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Tém tat:

Bai béo trinh bay v& mdt phuong phap dé xac dinh dd dai va kich thudc budc cia bd loc thich nghi
LMS. Ca s6 dé Iua chon dd dai bd loc va kich thudc bude dua trén céc chi s6 danh gia hiéu nang cla
b loc: hé s6 tin hiéu trén nhiéu va hé s6 tudng quan giifa tin hiéu trudc vdi tin hiéu sau khi loc.
Cudi bai bao 1& mot vi du vé khir nhiéu ludi dién cho tin hiéu dién tim str dung bd loc thich nghi véi
thuat toan LMS, trong dé viéc lua chon db dai bo loc L va kich thude budc p duge thuc hién theo
phuang phap dé xuat.

Ttr khoa:
B6 loc thich nghi, thuat toan LMS, dé dai bd loc, kich thuwdc budec.

Abstract:

A method to specify the filter length and step-size of the LMS adaptive filter is reported. The base to
determine the filter length and the step-size is on evaluating the performance indices of the filter: signal to
noise ratio, correlation coefficient between the input signal and the output signal of the filter. The end of the
paper is an example about noise reduction for ECG using adaptive filter with LMS algorithm, in which the
selection of the filter length L and step size p is performed according to the proposed method.
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1. DAT VAN BE c6 dinh hodc tach biét hoan toan voi dai
tan cua tin hiéu thi cac bo loc v6i dap ung
bién tan ¢d dinh nhu FIR, IIR hay bé loc
trung binh dich chuyén duoc st dung
tuong ddi hidu qua vi tinh don gian cta
ching. Bén canh do, ta gap khong it cac
bai toan khir nhidu trong thyc té ma pho
tan cta nhidu khong nhiing bién thién
theo thoi gian ma con bao trim hoidc nim

Trong hé théng hay nhiing thiét bi thuc té,
ty vao ung dung va nhitng diéu kién cu
thé ma nguoi ta ap dung cac k¥ thuat phu
hop cho viéc xu ly tin hi¢u. Nhiing ung
dung khir nhiéu tic dong 1én tin hiéu,
trong d6 nhidu “chiém linh” nhitng dai tan

Ngay nhan bai: 3/3/2016, ngay chap nhan trong phé tan cua tin hiéu, loc nhidu ludi
ddng: 3/10/2016, phan bién: TS. Mai Hoang dién tac dong tGi tin hiéu dién tim 13 mot
Cong Minh.

10 SO 11 thang 11-2016



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

vi du. Vo1 nhiing 16p bai toan do, bd loc
thich nghi nén dugc st dung dé c6 duge
tin hiéu cung cip toi ngudi ding véi chat
luvong dam bao. Vé co ban, bo loc thich
nghi 12 mot bo loc sd (digital filter) ma co
thé tu diéu chinh cac hé sd bd loc cua no
nhim dua ra tin hiéu sau khi loc c6 chét
luong tdt nhét trén co s cac tin hiéu va
nhidu dau vao nhd thuat toan thich nghi.
Mot trong nhitng thuat toan dugc ap dung
phé bién trong bo loc thich nghi 1a trung
binh binh phuong nhé nhit LMS do
Widrow va cac cong su dé xuét [1]. Mic
du, LMS la m¢t thuat toadn thich nghi
dugc ap dung trong nhiéu ung dung khéc
nhau nhung nd ciing c¢6 nhitng han ché
nhat dinh. Ngoai van dé khong can bang
duoc toc d6 hoi tu va ti sb tin hiéu trén
nhiéu SNR sau khi loc ma da dugc phan
tich trong ([1]-[11]), thuat toan LMS con
mot han ché khac, dé 1a khong chi ra viéc
lga chon dd dai bd loc “phu hop” voi kich
thudc bude. Trong ndi dung tiép theo cia
bai bdo, mot phuong phap thyc nghiém
dugc trinh bay cho thidy mbi quan hé giira
cac chi s6 danh gia hi¢u nang cua bo loc
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(gém hé s tin hiéu trén nhidu va hé sb
tuong quan gitta tin hi€u trudc véi tin
hiu sau khi loc) voi d6 dai b loc va kich
thude budc, tir mbi quan hé do, s& gitp ta
xac dinh duoc cac thong s can thiét trong
qua trinh thiét k& bd loc thich nghi, d6
la d6 dai va kich thudce bude cua bd loc
thich nghi LMS.

2. PHWONG PHAP XAC DINH THONG
SO BO LOC THICH NGHI

2.1. Co’ ban vé bd loc thich nghi

So d6 khdi cua bo loc thich nghi duoc
trinh bay nhu trong hinh 1, cho thay mot
bo loc thich nghi bao gom hai phan co
ban: bo loc s6 véi cac hé sb co thé diéu
chinh dugc va mot thuat toan thich nghi
(trong pham vi bai bédo ta s dung thuat
toan thich nghi LMS) c6 nhiém vu diéu
chinh cac hé sé cua bo loc sb.

Hai tin hi¢u dau vao d, va x, dugc lay

mau “dong thoi” va “lién tuc”. Tin hiéu

d, bao gom ca tin hiéu mong muon S, va
k . k

nhidu n, .

gl Nguon i
gy nhitu

Thuat toan thich nghi LMS

Hinh 1. So’ dd khéi bé loc thich nghi
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Vi ngudn gay nhidu va nguon tin hiéu
khac nhau va doc 1ap nén ta gia thiét s, va
N, khong tuwong quan vai nhau. Tin hiéu
X, la gia tri do cua nhiéu, twong quan véi
nhiéu n,. Nhiéu x, duoc xir ly boi bo loc
s6 dé tao ra mot uée lugng cua N, ky
hiéu la n, . Khi d6, udc luong cua tin
hiéu mong muén dugc nhan bang cach trir
d,cho u6c lwong cua nhiéu n, theo
phuong trinh (1):

1)

s, =d, —n =S, +n, —n,.
Nhiém vu chinh trong viéc khu nhiéu 1a
tao ra mdt udc luong tdi wu cta nhiéu Ny
trong tin hiéu d, va khi d6 ta s& c¢6 dugc

mot udc luong to61 wu cua tin hi€u mong

mudn. Piéu nay duoc thuc hién béng cach
str dung tin hiéu phan hoi s, dé diéu
chinh cac hé sb cua bo loc s6 boi mot
thuat toan thich nghi phu hop. Tin hi¢u
dau ra S, dam nhiém cung luc hai nhi¢m
vu: (1) nhu mot udc lugng cua tin hi¢u
mong mudn va (2) nhu mét tin hiéu sai sd
e, dung dé diéu chinh céac hé sb bd loc.
CAu trac thuong dugc su dung dé thuc
hién cac by loc thich nghi la cAu trac
ngang (transversal structure), dugc mo ta
trong hinh 2. Vi bo loc c6 d6 dai L hé sb,
ta c6 dau ra cua bo loc tinh theo phuwong
trinh (2):

L-1

Ne=> W, (i),

()

Xk

71 71

Xi-1
—

l Wi(0) ka(l)

; E

Hinh 2. So’ dd céu triic ngang cta bo loc sé

trong 6 : W, (i),i=0,1,...,L—1 1a c4c h¢
s clia b loc, va c6 thé diéu chinh duoc.
Céc hé s6 nay con duoc goi 1a cic trong
sd (weights); L 1a d6 dai cua bo loc ; va
% (i), n, la tin higu dau vao, dau ra cia
bo loc tuong tng.

Thuat todn thich nghi LMS c¢6 nhi€ém
vu diéu chinh cac hé s cua bd loc
w, (i),i=0,1...,L—1 theo phuong phéap
lap véi kich thude bude p dé co duogce tin
hiéu s, “gan gidng” véi tin hiéu S, . Cac

budc thuc hién thuat toan LMS nhu sau:
Bude 1: Khei tao, thiét 1ap cac hé s6 bo
loc (hay con goi la cac trong s0)
w, (i),i=0,1,...,L—1 toi mot gia tri xac
dinh tuy v, thuong la céc gié tri bang 0.
Buée 2: Doc cic mau tin hidu x, va d, tir
b6 bién ddi tuong tw - s6 ADC.

Burde 3: Tinh dau ra cia bo loc theo cong
thirc (2).

Buéc 4: Tinh wée lugng sai sd theo cong
thuc ¢, =d, —n, .
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Buoc 5: Cap nhat cac hé s6 cua bo loc
theo cong thirc

Wi (D) =w, (i) +2u8,% ;.
Buorc 6: quay lai budce 2.

Nhu vay, nhin vao sau budc trén ta nhan
thdy, khi dimg trudc mot Gng dung yéu
cau st dung bo loc thich nghi dé loai su
anh huodng cua nhiéu thi nhiém vu dau
tién 1a can x4c dinh dugc do dai ctia bd
loc L va kich thudc bude p. Day 1a mdt
trong nhiing kho khan trong qué trinh
thiét ké bo loc thich nghi. Nhu di trinh
bay trong phan dit van dé, Widrow va cac
cong su khdng d& xuat cach liwa chon hai
thong s6 nay ma viéc dé tuy vao kinh
nghiém cua nguoi thiét ké. Trong phan
tiép theo, bai bao sé trinh bay mot phuong
phap dé hd trg xac dinh cac thong sb nay,
va sau d6 1a mot vi du khtr nhiéu ludi dién
tac dong dén tin hiéu dién tim nham minh
hoa phuong phap dé xuit.

2.2. Phwong phap xac dinh théng sé
bo loc thich nghi

2.2.1. Phuvong phap

Phuong phap xac dinh théng s6 do dai
cua bd loc L va kich thudc bude U ciia bo
loc thich nghi LMS trong ung dung khu
nhidu tac dong lén tin hiéu duoc dé xuit
nhu sau.

Buée 1: Chuan bi tap mau tin hiéu S, -

Bude 2: Chuan bi tap miu nhidu X,, 0
d6 dai mau bang véi S, .

Bude 3: V&i mbi thiét lap do dai bo loc
bang 2, 3,..., L ta chay tht nghiém lan

luot v6i kich thude budc p=0.005 dén
0.25 v6i bude tang 0.001. Cha ¥: ta ¢ thé
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lya chon budc tang thua hon trong nhiing
g dung cu thé.

Bude 4: Sau mdi lan chay thu, ta tinh

dugc cac gia tri ty sd tin hiéu trén nhiéu

SNR va h¢ s6 tuong quan, r__, gila tin
k >k

hiéu s, va s, lan lugt theo cong thirc (3)

va (4) tuong tng. Tiép theo ta thiét 1ap

dugc cac duong biéu thi mdi quan hé
SNR, h¢ s0 twong quan r__ theo L va p.
k >k

SNR =10log,,

e 3
E[(nk—nk) | )

) cov(sk,sk)
" E[s -4 E[Skzi—ﬂi “)

Bude 5: Trén co s¢ quan sat cac duong
biéu thi mdi quan hé SNR, hé sé tuong
quan theo L va [ ta lya chon dugc cap
thong s6 L va [ sao cho bo loc thich nghi
cho két qua loc tot, cu thé 1a cac chi s6
danh gia bo loc SNR va hé s6 twong quan
cO gia tri cao.

2.2.2. Vidu minh hoa

Xét bai toan khir nhiéu ludi dién cho tin
hiéu dién tim str dung bo loc thich nghi
v6i thuat toan LMS. D¢ lya chon do dai
bd loc L va kich thudéc budc p theo
phuong phap d& xut, ta thuyc hién theo
cac bude nhu di trinh bay, cu thé nhu sau.

Buée 1: Chuan bi tap mau tin hidu S, .

Tin hiéu dién tim S, duogc léy tor ngan
hang co s¢ dir liéu MIT/BIH, hinh 3.

S6 11 thang 11-2016

13



TAP CHi KHOA HOC VA CONG NGHE NANG LUQONG - TRUGNG DAI HOC BIEN LUC

(ISSN: 1859 - 4557)

Buéc 2: Chuan bi tap mau nhiéu x,, c6
d6 dai mau bang véi s, .

Song dien tim goc

2

z
~ 1
(]
©
c
2 Il A A
o 0 o
(8]

-1

0 500 1000 1500
Mau

Hinh 3. Tin hiéu dién tim géc, s«

Nhiéu ludi dién X, (hinh 4) duoc tao boi
phuong trinh (5):

x[k]:iA sin(2zfk+6,) ()

trong d6: nhidu X, bao gdom séng co ban
f, va 6,
la bién do, tan sb, va pha cua cac song
thanh phan tuong tmg. Cac tham s6 bién
do, tan s, pha cua cic song thanh phan 1a
nhitng bién ngiu nhién ddc 1ap tuan theo
qua trinh Markov bac nhat nhu trong cong
thure (6) va (7).

Alk+1]=nA[K]+S K] (6)
trong d6: A[k+1],A[k]la bién d¢ tai
¢ [k]1a

bién ngiu nhién tudn theo phan bd
Gaussian véi gid tri trung binh bang

va hai bac ba; cic tham s6 A,

thoi diém [k+1] va [k] tuong tng;

khong; phuong sai G;i va y,1a hé sb cia
qua trinh Markov bac nhét, véi diéu kién
O<y <1

f (k1] =v,  [k]+ 77 [K] (7)

trong d6: f[k+1], f,[k]la gia tri tan sb

ctia cac song hai thanh phan tai thoi diém
[k+1] va [k] twong Gng; 7;[k]la bién
ngiu nhién tuan theo phan b Gaussian
v6i gid tri trung binh bang khong; phuong

sai o’

,i va vila hé sO clia qua trinh

Markov béac nht, véi diéu kién 0 < v, <1.

Nhieu hai
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Hinh 4. Nhiéu lwéi dién
¢6 thanh phan ngau nhién
Tin hiéu d, 1a tong cua tin hiéu dién tim
gdc S, va nhidu n, duge trinh bay trong
hinh 5.

Tin hieu goc cong nhieu

o
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Hinh 5. Tin hiéu dién tim
bi nhiém nhiéu Iwéi dién

Bude 3: V6i mdi thiét 1ap do dai bd loc
L =15, 10, ..., 30, ta chay thir nghi¢m véi
kich thuéc budc p=0.005 dén 0.25 voi
budc tang 0.005.

Buéc 4: Sau mdi lan chay thir, ta tinh
dugc cac gié tri: ty sO tin hiu trén nhiéu
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SNR va hé sé twong quan r . gilra tin
k 2k

hiéu s, va s, lan lugt theo cong thirc (3)
va (4) twong tmg. Sau d6 ta thiét 1ap duoc

cac duong biéu thi mdi quan hé SNR, hé
s6 trong quan theo L va p nhu duoc trinh
bay trén hinh 6 va hinh 7.

F
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Hinh 7. Sw phu thudc cuia hé sé twong quan vao L va

Buée 5: Quan sét cac dudng biéu thi mbi
quan hé SNR, hé s6 tuong quan theo L va
M nhu dugc trinh bay trén hinh 6 va hinh
7, ta lya chon dugc cap thong s6 L va M,
cu thé L = 20 va p = 0.08 1a cac thong s6
ma bo loc thich nghi cho két qua loc tt,
SNR = 17 dB va h¢ s6 twong quan gan
bang 1.

DPé minh hoa, ta thir lya chon cap thong
sd cia bd loc thich nghi L = 5 va

lira chon cdp thong s L =20 va p = 0.08,
ta c6 duge két qua tin hi€u di¢én tim sau
khi loc dugc trinh bay trén hinh 9.

Tin hieu da khu nhieu PLI voi f=50Hz, 150Hz

Bien do (mV)

1

fl

0 WM

Y

b

1
. r . X I 0 500 1000 1500
M = 0.05, khi d6 ta c6 dugc két qua tin Mau
hfeu dien tum sau khi loc nhu ,du"-’c. trlfh Hinh 8. Tin hiéu dién tim sau loc
bay trén hinh 8. Trong khi do, véi vigc (L=5 va p = 0.05)
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Tin hieu ECG da khu nhieu PLI voi f = 50Hz, 150Hz

4 A

(S9N [N [ 0N

0 500 1000 1500

Bien do (mV)

Mau

Hinh 9. Tin hiéu dién tim sau loc
(L=20 va pu = 0.08)

So sanh két qua khtr nhidu, tir hinh 8 va
hinh 9, ta thay voi lya chon cip thong s6
cta bd loc thich nghi L = 20 va p = 0.08
cho két qua khtr nhidu tot hon cac cip
thong s6 khac (L =5 va i = 0.05 la mot
cdp vi du). Qua do, ta c6 thé thiy hiéu qua
ctia phuong phap dé xuat dé tim ra do dai

cua bo loc va kich thudc budce cua bd loc
thich nghi.

3. KET LUAN

Bai bao di trinh bay mot phuong phap dé
xac dinh cac thong sb d6 dai bo loc L,
kich thudc budc U cua bd loc thich nghi
LMS va mét ing dung minh hoa phuong
phap dé& xuét trong bai toan khor nhidu
ludi dién tac dong dén tin hiéu dién tim.
Qua ndi dung ctia phuong phép va két qua
thir nghiém c6 thé nhan thay phuong phap
nay hoan toan ap dung dugc cho cac bai
toan khir nhiéu khac trong qué trinh xéc
dinh cac thong sé cho bo loc thich nghi.
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