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THUAT TOAN BO GAT HOI AM TRONG BIEU KIEN TiN HIEU VAO YEU

LE THANH THU HA, NGUYEN THI LAN HUONG

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.

Tém tdt. Trong cic hé thdng vién théng cda mang s§ da dich vu, d€ ddm bdo chit lwong truyén din,
ngwdi ta thuwdng st dung bd gat hdi 4m. Tuy vay, vi gidi déng cda tin hiéu vao twong d8i 16n va thudomg 1
khéng dirng, vi viy néu st dung céc thuit toan LMS, RLS cé c& buéc didu khién khong thay dSi thi bo gat
hdi 4&m lam viéc khong 8n dinh. Bai bdo niy giéi thidu mot thuit toan st dung cho bd gat hdi 4m thda man
tin hiéu vao cé gidi ddong rdng.

1. GIOT THIEU

T nhirng nim thap ky 80, khi cidc hé thong thong tin dwong dai ra doi, dic bigt 12 cac tuyén
théng tin vé tinh thoi ky dé, hang loat céng trinh vé gat hdi 4m dwoc dé xuit [1-6]. Tuy viy, vi d8i
twong lic d6 1a cac hé thdng théng tin analog, t8c d6 chdm, nén cic thuit toin dieu khién cho bd
gat hoi Am thwong dirng & LMS théng thudng. Buwéc sang thoi ki cong nghé vién thong s8, ban dau
ngudi ta it quan tdm dén héi 4m vi lwong dich vu trén mang vién thong hic dé con it, chit luong
mang da cé nhdy vot dot bi€n so véi thoi k¥ mang analog. Nhung khi buéc sang giai doan ISDN,
s8 ching loai dich vu trén mang ting lén rd rét, bén canh dich vu thoai truyén théng con c6 cic dich
vu Fax t8c d6 nhanh, hoéi nghi tir xa, day hoc tir xa, y t&€ tir xa... ldc dé, vAn dé hdi 4m hodc con
goi 13 ti€ng vong tic ddng lén céc dich vu d6 mdt cich rd rét. Dén thing 7 ndm 1999 T8 chirc vién
théng Qudc té ITU-T di cdng b8 mot s8 van dé vé hoi am trong mang thong tin s8. Thing 3 nim
2001, Donald L. Duttweiler [6] da phan tich d4c tinh hdi tu cda thuit todn tai ria bing tan. Tuy da
¢4 nhirng khia canh phan tich khic nhau, nhung do tinh hep cda vin dé niy trong mang vién thong
6 da dich vu nén s8 lwong céc cdng trinh vé né vin chwa thit nhigu. Cic tic gid cda tai liéu [1,2]
tap trung vio cdc thuit todn LMS, véi c& budc digu khién hing s8 c6 loi thé 13 don gidn tinh todn.
Tuy nhién khi bién d8 tin hiéu vao bé thi thuit todn dé khéng ddm bdo hdi tu nira. Bai bdo nidy sé
gi4i thiéu thuit toin ddm bdo ci héi tu 13n don gidn tinh todn va On dinh. D€ gidi quyét van dé
dé, bai nay cé cau tric sau:

+ Muc 1. Gié1 thiéu bai todn.

+ Muc 2. Thuit todn diéu khién bo gat hoi am. Day 1a thuit todn LMS thong dung va c6 c& buéc
diéu khi€n x hing s6.

+ Muc 3. Thuét toan gat hdi Am trong digu kién tin hiéu vao yéu.

+ Muc 4. Két luin.

2. THUAT TOAN PIEU KHIEN BO GAT HOI AM

Hinh 1 biéu di&n so' d5 khéi bd gat hdi 4m trong mang vién théng. Phin co bdn trong bd gat
h8i 4m nay 13 bd loc thich nghi véi thhuit toidn dwoc bi€u thi trong tai ligu [5):

Win + 1] = Win] + pu[n] [d*[n] - u¥[n] W(n], 8

trong d6:
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W(n| - trong s8 cda bé loc gat hdi Am tai thoi diém 13p tht n,

d*[n] - lién hiép phtc tin hiéu mong muén & diu ra cda bd loc gat hdi am,
u(n] - vecto tin hiéu vio cda bd loc,

4 - ¢& buéce diu khién s bd loc.

Vin dé d4t ra & day 1a phdi chon p sao cho ddm bdo W|.] héi tu t8c d nhanh va &n dinh.

un] | Bo gathdi am
A S Loc Mach lai |«—>B
: : <—S[n]
e[n) )%[n]
—oF
d[n] = S[n] + uln]
Hinh 1. Sor d6 khéi bd gat hdi 4m
u[n|: vecto tin hiéu vdo cda bd gat hdi 4m
S[n]: vecto tin hidu phat phia B
d[n]: tin hiéu ra cda bd loc
e[n]: sai s8 dau ra
Théng thuong, ngudi ta chon hé s6 diéu chinh u thda man [4]:
0<pu<— (2)
h< ———.
[[a[n]]2

Diéu kién néu ra & trén ddm bdo thuidt todn hdi tu trong hodn cdnh théng thudng. Mot ciu
hdi dit ra 1a: ning lwong tin hiéu vio c¢é dnh hudng gi dén qud trinh didu khi€n bs gat hdi Am hay
khéng? Anh hudng nhuw thé nio va cé bién phip gi dé han ché né. Duéi diy, bai bdo sé trd 15i cac
ciu héi dé.

3. THUAT TOAN BO GAT HOI AM TRONG PIEU KIEN TiN HIEU VAO YEU

Phin truéce ching ta da bi€t ring vecto trong s6 cia cic ddt loc tai buéce digu khi€n thi n+ 1
13 W(n + 1] & buéc n 13 W[n]. Trong dieu kién tin hiéu vio phirc, ta tim thuit todn ditu khién t&i
wu cho bd gat hdi 4m va diéu kién ddm bdo lam viéc 8n dinh.

Bo gat hdi 4m sé lam viéc 8n dinh néu sy khac nhau v& gid tri cda W{n + 1] vd W(n] 1a it. Ta
phdi tim diéu kién dé cho b gat hdi 4m 8n dinh trong qué trinh lim viéc, nghia la tim W[n +1] dé
thda man:

{W[n +1] - W[n]} — 0, khi n — oo,

Gid st da. bi€t vecto tin hidu diu vio cda d8t 1a u[n], ddp ¥ng mong muén l1a d[n|, xac dinh
Wi(n + 1] sao cho su bi€n ddi cda né 1a bé nhit.
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Ky hiéu lwong bién d3i la:
§Win+1] = Wn + 1] — W|n]. (3)

Sw thay d8i cda W[n + 1] cé thé dwoc bidu thi bing:
16 Win +1]]|* = § WH[n +1]6 W[n + 1]
= [Wn+1] = W(n])" [Win + 1] - Wn]]

= 3 [Wiln + 1] — Welnl]. (4)

C6 thé viét W(n + 1] dwéi dang phirc:
W, [n] = ax[n] + 7b[n] v6i k=0,1,...,.M — 1. (5)
Thay (5) vao (4), ching ta cé:

M-1

|6 Win+ 1]]* = = { (asln+ 1] - axfn])® + (saln + 1] - bu[n))*}. (6)

Dbng thoi ching ta phan tin hiéu va ddp tmg mo»; mudn thanh cac phin thuc vi 3o twong
ong:
un — k] = ui[n — k] + juz[n — k|, (7)
d[n] = dl[n] + ]dz[n]
Sau khi sdp xép lai phin thuc va do ching ta nhin dwoc cic cdng thirc sau:
M-1
>~ {akln + 1uy[n — k] + bi[n + Lug[n — k|} = dy[n], (8)

0 .

bt

{ak[n + Lua[n — k] — bg[n + 1]us[n — k|} = da[n]. (9)

kol
i\
o

K&t hop (6), (8) va (9) s& c6 m8i quan hé don gidn thé hién sai s§ dau ra cda bd gat hdi dm:
Il = 3 {[aeln + 1] - axlnl]® + [beln + 1] - biln]]}
= M-1
+ 1 [da[n] = 3 (arln+ tuafn — )+ buln + Uugln — k)|
+ Az [daln] - i (axln + 1Jualn — k] — be[n + Lus[n — k])|. (10)

O day A; va A 14 cac hé s8 Lagrange. D€ tim gi4 tri nhd nhit cda J[n| theo ax[n + 1] va bx[n + 1],
truwéc hét ching ta phai dao him cda him muc tiéu theo hai tham s8 d6 vi cho dao ham dé bang 0.
Nghia 14 tir (10), dao ham riéng J|n] theo ax[n + 1], ta cé:
aJ[n|
— 0
aak[n + 1]

hay
2[ak[n +1] - a,k[n]] — Aug[n — k] — Aguz[n — k] = 0. (11)
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Twong tu o]
Abg[n + 1] -
sé cho:
2[bk[n + 1] — b[n]] — Ayuz[n — k] — Azus[n — k] = 0. (12)

St dung (5), (7) két hop véi (11) va (12) cé thé thu dugc cdng thirc dang phic sau:

2|Wi[n+1]— Wiln]] = \u[n—k], k=0,1,..,M -1 (13)
T d6 suy ra A* theo cong thic sau:
M— M-1 R
2 = —[ Z Weln+ 1u[n— k| = Y WilnJu'[n - ]
E lu[n — k]2 k=0 b=
2 H * xrH *
= TP [WH{n+ 1]u[n] - W [n]u*[n + 1]]. (14)

(o} day ||u[n]||? 12 chudn Euclide cda vecto vao cda cac A6t loc. Tir d6 ching ta cé:

2 A
2= ———|d*[n] — WH[n]u*[n]|. 15
-”u[n]”z[ [n] = W [nJu[n]] (15)
Ky hidu e[n| = d[n] — WH[n]u[n]. Vay cé thé viét \* dwéi dang don gidn:
2
A= ———¢*[n]. (26)
[[u[n]]|?
Tir (13) chiing ta c6 thé viét:
Wi[n+ 1] — Wi[n] = ~X*u[n — k].

Tir diy két hop véi (16), ta rit ra thudt todn diéu khi€n t8i wu trong s8 d6t trong diéu kién tin hidu
vao phic:

Wk[n+ 1] — Wy[n] = u[n — kle*[n] véi k=0,1,..., M. (17)

L
[afn]|?

K&t hop (3) vao (17), ta cé:

§Win+1] = uln|e*[n]. (18)

L
[[a[r]]]2

D& thuc hién viéc chinh tirng buéc vecto trong s8 cda bd gat hdi am ma khéng lam thay ddi
huéng cda né, ching ta dwa mot hé s6 vé huéng thuc, dwong fi vao (18), ta cé:

§Wn+1]=Wn+1 - W[n]

= —E—u nle*[n].
= e 2 -

Trong qué trinh diéu chinh hé s3 trong sd cia bd gat hoi 4m, néu né hoi tu thi & hai bude lip
ké ti€p nhau, gid tri W[n + 1] ~ W|n], nghia 13 § W[n + 1] ~ 0. Nhung thuc t& cda phép 13ip, giira
W(n + 1] vA W|n] khic nhau mét lwong Lz

) [[uln]l

u[n]e*[n]. Tir d6 ta rdt ra thuit todn diéu chinh
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Win+1] = W[n] + u[nje*[n]. (20)

B
[[a[n]]I?
Thuit todn ndy cé cac dic di€m sau:

- Chon p thich hop sé ddm bdo thuit todn chinh (20) ludn ludn hdi tu.

- Thudt todn nay c6 dang LMS, vi vy tinh todn don giin.

Viéc chon fi di dwoc tai liéu [4] gidi quyét, cic tdc gid dé nghi chon £ thda man:

O<p<2. (21)

Trong di€u kién binh thudng, néu i thda man (21) thi ddm bdo cic loi thé trén cda bd gat hdi
am nay: don gidn, ludn luén hdi tu. Tuy vidy mot van dé dit ra 1a néu tin hiéu diu vao u[n] cé bién
dd bé thi lic d6 khéng nhirng tin hiéu dé bi 14n trong nén nhidu ma cé thé xdy ra bat ding thirc
sau:

~

pt
—F <. (22)
[[u[n]]]?
Khi dé6 diy W[n + 1] trong (20) s&é phan ky, bé gat hdi am khéng con 8n dinh nira, vi lic dé
W(n + 1] # W|n| kh4 nhiéu.
Dé khic phuc digu dé, nghia la trénh xdy ra (22}, & bd gat hdi 4m ndy chon thuit todn cdi tién bing
cach b8 sung mét hing s8 a vio miu sd:

~

W(n +1] = W[n| + Wﬁ[nllﬁ ufne* [n] (23)

vgia > 0.
Trudng hop a = 0 thi (23) trd vé (20).
Trong didu kién u[n] bién ddi véi gidi dong rong thi viéc chon hing s a ciing sé khong ddm bdo
(23) héi tu, hon nira lai khéng kinh t€ néu chon a dd lén. Vi vay & day dé xuit nén chon a 13 mét
ham cda céng sudt tin hiéu vao u[n]. Lic ndy thudt todn cé dang:

~

A =Win o unle*[n
Win 11 = Winl + Ciratie) + fafmpe o 24)

dé€ ddm bdo (24) ludn hdi tu, nén chon a nhw thé nio?
Trong thuit todn (20), dit u[n] = W va dé (20) hdi tu thi phdi chon thuit todn (20) va

uln
chon u[n] thda man [4]: 5

Trong thudt todn (24), dit:
_ K
K] = S aI) + Tl )
Theo (25), ta cé:
0< i 2 (27)

< s
a([[u[n]I?) + [la[n][> ~ [[al=]]
Phan gifra cda (27) c6 thé viét:

i f 1

a(l[u[n]ll?) + [a(n]l* ~ laln]l? |1+ isli®)
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Khai tri€n bi€u thirc ndy thanh chudi:

i (oo o) )y,

a[[a[n][?) + Tuln][* ~ Tuln]]? [a[n]]® [ufr][|*

B4 qua nhitng thanh phan bé bic cao, ta cé:

i S (0

a([aln]ll2) + fa[ali2 ™ [ufn]]? [ufr]]?

0< (l_a(llu[n]||2)><| 2

Thay vao (27):

Taln]? fainllE ) < T

Suy ra:

(- a(u[)?)

o< (1- ) <2
Ta cb

Rl .

B e <274
hodc:

- Ballul)?)
HTES Tl < F

Vi c4c dai lugng ||u[n]||? vd & 13 c4c dai lvong khéng 4m nén:

”u—[ﬁnUE(ﬁ = 2) < a(|[u[n]|?) < [aln]|? (28)

Nhu viy, trong hoan cdnh tin hiéu vao c6 gidi rong va cbng suit thip, thay vi thudt todn (20),
& day giéi thidu st dung (23). Né&u tin higu vio c6 cdng suit bién dong trong mot gidi déng rong
thi t8t nh&t 13 sd dung (24) va néu cé cdng suit thip thi nén chon a(.) 12 mdt ham cda ||u[n]|| thda
min (28) sé€ ddm bdo thuit todn (24) hoi tu.

C6 thé tém tdt thuit todn LMS chuin ny:

Céc tham sé:
+ M s8 ddt cia bd gat hdi am,
+ % hing s8 chinh: 0 < i < 2,
+ a 6 duong.
Khéi diu: A . .
e Néu chon truéc vecto trong s8 W[0], thi tim dwge Wn]. Cé thé chon W[0] = 0.
e S8 liéu:
a. Cho truéc u[n]: tai tirng thoi di€m n,
d[n]: d4p ¥ng mong mudn tai thdi di€m n.
b. Tinh:
W|n + 1] = gi4 tri vecto trong s8 cda d&t tai thoi di€m n + 1,
véin=0,1,2..
e[n] = d[n] — WH[n]u[n].
Thuit todn:
1
A (CRREITE
vé6i a(|lu[n]]|?) thda man (28).

Win + 1] = W[n] + u[n]e*[n]
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4. KET LUAN

B5 gat hoi &m LMS duwogc st dung rong rai trong céc hé thdng truyén tin dwdng dai nhung trong
diéu kién tin hiéu vio yéu, thuit todn théng thudng khéng ddm bdo sy hoi tu. Vi vay, bai bdo nay
di gi6i thiéu mot thuit toin dang LMS cé dwa ra ¢& buéc di¢u khi€n bién ddi théa man diéu kién
hdi tu va hé s8 bS sung trong c¢& buéc diéu khién phii thda min (28).

Bai bdo nay da chira diéu kién va chon thuit todn cho bd gat hdi 4m trong khi tin hiéu vao yéu
dé€ ddm bdo cho bd gat ludn ludn lam viéc 8n dinh. Day 13 mdt trong nhirng vin dé cé ¥ nghia thuc
tién trong bii todn mang vién théng da dich vu ¢ mic bi€n déng cudng d6 tin hiéu cao.
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