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THUJ;\T TOAN B9 GJ;\T HOI AM TRONG E>IEU KI~N TIN HI~U VAO YEU

LE THANH THU HA, NGUYEN TH~ LAN HUO'NG

Abstract. In the telecommunication systems of the integrated servises digital communications network, in
order to guarante the transmission quality, they usually used echo canceller. However, because the dynamic
band of the input signal is rather large and often nonstationary so that if you want to use LMS, RLS there
is constant control step-size that the echo canceller works unstable. This paper will introduce an algorithm
using for the echo canceller satisfying an input signal to be wide dynamic band.

T6m t~t. Trong cac h~ thong vi€n thOng cda mang so da dich vu, d€ dam bdo chat hro-ng truyen d&n,
ngu'o'i ta thirong s11:dung b9 gat hoi am. Tuy v~y, VI giai d9ng cd a tin hieu vao tiro'ng d5i lo'n v a thiro'ng la
khOng dirng, VI v~y neu su' dung cac thu~t toan LMS, RLS c6 cO-bu·&c di"eu khi€n khOng thay dO'i thl b9 gat
hoi am lam viec khcng O'n dinh. Bai bao nay gio-i thieu m9t thu~t toan s11:dung cho b9 gat hoi am thda man
tin hieu vao c6 giai doong r9ng.

1. GIGl THIEU

Tir nhirng nam th~p ky 80, khi cac h~ thong thong tin diro'ng dai ra dci, d~c bi~t la cac tuyen
thOng tin v~ tinh thai ky d6, hang loat cong trlnh ve g;:tt hoi am diro'c de xufit [1- 6]. Tuy v~y, VI doi
ttrong hie d6 la cac he. thong thong tin analog; toc di? cham, nen cac thu~t toan dieu khie'n cho bi?
g;:tt hoi am thiro'ng' dimg & LMS thOng thuo'ng. Biro'c sang thai ky cong ngh~ vi~n thong so, ban dau
ng iro'i ta it quan tam den hoi am VI hro'ng dich V\l tren m;:tng vi~n thOng hie d6 can it, chat hrong
mang di c6 nhay vot di?t bien so voi thai ky mang analog. Nhirng khi buxrc sang giai doan ISDN,
so chung loai dich VI! tren mang tang len ra r~t, ben canh dich VI! thoai truyen thong can c6 cac dich
V\l Fax toc Qi? nhanh, hi?i nghi tu: xa, day hoc tir xa, y te t.ir xa ... hie d6, van de hoi am ho~c can
goi la tieng vong tac di?ng len cac dich vu d6 mi?t each ra r~t. Den thang 7 narn 1999 T5 chirc vi~n
thOng Quoc te ITU- T di cong bo mi?t so van de ve hoi am trong m ang thOng tin so. Thang 3 nam
2001, Donald 1. Duttweiler [6] di phan tich d~c tfnh hi?i t\l cua thu~t toan tai ria bang tan. Tuy di
c6 nhirng khia canh ph an tich khac nhau, nhirng do tinh hep cua van de nay trong m ang vi~n thong
so da dich VI! nen so hrorig cac cong trinh ve n6 v[n chira th~t nhieu. Cac tac giA cua tai li~u [1,2]
t~p trung vao cac thu~t toan LMS, vo'i cO-btro'c di"eu khie'n Hng so c6 lei the la don gian tinh toano
Tuy nhien khi bien di? tin hi~u vao be thl thu~t toan d6 khOng darn bao hi?i tl! nira. Bai bao nay se
gi&i thi~u thu~t toan darn bao d, hoi tu l[u do'n gian tinh toan va 5n dinh. De' giii quyet van de
d6, bai nay c6 cau true sau:
+ Muc 1. Gi&i thi~u bai toano
+ Muc 2. Thu at toan di'eu khie'n bi? gat hoi am. Day la thu~t toan LMS thong dung va c6 cO-biro'c

di"eu khie'n J.Lhhg so.
+ M\lC 3. Thu~t toan gat hoi am trong dieu kien tin hieu vao yeu.
+ Muc 4. Ket lu~n.

,.. , '.... ,.,.... •..... ..•.

2. THU~T TOAN DIEU KHIEN BQ G~T Hal AM

Hinh 1 bie'u di~n SO'do khoi bi? gat hoi am trong rnang vi~n thOng. Pharr CO'ban trong bi? gat
hoi am nay la bi? loc thich nghi vo'i thhu~t toan diro'c bie'u thi trong tai li~u [5]:

W[n + 1] = W[n] + J.Lu[n][d*[n]- uH[n] W[n]], (1)

trong d6:
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W[n] - trong so cii a b9 lee gat hoi am tai tho'i di~m l~p thir n,
d*[n] - lien hi~p plnrc tin hieu mong muon & dau ra cua b9 loc gat hoi am,
urn] - vecto· tin hieu vao cu a b9 loc,
J.L - cc)"buoc dieu khi~n so b9 loc.

Van de d~t ra 6· day la phai chon J.L sao cho dam bao W[.] h9i tu toc d9 nhanh va 5n dinh,

u[n] 86 gat h6i am
»>---l

A-->-3>- Loc Mach lai

e[n)
~--~------~>~---

d[nJ = S[nJ + u[nJ
Hinh 1. Sa do khdi b9 gat hoi am

urn]: vecta tin hieu vao cii a b9 gat hoi am
S [n]: vectrr tin hieu phat phia B
d[n]: tin hieu ra cua b9 loc
ern]: sai so d'iiu ra

Thong thiro'ng, nguo'i ta chon h~ so dieu chinh J.L thoa man [4]:
2

0< J.L < Ilu[n]112 . (2)

Dieu kien neu ra & tren dam bao thu~t toan h9i tu trong hoan canh thong thufrng. M9t cau
hoi d~t ra la: nang hrorig tin hi~u vao co anh hirong gi den qua trinh dieu khidn b9 gat hoi am hay
khOng? Anh htro'ng nhir the nao va co bi~n phap gi M han chg no. Diro i day, bai bao se td. Ufi cac
cau hoi do.

3. THu.4.T ToAN Be) G~T nor AM TRONG DIEU KI~N TiN HI~U vxo YEU

Phan truxrc cluing ta da biet rhg vecto: trong so cii a cac dot loc tai buoc dieu khi~n thrr n + 1
la W[n + 1] (y biro'c n la W[n]. Trong dieu ki~n tin hi~u vao phirc, ta tim thu~t toan dieu khi~n toi
iru cho b9 gat hoi am va dieu kien dam bao lam vi~c 5n dinh.

B9 gat hoi am se lam vi~c 5n dinh ngu su' khac nhau ve gia tri cua W[n + 1] va W[n]la it. Ta
phai tim dieu kien M cho b9 gat hoi am 5n dinh trong qua trinh lam viec, nghia la tim W[n + 1] M
thoa man:

{W[n + 1]- W[n]} ~ 0, khi n ~ oo,

Gia suo da. biet vecta tin hieu dau vao cu a dot Ii urn]' dap irng mong muon la d[n]' xac dinh
W[n + 1] sao cho su' bien d5i cua no la be nhflt.
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Ky hi~u hrong bien d5i Ill.:

5 W[n + 1]= W[n + 1]- W[n]. (3)

Su' thay d5i cua W[n + 1] c6 th~ du'o'c bi~u thi Mng:

115 W[n + 1]112
= 5 WH[n + 1]5 W[n + 1]
= [W[n + 1]- W[n]t [W[n + 1]- W[n]]

M-l

= L IWk[n + 1]- Wk[nIl2.
k=O

(4)

C6 th~ viet W[n + 1] dirci dang phirc:

Wk[n]=ak[n]+jb[n] voi k=O,l, ... ,M-l.

Thay (5) vao (4), chung ta c6:
M-l

115 W[n + 1]112 = L {(ak[n + 1]- ak[n])2 + (h[n + 1]- bk[n])2}.
k=O

(5)

(6)

Dong thai cluing ta phan tin hieu va dap irng m0n;; muon thanh cac phan tlnrc va 10 ttrong
irng:

u[n - k] = udn - k] + jU2[n - k],

d[n] = ddn] + jd2[n].
Sau khi sl{p xep lai phan thirc va 3.0 chiing ta nhan dtroc cac cong thirc sau:

M-l

L {ak[n + l]udn - k] + bk[n + 1]u2[n - k]} = ddn],
k=O
M-l

L {ak[n + 1]u2[n - k] - bk[n + l]udn - k]} = d2[n].
k=O

(7)

(8)

(9)

Ket hop (6), (8) va (9) se c6 mdi quan h~ don giin th~ hi~n sai so dliu ra cii a b9 g~t hoi am:
M-l

J[n] = L {[ak[n + 1]- ak[n]]2 + [bk[n + 1]- bk[n]l2}
k=O

M-l

+ Ai [ddn]- L (ak[n + l]udn - k] + h[n + 1]u2[n - k])]
k=O
M-l

+A2[d2[n]- L (ak[n+1]u2[n-k]-bk[n+1]u1[n-k])].
k=O

(10)

,
(1day Ai va A2 Ill.cac h~ so Lagrange. D~ tlm gia tri nho nha:t cua J[n] theo ak[n + 1] va bk[n + 1],
triroc Mt chiing ta phai dao ham cua ham muc tieu theo hai tham so d6 va cho dao ham do b~ng o.
Nghia Ill. tir (10), dao ham rieng J[n] theo ak[n + 1], ta c6:

_8-:-J-,-[n-,-]-:- = 0
8ak[n + 1]

hay

2[ak[n + 1]- ak[n]l - Aludn - k]- A2u2[n - k] = O. (11)
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Tirong tV'

se cho:
2[bk[n + 1]- bk[nJ] - Alu2[n - k]- A2Udn - k] = O.

SlY dung (5), (7) ket hop voi (11) va (12) co th€ thu diroc cong thirc dang phtrc sau:

2lWk[n+1]-Wk[n]j =A*u[n-k], k=O,l, ... ,M-l.

(12)

(13)

Tir do suy ra A* theo cong tlnrc sau:

2 M-l M-l

A* = M-l [ L Wk[n + l]u*[n - k]- L Wk[n]u*[n - k]]
L: lu[n - kJ12 k=O k=O

k=O
2 [~H * ~H * ]

= Ilu[n]112 W [n + l]u [n]- W [n]u [n + 1] . (14)

Cr day Ilu[n]112 la chu[n Euclide cua vecto' vao cua cac d<>t19C. Tir do cluing ta co:

A* = Ilu[~]112 [d*[n]- WH[n]u*[n]]. (15)

Ky hieu ern] = d[n]- WH[n]u[n]. V~y co th€ viet A* drrai dang don gian:

A* = Ilu[~]112e*[n]. (16)

Tir (13) chiing ta co thi viet:

Wk[n + 1]- Wk[n] = ~A*u[n - k].
2

Tir day ket hop v&i (16), ta rut ra thu~t toan di'eu khiin t<>iiru trong s<>d<>ttrong di'eu ki~n tin hieu
vao phirc:

Wk[n+1]-Wk[n]= Ilu[~]112u[n-k]e*[n] v&i k=O,l, ... ,M.

Ket ho'p (3) vao (17), ta co:

(17)

6 WIn + 1] = Ilu[~]112u[n]e*[n]. (18)

Di thirc hi~n vi~c chinh tirng bircc vecto trong s<>cua be? g~t hoi am ma khOng lam thay d5i
huang cua no, cluing ta dira m9t h~ so vo huang thirc, dirong 'jJ, vao (18), ta co:

6W[n+ 1]= W[n+ 1]- WIn]

= Iluln]112 u[n]e*[n]. (19)

Trong qua. trmh di'eu chinh h~ si5 trong s5 cila b9 gat hoi am, neu no h9i tv thl & hai btrrrc l~p
ke tiep nhau, gia. tri WIn + 1] ~ WIn], nghiaJa 6 WIn + 1] ~ O. Nhimg thu-c te ciia phep l~p, giira

WIn + 1] va WIn] khac nhau m9t hrong Ilu[~]112u[n]e*[n]. Tir do ta rut ra thu~t toan di'eu chinh

W[.]:
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" A 11 *W[n + I] = W[n] + IU .•ll1?u[n]e [n]. (20)

Thu~t toan nay c6 cac d~c di~m sau:
- Chon J.t thich hop se dam bao thu~t toan chinh (20) luon luon he?i tv.
- Thu~t toan nay c6 dang LMS, vi v~y tinh toan don gian.

Vi~c chon 'jJ. da diroc tai li~u [4] giai quyet, cac tac gia de nghi chon 'jJ. thoa man:

0< 'jJ. < 2. (21)

Trong di'eu ki~n blnh thircng, neu 'jJ. thoa man (21) thi dim bolo cac loi the tren cila be? gC;1thoi
am nay: do n gian, luon luon he?i tv. Tuy v~y me?t va:n de d~t ra la neu tin hieu dau vao urn] c6 bien
de? be thi hie d6 khOng nhirng tin hieu d~ bi lch trong nen nhi~u ma co th~ xay ra ba:t dhg thirc
sau:

Ilu[n]112 > 1.
J.t

(22)

Khi d6 day W[n + I] trong (20) se ph an ky, be? gC;1thoi am khOng con 5n dinh nira, vi hie d6
W[n + I] t W[n] kha nhieu,
f)~ kh){c phuc di'eu d6, nghia la tranh xay ra (22), & b9 gat hoi am nay chon thu~t toan cai tien b~ng
each b5 sung m9t h~ng so a vao m~u so:

A A J.t *
W[n + I] = W[n] + a + Ilu[n]112 u[n]e [n] (23)

v&i a> O.

Truong hop a = 0 thi (23) tr& ve (20).

Trong dieu ki~n urn] bien d5i v6i giai d9ng r9ng thi viec chon hhg so a ciing se khong dam bolo
(23) h9i tu, hcrn nira lai khOng kinh te neu chon a du krn, Vi v~y & day de xua:t nen chon a la mdt
ham cti a cong sua:t tin hieu vao urn]. Liic nay thu~t toan c6 dang:

A A J.t
W[n + I] = W[n] + 111.. 1 111'0\ , 11.. 1 III? u[n]e*[n], (24)

M dam bao (24) luon h9i tv, nen chon a nhir the nao?

Trong thu~t toan (20), d~t J.t[n] = Ilu[~]112 va M (20) h9i tv thi ph ai chon thu~t toan (20) va

chon J.t[n] tho a man [4]:
2

0< J.t[n] < Ilu[n]112' (25)

Trong thu~t toan (24), d~t:
J.t

J.t[n] = a(llu[n]112) + lIu[n]112 . (26)

Theo (25), ta c6:
~ 20< J.t < __

a(lIu[n]1I2) + lIu[n]112 lIu[n]1I2 .
(27)

Phan giira cua (27) c6 th~ viet:

J.t
[

1 ].~ a un 2....... 1+~a(lIu[n]1I2) + lIu[n]112
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Khai tri~n bi~u thirc nay thanh chudi:

Bo qua nhirng thanh pharr be b~c cao, ta c6:

Thay vao (27):
'iJ, (a(llu[n]112)) 2

0< Ilu[n]112 1- Ilu[n]112 < Ilu[n]112 .
Suy ra:

0< 'iJ, (1- a(llu[n]112)) < 2.
Ilu[n]112

Ta c6

ho~c:
~ 'iJ, a(llu[n]112) ~
p, - 2 < Ilu[nlll2 < p:

Vi cac dai hro'ng Ilu[n]112 va 'iJ, la cac dai hro'ng khOng am nen:

Ilu[~]112 (ji_ 2) < a(llu[n]112) < Ilu[n]112.
p, (28)

Nhir v~y, trong hoan canh tin hi~u vao c6 giii r9ng va cong suat thap, thay vi thu~t toan (20),
0- day gi&i thieu s11-dung (23). Neu tin hieu vao c6 cong suat bien d9ng trong m9t giii d9ng rfmg
thi t5t nhat la sl1-dung (24) va neu c6 cong suitt thitp thi nen chon a(.) la me?t ham cua Ilu[n]11 thoa
man (28) se dim bao thu~t roan (24) he?i tu,

C6 th~ t6m tltt thu~t toan LMS chuan nay:

Cac tham s5:
+ M s5 d5t cua be? gi).t hoi am,
+ 'iJ, hbg so chfnh: 0 < 'iJ, < 2,
+ a s5 dirong.

Kho-i dau:
• N~u chon trurrc vecta trong s5 W[O], thi tlm du<rcW[n]. C6 th~ ch9nW[0] = O.
• S5 lieu:

a. Cho truxrc urn]: t.ai tirng thai di~m n,
d[n]: dap ling mong mudn tai thai die'm n.

b. Tinh:
W[n + 1] = gia tri vec.to' trong s5 cua d5t tai thai die'm n + 1,
voi n = 0, 1,2 ...
ern] = d[n]- WH[n]u[n].

Thu~t toan:
~ ~ ji *

W[n + 1] = W[n] + a(llu[n]112) + Ilu[n]112 u[n]e [n]

voi a(llu[n]112) thoa man (28).
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4. KET LU~N

Bi? gat hoi am LMS dtro'c sll-dung ri?ng rai trong cac h~ thdng truyen tin dtro'ng dai nhimg trong
di'eu ki~n tin hi~u vao yeu, thu~t toan thong thirong khOng dam bao su' hi?i tv. Vi v~y, bai bao nay
da gi&i thi~u mi?t thu~t toan dang LMS co dira ra cO-bmrc dieu khi~n bien dc5itho a man dieu ki~n
hi?i tv va h~ so bc5sung trong cO-biroc dieu khi~n phai tho a man (28).

Bai bao nay da chi ra dieu kien va chon thu~t toan cho bi? gat hoi am trong khi tin hi~u vao yeu
d~ dam bdo cho bi? gat luon luon lam vi~c 5n dinh, Day la mi?t trong nhirng viln de co y nghia thirc
ti~n trong bai toan mang vi~n thOng da dich vu co mire bien di?ng ctrong di? tin hieu cao.
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