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U'NG DUNG THUAT TOAN TUY THICH NGHI GAT GIAO THOA
TRONG KENH PHA PINH LUA CHON

NGUYEN HOAI NAM

Abstract. Interferenco fading Is one of the reason that causes the intersymbol Interference. This Is
specclal sorious In the High Speed Digltal System. To reduce this problem, adaptive equalizer s used
In recoiver. This articlo s going to Introduce adaptive equalizer signal processing algorithms In the fast
fading condltion, '

\

1. GIOT THIRU

Trong thyc t& logi cin bing théng dyng nhdt d¢ gidm giao thoa gifta cdc ky higu (ISI: Inter-
symbol Interference) 1a bj loc ngang tuyén tinh cé céc h§ 88 c6 thé didu chinh dwge sau ndy goi I
b3 cin bling. Vigc didu chinh céc h§ 88 ndy tuln theo nhiing thuft todn khdc nhau. Chinh thuft
todn quyét dinh tinh ch&t didu khién: t8c 46 hoi ty, sai 88 didu chinh, 46 &n dinh,... trong céc kdnh
théng tin 88, d¥c bigt kénh c6 t8c 49 chng cao, méi trwdng truyén dfn cdng phirc tap thl xéc sufit
16i cia h§ thdng phy thudc cing nhidu vdo dic tinh pha dinh, v chinh né la nguyén nhén gly ra
ISI trong h§ th8ng. Trong nhitng kénh nhw vy ngudi ta c8 ging tim nhiing thufit toén cho bd cin
bing t8c dd hdi ty nhanh. Ngay nhitng ngdy dBu tién cla thdng tin 8 ISI A& ¢b nhitng thu§t todn
gradient th8ng ké, phwong phdp ndy don gidn, tuy vy t8c 43 héi tu twong d8i chim va nhay d6i
véi cée thay d8i trong ma trfn twong quan diu vdo, B8 sung mot s8 khiém khuy8@t trén, c6 mét
thuft todn loc ty thich nghi dya vdo tiéu chufin binh phuong t8i thidu nhung d8 phitc tap tink todn
lai hon loai trén.

V& sau ndy thy ting myc dich bdi todn md phdi chon thuft todn thich hgp. Bai todn cda
ching ta dit ra ld tim dwoe thuft todn twong d8i don gidn nhung ddm bdo t8c dd hdi tu cho phép.

2. MO HINH Hf THONG

Hinh 1 biu thj m8 hinh h§ théng théng tin c6 bd cin blng. Trong dé: G (f) 1a hdm truy@én
dat cda bg loc phét, C(f) 1a him truy8n dat cda kénh, n(t) 1A nhifu cdng, Gr(f) 12 ham truy8n dat
cda b loc thu, Gr(f) 14 hAm ddp tng cda b cin bing.

86 ll¢u vho GT(]') i C’(f) =® : Gn(f) . G’E(f) . Bén bd tdch séng

L(t)
Hinh 1. M8 hinh cila h§ th8ng cé st dung bd cin bing
Kénh duwge dic trung bing dép tng thn 88 c6 dang:

C(f) = A(f) exp (70(/)), (1)

& diy A(f) 1a ddp &ng bidh d8, (f) 1& dép dng pha. D8i khi thay ddp tng pha bing th¥i gian tré
nhém hay tr duwdng bao:

()= -5 441, )
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Kénh 88 khéng méo néu trong biing thn cda t{n higu truyén din A(f) = const v 0(f) 1a ham
tuyén tinh theo f ho¥c r(f) = const. N&u khéng thda min cdc di%u a4 thl kénh bi méo va hign
twgng xufit hign 1A chc xung trong diy xung dwge truyén di & d%u ra cda kénh bj phi 1én nhau. D§
pht ndy cAng 16n néu céc xung cdng déng ghn nhau ¢6 nghia 1 tdc 46 truyén chng 1én. Hign tweng
phd ndy goi 13 ISL

Hinh 2 bidu difn d¥c tinh bién 8 v thdi gian tré trung binh cda kénh dign thoai.
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Hinh 2. Dic tinh bién 8 va th¥i gian tr§ trung binh cda kénh thosi

Xét A8i véi hd théng bing gbc c6 ngubn bit 1a {b;}, qua bién 48i méc 48 tao ra diy {A;} dé
di%u ché xung phat p(t), tao ra a(t)

at) = Y N f(t =iT), (3)
‘

H(f) = G().6(1).Gr(f), (4)
H(f): ham truy8n dat cda h§ théng tir ddu vio loc phit dén diu loc thu,
Goi h(t) 1 dép tng xung t8ng thé cia h{ théng:
H(f) ¢ bt
Gp(f) « p(t)
G(f) + g(t)
Gr(f) © r(t).
Viy: =
A = p() » (0 () ®
Tin higu d8u ra cda b loc thu ké cd nhidu cé dang

y(t) = D hlt = T) +7(e), (6)
i
& day:
n(t) = r(t) * n(t).
Gid st du ra loc thu dwgc 16y mAu tai cde thei diém T, viy méu tht k cda tin hiu 1a:
y(kT) = >, Aih(kT = iT) + R(kT)
i
= Agh(0) + D Aih(kT = iT) + 7(kT). (7)
itk

Thanh phin tht nh&t ban phai cda (7) 14 thanh phin tin hidu hitu {ch, thanh phin thi hai 1d thanh
phln giao thoa gifta cdc ky higu, thanh phin thé ba 13 nhifu céng. Nhiém vy cda bd cin blng &
dhu thu 1A gidm thanh phin thé hai trong (7).
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8. CAN BANG TV THICH NGHI

8.1, Thuft todn cén blng

Céu trdc chung cda b chn bing ty thich nghi Id bd loc ngang ma céc h§ 88 cda né dwoe didu
chinh theo thu§t toén x4c dinh 46 ddm bdo sao cho giao thoa dw gifra céc ky hifu ISI va nhifu céng
¢ dBu ra cda b§ cln bdng 1d bé nh&t. BY chn bling ty thich nghi dya vdo tiéu chufn sai 88 trung
binh binh phwong bé nhdt (MMSE) thyc hign myc tidu ndy.

Hinh 8 bifu thj c&u tric t8ng quét cia mot by cln bing ty thich nghi. Néu tin higu diu vao
bé cln bing ty thich nghi 1A y(t), m&i A8t trf cda b cAn bing thdi gian trd r va céc hé 88 tidu hao
bién d8i C,, lic d6 tin higu diu ra b8 cin blng cé dang:

N

Z(t)= ) Chylt—nr). (8)
n==N i

O’ ddy 88 8t cda bd chn bing 1 2V + 1, diu ra cda bd cin blng dwoc 18y mlu tai cde th¥i didm

t = mT. Viy:

N
Z(mt) = z Cpry(mt — nr). (9)

n==N
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=N =N+{ 1] N-1

Digu khidn

Hinh 8. B cin b&ng ty thich nghi
Dép ¢ng mong mudn & dhu ra cda b§ cin blng tai t = mT, theo (7) 1o Ay, & dBy taik=m
cho nén thay bing A, Sai s8 dBu ra cda b cin bing chinh 1a higu cda Ay, vd Z(mT):
MSE = & = E|Z(mT) — Apn|?

N
- E[( ZN Cny(mT — nr) - Am)’]

= E[(YTC - An)?). (10)

Trong dé:
C= (C—NIC—N+1I"' lo—lloﬂlcli"' ICN)T
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1A vécto h§ e8 cda bd cln bling,
Y= (Y—N: YoN+y oo Yoy, Yo, 1y o0 ,YN)T

14 céc thanh phliin cda tin higu vdo.

Thugt todn di¥u khi€n sé diu chinh cc h§ s8 d€ dat myc tiéu MSE — min. Nghfa I3 tim Cops
ndo d6 € gradient cda (10) blng 0.
Gradient (10) cho ta:
R,C - Ryy =0. (11)

Trong dé:
R, = EB(Y.YY), Ruy = E[Y.A7). (12)

Ry 1a ma trdn cfp (2N + 1) x (2N + 1), Ray 1A véc to cdt (2N + 1) chibu.
Néu ma trfn R, khéng suy bién, thl (11) cé nghiém duy nhét

Gopt = Ry-I-RAY 0 (13)

Trong céc bai todn thyc t€ d€ gidi (11) cin phdi tinh ma trin nghjch ddo Ruy. Piy 1A mét
vigc khé cdng kénh, phtc tap, 8 gidi quydt khé khin dé ngudi ta thudrng ding phwong phép 1¥p.

Mgt trong nhitng phuwong phédp 1¥p twong d8i don gidn 1d phuong phép gradient. Dya vio
phuong phép 46 nghiém cda (11) & buwée 1ip k cé dang:

Clk] = Clk - 1] - %plk].Vgs(Olk - 1)). (14)

Trong dé:

plk] 1& c& cda buéce 1ip,

e(k] 1a gid trj cda (10) & bwée l¥p thi k,

Vo ky higu gradient theo (2/V + 1) hé 88 C.

Vidc chon ulk] phdi thda min sao cho thufit todn (14) hdi ty véi gid trj C[0] b&t ky. Trong
céic bai todn k§ thuft thudng chon C[0] 12 mét didm n&m trén mit phing MSE trong khéng gian
(2N + 1) chidu.

] Vigc chon u[k] phdi ddm bdo thugt todn (14) hdi ty 8n djnh, mudn vy xdy ra mfy trudng
QP sau:

Chon k] € né 1a hing 88 dd nhd, trong trwdmg hgp ndy Vg.e(k] — 0 khi d6 C[k] — opt.
Khuyét diém cda phwong phép ndy 1a: néu u dud nhé thl 88 buéc 1§p 88 16m, didu ndy twong tng véi
t8c d9 hi ty chfm. N&u chon ulk| twong d8i 16m thl t8c d§ hdi ty cé thé nhanh, nhung d8 8n dijnh
kém,

Chon u(k] 14 ham cda buéc 1p thda mén &iéu kign Robbin-Monro:

Wk >0, Yk <1 (15)

88 ddm bdo (14) hdi tu véi x4c sukt bing 1.

Hinh 4 miéu t4 d¥c tfnh hoi ty cda thuft todn gradient t8i wu hai chidu. Néi chung sy hi ty
cda céc vécto h§ 88 cda bd chn bing phdi qua nhidu buéc méi tién téi Copt. Tuy viy d€ tidm cén
ghn téi gid trj t8i wu cling phai ti€n hanh hang trim buéc 1§p. Trong céc hé th8ng théng tin 88, vige
tng dung céc b cn bing nhu vy m8i buéc lfp twong tng véi mét khodng thi gian dé giti di mét
ky higu, do dé 4¢ dat dwge hdi ty chin phdi hang trim buéc 1ip, mt khodng mét phln cda giby.

B& c&n bing ty thich nghi cho kénh cé cdc d¥c tinh bién 'd8i theo th¥i gian, Nhu vy ISI ciing
thay d8i theo th¥i gian. b cin bing kénh phdi bAm theo sy bién d8i v diéu chinh céc h§ 88 C bién
d8i phit hop dé gidm ISI.

Cling chinh do c4c tham 88 kénh bién d8i theo th¥i gian cho nén cdc ma trén Ry, Ray, Copt
cling thay d8i theo th¥i gian. Cho nén phdi chn cdi tién (11) bing céch st dyng phuong phédp dénh
gid cdc thanh phln gradient. Liic d6 (11) ¢6 dang méi:
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O1k] = Ok~ 1] = Zulk|.Vo.6(Clk - 1) (16)

Mét chu héi co bdn cia b&t ¢t phwong phép 18p ndo 1a ligu thudt todn ¢d hi tu khéng va aéd
héi ty thl chon u[k] nhu thé no Ia t8t nh&t. Myc ti€p theo sé gidi quyét vén d8 dé.

C2

< clol

C

‘...____-___/

Hinh 4. D¥c tinh hdi ty cia thuft todn gradient h§ s8 him
8.2. Chon c& digu khién t6i wu
D4 tifn téi trd 1 cAu héi trén, tir (10) véi ma trén cda cée vécto nghu nhién ching ta cé:

e=E(An -y C)?
= B(AT A) - 20T E(Y.A) + CTE(Y.YT).C

= Rp — 2R} 4,C + CTR,C. (17)
Th (11):
6C(K) = Clk| = Ok ~ 1] = = SulK|Vos(Olk - 1)). (18)
Két hep (17) va (18) ta cé:
8.Ck] = ulk|(Rya — R,Clk - 1]). (19)
T (11) ta cé:
Ry.Copt = Ray . (20)
Thay (20) vao (19) ta cé:
8.C(k] = p[k]Ry(Copt = C[k — 1]). (21)
Ky higu: o 2
Clk = 1) = Clk = 1] = Copt - (22)
Viét lai (21): : =
6.81k] = - u[k| R, Clk — 1], (28)

hofic: .
Clk] = (1 - ulk| R, Clk - 1)).

Nhu vy sai 88 hé théng 13 mét phwong trinh sai phin cda vécto vi st dyng phuong phép 88
48 phén tich 43 8n dinh holc t8c 4 hdi tu cia né,
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Nhé ring néu ma trén twong quan R, xdc djnh dwong, ¢6 th8 khai tri€n né duéi deng cée
vécto’ riéng v gid trj riéng:

p
Ry=) N7, (24)
=1
trong d6 A; 1A gid trj twong tng véi chc vécto ridng ¥; théa mén:

1 khii=j
097 = §;; =
05 = b { 0 khii#j (25)
Thay (24) vao (28) ta cé:
p
6.0k] = —plk] Y 20:87 Elk - 1], (26)
i=1
Nhén v8 huéng hai v€ cda (26) véi 95, st dyng (25), tim dugec:
= p
5.97Clk] = =Y, Nioi87 Clk - 1), (27)
i=1
Ky hiu: N B
o7 Clk] =0ps 159<p
thl (27) cé dang: B B
6.9k = —plk] A Og—1s 1S 1<p (28)
Tir (28) suy ra: B B
O = (1 - plk].X)Op-1s 1SS p
Lip lién tiép cho ta: _ _
Ok = (1— plk].\i)0os  1<i<p (29)
DE hoi ty th: _
Upi =0 khi k— 00 véi 1 <1 <p,
ching ta cBn:
|1—pulk)| A <1véil<is<p
= —1<1—pulklX <1 véil1<i<p.
Pisu ndy twong dwong véi:
0< #[k] Amin < #[k! Amax < 2, (30)

& A&y Amin VA Amax 18 cdc gid trj riéng nhé nh&t va 1én nh&t cda Ry, Tir 46 rdt ra thuft todn 88 hoi
ty néu va chi néu: .

1. Amin > 0 tc 1d Ry c6 hang diy dd. (81)

2. plk] Amax < 2.

Tir (20) rit ra ring, t8c 4 hdi ty véi i x4c dinh phy thugc vio déng difu cia [1 — p[k].A¢] 80
véi 1 nhu thé ndo. Nhu vy todn bd t8c 48 héi ty duge didu khién bdi Amin holic Amax VI

[1 = plk].Amin] gBn nh&t véi +1,

[1 = plk]. Amax) g8n nhit véi —1.

Néi chung t8c d6 hoi ty cyc dai xuflt hign khi chon u[k] thda mén: (1- plk) Amin) = 2= (1 -

F[k] Amnx)
Fopllk] = 2(Amln = Amux)pl' (32)
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4. KET LUAN

Pha dinh ludn ludn 1 mét hidn twgng ty nhién gin ch¥t véi céc h§ th8ng théng tin 88 t8c 48
cao. N6 1A m§t trong nhitng nguyén nhén chi yéu gy gidm st ch&t lwgng truyén tin cda h{ théng.
Khic phuc né trong hodn cdnh t&c a9 truydn din ngdy cng cao 1 m§t bai todn co bén vi khé nan
gidi. Trong pham vi bii todn ngdn gon, ching t8i d& gidi thifu mét bién phédp cén bing ty thich
nghi khé thich hop hai hda gifra yéu cBu t&c d8 héi ty t8c d§ nhanh va thuft todn don gidn,
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