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BO CAN BANG - CAN BANG MU
TRONG HE PHI TUYEN VA SONG TUYEN

NGUYEN KY TAI

Khoa Dién - Dai hoc Bdch khoa Tp Hé Chi Minh

Abstract. There are three types of equalizers for mitigation of the ISI and MAI: nonblind, semiblind,
and blind. The nonblind and semiblind equalizers are designed through both the received and training
signal whereas the blind equalizer is designed with only the received signal. In this paper, the adaptive
volterra filters and the Levenberg-Marquardt algorithm have broad application in the nonblind and

blind equalizers for line and nonline systems.

Tém tAt. Trong hé théng diéu ché don séng mang, ¢é ba loai cAn bing nhim gidm nhiéu ISI va
MAI, dé 1a: khéng mii, ban ml va can bang mi. Bé can bang khéng mi va bdn mu dugc thiét ké
théng qua hai tin hiéu thu va tin hiéu l4i trong khi cdc bd can bing mu dwoc thiét ké chi can tin
hiéu thu. Trong tai liéu nay, bo loc thich nghi Voltera va thuat toan Levenberg-Marquardt duoc Gimg

dung trong hé tuyén tinh va phi tuyén trong bé can bang khong mli va cAn bang mil.

1. BO CAN BANG TUYEN TiNH

Xét hé gom hai anten phat va mot anten thu trong [1,2], dwoc biéu dién bdi hinh vé nhw
sau:

y(n) = Zh(i)é‘(n—i) +2(n) (1)

s(n): tin hiéu dau vao néi tiép.
z(n) : nhieu Gaussian cong vao.
y(n) : kénh ngd ra tai thoi diem n.
L : d6 dai kénh.

h(n) : ham truyen.

Tin hiéu thu y(n) dugc bieu dién trong phwong trinh sau:
L—1 L—1
y(n) = hi(@)stn—i) + Y ho(i)[s(n—i = 1]’ + z(n) (2)
i=0 i=0

Trong dé:
hi(n) = [h1(0), h1(1), ..., ha(L — 1)]

ha(n) = [h2(0), ho(1), ..., ha(L — 1)]
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Tin hiéu nhan dang g(n) dwoc bieu dién nhu sau:

L—-1

L—-1
9(n) =Y hi()s(n—i) + Z ha()[s(n—i = 1),

=0

véi:

va:

s )
s(n) s;(n)w .............. 'S
() Iﬂl S e v
s() “hyn)
8PSK s1(n)j/
Space-time code
Hinh 1
Ta c6é danh gid sai s6 ctia hé:
e(n) = y(n) —y(n).
Gol: S, = {s(n — ), [s(n—i — )P}
Ta c6 so do nhan dang cia hé nhw sau:
i > D
A
}7)‘ S y y(n)

/ e(n)

Hinh 2

Pé xic dinh tham s6 fL7 ta sir dung phwong phap LMS:
1 N
h = argmin {N 2[6(%)]2} , N >2L.
Ap dung thuat toan Levenberg-Marquardt ([3,9]) ta cé:
h(n) = h(n —1) + E(n)e(n)S(n),

trong dé:
HE

~ ST(n)S(n) + aDTD’

=l
2

z(n)
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D 1a ma tran duong chéo don vi.

Céi bién thuat todn trén, ta sir dung ham:

+1 néu e(n)

—1 néu e(n)

signle(n)] = {

> 0
<0 (8)

T (6) va (8), ta c¢b:

h(n) = h(n — 1) + A(n)signle(n)]S(n), (9)

Tl dé, ta ¢6 hé thong méi:

S
n o >/i'> z(n)
}?’ﬁ ) y y(n)

/ e(n)

z1 —

B(n-1)

y

h(n) = h(n-1) +Ti(n) sign[e()]S(n) 4

P

S(n) B

Hinh 3

2. BO CAN BANG PHI TUYEN

Trong Muc 1, chiing ta da xét hé tuyén tinh gom céc tham s6 h. Ta ¢é thé khdo sat he
phi tuyén ([1,4,5,6,10]) biéu dién bang chudi Voltera nhw sau:

y(?’b) = ho+ Z h1<m1 n—m1 Z Z h2 m17m2 (n—m1)x(n—m2)++

m1,0 m1=0 my=0
o o
+ Z Z Z hi(my, ma, ..., m)z(n — my)z(n —msg)..x(n —my) + z(n).
m1=0 moy=0 m1=0

Xét he don gidn gom 2 bac va c¢é chieu dai hitu han 1a N, ta cé:

N-1 N-1 N-1

y(n) = ho + Z ha(mq)z(n—mq) Z Z ha(mq, ma)a(n —mi)x(n—ms)+z(n). (11)

m1=0 m1=0mo=0
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O day, ta xem hg = 0. Cé thé viét lai (11) duéi dang bo loc thich nghi nhur sau:
N—-1N-1
vij(n) = ) ai(n)a(n—i) + b j(n)az(n — i)a(n — j) + z(n),

z

=

Il
=)
o
Il
=)
~
Il
—

trong d6, a;(n) va b; j(n) 1 céc trong s6 thay doi.

Ham ddnh gid sai s6 cia hé 1a g(n) va e(n):

N-1 N—-1N-1
9i;(n) = Z a; (n—1)+ Z b; j(n)x(n —i)x(n—j) + z(n),
i=0 i=0 j=1

Ta dat:
alT = la1(n), az(n), ...,an_1(n)],
sz(n) - [bm(n), bog(ﬂ), ceey bN,LN,l(TL)],
w'(n) = [af (n), b ;(n)].
Ta ¢o:

va ham nhan dang:

véi:

() =
ST(n)d(n) + aDTD
p(n) = [2"(n — i), 2" (n — )]

Trién khai cong thite (17), ta cé:

Lic nay, ta can danh gi4 lai hé s6 g

1 2—81

0 < < —_—

P 0< e <2 O<<€2}.
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Dé danh gid cic sai s6 trong qua khit, ta ding ham d(z) :
dz) =1 +dizt+---tdyz V. (23)

Lic nay, ta cé:

3. BO CAN BANG SONG TUYEN

Tir cong thire (12) va [8], ta xét hé véi cau tric hoi quy nhuw sau:

N—-1 N—-1N-1 N—-1
= Z ai(ne(n —1) + by j( iy(n—j)+ Z ¢j(n)y(n—j) = G(n)H(n)

(25)

H(n) = lai1(n), as(n), ..., an_1(n):bo1(n), boza(n), ..., bN,LN,l(n)fcl (n), ca(n), ..., cN,l(n)]T,
G(n) =[x(n),z(n—1),...,x(n— N — 1):x(n)y(n — 1), 2(n)y(n - 2),...,x(n— Dy(n — 1),

z(n—1yn—2),..,2(n—N —Dy(n—N —1)y(n—1),...,y(n—1—-N)].  (26)

~ 3 I3 ~ s ’ . N X [N .~
beé don gidn, ta xét hé véi N = 3, ta ¢6 phuong trinh bicu dién su lién quan gitra dau
N ’ 7 N ’ ~ A
vao, dau ra, qua khit va cdc hé so thay doi nhur sau:

y(n) = ao(n)a(n) + ar(n)az(n — 1) + az(n)z(n — 2) + bor(n)a(n)y(n — 1) + box(n)z(n)y(n — 2)
+ by1(n)a( 1y 1) + bia(n)z(n — 1)y(n — 2) + bar(n)x(n — 2)y(n — 1)
+ baa(n)a( 2)y 2) +c1(n)y(n—1) + ca(n)y(n — 2). (27)

Va tin hiéu nhan dang ¢6 phuwong trinh:

(n—
(n—

n—
n—

’t.)(n) = do(n)x(n) +ai(n)a(n — 1) + az(n)a(n — 2) + boy(n)z(n)g(n — 1) + boa(n)a(n)g(n - 2)
bii(n)z(n — 1)j(n — 1) +bia(n)a(n — 1)g(n — 2) + bar(n)a(n — 2)g(n — 1)
+ b22(n)96( 2)y(n —2) + er(n)y(n — 1) + éa(n)y(n — 2). (28)

So d6 mo6 ta hé dwoc biéu trong hinh 4. Trong dé, ta cé:

A

H(TL) = [&1 (n), &2(71), ceey (AJ,N,1<7’L)EZA)01<TL), Eog(ﬂ), ceey lA)N,LN,l(TL)Eél (n), 61<7’L), ceey 6N71<7’L)]T,

a;(n) = a;(n — 1) + @y (n)signfe(n)|z(n — i), (29)
bij(n) = bij(n — 1) + iy(n)signle(n)|w(n — i)y(n — 5), (30)
¢j(n) = ¢j(n — 1) + Tiz(n) signle(n)]y(n — 5), (31)
véii=0,1,.... N—1, 5=1,2,...., N — 1. Tr cong thirc (7), ta co:
i (n) = M (32)

2l'(n —d)z(n—1i) +aDTD
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— Hks
yI'(n—1)y(n —i) +aDTD

D 13 ma tran duong chéo, o la thong s6 bé Levenberg-Marquardt, g, , fk,, ks ¢6 the xéc
dinh theo (22) hodc phwong phdp xdp xi ngau nhiéen [13].

x(n) ay(n) ./£

a,m)

X
x(n-2) ayn) s

4 A

W}It |'xﬁ |>m

By § B l Bt

e(n) [ signfe(n)]

] 1/{\(n) = 1/1’\(n-1) +1()G(n) signfe(n)] [

Hinh 3

4. CAN BANG MU

Trong hé théng diéu ché don séng mang cé ba loai can bang d€ gidm ISI va MAL Dé 1a
can bang khong miu, ban mu va can bang mu. Céan bang khéng mu va ban mi dwoc xay
dung dua trén tin hiéu thu va tin hiéu l4i. Trong khi dé, bo can bang mu duwoc thiét ké chi
can tin hiéu thu va céc thuoc tinh cia né.

Tir hinh (1) va [7,11,12], ta c6 thé bidu dién hé théng can bang mi theo so @6 nhu sau:
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> >3 >F) >
s () s(n) . yi(n)
> T, () + hyn) [
! T, () + . hon) | <
Sz(") D) S o(m) @ Yo(n)
> > > >
Hinh 5
> > >3 >
e iR ——— |5
> T\,(n) + hy(n) <
—» T,,(n) + - /}:2(”) A
52(1) I <—| Y2
> > >3 >
Hinh 6
sh(n) = s1(n) + s2(n) T (n) (35)
so(n) = s2(n) + s1(n)T12(n) (36)

O day, bo loc xuyén am Tia(n), Tor(n) va bo loc thich nghi (hé s hi(n), ha(n)) 1a céc
b6 loc FIR. Ta cé: .
i (n) = si(n) — ha(n)ya(n) (37

92(n) = s5(n) — h1(n)gr (n) (38)

~

Néu ching ta cho rang céc trong s6 cia bo loc va cdc bo loc xuyén am c¢é quan hé nhan qua
thi ta dwoc két qua nhu sau:

—

{y1<n) = s1(n) v6i hi(n) = Tiz(n) (39)
U2(n) = sa(n) véi ho(n) = To(n)
Hoac: . L.
. {yf (n) = To1(n)sa(n) VO’% {Ll (n) = 1/T21(n) (40)
U2(n) = Tia(n)s1(n) véi ho(n) = 1/Tia(n)
voi hi(n) = hy(n — 1) + i (n)signler (n)] sign[i (n — 1)), (41)
haln) = hafnn— 1) + fs(m)signlea(n)] signln(n — 1), (12)
o [y
) = e i n —1) T aDTD (43)
fia(n) — o (43)

gl (n = Dijo(n —4) + aDTD
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5. KET LUAN

Trong bai bdo nay, chiing ta da xay dung thuat toan t6i wu bén viing cho hé can bang
phi tuyén.

Mac khac, nham nang cao chat lirong cho bo can bang cia hé phi tuyén, ching ta dé xuat
phuong 4n song tuyén. Loi thé cia phuwong 4n song tuyén 1a xap xi duwoc cdc hé phi tuyén
véi doé chinh xdc cao, nho sit dung nhitng dac diém cia hé tuyén tinh, nhat la dé gii quyét
bai toan cho nhirng hé chiu tac dong ngau nhién.
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