFT, hat nhan bién dai la mot tap
cac ham chirp trong khi hat nhan ctia bién doi Fourier dwogc
tao thanh tir cdc ham sin phuc tap. Tuy ~thuc}c vao béac phan
doan, céac tin hiéu c6 thé dwoc biéu dién trén nhiéu mién.
Diéu nay da mang lai cho FrFT kha nang tw do phan tich tin
hiéu hon so véi bién déi Fourier.
2. BIEN DOI FOURIER PHAN DOAN FrFT

FrFT lam mot 16p con clia Iép bién déi tuyén tinh. Ta co
thé dinh nghia bi€u thirc FrFT bac a clia ham f(x) la [4]:

FIf] = [, K@, xa)f ()dx = £ (x,) ()

Trong dé, K* (x,x,) 1a hat nhan FrfT, bién d6i ham f(x) tir
mién x thanh ham f?(x,) trong mién x,. V6i a = an/2.

F? la toan tl FrFT tac dong Ién ham f(x) dé bién doi tlr
ham cé mién tay y sang mot mién x,,

K3(X,X,)=Aexp(im(x’cota2x,xcsca+x,cota)) 2)

Trong dé:

A,=V1 —icota Khia#2j

K® (x,X,) = 8(x — x,) Khia=4j

K® (X,Xg) = 8 (x + x,) Khi a = +2]

j: la s6 nguyén

Bac bién d6i a" dwoc coi nhv bién d6i bac at". Can bac 2
chi rd rang két qua cac déi s6 duoc tim ra thudc trong mét
khoang (-/2,11/2].

A, c6 thé duogc tinh nhu sau:

e_i[nw_(z)] .
Ay = W voi: 0<a <2 (0<|a|<7)[5] (3)

Trong do, sgn(.) la ham dau
eKhioa=0,a=0tacd
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F[f(x)] = T o(x—x,)dx =f(x) 4)
eKhia=1, a=m/2 A, thi
Fif(x)] = % I f(x) exp(—ixx, )dx (5)

Pay la phép bién doi Fourier thong thuong.
eKhia=2, a=mthi

F[fx)] = T S(x+ X, )dx = f(—x) (6)

Pay la toan t& dao nguoc thoi gian.

e Khia=3, a=3m/2thi

FIFI= [, £ () exp(2imxx,) dx ()
Pay la phép bién doi Fourier nguoc

FrFT dwgc dinh nghia mot cach tryc ti€p nhu la mot

trwvong hop dac biét cta I6p LCT. Bac a clia FrFT dwoc xac
dinh b&i ma tran chuyén déi sau:
_[A B]_J[cosa sina
M= [C Dl [—sina cosa] (©)
Trong dé: a = an/2
Ma tran dang xét dugc xem nhu la phép quay ma trén
hai chiéu trong mit phang thoi gian - tan s6. Piéu nay
tvong duong véi phép quay trong phan phéi Wigner (WD)
clia mot tin hiéu theo chiéu kim ddng hd bang mot goc la a
= amn/2 trong mat phang thoi gian - tan so [6].
W pa s (iHa) = W (MCOSQ - 1SINa i SiNQ;, psina
+ H,c0s0) ©)
3. PHUONG PHAP TRIET TAP THICH NGHI SU’ DUNG FrFT
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Hinh 1. Liru d thuat todn loc thich nghi si dung bién ddi Fourier phan doan

Trén co s& thuat toan loc nhiéu tap thich nghi cd dién
[7], tac gia dé xuat thuat toan loc nhiéu thich nghi st dung
bién ddi Fourier phan doan. Luvu d6 thuat toan dé xuét
duoc chird & hinh 1.

Thuat toan loc thich nghi sir dung bién déi Fourier phan
doan duwgc dé xudt gom cac buéc sau:

1) Tin hiéu vao so cép va tin hiéu tham chiéu dwgc bién
d6i trong mién Fourier phan doan béi FrFT véi cung mot
bac.

2) Tinh toan tin hiéu I6i giita tin hiéu vao so cdp va tin
hiéu tham chiéu sau khi bién déi.

) 3) Tu dong diéu chinh trong s6 loc twong (rng véi tin hiéu
16i dugc danh gia.

4) Tin hiéu ra tdi vu dwgc bién dai béi bién doi Fourier
phan doan nguoc véi nghich dao cdia bac phan doan tdi vu.

Thuat toan loc nhiéu thich nghi s dung bién d6i
Fourier phan doan c6 thém 3 khdi méi so véi thuat toan loc
thich nghi c6 dién: hai khéi FrFT va mot khéi IFrFT.

Khéi FriT thiv nhat duoc dit sau sensor chinh nhdm muc
dich bién dai tin hiéu vao so cap s(n). Tin hiéu nay thuc chat la
tin hiéu chinh s, (n) da bi lam sai léch b&i nhiéu cong n,(n)
theo biéu thtic sau:

s(n) = s1(n) +ny(n) (10)

Qua phép bién doi Fourier phan doan FrFT, ta thu dwoc
tin hiéu dau ra nhuw sau:

s* = F[s(n)] (11)

Khai FrFT thir hai dwoc dat sau cam bién phu nham muc
dich bién d6i tin hiéu vao tham chiéu n,(n). Tin hiéu thu
dugc sau bién doi FrFT lang. Tin hiéu nay cing chinh la dau
vao cho khéi loc thich nghi LMS:

ng=Fn,(n)] (12)

Trong do, F* la ky hiéu cho phép bién déi FrFT véi bac
phan doan a.

Tin hiéu 16i E? gilra tin hiéu vao so cdp va tin hiéu tham
chiéu sau khi bién ddi FrFT duoc tinh theo cong thirc:

E*=s%-ng (13)

Tin hiéu 16i E* sau d6 dwoc dua quay lai khéi LMS dé
thuc hién qua trinh ty dong diéu khién trong so loc. Cudi
cuing tin hiéu ra t6i wu E, ¢ duoc dua qua khéi IFrFT dé thuc
hién bién déi ngugc FrFT:

f(t)= F*[Euws] (14)

Trong dé, F? la ky hiéu cho phép bién déi ngwoc FrFT.

Hiéu qud va tinh kha thi clia so d6 da dé xuat so voi
phuong phép ¢6 dién duoc kiém nghiém bang quéa trinh
mo phong s6 cho mot sé tredng hop dién hinh khéac nhau
cla tin hiéu dau vao. Cac xac nhan mé phéng duoc trinh
bay trong muc 4.

4, KET QUA MO PHONG

Dé kiém ching s hiéu qua clia phrong phap da dé
Xudt trong nghién cru nay, ching ta xem xét 3 trwvong hop
dién hinh khac nhau cua tin hiéu dau vao nhv sau:

(i) Trwong hop 1: Tin hiéu chinh la tin hiéu hinh sin tuan
hoan x(t).

Tin hiéu vao co6 nhiéu s(t) bao gom tin hiéu chinh x(t),
nhiéu cOng ngau nhién v(t) va tin hiéu nhieu tuan hoan
v1(t). Tin hiéu s(t) dvgc bi€u dién nhu sau:

s(t) = x(t) + v(t) + v1(t) (15)

Tin hiéu x(t) la tin hiéu sin tuan hoan nhuv trong hinh 2.
Tin hiéu so cdp hinh thanh t& tin hiéu vao c6 nhiéu s(t)
dwoc biéu dién trén hinh 3. Tin hiéu tham chiéu & hinh 4
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cling lién quan dén nhiéu bén trong tin hiéu so cip nhung
V@i bién dd va pha khéac. Trong hinh 5, bac ph:'?\n doan toi
wu dugc chon dé€ mo phong tin hiéu vao ¢é nhiéu la mi. Bién
doi FrFT cla tin hiéu tham chiéu duoc thé hién trén hinh 6.
Tin hiéu ra sau bién doi FrFT nguoc véi bac phan doan —a,
a =1 dwoc biéu dién & hinh 7.

(i) Trwong hop 2: Tin hiéu tuan hoan phtc tap x(t) la
téng clia 2 tin hiéu sin va cos nhuw hinh 8.

Tin hiéu vao c6 nhiéu, bién ddi FrFT clia tin hiéu vao, tin
hiéu ra sau bién déi IFrFT trong treong hop 2 1an lwot dwoc
chiratrong cac hinh 9, 10, 11.

(iii) Trwong hop 3: S dung mot tin hiéu am thanh ss.

Tin ~hiéu am thanh c6 dang nhw trén hinh 12 H‘|nh~13
biéu dién tin hiéu am thanh chiu anh hwdng cla nhiéu.
Bién d6i FrFT cua tin hiéu vao va tin hiéu ra sau bién doi
FrFT nguoc twong (ng dugc chira & hinh 14, 15.

Tin hieu vao
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Time (s)

Hinh 2. Tin hiéu chinh cho trudng hop 1
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Hinh 3.Tin hiéu vao cd nhiéu trudng hop 1
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Hinh 4. Tin higu tham chiéu trvong hop 1
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Tin hieu vao co nhieu
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Hinh 10. Bién ddi FrFT cda tin hiéu vao truong hop 2
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Hinh 11. Tin hiéu ra sau bién dai FrFT nguroc truong hop 2
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Hinh 12. Tin hiéu vao la tin hiéu am thanh
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Hinh 13. Tin hiéu vao ¢d nhiéu trdng hop 3
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Hinh 15. Tin higu dau ra sau bién doi FrFT nguroc treong hop 3

Dé danh gia tinh wu viét clia phrong phap da dé xuat so
véi phurong phap c6 dién, trong bai bao nay, tac gia st
dung tiéu chuan sai s6 binh phuong trung binh chuén hoéa
(NMSE-Normalized Mean Square Error). Tiéu chuén nay
dugc thé hién qua biéu thirc sau:
_ Ih=1(s()—$(n))?
NMSE = 10l0g, SN (s00)?

Trong dé, s(n) la tin hiéu gdc, $(n) la tin hiéu wéc lugng
duoc.

Két qua tinh toan NMSE (dB) cho ba truong hop tin hiéu
trén duoc thé hién qua bang 1.

(16)
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Bang 1. Gid tri NMSE trong 3 trudng hop tin hiéu vao khéc nhau

Treonghop | NMSE (d8xudt) | NMSE (phuong phap ¢d dién)
1 -112,9330 -92,1311
2 -78,4469 -65,3805
3 -75,1148 67,5727

Sai s6 NMSE cang nho thi kha nang loc nhiéu cang tét.
Trong ca ba trwvdng hop tin hiéu vao khac nhau, bd loc
thich nghi dé thié€t ké déu cho két qua tét hon so véi bo loc
thich nghi c6 dién. Biéu nay chirng to tinh hiéu qua ctia bd
loc da xay dvng.

5. KET LUAN

Bai bao d4 de xuat dwoc phuong phap triét nhiéu thich
nghi mai st dung bién ddi Fourier phan doan roi rac. Tuy
chon bac phan doan cho phép ta bién déi tin hiéu trén
nhiéu mién mé ra mot huéng nghién ctru méi trong viéc
phan tich tin hiéu. Bai bao ciing chi ré thanh c6ng cula clia
phuong phap triét tap thich nghi mai trén co sé sai s6 binh
phuong trung binh chuan héa (NMSE) cho 3 tredng hop tin
hiéu d&u nho hon so véi trudng hop dung bd loc thich nghi
co dién.
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