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THUAT TOAN PANH GIA BEN VU'NG LEVENBERG-MARQUARDT
TRONG VAN PE KHU TIENG VONG AM HOC

NGUYEN KY TAI
Khoa dién, Pai hoc Bach khoa Tp. HCM

Abstract. In this paper, we propose a Levenberg-Marquardt algorithm for combined stereophonic
acoustic echo cancellation. The algorithm is developed on the basis of a least mean-square (LMS)
error criterion. The adaptive algorithm that has an updating value which is the correlation of the
input signal to the weights and the estimation error is derived. Simulation results in Matlab shows
that Levenberg-Marquardt algorithm has been successfully applied to acoustic echo cancellation.

Tém tit. Trong bai bdo nay, thuit todn L-M duwoc Gng dung trong viéc khir tiéng vong trong hé
truyén am stereo. Thuat todn nay duwoc phét trién dua trén tiéu chuan ddnh gid binh phuong t6i
thiéu. Thuat todn thich nghi tinh todn cAp nhat cdc hé sé cia tin hiéu dau vao va sai s6 ngd ra. Mo
phéng trén Matlab cho két qué tot khi str dung thuét todn L-M dé khir tiéng vong am hoc.

1. QUY TRINH PANH GIA THONG SO

Hién nay, viéc khir tiéng vong trong hé théng truyén am dang dwoc tng dung nhiéu
trong dién thoai vo tuyén, dién thoai hinh, hoi nghi qua dién thoai... da va dang cé nhiéu
nha nghién citu dua ra cdc phwong phép khac nhau dé xi Iy tiéng vong trong am hoc. Bén
canh phan tong quan, trong bai nay, tdc gid dé xuat mot phwong phap danh gia cdc thong
s6 cla bo loc thich nghi duwa vao thuat toan Levenberg-Marquardt dé tng dung vao viéc khir
tiéng vong am hoc trong hé truyén am stereo.

Mot bo loc thich nghi ¢é thé tu dong thay doi cac thong s de phit hop véi dac tinh cia
tin hiéu dau vao. Vé&i kha ning tu diéu chinh va linh hoat, bo loc thich nghi dwoc thiét ké
dé stt dung trong nhiéu linh vic khéc nhau. Vi du nhw khit tiéng vong am thanh, xir 1y tin
hiéu rada, hé thong hang hai, bo can bang cia cic kénh thong tin, tin hiéu y sinh hoc ([2-5])

Mot bo loc thich nghi gom hai phan: mot bo loc s6 véi cac hé s6 thay d6i va mot thuat
toan thich nghi diing d€ diéu chinh hodc sira ddi céc hé s6 cia bo loc.

St dung bo loc thich trong mot hé thong truyén am mono duwoc trinh bay dwéi day. Xét
hé truyén a4m mono, bao gom céc thanh phan nhw sau:

+ Phan phét: tao tin hiéu a(n) tir nguon phét.

+ Phan thu: loa, micro, tin hiéu y(t), bo loc phan thu véi tham s6 ddnh gid 6(n).
+ B6 khir nhiéu echo véi tham s6 danh gid 0(n).

+ v(t) 1a tin hiéu nhieu.

Ta c6 the viét: .

y(n) =671 +v(n) 1)
Véi 0 14 vécto thong s6: .
0 — [0, 01...05 1]

Va vécto quan sat +:
Y =[1,z(n),x(n—1)..x(n— N+ 1T

Tin hiéu nhieu v(n) tai phong thu:
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x(n —1)0;(n) (2)

o)~ Y
i—N
Ung véi hé thdng (1), dé tim cdc hé s6 0, ta st dung mé hinh:
Y(n,0) = 0" 3)
0 = [6,0,..0n_1]"

N — 1 1a bac cia bo loc thich nghi.
Goi £(n) 1a nhiéu tao ra gitra cdc bo loc thich nghi, ta cé:

e(n,9) = =" ()[0(n) — H(n)] (4)

Hinh 1 sau mé t4 so do hé thong

x(n)

emnd) | 5 ()
—»

U y(n)
3(n,0)
v(n)

HV
—L— (+) <
enf) 7 yin)+v(n

Hinh 1

2. GIAI BAI TOAN

Thuat toan thich nghi dwoc st dung dé dieu chinh céc hé s6 cia bé loc s6 nham lam
gidm toi da sai s6 gitra hé thong thue va mo hinh ddnh gia.

Cé nhiéu thuat toan ddnh gid dugc sit dung, nhw thuat toan LMS (least mean square),
RLS (recursive least squares) va cdc thuat toan cia bo loc Kalman. Trong diéu kién tinh toan
VA cac thiét bi lwu trir, thuat toan binh phuwong t6i thieu LMS dat hiéu qua nhédt, hon nita,

né lai mang tinh 6n dinh hon hai thuat toan trén. Tuy nhién, thuat toan RLS c6é tinh héi tu
tot hon.

Trong bai nay, ta sit dung thuat toan danh gid binh phwong téi thicu.
Ta xét sai s6 gitra hé thong thue va moé hinh & dang sau:

e(n,0) = y(n) — §(n,0) = y(n) — 0"¢(n) ()

Xét tieu chuan binh phwong t6i thiéu cho sai s6, ta cé:

V() = 5 E{len, 0)7) = 3E{lutn) — i(n, O)7) = 3 B{ly(n) — 07 x(m)]?) ©)
E[] 1a k¥ vong toan hoc, V(6) — min.

Dieu kién dé€ t6i thieu héa (6) la gradient theo @ cia V() bang khong.



THUAT TOAN PANH GIA BEN VUNG LEVENBERG-MARQUARDT... 51

V(0) = S (0)) — E{ly(n)u” (0)}0(n) + 567 () ()" ()}0() ™)
vov o) = 2O _ gy} + BT ()}0(m) ®)

Hodc ta cé the viét:
éa@mm{%ﬁiMmﬁﬁ} ©)

Cai bién céc két qua da cé trong tai lieu [4,5] ta ¢6 the wéc lwong tham s6 tai thoi diem
(n+1) dura trén tham s6 6, tai thoi diém n dua theo phwong phéap Levenberg-Marquardt, ta,
c6 thuat toan sau day:

O = 0+ ) [6() |2+ pu(m) 1] e, 0n)ip(m); (10)
I- ma tran don vi.
Pit m(n) = 6(n) — 0(n). (11)
Sau moi buéc lip, dieu kién dé hé hoi tu 1a:
E{[lm{n+D)|*} = E{|m()|?} <0 (12)
Dura theo phuwong phép Levenberg-Marquardt, ta ¢6 thuat toan:
m(n+1) = m(n) — a@)[[[Em)|? + p)1] " e(n, 0,)%(n); (13)
T (9) va (10), ta cé:

B{ I+ DI} = B{ lm@)|?} a2 E{2(n,0)[Je@)|? + pu(m)1] |

= 2a(@)E{e(n. O)e [Jlo@* + n()1] P <0 (19)

Nhu vay, a(n) can théa diéu kién:

L Eletn el + (1]
E{e2(n,0) ()12 + p(m)1]

0 < an) < ) (15)
}
FE{.} 1a ky vong toan hoc.

|? ~ const va gia sit v(n) va e(n) khong twong quan nhau, ta c6:

_ E{e*(n)} _ )} (16)
E{(m)} + E{v’ ()} E{e2(n,0)}

Trong truomg hop || (n)

a(n)
T (7), (8), (10), (12) va (13), ta ¢6 :
0 < a(n) <min{l, (12), (13)} (17)

Véi cich chon Iira a(n) trong tirng bwéc lap, ta cé thé viét thuat toan thich nghi d€ danh
gia cho tirng thanh phan 6; cia vécto thong s6 6 nhu sau:

i () — Bl a(n)eln, ;(n)|vi(n)
Slnt) = 0l = P

(18)
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¥j(n) = max {ii(n)}

1<i<N—1

Hay & dang cai bién nham tang doé bén virng cia thuat todn:

: aln)elm, B, (mlm) [ B{A(m) ;
(O S i) (1)

0;(n+) = 0;(n) + EIE

¥j(n) = _max {ii(n)}

1<i<N—1

3. XET HE HAI KENH

x,(n)
X,(n)
x,(n) x(n)
A\ 4
|.-->

6m | g

SIS g 6, 6, ™
—

(n,0)

+
- + )«

e(n, é) y(n)
Hinh 2

Hinh 2 mé t4 mé hinh cia hé gom hai kénh. Bén tréi la phong truyeén am va bén phai la
phong thu am.

Tir hai tin hiéu dau vao x1(n) va z2(n) clia mot nguodn chung, ta goi M 1a chidu dai cia
xung dap ung g;(n) trong phong truyén am, L la chiéu dai cia mo6 hinh bo loc thich nghi va
N la chiéu dai cia xung dap ttng trong phong thu.

Tai tin s6 f, tir nguon phét s(f), ta cé:

z1(f) = 91(f)s(f)
za(f) = g2(f)s(f) (20)
Ta gid sit hé thong la tuyén tinh va thoi gian khong thay déi, theo [6 ] ta c6 quan hé nhuw sau:

901T,M(”)92,M = ng,M(”)gl,M (21)
Véi:
x; amr(n) = [zi(n), xi(n — 1), . aitn— M+ 1))7, i=1,2 (22)
la vécto cla tin hiéu ldy mau ngod ra cia micro trong phong truyén am. Va:

9i, M = 195,00 Gists s Gii—) ", 1 =1,2. (23)
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y(n) = 0] yai,n(n) + 03 ywsn(n) (24)

13 cdc vécto xung ddp tng gitra nguon phat va céc micro trong phong truyeén am (tin hiéu
ngo ra cda micro trong phong thu) trong dé:

ei,N - [0i707 0i,17 ceey 07;7N71]T7 v = 17 2 (25>

la vécto xung dap tng gitra loa va cdc micro trong phong thu, tin hiéu ldy mau trong phong
thu la:

z; n(n) = [zi(n), xi(n— 1), ., zitn— N+ 1T, i=1,2 (26)
DPé tim cac hé s6 0 chwa biét, ta sit dung mé hinh:

9(n,0) = 0] 1, 1(n) +0F L@o 1 (n) (27)

él,L = [é@o(ﬂ% ém(n% ceey é¢7L,1(7’L)]T7 Z = 17 2 (28)

Sai s6 gitra tin hiéu ngd ra phong thu y(n) va moé hinh danh gid ciia bo loc thich nghi 0(n, 0)
la:

e(n, 0) = y(n) = 9(n,0) = y(n) — [0 p1,L(n) + 05 ps,1.(n)) (29)
T (7 ), ta cé:

~ ~ a(n)e(n)x;(n
Otipn+1) = Oiny) + (n) (2 Jziln) (30)
1+ afn) Zl 1205 (n) |2

=

sl = | mass i)

v6i a(n) dwoc chon theo (17).

Ta c6 thé str dung gid tri tai thoi thoi diém (n — k) dé xdc dinh émﬂ nhuw sau:

Diis — b+ a(n)e(n — k)x;(n — k) (31)

S et S e -

o= Bl = | _max_flestn— )|

Trong trudmg hop phitc tap hon, ta phai xét dén nhiéu trong qué khit. Khi dé, ta cé:
ep(n,0) = (1 +diz '+ +dn_rz " De(n,0) = D.e(n, 0) (32)

D=1+diz '+ - +d, 2 "D (33)

D— b6 loc on dinh.

Hinh 2 lic nay tré thanh hinh 3 sau:

Véi thuat toan thich nghi néu trén, ciing nhirng wéc lwong gidi han céc tham s6 thay
doi, ta c6 thé tinh todn cdc hé s6 thay ddi cia bo loc s6. Viéc thay doi cdc hé s6 cia bo loc
s6 nham dat dén muc dich lam cho sai s6 cia hé thong tién t&i mot gid tri min ¢é thé chap
nhan dwoc. Piéu nay cling ¢é nghia 1a khir b6t tiéng vong cia hé am thanh stereo.
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=+

A

e(n, 9) ¥(n)

Hinh 3

4. KET QUA MO PHONG

4.1. Khdo sat so' d6 truyén am stereo gém 1 kénh

I
JL ]
L
=t
LAl =‘.'I1 ¥ l-_.-
E-} alrii
Shasmal | Doms Soopel
| eI
| S
Ham lruyen
e
_ D
L | m—
Scapal
—iE ]

Bo oo thioh nghi

Hinh /
Tin hiéu am thanh stereo qua khdi Demux sé tach thanh hai kénh left va right. Tin hiéu
hai kénh cing dwoc dwa vao hai khoi:

+ Khoi ham truyén: véi ham truyen cho trude, tin hiéu qua khoi ham truyén chinh 1 tiéng
vong echo y(n).

+ Khai bo loc thich nghi, stt dung thuat todn thich nghi va bd loc FIR dé tao ra tin hiéu
danh gia g(n).

+ Sai 86 e(n) = y(n) — g(n) duwgc hiéu chinh lién tuc sao cho e(n) = 0.

+ Tin hiéu echo y(n), tin hiéu nhan dang ¢(n) va sai s6 danh gid e(n) dwoc xem trén hai
scopl va scop?2.
Két qua dénh gia truc quan cé thé cho ta biét dwoc sai s6 toi wu.
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4.2. Chay mé phdng véi file &m thanh
e Xét hé 1 kénh, chay mo phdng véi s6 bac bo loc 1a N = 5;10; 15; 20.
e Tim céac gia tri sau:
+ Sai s6 gitra tin hiéu v tin hiéu nhan dang
+ Su khéng dong bo gitra dép tmg xung phong thu véi dap ng xung cia bo loc MIS-
ALIGNMENT
+ Do tang cla su suy hao tiéng vong: ERLE
+ D06 thi so sanh gitta dép ttng ham truyén va bo loc
+ So sdnh cdc gia tri da ¢ theo bac cia bo loc

M6 hinh 1 kénh

Xét hé gom 1 kénh stereo nhw hinh 4. Ta lan lwot khéo sat céc tinh hudng xay ra khi
bac ctia bo loc thay déi N = 5;10; 15; 20. Céc thong s6 khao sat da dwoc néu trén.

Truong hop N =20

a) Xét sai so: Tin hiéu quan sdt trén sopel: tin hiéu kénh trai
+ Kénh 1: tin hiéu ham truyen y(n).
+ Kénh 2: tin hiéu nhan dang g(n) cia bo loc thich nghi.

+ Keénh 3: sai s6 e(n) gitra tin hiéu ham truyén y(n) va tin hiéu nhan dang §(n).

Hinh 5

Xem hinh 5, ta thay tin hiéu nhan dang c6é bién do gan bang tin hiéu ham truyén. Sai
s6 ngd ra c6 bién do bang zero. Véi két qua nay, bac cia bo loc thich nghi N = 20 chdp nhan
dwoc. Tuy nhién, ta can tham khéo thém cédc gid tri khdc phia sau:

b) Xét gia tri ERLE (echo return loss enhancement)
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ERLE — 10logy, [%}

So sanh gi4 tri ERLE cta bén trudmg hop khao sat, ta ¢ cidc do thi trong hinh vé 6. Theo
hinh ve, ta thay véi bac bo loc N = 20, ta ¢é gid tri ERLE dat gid tri 16n nhat.

ERLE with different coeficients
30 T T T

[
i H H H H H
o 2000 4000 E000 8000 10000 12000
Titre (sample)
|
Hinh 6

5. KET LUAN

Trong bai nay, tdc gid da ding thuat toan ddnh gia bén virng Levenberg-Marquardt ting

dung cho bo loc thich nghi dé khir tiéng vong am hoc. Viéc danh gid lai cdc tham s8 trong
tlirng buwéc lap s& giip hé théng 6n dinh hon. Thuét todn nay khong chi trng dung trong hé
2 kénh truyén am, ma con ¢6 thé dung trong hé thong thong tin di dong.

L&i cAm on. Téc gid cdm on TS Duong Hoai Nghia da huéng dan tan tinh va c¢é nhiéu goi ¥ khoa
hoc quy gi4, cdm on GS. TSKH Nguyen Thuc Loan da cung cap nhiéu tai liéu va thong tin nghién
ctru, cAm on Ban bién tap da gitup do trong nhirng buéc dau nghién ctru.
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