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UNG DUNG MANG RBF TRONG XU LY TiN HIEU 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.

Diéu khién thich nghi cic hé thong phi tuyén 13 mét van dé khé, song trén thuc t& hiu hét céc
hé thdng 1a phi tuyén. Liu nay, do thi€u cic phwong tién hiéu qué, dic biét thi€u cic phuong tién
ky thuit thich hop d€ thuwc hién céc thuit todn diéu khi€n phirc hop nén ngudi ta thudmg xét né
trén quan di€ém don giin héa, coi hé thdng phi tuyén nhu hé thdng gin tuyén tinh. Chinh ban than
diéu nay ton tai moét sd van de:

- V& c4u triic mé hinh d3i twong: trong trudng hop ddi twong cb ciu tric bién ddi hoic hoian
toan thiéu thong tin thi bai todn tréd nén rit phic tap.

- Thoi gian thue.

- Mau thufn rat khé gidi quyét gitra don gidn ciu tric, yéu ciu vé t3c do diéu khi€n nhanh, dd
chinh xdc cao.

Céc nha nghién ctu diéu khién di nhin thiy mang noron nhéin tao 13 mdt céng cu dic luc dé
khic phuc cic trd ngai trén. Bii niy trinh biy mét s6 phwong phap di¢u khi€n thich nghi phi tuyén
st dung mang noron truyén thing trong théng tin di dong.

Trong théng tin di dong, dic biét 13 di d6ng CDMA, viéc tach cac tin hiéu nhi phan trén nén
nhiéu giao thoa da tia va cling kénh 13 cuc k¥ quan trong. Céc bién phép loai giao thoa thudng dung
truéc day 13 dung cic bd loc thich nghi (bd cin bang) dwa trén thuit todn binh phwong trung binh
t8i thidu (LMS) hofc thudt todn binh phuong t8i thiu dé quy (RLS), mic di c6 nhitu wu diém
nhung thuc chdt vin chi cé tinh chit gin t8i wu vi cidc dudng bién phin cich (dwdng bién quyét
dinh) céc gid tri nhi phan 1d cidc mit phing trong khong gian quan tric 3 chiéu. Theo ly thuyét tich
séng kinh dién, chi cdc bd tich séng dwoc dwa trén tiéu chudn Bayes méi ¢6 tinh chat t8i wu vi cac
dwdng bién quyét dinh 13 cidc bé mit ngin cich cic gid tri nhi phan thu dwoc tuin theo tiéu chuin
dong x4c xuit. Gin diy, nguyén tic niy di dwoc thuc hién trén mang cic ham co bdn (RBF) dé x&
1y céc tin hiéu trong théng tin di déng. Duwéi day 13 tém tdt vé mang RBF va timg dung cda né trén
co s& bd téch séng t8i wu Bayes dé loai bé nhiéu cling kénh trong céc hé théng théng tin di déng
CDMA.

1. CAU TRUC MANG RBF

Tir d3u nhitng ndm 80 mang cdc him co bdn ddi xtrng xuyén tim (radial basis function networks
- RBFN) da duoc st dung rdng rii trong xt ly tin hiéu s8. Ciu tric RBFN bao gbm mét 1ép nit
ngudn vao (input layer of sources nodes), mét 16p &n chira cac khéi xi Iy phi tuyén (hidden layer of
nonlinear processing units) va mot 16p ra véi cc trong s8 tuyén tinh (output layer of linear weights)
nhu hinh 1 [4].

RBFN la trudng hop dic biét cia mang noron da 16p (multilayer perceptrons - MLP). RBFN
khic véi MLP & mét s di€m sau:

e RBFN chi ¢6 mét 16p an, cdon MLP c6 thé c6 s8 16p an 1a 1 hodc nhigu hon.
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e RBFN cé ham truyén dat lién két giira lép an va 16p vao 13 phi tuyén va gifra 16p &n va 16p ra
13 tuyén tinh, trong khi 46 MLP c6é him truyén dat giita 16p &n va 1ép trwéc d6 13 phi tuyén
con gifra 16p ra va 1ép &n cudi cling cé thé 13 phi tuyén hojc tuyén tinh tly theo tirng yéu ciu
wng dung cu thé.

e MJdi noron cda 16p &n trong RBFN xéc dinh khodng cich giita véc to' vao vA tim cda RBFNs
chi d3c trung riéng cho noron dé, trong khi dé médi noron cia MLP chi wéc tinh tich v huéng
(inner product) cda véc to vao thudc noron d6 va véc to cda cic trong s8 khép ndi (synaptic
weights) lién quan.

Lép Lép an Lép
vao ciua RBF vao

Hinh 1. Mang RBF
z; 13 tin hi€u vio, w; 13 cic trong s8,
y 13 tin hiéu ra va ¢ 1a cdc ham co bdn phi tuyén
Cé hang loat cdc ham co bin duoc st dung cho qua trinh xit 1y phi tuyén trong RBFN, nhung
thong dung hon cd 13 ham Gau-xo. Dang tong quat cia ham Gau-xo (Gausian kernel) 13 [1]:

o(r) = exp(—72/20'2) véio>0var>0. (1)

o 12 ban kinh dnh huédng cda mdi ham co bén, né xdc dinh mic hdi tu cda ham s8 vé 0 khi r — oo.

Ban dau cic RBFN dwoc phat trién tir bai todn ndi suy dit liéu trong khong gian da chiu. Bai
todn noi suy dwoc dién gidi nhu sau: cho mét chudi cic véc to vao {x;} va cic di€m di liéu {y;},
tim ham () lién hé gifra cic véc to nay sao cho né di qua tit cd cic diém dir liéu ké trén, nghia
12 théa man digu kién y; = p(x;) V7. Mot trong nhitng gidi phap dé gidi bai todn trén 13 chon ham
©(x) thda man:

u(x) = 3 wie(lx —x;1). (2

Trong trwdng hop chon him co ban 13 haim Gau-xo cho RBFN thi higu ||x — x,|| s& thé hién
khodng cach Oclit gifra di€m s3 liéu vao x va cac tim di€m x;. Ham ¢ & diy d6i xirng theo nghia:

pxisx5) = p(x43%)  Vi,e. (3)
Nhu vay, ham Gau-xo ¢ sé tao ra mot 4nh xa vido-ra théng qua mang RBF nhu sau:

y(x) = D wy exp(~[jx - x;]|*/03). (4)

=1
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2. BO TACH SONG BAYES

Tiéu chuin Bayes bi€u thi xdc sudt tich hai loai ky tu khdc nhau dbng x4c xuit trén nen tin
higu di cho. Gid st ching ta chuyén mét chudi nhi phan dwoc ki hiéu 13 zx c6 hai gid tri 13 ao va
a; qua mdt kénh phi tuyén c6 nhi€u tring céng véi ham mat do xdc suit f,(ng) va gid thi€t ring
céc quyét dinh cia mdy thu 1a khong bi tré. Néu véc to rx = (rk,...,7k—m)T 12 véc to 14y miu tai
thoi di€m k thi bd tich séng Bayes sé quyét dinh gid tri yx 13 ap hodc a; nhu sau [1]:

- { ao néu P{zi = aor(k)|} > P{zx = a1|r(k)|}, .
vE a; néu khéng thda man trudng hop trén, (5)
trong d6 P{zx = a;|r(k)|} 1a x4c sudt thu tin hiu a; (2 = 0,1) véi diu kién véc to' 1dy miu 1a r(k).

Biét ring
(Rl = o)
Pz = ar|r(k)|} = P{zx = a1} ——— =~ g
ASC) el

. N ~ ~ z ’ ~ .
véi fr 14 ham mét do xdc sudt cda cac miu thu dwoc. Ta cb thé viét:

q(r(k)) = P{zx = a1} fr (v(k) |z = a1) = P{zx = ao} fr(v(k)|zx = ao). (7)

Vi vy c6 thé viét lai yx cho gon:

e — { ao néu q(r(k)) <0, (8)

a; néu khéng thda man trudng hop trén.

Nhu viy 1a khi 4p dung ham phi tuyén cho cic phin ti& x Iy cia 16p an theo tiéu chuin Bayes
chiing ta sé ¢ duwdng bién cda 11 gidi cho cic gid tri a; 13 cac bé mat phi tuyén trong khéng gian
3 chiéu khic hin véi cic mit phing nhw trong truwong hop tng dung céc thuit toin LMS va RLS.
Phuong trinh dudng bién cda 161 gidi trong bd tich séng Bayes sé la:

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

Theo tai liéu [1] bi€u théc (9) hoan toin twong dwong véi bi€u thirc (2): néu s8 cic tim cida
RBF béng s8 tam cda kénh vi cic him ndt bing him mat d6 cdng sudt nhitu, w; 13 x4c suit ma
tam z; duoc phat di nhan véi gid tri nhi phan gan cho ki tuw phéat di dé, thi lic nay RBF sé nhu mét
bd tach séng ti wu.

3. UNG DUNG RBF TRONG XU LY TiN HIEU TRAI PHO

Nhigu kénh thdng tin s6 chiu dnh huéng béi hiu dng giao thoa gitra céc ki tu (ISI) c6 thé do
bing thong st dung bi han ché hoic méo tin hiéu do hiéu tng da tia trong méi trudng truyén din.
Phin 1én cac kénh ndy dwoc xem nhu 13 b loc s8 c6 dap tng xung hiru han (FIR) va c6 ngudn nhiéu
cdng ddi véi cac kénh CDMA thi con cé dnh hudng rit 1én cda cac ddi tuwgng st dung cing kénh
tan s8. Hinh 2 13 mé hinh cia mdt kénh nhw vay. Chudi tin hiu thu dwoc xx bao gbm cd nhiéu
Gau-xo ni va nhiéu giao thoa cing kénh. D& tich dwoc tin hiéu thuc ngudi ta thudng dung bd cin
bing truyén thuin (feedforward equalizer) nhu hinh 3 [3].

Quan hé giira tin hiéu vio va ra cda bd cin bing c6 thé dwoc tdng quat héa theo cdng thic:

z(k) = Z—: hiy(k — 7) + n(k). (10)

‘Ham truyén dat cda bs loc FIR 13
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H(z) = z_: hjz77, (11)

trong dé6 N 13 d6 dai cda ddp tmg xung.

Nhiéu
Dit liéu vao Kénh chinh n(k) Dt liéu ra
y(k) B6 loc FIR x(k)
H(z)
k
ye(k) »| BO loc FIR
Hc(z)

Kénh phu cling tan s6

Hinh 2. M6 hinh kénh théng tin cé nhiéu cing kénh

—Pp Bo tré
x(k)
x(k) X(K-1)  essens x(k-M+1)
Ham quyét dinh

f(x(K)) y (k-1)
Slicer ——}_

Hinh 8. Bd cin bing truyén thuin

Bai toan can bing theo ki tw & day 13 st dung théng tin cda véc to x; & diu ra cia kénh dé
dénh gid y(k — r). Thiét bi hodc thudt todn tao dwoc ham y(k — 7) dwoc goi 13 bd cin bing truyén
thuian. B6 can bing ndy gom hai phin:

e Phin tao ra ham v6 huéng f, tir véc to vao x(k) va ddnh gid gid tri cda né (ham quyét dinh).
e Thiét bi gidi khong c6 nhé (slicer) sé chon cic ki tw d3 dwgc phét di gan nhit véi fy (x(k)).

D&i véi chudi nhi phan bd gidi ndy 13 ham dau téc 13 sgn(x(k)) = 1 néu z, > 0 va O trong
trwong hop ngwoc lai. Bo can bing nhu viy thudng cé cip M va hoat ddng véi thoi gian tré 1a 7.

Céc hé thdng théng tin trdi phd truy nhip theo ma (CDMA-SS) dwgc dic trung béi nhidu ddi
twong st dung dong thoi trén mot bing théng, vi viy van dé rdt quan trong & diy la phéi gidm
dwgc dnh huwédng cda hiéu ¢ng cling kénh (multiple access interference). Hinh 4 va 5 13 hé thdng thu
va phit CDMA di€n hinh. Trong hinh 4, di liéu nhi phan y(k) va y.(k) chiém bing tin f, Hz. Mdy
phét cé t8c dd ldy miu théng qua mach Q d€ chuyén dich lén t8c dd chip fon = Q X fp Hz. Sau dé
tin hiéu dwogc dwa qua mach loc ma C(z) ¢é6 d4p tng xung hiru han d€ giéi han céc chu ky 1dy miu
va duwa qua bd loc kénh véi dép wng h(t). o] phia thu qué trinh niy hoan toan nguoc lai.

Vi du, xét trudng hop d6 ddimi Q =4 vaicé62mitrdic=[11-1-1]T vie,=[-11-11]T
lic dé b loc mi C(z) = [1 271 272 27 3]c. Trong truwong hgp niy 2 ma sé truc giao (c7c. = 0). Tin
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hiéu ra x = [z, (k) :cz(lc)]T trong d6 z;(k) 1a cda kénh chinh, z5(k) 12 cda kénh phu cing tin s8.

Kénh chinh

& TQ | C(2) h(t) |
BG loc ma B loc kénh
SN Y C(2) he(t)

Kénh phu cling tdn s3’
Hinh 4. Hé théng trdi phd CDMA

Kénh chinh ;(K)
(! i
x(t) x(m) @ Q x1(k) o I
— A | hdi ha
Téc d6 FH g6 PRSI P x,(K) Ye(k)
iy mit (o { 1@ f—fSiicer}—>

Kénh phu cing tan s&

Hinh 5. Thiét bi thu dong b6 CDMA khdng tinh dén hiéu dng da tia

Hinh 6 13 dudng bién quyét dinh theo tiéu chuin Bayes dé khéi phuc di liéu kénh chinh. Cic
vong tron cia duwdng quyét dinh chird cac thanh phin nhiéu 4nh hudng chtra trong tin hidu z; va
z 12 khong twong quan. Trong trudng hop cic mi nay khéng truc giao (viduc, =[01 —1 1)T thi
ham quyét dinh vi dudng bién sé khic véi cdc dudng cda hinh 6.

Trong trudng hop 2 ma tin hiéu khéng truc giao thi cdc duwdng khép kin cda hdm quyét dinh sé
c6 dang elip va dwong bién quyét dinh sé 1a phi tuyén (hinh 7) va c6 thé dwoc tuyén tinh héa theo
biéu thirc: .

fi(x(k)) = wTx(k), (12)
trong dé w 1A véc to trong s8, x(k) 1d véc to' vio mdy thu.

CAu tric thiét bi thu cho trudng hop niy dwoc mé t trén hinh 8. Cé thé tim trong s8 w bing
nhiéu cach, vi du theo thuit todn LMS. Cic trong s6 nay nén dwoc két hop véi bd loc phdi hop
dé tao thanh bd loc tuyén tinh va ding mét phwong phap thich nghi bit ky d€ huin luyén chiing.
Nhitng bd loc nhw viy duwoc goi 13 bd can bing. Gidi phap thi hai 13 huin luyén MLP, tao cac
dudng bién quyét dinh phi tuyén, nhung khé khin & diy 13 s§ lin hudn luyén cé thé nhiéu vi vy
can chon c@u tric MLP sao cho phlt hop. Gidi phap tht ba 13 st dung RBF. Phuong phap don giin
nhit dé thiét ké mang RBF 1a chon cic him RBF c6 s8 tim c¢& dinh 1 P cho cic phin ti& 1ép &n
va cac tdm cda ham dwoc chon mét cich ngiu nhién tir chudi cic dir liéu huin luyén, lic d6 ham
Gau-xo sé la

o(x,t,) = exp {

~t,)°}. (13)

P 13 s8 tam di€m va p = 1,2, ..., P; dmax 12 khodng cdch 16n nhit giira cidc tim dwoc chon.
Buéc ti€p theo 13 tinh cac trong s3 cda 16p ra theo phwong phap trung binh binh phwong t&i
thi€u hoic phuong phép binh phuwong t3i thifu dé quy. Gii s& chudi dir liéu huin luyén mang 1a
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(x;,d;) trong dé x; 1A véc to vio, d; 1d véc to ddp tng mong mudn thudc miu di lidu thé 7,
7=1,2,.., N, ta cé thé xdc dinh ma trin ndi suy kich c& N hing vd P + 1 cét:

1 p(z1,t1) ... o(z1,tp)

1 p(z2,t1) ... o(z2,tp)
o= . : .

1 p(zn,t1) ... el(zn,tp)

vi véc to dap trng mong mudn d = [d;, da, ..., dn]T.

2 2
1.5 (a) 1 5l @)
HORO, 1O
. Q.5 0.5¢
Kerlh 0 Kénh ol
6 -05 s& -05l (b)
OO 2 b O 3
-1.5 ) -1.5
_2 | | _2 ¥ P <
I-1IO|() 11101 2 2'l1'0l T T
2150505 1.5 ‘5 '.0.500.51 0y 52
Kénh s8'1 Kénh s8'1
Hinh 6. Khong gian quan tric & diu ra Hinh 7. Khdng gian quan tric & du ra
cda bé loc ph8i hop d8i véi CDMA déng cda bd loc phéi hop d5i véi CDMA dong
bd (ma truc giao) bd (ma khdng truc giao)

(a) dudng bién phan cach theo Bayes
(b) vong kin cia ham quyét dinh
~+, o 1a cdc gid tri gdn cho a3 va ag

Kénh chinh
> Cz™) Q
@ xm x(K) | Ham (f(x(k) Sk
— Bd loc phéi hop quyét Slicer —>
al XK | dinh
Téc db 2 !
I3y mau &) lo—

Kénh phu cting tan s&

Hinh 8. M4y thu theo tiéu chuin Bayes d6i véi CDMA ddng bd
' khong tinh dén hiéu dng da tia

Theo bidu thirc (2) ta c6 thé viét cho N miu thi:

P
Y; = pr(‘P(xJ'1tp))- (15)
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Két hop (14) va (15) ta cb thé viét:

y = ®w, (16)
trong dé y 1a véc to ra cia mang:
Y= [yliyZ)'“;yN]T: (17)
w 1a véc to trong sé:
w = [wy, wy,...,wp] . (18)

Nhu viy phuong phap chon tdm ¢ dinh & diy gom 3 buéc:

a) D8i voi s8 tam xac dinh P cin chon cdc tAm ndy mét cdch ngiu nhién tir chudi dir liéu huin
luyén sau dé xdc dinh cidc ham RBF theo cbng thic (13).

b) Xéc dinh ma tran ndi suy theo bi€u thic (14) cho N miu dir liéu huin luyén mang.

c) Tinh trong s8 w = ®~1d.

Cé nhiéu phwong phap thiét ké mang RBF nhu phwong phip hdn hop dé quy (recursive hybrid)
trong d6 cac tim cda ham dwgc tinh theo thudt todn huin luyén khéng cé gidm sit (self-organized
learning) ho3c phuong phip Gradient théng ké trong dé cic tim cda ham RBF va tat cd céc théng
s8 khac cda mang dwoc tinh theo phwong phép huin luyén cé gidm sit (supervised learning). Trong
phuong phap nay diu tién cin xac dinh sai s8 giita tin hiéu ra va tin hiéu bd gii theo s& lin 1ip n:

e.(n) =y(n) - Z wp (n) exp {Fl(n)“x(n) —ty(n) “2} (19)

Bing phuong phip dao ham riéng theo wy, va z, ta c6 thé cuc tiéu héa him sai s (cost function)
E(n) = (1/2)]e(n)|? rdi tim cdc trong s8 wy(n) [4].

4. KET LUAN

Mang cac ham co bdn d8i xtmg xuyén tim 12 mot dang dic biét cda mang noron da 16p. Trong
thong tin trdi phd, viéc tng dung két hop cdc bd tach séng Bayes theo cau tric RBF sé cho ta dwdng
bién quyét dinh 13 cdc bé mit phi tuyén cé dd chinh x4c cao hon hén so véi cdc mit phing quyét
dinh tim dwoc theo cac phuong phap LMS vi RLS théng thudng. Dieu niy rit quan trong ddi véi
céc hé théng thong tin CDMA-SS c6 nhiéu d8i twong st dung trén cing mét ddi tin mang.
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