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Tém tit: Bai bdo trinh bay vé bé loc thich nghi sir dung thudt todn toan binh phwong

cuee tiéu dé quy (RLS) va ing dung ciia né dé loc nhiéu tin hiéu ém thanh. Pdy la mét phirong

phép méi dé thu dwoc tin hiéu am thanh sach thay thé cho phirong phdp woc leong tin hiéu.
Bo loc thich nghi RLS tw dong cap nhat hé 56 loc dé thich ung voi cac tinh chat thay doi

ngau nhién va khéng biét truée cua tin hiéu am thanh. Céc két qua mé phong trén phan mém

Matlab chitng t6 bé loc dwoc xdy dung cé khd nang khir tap nhiéu rdt tot.

Tir khéa: B loc thich nghi, Binh phirong cuec tiéu dé quy, RLS, Loc nhiéu am thanh.

I. Pit van dé

Nhu ching ta di biét cac bo loc kinh
dién loc tin hiéu am thanh duogc thiét ké
véi muc dich chon loc tan sb. Tuy nhién
nhitng bd loc ndy yéu cau cin phai biét
trude cac dic trung thdng ké co ban cua
nhiéu nhu ky vong, phuong sai...véi gia
dinh nhiéu va tap Am 1a nhitng qua trinh
ngiu nhién dimg. Nhung trong thuc té
nhiéu va tap 4m 1a nhimg qué trinh ngau
nhién khong dimg do d6 cac tham sb cua
chung thay ddi theo thoi gian vi vay viée
thiét ké cac bd loc theo phuong phap
kinh dién rat kho dat dugce hiéu qua cao.
Dé nang cao chat lugng tin hiéu va phu
hop hon véi diéu kién thuc té, nguoi ta da
dé xuat phuong phap xu 1y tin hiéu thich

* Khoa V6 tuyén dién tur, Truong Si quan Khong quan

nghi. Viéc nghién ctru va xu ly tin hi¢u
trong moi truong khong dirng dua trén cac
thuat toan xt ly thich nghi c6 y nghia thuc
tién rat 16n khi thiét ké cac hé thong thong
tin ¢6 do chinh xac cao.

Trong thuc té ¢ rat nhiéu thuat toan
xur 1y tin hi€u thich nghi nhu LMS, NLMS,
RLS, NRLS..dugc tng dung trong xu ly
am thanh va mdi thuat toan déu c6 nhiing
vu va nhuoc diém riéng ctia no. Tuy nhién
dwa trén co s nghién ciru Iy thuyét thudt
toan RLS va mot sb nghién ciru ciia cac
tac gia khac cho thiy thuat toan RLS ¢
d6 héi tu nhanh va it 16i hon cac thuit toan
khéc. Vi vay tac gia da dwa ra giai phap
xay dung bd loc thich nghi RLS khir nhiéu
tin hiéu 4m thanh. Cac két qua mo phong
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trén phan mém Matlab ching minh hi¢u
qua cua no so vdi cac bd loc co dién.

II. Co s6 Iy thuyét
2.1. Ly thuyét vé thudgt toin RLS

Trong myc nay, vdi viéc mé rong st
dung phuong phap binh phuong cuc tiéu
dé phat trién thuat toan dé quy cho thiét ké
bo loc thich nghi sao cho udc lugng binh
phuong nho nhét clia ma tran trong sé cua
bo loc & 1an lapn -1, trdoé co thé tinh toan
woc lwong cép nhat cia ma tran nay & lan
1ap n khi xudt hién dit liéu méi.

Thuat toan RLS duoc xem nhu
truong hop dac biét cua bo loc Kalman.
Thuat todan RLS 1a mot cong cu quan
trong cho viéc xac dinh cac hé s6 cua bd
loc thich nghi tuyén tinh. Thuét toan RLS
tang do phuc tap, s6 luong cac phép toan,
va d¢ tin cdy. Do d6 RLS dua ra d6 hoi tu
nhanh hon va 15i it hon, nhung d6i lai yéu
cau phi ton cho nhiéu su tinh toan hon.

Khi thuat toan LMS tim 13i dé tdi
thiéu hoa, né chi nghi dén gia tri 16i hién
tai, con trong thuat toan RLS, moi 16i duoc
xem 12 13i toan cuc tir luc bat diu dén diém
dir liéu hién thoi. Thuat toan RLS dua trén
viéc bat dau véi giai phap t6i wu va sau khi
ding mdi mau vao dé cap nhat dap ung
xung nham duy tri qua trinh t&i wu hoa. S6

u()

u(i-1)

7t u(i-M+2)

bude can thiét va truc tiép duoc dinh nghia
qua mdi mau thoi gian. Didu nay c6 nghia
la thudt todn RLS str dung nhiing thong tin
tir tat ca cac mau du vao qua khir dé woc
luong ma tran ty twong quan ciia ma tran
dir liéu dau vao. Dé giam anh hudng cua
cac mau dau vao tir qua khir cach xa, ta sir
dung yéu t6 trong s6 dé danh gia sy anh
huéng ctia mdi mau.

Trong s6 nay duoc thé hién trong
ham chi phi sau day [1]:

é(n)=iﬁ(n,i)-le(i)lz ()

Trong do e(i) 1a su khac biét gitra tin
hiéu mong mudn d(i) so v&i tin hiéu ngd ra
(i), duoc tao thanh tir tap tin hiéu ngd vao
(tai thoi diém i) u(i),u(i-1),... u(i-M+1)

e(i)=d(i)= y(i) = d(i) = w" (n).u()) (2)
V61 1<i<n

u(i) 1a tap ma tran ngd vao cua tin

hiéu tai thoi diém i

u(i) =[u(@),u(i=1),...uii-M+1)]"  (3)

w(n) 1a ma trdn trong sd tai thoi
diém n, x4c dinh boi:

win) =[wy(m), wm),...w, (] (4)

71 u(i-M+1)

Hinh 1. Gian dé cdp nhat trong 56



Heé s trong s6 P(n,i) co gia tri
0<Bmni)<1,i=1,2,...,n
MGt hinh thire dac biét ciia ma tran
trong s6 thuong dugc sir dung 1a trong
s mil
Bn,i)=A"" =12, ....n %)

Vi vy ham chi phi duoc biéu dién

lai nhu sau:
r:(n)=§x"ﬂ|em|2 (©)
Ma trén tu trong quan dugc biéu dién:
¢(n)=§w”.u(z).u”(v )

Ma trén tuong quan chéo z(n) gitra
tap tin hi¢u dau vao va tin hiéu ngd ra

mong mudn tuong tmg dugc biéu dién 1a :
z(n)=Y A" u(i)d (i) ®)
i=1

2.2. Cac bwoc thwce hién thudt
toian RLS

- Khdi tao théng sé thudt todn RLS [6]

Pé (mg dung thuat toan RLS ta phai
khoi tao vong lap dé qui bang cach chon
gié tri bt dau P(0) sao cho khong co6 diém
ki di trén ma tran tuong quan ¢(n). Ta
c6 thé lam dugc diéu nay bang cach lay
nghich ddo cua no.

¢n)" = [Z ii-u(l)-uH(i)} ©)

V61 ma trén u(i) ¢6 dugc tr mot khoi
ban dau cua dit ligu tr -n,<i < 0.

Ma tran twong quan duoc viét la:
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p(n) = .Zn:i"*i.u(l).uH(l) +6.A".1 (10)

Véi 1 1a mot ma tran don vi mxm, &
hang sd vi tri nho.

Voin=0,taco $(0)=23.1

Gié tri khoi tao P(n) 1a nghich dao
cuia ma tran tuong quan, ta dugc:

PO) =011

Trong thoi gian khéi tao, ham u(n)

duoc viét

1(7M+1)/2.5”2 n=—M+1
u(n) ={ " (11)

0 n<0nz-M+1

Gia tri khéi tao ciia ma tran trong s6
duoc thiét 1ap w(0)=0

Viéc tinh toan cuc tiéu ham chi phi:

Em)= min,,, oA"

W(n)"2 +i/1”’i.|e(l)|2 (12)

Madi trang thai thoi gian tic thi duge
cap nhat,n=1,2,...

A'P(n—1).u(n)

k(n) = 1+ 27"u™ (n).P(n—1).u(n)

(13)

Em)=dm)—w" (n—1).un) (14)
W) =wn—1)+kmn).& (n) (15)

P(n)=2"P(n—1)-A""k(n).u" (n).P(n-1) (16)
- Cdp nhdt tong trong sé 16i [6]

Gia tri nho nhét cua tong trong s6 16
& . (n) dugc tinh:

S =8,(0)=2" (W)v(n)  (17)



Trong d6 &, (n) dugc tinh

&)= 327G =28, -1+ |dn)f

(13)
=&, ) =2 &(n=1)=2" (n=1)5i(n=1) |+ d(m)| d" (n) —u" (n)3o(n—1) = =" () k(n).&" ()]
Dung ma tran d¢ 191 k(n) dé thé hién :
2" (n).k(n) = 2" ()47 (n).un) =] $™ (n) z(n)]” au(n)=w" (n).u(n) (19)

Ta rat gon lai duogc:
(M) = A&, (n=1)+d(n).&" (n) =" (W)u(n).&" (n)

=&, (1=1)+ & (.| d(n) =" (n).u(n) | (20)

= A&, (n=1)+ & (n).e(n)
e(n) 12151 du doan tiép theo.
Vi day 1a nhitng gia tri thuc , ta co:

&'(n).e(n)=En).e (n)
- Hé 56 chuyén doi [5]
Ta co:
e(n)=d(n)~[ (n-1)+ k(n).g*(n)]” u(n)=dn)—w" (n=1).u(n)— k" (n).u(n).&(n)
=(1=k" (m).u(n).£(n)

Hé s6 chuyén doi: Véi 6°(n) 1a du doan cua bién 15i
6*(m)=P ')
e(n
y =<1kt (1) o
&(n) - Su hoi tu cua thudt toan RLS [5]
Heé s6 chuyén ddi y(n) dugc x4c dinh Véi ¢(0)=0,u(0)=0
duy nhét boi ma tran d6 loi k(n) va ma tran Thuat toan RLS tinh toan chinh xac
dir li¢u vao. bang phuong phép Least —Squares cho 7 > M.
Bang cap nhit: Khi A=1 ta c6 thé viét:
vn)=¢"'(n). > M.
k(n):! _ 2]” . )= .z
A5 (n=1)+|u(n)| b= u).u ()
i=1

E(m) = d(n) ~ ¥ (n=1).u(n) ,,
Yin) = Wn—1)+ k(n).&" (n) z(n) = u(i).d"(i)

i=1

6% (n) = 2.6% (n-1) +|u(n) d(n) = e,(n)—w," u(n)
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Trong d6: e, 16i phép do, w;, ma tran tham s hdi quy.

= z(n)=d¢n)w,+ Zu(z).eo (i)

= W) =wy+¢ (). uli)e,(i)

Lay ky vong w(n):

E[v?/(n)] =W, + E{¢l(n).iu(i).e; (l):|= w, + E[E {qﬁl(n).i u(z).e; (i)|u(z)H

i=12,...n

Ta thy:

Ma tran tuong quan ¢(n) dugc xac
dinh duy nhét bai trinh tu ctia cic ma tran
ngd vao u(1),u(2),...,u(n).

Lbi do luong e (i) doc 1ap voi ma tran
ngd vao u(i). Loi do ludong e (1) co gia tri 0.

Vi vay ta viét duge:

E[v?/(n)] =w, ,n=M.

Nhan xét: Su hoi tu cua thuat toan
RLS c6 nghia khi n > M khong giéng LMS
,su hdi tu cua RLS dat dugc ma khong can
n—o0,

Tom lai dé thuc hién thuat toan RLS
ta lam cac budc sau:

Bwéc 1: Tinh ma tran d6 loi k(n)
theo cong thue (13);

Bude 2: Tinh ngd ra ctia b loc st
dung cac trong s6 nhanh trudc d6 va ma
tran ngd vao hi¢n tai:

() =w" (n=1)u(n) (23)

Buée 3: Udc lugng sai sb (error
estimation) theo cong thtic (14);

Buwdc 4: Cap nhat ma tran trong s6
nhanh w(n) theo cong thuc (15);

(22)

Bwdéc 5: Cap nhat gia tri khéi tao
P(n) theo cong thuc (16).

2.3. Xdy dung b loc thich nghi
RLS trén matlab-simulink

Tu nhitng nghién ctru vé thuat toan
RLS trong muyc II ta ¢6 luu do thuat todn
xay dung bd loc RLS nhu sau:

Khdi tao tham 6 A
wil), u(0), &0), 8(0)

Poc tin hidv ngd vae
tin higu ufh) va din)

l

Tinh vector trung gian

l

Tinh ma tran nghich dao
P(n) céng thire (16)

Tinh vector 46 loi ki)
cong thixe (13)

I .

Tinh ngd ra b loc If7)

cing thire (23)

l

Ul luong sai s6 £(71) | Cép nhit trong 56 nhanh

cong thic (14) 1 W) cong thise (15)

Hinh 2. Luu d6 thudt todn tinh todn bé
loc RLS
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Ttr luu d6 thuat toan ta tién hanh xay dung mo hinh bd loc thich nghi RLS trén simulink.

Enable

XP{n-1).X)

Multiphy | X

Matrix Muttiphy1

Math Matrix Multiphy

Function

D:LL] Signal Specification Correlation

P (1
: =
¥ il
Gain Product? Stabize —|_@
lambda] ‘ Reset

Hinh 3. M6 hinh cdp nhdt trong s6 nhanh ciia b loc

- L o
v nnert
i, Frame

o Buter @ uoa Y —-Q

Sum3

Cesled Y *
i, -
s - )
e =
oy
Lambda
(€D
Resat
LL v

- - )
p For -

3 N 1:N [ForN]

.—-—. ek CFon]

b [Fom >———

Hinh 4. M6 hinh woc luong sai $6 va ngo ra bg loc
Tur cdc m6 hinh da xay dung: Mo Filter length: Chiéu dai b6 loc;
hinh cap nhat trong s6 nhanh va mé hinh
udc luong sai s, ngd ra bd loc ta xay
dung bd loc thich nghi RLS du¢i dang

e

Lambda

Sigral

ST

Forgetting factor (0 to 1): Hé sb
quén (A) vo1 0 <A <1;

block parameters véi cac khai béo thong Initial value of filter weights: Gia tri
s& nhu sau: ban déau trong s6 bo loc w;
[ ok Pramees it = Initial input variance estimate: Gia
RLS filter (mask) (link) - N N
AU o s At s tri wdc luong dau vao ban dau ctia phuong
o sns il oyl il sai sai sO co gia tri 1/P(n);
filter weights. When the input to this port is zero, the filter weights
remain constant.
e R e raldan ot ion s, ke | Adapt port: Bat cac cf)ng dau vao
Parametars thl'ch l:l'l’lg
Filter length:
oot e (o v [k : II1. Phwong phap nghién ciru

Forgetting factor (0 to 1):

Qua trinh nghién ctru dugc tieén hanh
theo phuong phap nghién ctru 1y thuyét
. gin v6i mo phong kiém chirng mé hinh

Q@ 0K Cancel weip | [ appy |

Initil valua of filter weighte:

INIMA| INPUT VATANCA ASTmate:

trén matlab-simulink.



3.1. Nghién civu Iy thuyét:

- Nghién ctru 1y thuyét thut toan
binh phuong cyu tiéu dé quy (RLS) va cac
budc thuc hién thuat toan RLS;

- Ung dung ly thuyét cac budc thuc
hién thuat toan, xay dung mo hinh bd loc
RLS trén phan mém matlab- simulink.

3.2. Nghién ciru thwe nghiém:

- Kiém chung két qua md phong
va hiéu qua cua bd loc RLS khi lgc tin
hiéu am thanh trén may tinh (nhiéu duoc
tac gia sir dung trong mo phong 1a nhiéu
Gaussian). Pong thoi danh gia hiéu qua
loc nhiéu cuia bd loc RLS so véi cac bo loc
thong thuong.

IV. Két qua md phéng, danh gia

Trong muc nay tac gid st dung bo
loc thich nghi RLS lgc tin hi¢u am thanh,

Tin hieu chuan
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mod phdng trén may tinh va danh gia hi¢u
qua cua bg loc so véi bo loc thong thuong.

4.1. M6 phong loc tin hiéu dm thanh

Ly tham s& du vao latin
hiéu 4am thanh va nhiéu

l

Khai bdo tham s
thiét ké b loc

Hinh 5. Luu d6 thudt todn xdy dung mé
hinh khir nhiéu dm thanh

Ta c6 md hinh mé phéng khir nhiéu
tin hi€u am thanh st dung b loc thich
nghi RLS

P

>
Tin hieu bi nhieu I:I

Am thanh chuin

Nhiéu

Tin hieu sau loc

Time
Scope

e

Audio Device
Writer

Hinh 6. M6 hinh mé phong bé loc thich nghi RLS khir nhiéu ém thanh

Tién hanh chay chuong trinh mo6 phong dé danh gia chat luong tin hi¢u sau bd loc.

Nghe am thanh sau loc, quan sat dang tin hi¢u va phé.

MO PHONG TiN HIEU VA PHO

DANG TiN HIEU
Tin hiew chuan

PHO TiN HIEU

pho tin hiey ehuan

WWW L

15
Tin m-uu.mu

Tin hew sau loc K15

.»..n........m nhies

I L

ohoinieusau od s

WWW L

Tn m. sau loc .lnl\nq

' s
ho tin hieu sau loe Analog

Hinh 7. M6 phéng dang tin hiéu va phé
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4.2. Pdnh gid két qua bé lpc RLS
50 voi bd loc thong thuwong

Panh gia thong qua tinh toan sai s6
trung binh binh phuong (MSE) va hé s ti
1¢ tin hiéu trén nhiéu (SNR):

Cong thic tinh MSE va SNR :
1< .2
MSE =2 |v,~3.) (24)
i=1

Trong d6 y, la tin hi¢u gdc va ¥,
1a tin hi¢u sau udc lugng (tin hiéu ra). Gia
tri ciia MSE cang nho chit lugng hé thong
cang tot.

I .
=35
SNR=10/g = (25)

Zb’i_ﬁt ’
i=1

Gié tri SNR cang 16n chit lwong hé

thong cang t6t
Ta c6 bang gia tri tinh toan sau:

Bang 1. Bing théng s6 MSE va SNR ciia bj
loc thich nghi RLS va bo loc thong thuong

B0 loc MSE SNR(dB)
RLS (A=1) 1,3355.10° | 48,7135
Thong thuong 0.1064 2.0028
Bdng 2. Bang théng s6 MSE va SNR ciia
bo loc thich nghi RLS va bo loc thong
thwong khi tang nhiéu dau vao lén 1.5 lan
Khi thay déi delta

B4 loc MSE | SNR(dB)
RLS (A=1) | 5.9273.10° | 42.2413

Thong thuong | 0.1064 2.0028

Tir két qua tinh toan trong bang ta
thdy gia tri MSE cua bo loc thich nghi
RLS nhé hon rat nhiéu so véi bd loc
thong thudong ddng thoi nguoc lai gia tri
SNR cua bd loc RLS lai 16n hon nhiéu
so v6i bo loc thong thuong diéu nay cho
thiy b loc thich nghi cho chat luong tin
hiéu sau loc tot hon nhiéu bo loc thong
thuong. Khi ting nhidu dau vao bo loc
thich nghi RLS thi tin hi¢u ra sau bg loc
khong bi anh huong nhidu van dam bao
tin hiéu ra gan giéng tin hiéu chuan.

Qua nhén xét trén va qua chay
chuong trinh mo phong ta thay rang viéc
lua chon mot sb tham sb ban dau cua loc
thich nghi RLS rét quan trong anh huéng
16n dén chét luong va tde d6 xur 1y tin hiéu.

Lan luot thay ddi cac tham sé ban
dau cia b loc RLS cho thdy: Khi thay
dbi sai s6 ban dau delta, phuong sai sai s6
ban dau P két qua déu ra bo loc anh huong
khong nhiéu do d6 khi lyra chon 2 tham sb
nay c6 thé chon ngau nhién.

VD: Thay d6i ngiu nhién 1 trong 2
tham s delta, P ta duoc két qua nhu sau
(danh gia qua thong s6 MSE)

delta 0.01 10 1000
MSE 6.5593e-06 6.5525e-06 5.9470e-06
Khi thay doi P
P 1 100 1000
MSE 6.5587¢-06 6.5593e-06 6.5594¢-06
Khi thay doi w
w 0 10 100
MSE 6.5593e-06 6.6286e-05 0.0060




Ta thiy khi thay ddi delta va P
thong s6 MSE thay d6i tuy nhién sy thay
d6i 12 khong nhiéu. Véi tham sd trong s6
ban dau ciia bo loc w khi ting 1én ta thiy
chat luong tin hidu dau ra giam kha nhiéu
vi vay thuong lya chon tham s6 w ban dau
nho nhat w=0 dé chat luong bo loc dat tdi
vu nhat. Khi chiéu dai bo loc M ting lam
cac budc tinh toan cua bg loc tang vi vay
ta thay tdc do xir Iy ciia bd loc thich nghi
RLS cham diéu d6 co thé khong dap tng
duge yéu cau thyc té do dé théng thuong
lya chon gia tri cia M=1.

Bdng 3. Bang théng s6 MSE va SNR ciia
bo loc thich nghi RLS wng voi cdc gia tri

cua A
Heé s0 A MSE SNR (dB)
1.0 1,3355.10° | 48,7135
0.95 0.0025 16.0839
0.9 0.0052 13.0757
0.85 0.0080 11.2986
0.8 0.0110 10.0303

Tur bang danh gia sy phu thudc cua
hé sb quén A vao chét lugng tin hi¢u cia
b6 loc thich nghi RLS cho thay khi giam
hé sb quén A lam cho chét lugng tin hiéu
dau ra bo loc giam diéu d6 cin cir vao gia
tri cia MSE va SNR vi vdy lya chon phu
hop gia tri A 1a van dé quan trong A=1 la
gia tri 1y twdng co thé thyc hién trong mo
phong tuy nhién trong thuc té do mét sd
nguyén nhan do d6 gia tri A thuong chi
xap xi 1 (khoang 0.995) .

IV. Két luin

Qua mé phong cho thdy chat luong
tin hi€u am thanh sau b loc qua nghe truc
tiép va quan sat do thi dang tin hiéu ciing
nhu dang phé cua tin hiéu sau cac bo loc
cho thdy bo loc thich nghi RLS cho két
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qua tin hiéu gan gidng véi tin hidu gbc, 4m
thanh da co ban loai bé duoc hoan toan tap
nhiéu va trung thuc trong khi d6 tin hiéu
am thanh sau b6 loc thong thudng van con
chira nhiéu tap nhiéu, nguyén nhan nay la
do bo loc thong thudng co cac tham sb ¢d
dinh trong khi d6 bd loc hich nghi RLS
cd céac tham sb thay ddi duoc cép nhat
lién tuc thong qua hé théng cap nhat cac
tham s6. Nghién ctru nay hoan toan c6 thé
ap dung trong thiét ké, ché tao cac bo loc
thich nghi loc nhiéu tin hiéu khac ngoai tin
hiéu am thanh.
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CONSTRUCTING A MINIMUM SQUARE RECURSIVE
FILTER FOR NOISE REDUCTION IN AUDIO SIGNALS

Phung Dinh Kien’, Vu Duc Hoan'

Abstract: The article presents an adaptive filter using the recursive least squares (RLS)
algorithm and its application for noise reduction in audio signals. This method offers a novel
approach to obtaining clean audio signals as an alternative to signal estimation methods.
The RLS adaptive filter automatically updates filter coefficients to adapt to the changing and
unknown stochastic properties of audio signals. Simulation results using Matlab software

demonstrate that the constructed filter exhibits excellent noise cancellation capabilities.

Keywords: Adaptive filter, Recursive least squares, RLS, Audio noise filtering.

" Faculy of Radio Electronic, Air Force Officer’s College



