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lfNG DVNG M~NG RBF TRONG xir lY TIN HI~U TRAI PHO

NGUYEN HUu HAu

Abstract. Radial Basis Function (RBF) Neural Networks have recently been found in many digital
'signal processing applications.' This paper presents the application of RBF networks using Bayes'
criterion for co-channel' interference cancelation in Code Division Multiple Access (CDMA) systems.

Dleu khi~n thich nghi cac h~ thong phi tuyen la me?t van de kho, song tren thuc te hau het c ac
h~ thong la phi tuydn, Lau nay, do thieu cac phtrong ti~n hi~u qua, d~e bi~t thidu cac phtro'ng ti~n
ky thu~t thich hrrp d~ thu'c hi~n cac thu~t toan dieu khi~n plnrc hop nen ngtro i ta thtrong xet no
tren quan di~m don gian hoa, eoi h~ thong phi tuyen nhir h~ th5ng gan tuyen tinh. Chinh bin than
dieu nay ton t ai mot s5 van de:

- ve eau true mo hmh doi tirong: trong tru ong hop doi tuong eo eau true bien d5i ho~e hoan
toan thieu thong tin thl bai toan tr6- nen rat plnrc tap.

- Thai gian thu'c.

- Mau thuh rat kho gi~i quyet gifra don giin eau true, yeu eau ve t5e de?dieu khi~n nhanh, de?
chinh xac eao.

Cac nha nghien ciru dieu khi~n dii nhan thay mang noron nhan tao la me?t cong el?-dite hrc de'
khite phuc cac tr6- ngai tren, Bai nay trlnh bay me?t so phU011g phap dieu khi~n thich nghi phi tuyen
sll: dung mang noron truyen th£ng trong thong tin di de?ng.

Trong thong tin di de?ng, d~e bi~t la di de?ng CDMA, vi~e t.ach cac tin hieu nhi ph an tren nen
nhi~u giao thoa da tia v a cung kenh la circ ky quan trong. Cac bi~n phap loai giao tho a thtro'ng dung
trutrc day la dung cac be? 1<,)C thich nghi (be? can bhg) dua tren thu~t toan bmh phtrcng trung bmh
t5i thie'u (LMS) ho~e thuat toan bmh phiro'ng toi thie'u d~ quy (RLS), m~e du eo nhi'eu U'U die'm
nhirng thirc ehat vh chi eo tinh ehat gan toi U'UVI cac diro'ng bien phan each [duong bien quyet
dinh] cac gia tr! nhi ph an la cac m~t ph ang trong khOng gian quan td.e 3 chieu. Theo ly thuyet tach
s6ng kinh die'n, chi cac be? tach song diro'c dira tren tieu ehu[n Bayes mcri eo t inh ehat t5i U'U vi cac
duong bien quyet dinh la cac be m~t ngan each cac gia tr! nhi phan thu diroc tuan theo tieu ehuin
dong xac xufit. Gan day, nguyen tite nay dii diro'c thu'c hien tren mi;l-ngcac ham eo' bin (RBF) de' xU-
If cac tin hieu trong thOng tin di de?ng. DU'6i day la tom d.t ve mi;l-ngRBF va irng dung cua no tren
CO' s6- be? tach song t5i U'UBayes M loai b6 nhi~u cimg kenh trong cac h~ th5ng thOng tin di de?ng
CDMA.

1. CAU TRUC M~NG RBF

Tir dau nhirng nam 80 rnang cac ham co' bin d5i xirng xuyen tam (radial basis function networks
- RBFN) dii diro'c sll: dung r{mg riii trong xU- ly tin hi~u so. Cau true RBFN bao gom me?t lap nut
nguon vao (input layer of sourees nodes)' mot l6-p in chira cac khfii xU- ly phi tuyen (hidden layer of
nonlinear proeessing units) va me?t lap ra vci cac trong so tuyen t inh (output layer of linear weights)
nhir hlnh 1 [4].

RBFN la trircng hop d~e bi~t cii a m~ng noron da 16-p (multilayer pereeptrons - MLP). RBFN
khac vrri MLP 6- me?t so di~m sau:

• RBFN chi eo me?t lap in, eon MLP eo the' eo so lap [n la 1 ho~e nhie u hrrn.
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• RBFN c6 ham truy'en d~t lien ket gifra lap ~n va. lap vao la. phi tuyen va. gifra lap ~n va. lap ra
la. tuyen tfnh, trong khi d6 MLP c6 ham truy'en d~t giu'a l&p ~n va. lap trtroc d6 la. phi tuyen
con giii'a l&p ra va lap ~n cu5i cimg co th€ la. phi tuyen ho~c tuyen tinh tuy theo tlrng yeu c'au
irng dung cu th€,

• M5i noron cu a lap ~n trong RBFN xac dinh khoang each gifra vec to' vao va. tam cua RBFNs
chi d~c trtrng rieng cho noron d6, trong khi d6 m6i noron cua MLP chi iroc tfnh tich vo lnrcng
(inner product) cua vec to' vao thuoc noron d6 va vec to' cua cac trong so kho'p noi (synaptic
weights) lien quan.

y

Xp

Lap
vao

Lapan
cua RBF

Lap
vao

Hinh 1. Mang RBF
Xi la tin hi~u vao, Wj la cac trong so,

Y la tin hieu ra va <Pla. cac ham co' ban phi tuyen

C6 hang loat cac ham co' ban diro'c s11-dung cho qua trinh xli- ly phi tuyen trong RBFN, nhirng
thong dung hon d. la ham Gau-xo, Dang t5ng quat cua ham Gau-xo (Gausian kernel) la [1]:

<p(r) = exp] _r2 /2a2
) v&i a > 0 va r ~ O. (1)

a la ban kfnh anh lurcng cu a m6i ham CO' ban, n6 xac dinh rmrc hi?i tv. cua ham so ve 0 khi r -+ 00.

Ban d'au cac RBFN diro'c ph at tri€n tjr bai toan ni?i suy dii' li~u trong khOng gian da chie u. Bai
toan n9i suy diro'c di~n giai nhir sau: cho m9t chu6i cac vec to vao {xi} va cac diim dii' li~u {Yj},
tim ham <p() lien h~ giu:a cac vec to' nay sao cho n6 di qua tat ca cac diim dii' li~u ki tren, nghia
la tho a man dieu ki~n Yj = <p(Xj) Vj. M9t trong nhirng giai ph ap M giai bai toan tren la chon ham
<p(x) thoa man:

Y(X) = Lwj<p(llx - Xjll)·
i

(2)

Trong trufrng hqp chon ham co' ban la ham Gau-xc cho RBFN thi hi~u Ilx - Xi II se thi hien
khoang each O'clit giu'a diim so li~u vao x va cac tam diim Xj. Ham <p 6- day d5i xirng theo nghia:

<P(XiiXj) = <p(XjiXi) Vj,i. (3)

Nhir v~y, ham Gau-xo <Pse tao ra mi?t anh x~ vao-ra thong qua mang RBF nhir sau:

p

y(x) = LWjexp(-llx-xjI12/aj).
j=1

(4)
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~. BQ TAcH SONG BAYES

Tieu chu[n Bayes bi~u thi xac suilt tach hai IO<;Liky t\!-'khac nhau dong xac xuilt tren nen tin
hi~u da cho. Gia sl1'chiing ta chuyen me?t chuc5inhi ph an diro'c ki hieu la Xk co hai gia tri la ao va
al qua ffie?tkenh phi tuyen co nhi~u trhg ce?ngv&i ham m~t de?xac suilt fn(nk) va gilt thiet rhg
cac quyet dinh cua may thu la khOng bi trt Neu vec to' rk = (rk' "" rk_m)T la vec to' lay mh tai
thoi di~m k thl be? tach song Bayes se quydt dinh gia tri Yk la ao ho~c al nhir sau [1]:

_ {ao neu P{Xk = aolr(k)l} > P{Xk = allr(k)l},
Yk - al neu khong tho a man trufrng hop tren, (5)

trong do P{Xk = ailr(k)l} la xac suilt thu tin hieu a, (i = 0,1) v&i dieu kien vec to' lily mh la r(k),
Biet ding

(6)

vo'i fr Ia ham m~t de?xac suilt cua cac mh thu diro'c. Ta co th~ viet:

(7)

Vi v~y co th€ viet lai Yk cho g<;m:

neu q(r(k)) < 0,
neu khOng tho a man tru'ong ho'p tren.

(8)

Nhtr vay la khi ap dung ham phi tuyen cho cac phan tl1' xl1' ly ciia 16-p [n theo tieu chuari Bayes
chung ta se co diro'ng bien cu a 1m gilti cho cac gia tri a; la cache m~t phi tuyen trong khOng gian
3 chieu khac hh vo i cac m~t pHng nhir trong tru'onghop irng dung cac thu~t toan LMS va RLS,
Phuong trlnh dtro'ng bien cu a loi gilti trong be?tach song Bayes se Ia:

q(r(k)) = 0, (9)

Theo tai Ii~u [1] bie'u tlnrc (9) hoan toan ttro'ng diro'ng vci bie'u thirc (2): neu so cac tam ciia
RBF bhg liO tam cu a kenh va cac ham nut bhg ham m~t de?cong suilt nhi~u, Wi la xac sudt ma
tam Xi diro'c ph at di nhan vo'i gia tri nhi phan gan cho ki tl! ph at di do, thi hic nay RBF se nhir me?t
be?tach song toi tru.

3. UNG DVNG RBF TRONG xtr LY TiN HI~U TRAI PHO

Nhieu kenh thOng tin so chiu anh hircng b<'rihieu irng giao thoa giira cac ki t'! (ISI) co th€ do
bang thOng su' dung bi han che ho~c mea tin hieu do hi~u u'ng da tia trong mdi truong truyen dh,
Ph'an IO'ncac kenh nay diro'c xem nhir la be?19C so co dap irng xung hiru han (FIR) va co nguon nhi~u
ce?ng doi voi cac kenh CDMA thl con co anh hiro'ng rat krn cua cac doi ttro'ng sU' dung cimg kenh
t'an so, Hlnh 2 la md hinh cua me?t kenh nhtr v~y, Chu6i tin hieu thu dtro'c Xk bao gom do nhi~u
Gau-xc nk va nhi~u giao thoa cimg kenh. De' tach diro'c tin hieu thuc ngtroi ta thuo ng dung be?can
bhg truyen thuan (feedforward equalizer) nhir hmh 3 [3],

Quan h~ giii'a tin hi~u vao va ra ctla be?can bhg co th€ du'oc t5ng quat hoa theo cong thirc:
P-l

x(k) = L hJ· Y(k - i) + n(k), (10)
i=O
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P-l

H(z) = L hi «>,
j=O

(11)

trong do N lit d9 dai cua dap irng xung.

Kenh phu cling tan s6

D
Nhieu

ir lieu van Kenh chinh n(k) "
y(k)

BQ 19C FIR •..~ II ••..
H(z) ..

~

yc(k)
BQ 19C FIR •..

Hc(z) ..

H1.nh 2. Mo hlnh kenh thong tin co nhi~u cling kenh

BQ tr~
x(k)

x(k) x(k-l) xtk-Ms-I)

y (k-r)

Hinh. 9. B9 can blng truyen thudn

Bai toan can bhg theo ki nr & day 111.su· dung thOng tin ciia vec to Xk & dau ra ciia kenh d€
danh gia y(k - r]. Thiet bi hoac thu~t toan tao dtro'c ham y(k - r] diro'c goi Ill. b9 can b~ng truyen
thuan, B9 can blng nay g~m hai phan:

• Ph an tao ra ham vo huang fy tit vec to" van x(k) va danh gia gia tr] cua no (ham quydt dinh] .

• Thiet bi giai khong co nh& (slicer) se chon cac ki tl! da. dtro'c phat di gan nhat voi fy(x(k)).
Doi voi chu5i nhi phan b9 giai nay lit ham dau tu-c Ill. sgn(x(k)) = 1 neu Xk 2: 0 va 0 trong

triro'ng hop ngiroc lai, B9 can blng nhir v~y thiro'ng co cap M va heat d9ng v&i thai gian tr~ lit r .

Cac h~ thong thong tin trai ph5 truy nh~p theo ma. (CDMA-SS) diro'c d~c tru'ng boi nhieu doi
tuong sU' dung d~ng thai tren m9t bang thOng, vi v~y van de rat quan trong 0- day Ill. phai giarn
diro'c inh hiro'ng cua hi~u ti'ng cling kenh (multiple access interference). Hinh 4 va 5 lit h~ thong thu
va ph at CDMA di~n hlnh. Trong hinh 4, dfr li~u nhi phan y(k) va Yc(k) chiem bang tan fb Hz. May
phat co toc d9 lay mh thOng qua mach Q M chuy€n dich len toc d9 chip fch = Q X /b Hz. Sau do
tin hi~u diro'c dira qua mach 19C ma. C(z) co dap irng xung hiru han M gi&i han cac chu ky lay mh
va dira qua b9 19C kenh voi dap irng h(t). 0- phia thu qua trlnh nay hoan toan ngtro'c lai,

Vi du, xet trtro'ng ho'p d9 dai ma. Q = 4 va co 2 ma. trai c = [1 1 -1 _1]T va c, = [-1 1 -1 1]T
11k do b9 19C ma. C(z) = [1 z-l z-2 Z-3]C. Trong truong hop nay 2 ma. se trirc giao (cT c., = 0). Tin

L
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hi~u ra X = [Xl (k) x2(k)]T trong do xdk) la cila kenh chinh, x2(k) la ciia kenh phu cling tan so.

Bc;5 toe ma B9 toe kenh

Kenh phu cling ta-n sa'
Hinh 4. H~ thong td.i ph5 CDMA

x(t) ,,(m)

Kenh chinh

so loc phOi hop 1\

YcCk)Toe d"6
Ifiy miu f~h

Kenh phI:' cling t.{n so

Hinh 5. Thigt bi thu dong b9 CDMA khong tinh den hi~u irng da tia

Hlnh 6 la dircng bien quyet dinh theo tieu ehuin Bayes de' khOi phuc dir li~u kenh chlnh. Cac
vong tron cua dirong quyet dinh chi ro cac thanh phlin nhi~u anh hiro'ng clnra trong tin hi~u Xl va
X2 la khong ttro'ng quan. Trong trtro'ng hop cac ma nay khong true giao (vi du c., = [0 1 - 1 1JT thl
ham quydt dinh va dirong bien se khac vci cac dtrong cua hmh 6.

Trong trucng hop 2 ma tin hieu khOng true giao thi cac diro'ng khep kin cua ham quyet dinh se
e6 dang elip va dircng bien quyet dinh se 111. phi tuyen (hinh 7) va co th~ dtro'c tuyen tfnh h6a theo
bi~u thirc:

(12)

trong do w la vec to" trong so, x(k) la vec to" vao may thu.

Cau true thiet bi thu eho triro'ng hop nay diroc mo ta tren hinh 8. Co th~ tlm trong so w bhg
nhieu each, vi du theo thu~t toan LMS. Cac trong so nay nen diroc ket ho p voi b9 loc phdi hop
de' t ao th anh b9 I9c tuyen tinh va dung mdt phtrong ph ap thfch nghi bat ky de' hufin luyen chUng.
Nhirng b9 I9C nhir v~y dtroc goi la b9 can bhg. Giai phap thrr hai la hudn luyen MLP, t ao cac
dtro'ng bien quygt dinh phi tuygn, nhirng kho khan 0- day la so Ian hufin luyen co th~ nhieu VI v~y
can chon cau true MLP sao cho phu hop. Giai phap thrr ba Ia su..dung RBF. Phirong phap don gian
nhat de' thiet ke rnang RBF Ia chon cac ham RBF e6 so tam co dinh Ia P eho cac phan tu.. lap in
va cac tam cua ham diroc chon m9t each ngh nhien tu' chu5i cac dif li~u hudn luyen, hie do ham
Gau-xc se 111.

(13)

P Ia so tam di~m va p = 1,2, ... , P; dmax Ia khoang each Ian nhat giira cac tam diro'c chon.
Butrc tiep theo la tinh cac trong so cua lap ra theo phurrng phap trung bmh binh plurcrng toi

thi~u ho~c phirong ph ap bmh phuong toi thi~u d~ quy. Gill. 8ti' chu5i dir li~u huan luyen rnang la
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(Xi, di) trong do xi Ill. vec to' vao, d, l3. vec to' dap U'ng mong mudn thu9c mh dfr li~u thu- i,
:)= 1,2, ..., N, ta co thi xac dinh ma tr~n n9i suy kich cO-N hang va P + 1 Ce?t:

[

1 cp(xl,td
1 CP(X2' td

cP = .

1 cp(xN,td

CP(Xl,tP)]
CP(X2,tp)

CP(XN,tp)

va. vec to' dap trng mong mudn d = [db d2, ... ,dN]T.

2
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1
0.5

Kenh 0
so' -0.5
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I I '
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l~tCJ (a)

CJ0.5
Kenh 0 c:J (b)

~,
-0.5

CJ
so
2 -1

-1.5

, I~ I I 2
' '-1.0 a 1.01.

5-2 -1.5 -0.5 0.5

~nh 50'1 Kenh 50'1

Hinh 6. KhOng gian quan tr~c & dau ra
cua be?19Cphdi hop dc>ivo'i CDMA dong
be? (ma true giao)

Hinh 7. Khong gian quan tr~c (r dau ra
cua be?19Cphdi hop doi voi CDMA dong
be? (ma khOng trirc giao)

(a) dirong bien phan each theo Bayes
(b) yang kin ciia ham quygt dinh
+, 0 la. cac gia tri gan cho al va ao

Kenh chfnh

x(t) x(m)

TO'c de?
la'y miu fch

Ham
quyet~
dinh

1\
y(k)

Kenh phu cung tifn so

Hinh 8. May thu theo tieu chu an Bayes doi vai CDMA dong be?
. khOng tfnh dgn hi~u rrng da tia

Theo biiu thirc (2) ta co th~ vigt cho N mh thli-:
p

YJ' = L Wp(CP(Xio tp)).
p=l

(15)
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y=~w, (16)

trong d6 y la vec to' ra ciia mang:
(17)

w la vec to' trong so:
(18)

Nhir v~y phirong ph ap chon tarn co dinh Ii day gom 3 biroc:
a) Doi vrri so tarn xac dinh P can chon cac tarn nay mi?t each ng~u nhien tit" chu~i dfr li~u huan

luy~n sau d6 xac dinh cac ham RBF theo cong thirc (13).
b) Xac dinh ma tr~n ni?i suy theo bi~u thirc (14) cho N mh dir li~u hudn luyen m~ng.
c) Tinh trong so w = ~-ld.
C6 nhieu phirong ph ap thigt kg mang RBF nhir phirong phap h~n hop d~ quy (recursive hybrid)

trong d6 cac tarn cii a ham drroc tinh theo thu~t toan huan luyen khOng c6 giarn sat (self-organized
learning) ho~c phtro'ng phap Gradient thong ke trong d6 cac tarn cua ham RBF va tat d. cac thong
so khac cua mang diroc tinh theo phircng phap huan luyen c6 giam sat (supervised learning). Trong
phtrorig ph ap nay dau tien can xac dinh sai so giira tin hi~u ra va tin hi~u bi? giii theo so Hin l~p n:

e(n) = y(n) - t wp(n) exp {2a~\n) Ilx(n) - tp(n)11
2
}. (19)

B~ng phtro'ng phap dao ham rieng theo Wp va Xp ta c6 the' circ tie'u h6a ham sai so (cost function)
E(n) = (1/2)le(nW roi tim cac trong so wp(n) [4].

4. KET LU~N

Mang cac ham csr bin doi xirng xuyen tarn 111. mi?t dang d~c bi~t ciia mang noron da lap. Trong
thong tin tdj ph5, vi~c irng dung kgt hop cac bi? tach s6ng Bayes theo cau true RBF se cho ta dtro'ng
bien quygt dinh la cac b'e m~t phi tuygn c6 di? chinh xac cao ho'n hh so voi cac m~t ph~ng quygt
dinh tim dtro'c theo cac phiro'ng ph ap LMS va RLS thong thucng. Dieu nay rat quan trong doi vo'i
cac h~ thong thong tin CDMA-SS c6 nhieu doi tirong sli- dung tren cling mi?t dai tan mango
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