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Abstract. Cochannel interference is one of the most cumbersome problems in broadband receivers.
The cost of implementation these receivers in linear filters is the complexity of the equalizers. Radial
Basis Functions (RBF) networks have good performance in dispersive signal processing. This paper
presents applications of RBF networks in broadband receivers.

Trong cac h~thong thong tin bang r9ng co 3 nguyen nhan CO' ban gay mea dang tin hieu thu
du'o'c:

- Nhi~u td.ng c9ng (AGWN) hay don gian goi Ill. nhi~u Gauxa.
- Hien tu cng Ian truyen da tia do phan x~ tir cac churmg ngai v~t.
- Nhi~u cling kenh do nhieu nguoi 8U-dung tren cling m9t bang tan dtro'c ph an b5.
Cac may thu bang r9ng don gian co cau true diroc dira tren cac b9 loc phfii hop (matched

filter) cho cac kenh ph an tan (dispersive channel) ho~c may thu RAKE cho cac kenh da tia (multipath
channel). £)g giam nhi~u cling kenh cac may thu nay thuong co cau true phirc tap. Gan day, ngiro'i
ta tbay rlng vi~e ap dung cac mang no' ron M xu' ly tin hi~u t ir cac kenh phan tan cho hi~u qua. rat
cao. Chung toi nghien ciru tlm m9t phiro'ng phap xU-ly tin hi~u thu diro'c tir cac kenh phi tuygn dira
tren di:u true mang cac hal!). CO' ban doi xirng xuyen tam (ki hi~u Ill. mang RBF). Cac may thu co
b9 xu' ly RBF co nhieu uu digm trong vi~c loai bo nhi~u cling kenh va nhi~u giao tho a giira cac ky
t¥·. Bai bao nay trlnh bay mo hlnh kenh thOng tin phi tuyen tiep theo Ill. cau true cua rnang RBF
va ung dung cua mang nay M xU-ly tin hi~u trong mien khOng gian va thCti gian.

2. MO HINH KENH THONG TIN PHI TUYEN

Hlnh i Ill. md hlnh h~ thOng thong tin 55 co mach can blng kenh, Tren hmh 1 tin hi~u x(k)
bao gom d. nhi~u e9ng n(k) va nhi~u cling kenh cda N d5i tirong sd- dung.

Tin hi~u yo(k - r] Ill. tin hi~u hufin luyen (training signal) giong v&i tin hi~u cua kenh chinh
di.n tach. Hi(Z) Ill. ham truyen d~t cd a kenh thu- i V01 dap img xung hfiu han

N

Hdz) =L hiJ'Z-i,
i=O

o ~ i ~N.

Chu~i s5 li~u phat di Yo(k) va so li~u nhi~u cling kenh ydk), 1 ~ i ~N diro c gia thiet Ill. cling xac
suat co cac gia tr] nhi phan Ill. ±1 va hoan toan d9C l~p V01 nhau tu-c Ill.:

E[Ydk)] = 0,
E[Yi(k1)Yi(k2)] = 6'(i - i)6'(k1 - k2),

trong do E[ ·Jla ky hi~u gia tri trung binh va 6'(k) Ill. ham delta.
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Nhi~u cc$ng Gau-xo n(k) tho a man dieu ki~n:

E[n(k)] = 0,

E[n(kl)n(k2)] = a~6(kl - k2)

va khOng ttrcrng quan v6i. Ydk). Tin hi~u ra ciia kenh:
N

x(k) = Lxi(k) + n(k)
i=O

bao gom 3 th anh phan: tin hi~u kenh chinh, cac tin hi~u nhi~u ciing kenh va nhi~u cc$ng trhg.
ntk)

Yt(k.)
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Hinh 1. Mo hlnh h~ thong thong tin so ca. mach can bhg kenh

Cac bc$can bhg tltye"n tinh thircng dira tren algorithm danh gia chut;i kha nang toi da co th~
(maximum likehood sequence estimation). Cac bc$ can bhg nay la. mc$t cong cu manh d~ loai bd
nhi~u giao tho a giira cac ky tv" va nhi~u cc$ng trl{ng nhung no rat kern hieu qua dai vai nhi~u cung
kenh. Cau true cua cac bc$can bhg nay du a theo cac mach loc tuye"n tfnh vi v~y no khong thg hi~n
diroc nhirng thOng tin van co cua chu~i so li~u phat di. Cac bc$ can bhg phi tuye"n dira tren ham
co' ban doi ximg xuyen tam hoan toan co th~ d~ dang loai bo diro'c nhi~u cung kenh vi no co tfnh
de"n cac thOng tin ti'en dinh cua chut;i tin hi~u de"n.

3. M~NG RBF [1]

Mang RBF (RBFN) 130 mc$t trirong hop don gian ciia rnang no' ron da lop (MLP). Mang RBF
chi gom 1 l&p vao goi 130 lap cac nut nguon, mc$t l&p in chira cac mach xU- ly phi tuye"n va mc$t lap
ra vai cac trong so tuye"n tfnh. Hlnh 2 111. mc$t mang RB"F dign hlnh. RBFN khac vai m~ng no' ron
da lap o· mc$t so di~m sau:

- RBFN chi co 1 lap in, con MLP co thg co so lap in 111. 1 ho~c nhieu hon,
- RBFN co ham truyen d~t lien ket giii'a l&p in va lap vao 111. phi tuyen va gifra lap in va. lap

ra 130 tuye"n tfnh, trong khi do MLP co ham truyen d~t giira lap in va lap triro'c do la. phi tuye"n con
giira lap ra va lap in cuoi cling co thg 111. tuye"n tfnh ho~c phi tuye"n tuy theo tirng yeu c~u u-ng dung
cu th~.

- Ham no' ron cua lap in trong RBFN xac dinh khcang each giira vec to' vao va tam ciia
RBFN chi d~c tru'ng rieng' cho no ron do trong khi do ham no' ron cu a MLP chi tfch va huo'ng (inter
product) cua vec to' vao thuc$c no' ron d6 va vec to' cua cac trong so khop noi (Synaptic Weights)
lien quan. Co hang loat cac ham co ban diroc su: dung cho qua trinh xU- ly phi tuye"n trong RBFN,
nhirng thong dung hen d 130 ham Gauxc. Dang t5ng quat ciia ham Gauxo 111.:

cp(r)=exp(-r2/2a2), a>O, r~O,
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trong d6: (7 th~ hi~n ban kinh anh hirong cua m~i ham CO" ban, n6 xac dinh rmrc hi?i tu cua ham so
ve 0 khi t ----+ 00.

x X 2 u-----l'w'---I~

Hinh 2. Cau true m~ng RBF

Ban dau cac RBFN dtroc phat tri~n tir bai toan ni?i suy dfr lieu trong khong gian da chieu. Bai
toan ni?i suy diro-c di~n giai nhir sau: cho mi?t chu5i cac vec ta vao {x;} va cac di~m dir li~u {Yi},
tim ham rp( ) cua cac vec ta nay sao cho n6 di qua tat do cac di~m dir li~u k~ tren, nghia la tho a
man dieu ki~n Yj =_rp(Xj), Vj. Mi?t trorig nhirng giai ph ap la chon ham rp(x) tho a man:

y(%) = L Wjrp(ll%- Xjll) + woo
i

Trong trtrong hop chon ham Gauxo' cho RBFN thi hi~u 11%- Xj IIse th~ hi~n khoang each gifra di~m
so li~u vao x va cac tam di~m ciia cac ham so Xj. Ham rp " day doi xirng theo nghia:

rp(:&:i,Xj) = rp(%j,:&:i), ViJ

Nhir v~y ham Gauxo rp( )se t ao th anh 1 anh xa vao ra thong qua m~ng RBF nhir sau:

N

y(x) = LWjexp(-llx-xjI12 /(77).
j=O

C6 nhieu phiro'ng phap, thiet ke mang RBF [2]. Phuong ph ap don gian nhat la chon cac tam
di~m m9t each ngiu nhien nhirng yeu cau hrcng so li~u phai rat Ian. Phiro'ng ph ap thu 2 thircng
dung dircc goi la phuong phap hudn luyen h~n hop. Phuo-ng phap nay la S\l· ket hop gifra algorithm
huan luyen c6 giarn sat (supervised learning) va t\f t5 chirc (self-organized learning). Tren thirc te
ngu·ai ta hay dung phircmg ph ap gradient thong ke.

4. MAY THU BANG RQNG CO M~NG RBF

Cac kenh thOng tin toc di? cao thirong bi anh hirong ciia nhi~u giao thoa cac ky tl!, nhi~u ci?ng
va nhi~u cling kenh. Thong cac kenh bang ri?ng thi nguon nhi~u trr cac doi ttrong su- dung khac nhau
thuo'ng rat Ian va di"eu nay lam anh hircng den so hro'ng doi tirong su- dung trong cung m9t vimg
bao phu. Mang RBF trong thigt bi thu bang rfmg diro'c thigt ke nhir la m9t b9 IQc thich nghi phi
tuyen c6 kha nang loai bo nhi~u cung kenh. Thong thircng m ang diroc thiet ke theo chien hroc hufin
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luy~n 2 biro'c. Biroc 1 dung algorithm huan luyen co giarn sat di loai be nhi~u giao thoa cac ky ttr,
day lit biro'c huan luyen don gian nhirng no hoan toan co thi cho m9t gi<Hphap tach song toi tru
theo tieu chuan Bayes. Btrcc 2 ap dung algorithm tv- huan luyen (unsupervised algorithm) di loai
be hoan toan nhi~u ciing kenh va dat diro'c giii phap toi uu t5ng thi.

Co thi biiu di~n tin hieu ~~ cU~ kenh thong tin bhg 1 vec to" ra nhir sau [3]:

:z:(k) = Hy(k) +n(k).

~hi~m vv ciia b9 can bhg la kltoi phuc lai ti~ hi~u y(k) du'a tren khong gian quan tritc :z:(k). Ph'3.n
Ian cac b9 can bhg tren thirc te d"eu co eau true la tao cac quyet dinh theo t irng ky tu . Hinh 3
mieu ta mdt trong nhirng b9 can bhg nhir v~y va su tiro'ng duong vci b9 can bhg RBF.

x(k)x(k-1) x(k-M+1) x(k) x(k-1) x(k-M +1)

x(l<)
B9treBO tre-

x(kJ

i • y(l<, - f)

Hinh. 9. Tirong diro'ng giira b9 can bhg RBF va bi? can bhg tuyen tinh truyen thuan

Vec to" ra [cac trang thai mong muon) cila kenh la

Y(k) = [y(k), ... , y(k - M + l)]T.

Nhirng gia. tri nay diroc ph an thanh 2 loai tuy theo gia. tri ciia y(k - r)

Y~ T = {y(k)ly(k - r) = I},, .
YM,T = {y(k)ly(k - r) = -I}.

Mt;i trang thai, ~+, ~- deu co cimg xac suat xuat hien Pi va tat d cac trang thai nay la. d<Jngxac
suat p = IINy. Vec to" quan trl{c la. m9t qua trinh ngh nhien co ham m~t d9 xac suat co di"euki~n
t~p trung (r m5i trang thai ciia kenh

x(k) = [x(k), ... , x(k - M + 1)f

Vi~c xac dinh ki tv- phat di y(k - r) dira tren vecto quan trl{c tren diro'c thirc hi~n boi tieu chuan
Bayes

y(k - r) = sgn(fB (:z:(k)) = { 1,
-1,

IB (:z:(k)) ~ 0

IB(:z:(k)) < 0

B9 19c Bayes toi iru chinh la. bie'u thirc

N-v
IB(:z:(k)) = LPd2;a;)-M/2exp( -11:z:(k) -xt(k)11/2a;)

i=1

N-v
- LPd21ra;)-M/2exp( -11:z:(k) -x;(k)11/2a;).
i=1
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Dircng bien phan each giira cac gia tri nhi phfin ±1 diro'c xac dinh theo cong thrrc

DUCJ'ngbien nay se ehia khOng gian quan td.e thanh 2 vimg tircng ung voi 2 1m giii y(k - 7) = ±1.
Vi ham quyet dinh Bayes la phi tuyen nen dtrong bien phan each la cac m~t eong trong khong gian
quan tril.e da chieu. Vi~e chon so hrong tam die'm se hh huang den de? chfnh xac cu a lai giai. Neu
chon so tam die'm qua Ian thi do chinh xac eao nhirng khoi hrong tinh toan se Ian. Thong thirong
so tam die'm cua mang RBF chon nho hon ho~e bhg cac trang thai cua kenh la e6 the' dat diro'c
me?t lai giai toi tru. Hinh 4 la ket qui md phong eho trrrong hop 2 kenh thong tin vo'i d~e tinh kenh
khac nhau trong d6 1 kenh chinh va kenh cung tan so. Ta tHy dirong bien quyet dinh gan gidng
vOi duong bien toi U'U theo Bayes. Hlnh 5 la str phu thuoc xac suat l~i vao t.,srso tin hieu tren nhi~u
eho trircng hop dung m ang RBF voi so tam die'm la 64.
YOH)
3

2

0

-1

-2

-3
-3 -2 -1

Hinh 4. Diro'ng bien quyet dinh
Ham truyen ciia kenh: Ho(z) = 1,0+0,5 X z-1;
ham truyen d~ng kenh:

Hdz) = 0,346 x (1 + 0, 2 X z-1);
m = 2 va 7 = 0; x va 0: cac trang thai khong
nhi~u su' dung' mang RBF 64 tam.

o~----------------------------~

Hinh 5. BER dat diroc vai cac gia tr] SINR
khac nhau

Kenh: Ho(z) = 1,0+0,5z-1; d~ng kenh: Hdz) =
0,174(1,o+0,2z-1); m = 2, 7 = 0, SINR = 16 (dB);
su- dung m~ng RBF 64 tam vOip = 2a; sau Ian
hoc thu- 2.

5. xtr LY TiN HI~U TRONG MIEN KHONG GIAN BANG M~NG RBF

Gan day, nhieu tae gii da. de xuat ket hop m ang RBF trong. cac h~ thong thu tir cac gian
antenna tV' di'eu ho'p. Nguyen til.c CO' ban cua cac thiet bi thu nay la danh gia diroc g6e tOi ciia tin
hi~u de' loai bo dirtrc cac tin hieu tir cac huang khOng mong muon. Me?t trong nhirng h~ thong may
thu nhir v~y diro'c trlnh bay tren hlnh 6 [4].

Nhin chung cac tin hi~u tOi may thu se khac nhau ca ve thai gian va khOng gian. Neu chi su-
dung me?t antenna duy nhat thl khOng the' tach dtro'c cac thOng tin ve khong gian, cac thong tin nay
rat quan trong trong cac h~ thong may thu, d~c bi~t la trong truong hop ma thai gian tr~ khOng
ph ai 111. bc?i so cua de?rfmg ky ttr. Tren hlnh 6, may thu bao g~m cac antenna thu cung loai, h~ thong
cac be? ttrong quan, m~ng RBF va be? quyet. dinh, Gii su- tin hi~u phat di la BPSK va nhi~u n(k)
trong kenh la nhi~u cc?ng tril.ng. Tin hi~u thu diro'c tai phan ttl.-antenna thu m Ia

p

sm(k) =L si(k '---(m - 1)7i) + nm(k),
i=1
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sin e.
trong do Ti = 2/ va. m = 1,2, ... ,M. Tai d'au ra thli- m cua b9 ttrong quan, tin hieu se co dang:

C rr,

xm(j) = Ii, I rm{t)cos{21rfct)dt,
(j-l)Tb

Tb Ia d9 r9ng ky tl!.

chucfi nhi
phsn dl!d"oan

Be?tU'csng quan

M~n9
RBf

BQ tu'o'n9 quan

B~ tu'ong quan

B9 wong quan

Hinh 6. H~ thong thu ket hop gifra gian antenna va m~ng RBF
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Hisih. 7. Quan h~ gifra BER va ty so tin hi~u tren tap am eho 3 Ioai
may thu khac nhau

Vee to' dii: li~u xi xac dinh theo bigu thU:e

Xi = [xdj), X2(j), ... ,XM(j)]T

se dtro'c anh xa vao cac digm trong khOng gian quan tr~e M chieu. Trong thai gian huan luyen,
mang RBF se tao ra m(Jt dircng bien giira hai vung Iai giai trong khOng gian quan td.e. Khi qua
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trlnh huan luyen ket thiic m~g se thtrc hi~n vi~c tach chu~i cac tin hi~u nhi ph an dii phat di cua
cac doi tirong srr dung. Mang RBF ap dung & day co cau true xrr ly tin hi~u theo 2 lap voi P tin
hi~u vao va tin hi~u ra la. y(k). Nhir v~y m~ng RBF se tao ra m9t sl! chuydn d5i phi tuyen tir khOng
gian RP sang R b~ngcach ket hop tuyen tinh cac ham CO" bin phi tuyen theo bifu thrrc

M

y(k) = g(%j) = LWi <p(II%j - t; II),
i=l

trong do M 111.so hro'ng cac phan td- [n, %j 111.vec to' vao thrr i,t; 111.tam digm cua ham RBF doi v&i
ph'an ttt [n thti' i, <pC) la. ham CO" ban phi tuyen, Wi latrong so ket noi lien quan den phan ttt [n thrr
i va II . 11111.khoang each O'clit. Nguoi ta thirong chon <pC) Ia. ham Gauxo. Khi stl: dung tieu chuin
Bayes cho triro'ng hop nay thl bien cii a lai giai se 111.be m~t phi tuyen va. se rat gan v&i he m~t toi
iru, Ket qua mo phong theo phtrong phap Monte-Carlo cho thay cac d~c tinh BER ciia thiet bi co
m~ng RBF se tot hon nhieu so voi cac b9 can bhg stt' dung thu~t toan LMS va RLS.

Hlnh 7 111.trich d~n ket qua mo phong d~c tinh BER cua may thu theo phircrng phap Monte-
Carlo. Ket qua cho thay may thu RBF co d~c tinh BER tot hen LMS va RLS.

Mang RBF -diro'c srr dung r9ng riii trong xrr ly tin hi~u so va dii chirng tl> rat hieu qua trong
vi~c loai b3 nhi~u cung kenh vci cac b9 19C dung thu~t toan LMS va RLS. Mang RBF co nhieu htra
hen trong xrr ly tin hieu bang r9ng, d~c bi~t 111.cac h~ thong thOng tin trai ph5.
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