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PANH GIA BEN VI'NG CAC THONG SO CUA BO LOC THICH NGHI
TRONG THONG TIN VO TUYEN

PHAM HONG LIEN, NGUYEN HOANG MINH, NGUYEN KY TAI

Khoa Dién, Trudong Dai hoc Bdach khoa T.p H6 Chi Minh

Abstract. Channel estimation of parameters of adaptive filters in communication receivers is much
concerning by many researches and scientists. A digital signal processing technique for compensating
both the I/Q mismacth and the DC offset in communication receivers is derived with an emphasis on
direct - conversion architectures. The I/Q musmatch and DC offset are estimated in a least - squares
sense using a training sequence. Also, a group of training sequences that minimizes the mean squase
ersor of the estimate is determined.

Tém tit. Viéc ddnh gid cdc théng s6 bo loc thich nghi da dwge nhidu nhd khoa hoc 1é6n trén thé
giéi quan tam. Ky thuat xtr 17 tin hiéu s6 cho viéc can bang trong bo thu cd ve do sai lech 1/Q va
bt DC. Do sai lech 1/Q va bu DC dugc dénh gid bang day huan luyén. Pong thoi day huan luyén
sé gidm do 16i trung binh binh phwrong cia viéc ddnh gid nay. Pong thoi trén do sai lech 1/Q, chiing
ta diing gidi thuat mu cho bo can bang chia pha. K¥ thuat nay thay doi ham gid tri cda thuat gidi

mi1 lam cho hai bo loc clia bd can bang chia pha tao ra cip Hilbert.

1. PAT VAN BE

Bai toan ddnh gid cdc thong s6 cia bo loc thich nghi da duwoc nhiéu nha khoa hoc 1én trén
thé giéi dac biét quan tam.
Ta xét hé théng diéu khién dwoc moé ta bdi phwong trinh sau [3]:
Az Dy = 2 9Bz Hug + g + ny. (1)

Ta goi Yk, ur la dau ra va dau vao cia hé théng. Céc da thitc A(z 1), B(z7!) ¢6 dang nhuw
sau: n n
Az = 1+Zaiz*i; B(z Y = 1+ijz*j,
i=1 j=1

& day, 2! 1a todn tir cham, d > 0 1a cham tré cia hé théng, ng la nhiéu gausse, g 1a hang s6
chian dong, m < n.

Ta dwa vao (1) cdc ky hiéu:
0o = (a1, a2, oy Ay b1, by oo by g)T (2)
14 véc to thong s6 can phai ddnh gia.
Gkd = Wk 1Yk 20 Ykn © Ukd 15 Ukd 25 ooy Uk dm  1)T (3)

la véc to quan sat.
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Tir (2) va (3 ), hé théng diéu khién (1) c¢6 the dwa vé dang:

k= (60)" Gr—q + 1. (4)
Bai todn dit ra la tir cdc dir lieu quan sat dwoce (3), véi diéu kien 0 < d, m, phdi nhan dang

~ ’ ~ ~ » oA . ’ ’ ~ x . A
bén virng cic thong s6 cia hé thong dieu khién chiu céc tdc dong ngau nhién.

2. MO HINH NHAN DANG
Ta xét mo hinh nhan dang véi cdc hé s6 thay doi & thoi diem k

n n

Gegi = Y ai(t/R) G ik Z (t/K)uge—a-i 6 + 9(t/k) = 07 (t/k)(t/(k —d)).  (5)

=1 j=1

O day, t >n+m+1+d, ¢1as8 quan sit cin 6, ik la ddnh gid cia yg, O(t/k) 1a danh gié
fo.
Céc véc to ¢(1/(k — d), 0(t/k) c6 dang:

Gt/ (k = d)=(U(e1) /o Ue-2) i 0 Ttm) ke © Wa-d1) Jh Ue-d-2) s oo Uty fie - 1) (6)

0(t/k) = (ar(t/k), as(t/k), ..., an(t/k) - br(t/k), ba(t/k), oo, bn(t/k) * g(¢/R)T. (7)
Ta gid thiét trong (5), cdc hé s6 thay ddi cham, ta c6
O(k/k)~ ((k=1)/k)~ -~ 0(k—n—m—1—d)/k).

Ta lap sai s6 ddnh gid: ep = yr — %5 va ddnh gid t6i wu cia véc to thong s6 can tim 0
trong (1) nh& stt dung phwong phép binh phuong t6i thieu

O(k/t) = argn%inJ, (8)
1+N . .
J=Y e tal0k/k) = 0((k = 1)/b)? N>1, ax>0, (9)
k=1

oy, 14 thong s6 chinh héa Tikhonop.
Pé tim dédnh gid 6 ciia vec to cin tim 6y trong mé hinh nhan dang (1), ta ¢6 thé xét mé
hinh nhan dang (5) & dang don gidn hon.

ik = 0" pe—a = &} 0. (10)
Lap tiéu chuan danh gid toi wu
t
J = Ze + al|6(k (11)
k=1
ek =Yk — Uk = Yk — Pr_qb, (12)
G = (D1 h—ds D2 f—ds s DM f—d) " = Ykt Yh—2s +oes Yhd—ms 1) (13)

M=n+m+1, 0<a<1-théng s¢ bé Tikhonop.
Ta ¢6 thuat toan danh gia thich nghi sau day
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br—dalys — OL_0(K)]

Ok +1)= (1 —a)f(k) + = , (14)
I+ 30 9)k—all?
j=1
I 1a ma tran don vi M x M.

Panh gia kénh: y— Bh+w, (15)
j = Bh, (16)
e=y—y=y—Bh, (17)
J = Z€2+Oé||h||2, (18)

. . BH|y — Bh(k
h(k+1) = (1 — a)h(k) + v — Bh(k)] (19)

L—1
T4 32 Nbikrr—ll?
k=0
0<a<l, B=Ibybs, .. b, 1.

3. PANH GIA KENH DUNG DAY HUAN LUYEN TOI UU

Ta biét trong hé thong thong tin vo tuyén dung trong hé thong ODFM phéat dir liéu theo
khéi. Mot phuwrong phap hay dung dé tach kénh la day hudn luyén dé chen gitta nhirng khoi
dir lieu.

Gia stir mot kénh nao dé dép tng xung hiru han:

h = lho, ..., hp, 1] "

Khi ta muén chen day hudn luyén B = [bg, ba, ..., by_1]7, ta s& thu dwoc:

L—1
y(i) = > b(i = k)hi +ni +g. (20)
k=0
Hay viét theo dang ma tran Teopltiz
Y:BthTLiJrg, (21)
va § = Bh. (22)
Ta thu duoc sai s6: ¢ = y — § = y — Bh. (23)
Theo tiéu chuan danh gia toi wu
l
J = ei+alhl? (24)
k=1

T d6 ta thu dwoc thuat toan danh gia thich nghi sau day
BYy — Bh(k)]

L-1 )
It 52 bikrral?
k=0

h(k+1) = (1 —a)h(k) +
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Pé dat dwoc day huan luyén ti wu, ta can dat dwoc day huan luyén 1én hon b7 .b. Khi

ta dinh nghia cdc hé s6 chitu dai L, ma tran day huan luyén B, phuwong sai o2, ta dwoc:

a) Khi b2.b = X, ta dwoc E||h — h|[2 > 02X 1L.
b) Day huén luyén b 13 t3i wu khi va chi khi BH.B = (b.b).1. Khi d6 bién duéi E||h—h|[> =
o? XL va thém diéu kién by, = 0 khik < L va k >n—L + 1.
c) Khi 2L —1 < n < 3L —2, khi d6 b t6i wu khi b = ao(i —c¢) d6i v6ia € cva ¢ €

{L,...n—L+1}.

4. KY THUAT BU DC

Theo md hinh thu:

Re {2a e} Re {2s(t)e!}

N, Yo () y(1) y(n)
.‘ h, @) | — | @ LPF AD |—»
. d
Upp (J Local Oscilator
Ta dinh nghia vécto ¢
g=n", okt dl,
d : nguon nhiéu.
Tt mo6 hinh trén ta duwoc
y=Bg+z
B — [A7 A*Y 1]7
g = (B".B)"1.BHy.

Theo cong thite (19) ta thu duge:

By — By (k)]

gk +1) = (1 —a)g(k) +

ta tinh dwoc thong s6 G 13 thong s6 danh gid sai léch:

B(k) = argmin{(g — Br*)" (g — ah®)},

khi dé

J = |lg — Br*||* + ol BI1%.

Ta suy ra:

~

Blk+1) = (1— )b+

2L .
1 +l§)llg(l7k)ll2

B"(y — Bg(k))

2

2L . )
1 +l§)|lg(l7k)||2
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5. BO CAN BANG CHIA PHA DUNG KY THUAT HOI TU MU

Nhitng bé phan can bang mu dang dwoc st dung rong rai hién nay cho céc tng dung
truyen dir lieu toc do cao nhw mang LAN t6c do cao hay XDSL, thuong dwoc goi bo can
bang chia pha ti 1& theo khong gian (PS-FSE).

Daéi véi bo can bang truyen thong, ngd vao ctia né la s6 phire, nguoc lai bo PS-FSE dung
tin hiéu ngd vao la tin hiéu bing thong thwe. Vi vay, cau tric bd can bang mu khong thure
hién viéc bién ddi Hilbert dé chia pha. Trai lai, chitc ning chia pha dwoc dwa dé chia pha
dwoc dwa vao nhitng hé s6 ctia bo can bang bdi vi bo can bang PS-FSE ghép bién doi Hilbert
va can bang vao trong mot cau tric, né ¢é thé toi wu chat lwong cia hai chitc nang nay doi
v4i nhirng dic tinh kénh truyén khéc.

Cuéi cling, PS-FSE ludn c6 thé cung cap chdt lwong gan nhw t6i wu khéng thay doi, mic
du bo bién d6i Hilbert chwra dat va né ¢é kha nang dnh hwdng bo FSE truyén théng.

Ngoai ra PS-FSE bao gom nhitng b can bang hai gid tri thuwe khi so sdnh véi nhitng bo
can bang truyén théng cé 4 gia tri ngd vao thue.
Thuéat todn mu khong dsi (Cous Trained)

Ky thuat nay thay doi ham gid tri cia thudt todn mu bang hai bo loc thich nghi bang
cach hai bo loc thich nghi s& bi thay d6i sao cho nhitng bo loc nay cé ddp truyeén tan s6
dang Hilbert. Ta dung thuat todn mi dang thuat toan gidn do mat (reduced cons tellation
algorithm).

Hodc c6 thé dung thuat toan mu dang module khong dai.
Ta ¢6 ham gid tri cia RCA:

J = B{lyn — bal*} = Bflen — j&u|*} = E{en + &2}, (32)

Yn: gid tri ngd ra cia bo can bang dang phitc (1) tai khodng thoi gian 18y mau bac n,

b,: diém mat suy gidm gan bang y,, nhat.

Vidu, b, = £2,5+ 52,5 cho 16 CAP/QAM.

Khi d6 mau dw liéu phat A, = {1, 43} + 5 {£1, £3}.

Tham s6 loc RCA dang thap phan cé thé thu dwoc khi t6i thieu héa ham gia tri trén
Cn+1 =Cp — AenTn, (33>

a: do6 rong bude,

€n: gid tri dong pha cia bo loc thich nghi dang phite: C,, + jd,, ctia PS-FSE,

rn. Vécto tin hiéu thu.
Chi ¢ Cong thire danh cho tin hiéu vuéng pha cing twong tu.

Béi vi thuat todn mu RCA hoéi tu hai bo loc thich nghi nay riéng 1& nén ¢6 kha nang hai
bo loc nay ¢é ham truyen dat giéng nhau, tao ra dép rng xung va gidn do mat sai, nén hai
b6 loc nay tao ra mot ciap dang Hilbert ching luén vuéng géc cld, = 0.

Vi vay khi diing ham vuéng géc cia cip Hilbert, ham gia tri RCA thay doi nhu sau:

2N—1 2
Jl =J + M1 ( Z Ci,ndi,n) ’ (34>
=0

w1: hang s6, 2NV: tham sé cia bo can bang,
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Cin Va d; p, thanh phan thit ¢ cia ¢, va d,, twong ting.
Khi d6 tir (33) va (34) ta thu dwoc:

Cn+1 — Cn — QepTy — O‘Ml’yndny (35>
2N—1
Tn — Z Ci,ndi,n-
=0

Tuy nhién, v&i thuat gidi mi dang phuong trinh (35) van cé kha niang khong tao cip
Hilbert, khi hai bo loc & vuéng géc nhung chwa dong bo. Khi dé bo loc cling pha tré so véi
bo loc vuong gée, 1lam cho ngd ra bo can bang khong c¢é gia tri dir lieu ding. Deé dat dwoc
tinh dong bo, thong sé khac dwoc duwa vao:

N1 2 N-1 N1 2 N-1 N1 2
J=J+wm ( Z Ci,ndi,n) + po (Z Cin — Z C%n) + (Z d%n — Z din) ,
i=0 i=0 i=N i=0 i=N

(36)
to: hang s6.
Khi dé tham s6 loc:
Cint1 = Cin — aenlin — i Vndipn — a2, Cipn, 0 <i < 2N, (37)
Khi dé:
N-1 2N—1
6, = C?,n — C?,n-
i=0 i=N

Dura trén két qua tinh todn ta thiy khi diing thuat gidi nay, 16i trung binh nhé nhat MMSE
giam 0,11 dB khi so sanh véi thuat gidi mu truyén thong.
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