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XU LY TiN HIEU BANG RONG TRONG MIEN KHONG GIAN
VA THO! GIAN BANG MANG CAC HAM CO BAN
POl XUNG XUYEN TAM

NGUYEN HUU HAU

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.

1. MO DAU

Trong cic hé thdng théng tin bing réng c6 3 nguyén nhin co bin giy méo dang tin hiéu thu
duoc:

- Nhi€u tring cdng (AGWN) hay don gidn goi la nhiéu Gauxo.

- Hién twong lan truyén da tia do phdn xa tir cic chwéng ngai vit.

- Nhi€u cling kénh do nhigu ngudi st dung trén cing mét bing tin dwoc phin bd.

Céc mdy thu bing rong don gidn cé ciu tric dwoc dua trén cic bd loc phdi hop (matched
filter) cho cic kénh phan t4n (dispersive channel) hodc mdy thu RAKE cho cidc kénh da tia (multipath
channel). D€ gidm nhi€u ciing kénh céc may thu niy thudng cé ciu tric phic tap. Gin diy, ngudi
ta thdy ring viéc 4p dung cic mang no ron dé xi Iy tin hiéu tir cic kénh phin tin cho hi¢u qud rit
cao. Chiing t5i nghién citu tim mét phwong phap xi 1y tin hiéu thu dwoc tir cdc kénh phi tuyén dua
trén ciu tric mang cdc ham co bdn d8i xing xuyén tim (ki hiéu 13 mang RBF). Cic miy thu cé
bd x& Iy RBF ¢6 nhiéu wu di€m trong viéc loai bd nhiéu cling kénh vi nhi&u giao thoa giira cic ky
tw. Bai bdo nay trinh bay mé hinh kénh théng tin phi tuyén ti€p theo 1 ciu tric cia mang RBF
va tng dung cda mang nay dé xi& ly tin hiéu trong mién khéng gian vi thoi gian.

2. MO HINH KENH THONG TIN PHI TUYEN

Hinh 1 1 mé hinh hé thdng théng tin s§ c6 mach cin bing kénh. Trén hinh 1 tin hidu z(k)
bao gém cd nhi€u cong n(k) va nhi€u cling kénh cda N d8i twong st dung.

Tin hiéu yo(k — 7) 13 tin hiéu huin luyén (training signal) giéng véi tin hiéu cda kénh chinh
cin tich. H;(z) 1d him truyén dat cda kénh thi ¢ vé6i ddp dng xung hiru han

N
Hi(z) =) hiyz?, 0<i<N.
7=0

Chudi s3 liéu phat di yo(k) va s6 liéu nhi€u cling kénh y;(k), 1 <1 < N duwoc gid thi€t 13 cling xéc
suat cé cdc gid tri nhi phin 13 +1 v3 hoan toan ddc 14p véi nhau tic la:

Ely;(k)] = 0,
Elyi(k1)y;(k2)] = 6(z — 5)6 (k1 — k2),

trong dé E[-] 1a ky hiéu gid tri trung binh va §(k) 1d ham delta.
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Nhiéu céng Gau-xo n(k) thda man diéu kién:

E[n(k)] =0,
E[n(ki)n(kz2)] = 026(k1 — k2)

va khéng twong quan véi y;(k). Tin hiéu ra cda kénh:
N
z(k) = ) ;(k) + n(k)
J=0

bao gdm 3 thanh ph3n: tin hidu kénh chinh, c4c tin hiéu nhiu cing kénh va nhi€u cdng tring.
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Hinh 1. M6 hinh hé théng thong tin s6 c4 mach cin bing kénh

Céc bd can bing tuyén tinh thudmng dwa trén algorithm dénh gid chudi khd ning t8i da cé thé
(maximum likehood sequence estimation). C4c bd cin bing niy 13 mdt céng cu manh d€ loai bd
nhiéu giao thoa giira cic ky tw va nhifu cdng tring nhung né rit kém hidu qui d&i véi nhiéu clng
kénh. C&u tric cda cdc b cin bing niy dwa theo cic mach loc tuyén tinh vi viy n6 khong thé hién
dwoc nhitng théng tin vén cé cda chudi s§ liéu phit di. Cic bd cin bing phi tuyén dwa trén him
co bdn d8i xéing xuyén tim hoin toan c6 thé d& dang loai bd dwoc nhiéu cing kénh vi né ¢ tinh
dén cac thdng tin tién dinh cda chudi tin hiéu dén.

3. MANG RBF [1]

Mang RBF (RBFN) 1 mét trudng hop don gidn cda mang no ron da 16p (MLP). Mang RBF
chi gdm 1 16p vio goi 13 16p cdc niit ngudn, mét 16p an chira cidc mach xi Iy phi tuyén va mot 1ép
ra véi cac trong s3 tuyén tinh. Hinh 2 13 mét mang RBF dién hinh. RBFN khéc véi mang no ron
da 16p & mét s8 di€m sau:

- RBFN chi ¢6 116p an, con MLP c6 thé ¢6 s8 16p 4n 13 1 hodc nhiéu hon.

- RBFN c6é ham truyén dat lién két giira I6p an vi 16p vio 13 phi tuyén va giita 16p an va lép
ra 13 tuyén tinh, trong khi 46 MLP cé ham truyén dat giira 16p an va 1ép truéc d6 13 phi tuyén con
gitra 16p ra va 1ép an cudi cing ¢ thé 13 tuyén tinh hodc phi tuyén tiy theo tirng yéu ciu wng dung
cu thé. :
- Him no ron cda 16p an trong RBFN x4c dinh khodng céch giita véc to vio vi tim cia
RBFN chi d4c trung riéng cho no ron d6 trong khi dé him no ron cda MLP chi tich v6 hwéng (inter
product) cda véc to vao thudc no ron d6 va véc to cda cic trong s8 khép ndi (Synaptic Weights)
lién quan. Cé hang loat cic ham co bin dwgc st dung cho qué trinh x& 1y phi tuyén trong RBFN,
nhung théng dung hon ¢4 13 haim Gauxo. Dang t3ng quat cda ham Gauxo la:

o(r) = exp(—-r?/20%), o¢>0, r>0,
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trong d6: o thé hién ban kinh dnh hwdng cda mdi ham co bin, né xic dinh mtc hoi tu cia him s3
veé 0 khi t — co.
+1

Hink 2. Ciu tric mang RBF

Ban diu cdc RBFN duwoc phét trién tir bai toin néi suy dir liéu trong khéng gian da chitu. Bai
todn ndi suy dwoc di€n gidi nhu sau: cho mét chudi céc véc to vao {z;} v cic diém dir lidu {y;},
tim ham ¢( ) cda céc véc to ndy sao cho né di qua tdt cd cic di€m dir liéu k& trén, nghia 12 thda
man diéu kién y; = p(z;), V7. Mot trong nhitng gidi phap la chon ham ¢(z) thda min:

v@) = 3 wiellz =) + wo.

Trong truwdong hop chon haim Gauxo cho RBFN thi hiéu |z — z;|| sé thé hién khodng c4ch giita diém
s8 liéu vdo z va cdc tdm di€m cda cdc him s8 z;. Him ¢ & diy d6i xirng theo nghia:

SD(I{,IJ') = (P(zj)zi)a VZ,]

Nhw vay ham Gauxo ¢( ) sé tao thanh 1 4nh xa vao ra thong qua mang RBF nhu sau:

N
y(@) = ) wiexp(—[lz—z;]?/ o3).

F=0

C6 nhiéu phuong phép, thiét ké mang RBF [2|. Phuong phap don gidn nhit 1a chon céc tim
di€ém mét cich ngiu nhién nhung yéu ciu lwong s8 liéu phai rdt 16n. Phwong phép thi 2 thudmg
dung dwoc goi 1a phuwong phép huin luyén hdn hop. Phwong phép niy 13 suw két hop gira algorithm
hudn luyén cé gidm sit (supervised learning) va tw t8 chic (self-organized learning). Trén thuc té
nguoi ta hay ding phwong phép gradient théng ké.

4. MAY THU BANG RONG CO MANG RBF

Céc kénh thong tin tSc dd cao thwdng bi dnh hwéng cda nhiéu giao thoa cic ky tw, nhiéu cdng
va nhiéu cing kénh. Trong céc kénh bing rong thi ngudn nhiéu tir cic d8i twong st dung khic nhau
thudng rdt 16n va dieu nay lam 4dnh huéng dén s6 lwong ddi twong st dung trong ciing mét ving
bao phi. Mang RBF trong thiét bi thu bing rong duwgc thi€t ké nhw 13 mét bd loc thich nghi phi
tuyén c6 khd ning loai bé nhiéu cling kénh. Théng thuwong mang dwoc thiét ké theo chién lwoc huin
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luyén 2 buéc. Buéc 1 dung algorithm huin luyén cé gidm sit € loai bd nhiéu giao thoa cic ky tu,
diy 13 buéc hudn luyén don gidn nhung né hoan toan c6 thé cho mét gidi phap tach séng t8i wu
theo tiéu chuin Bayes. Buéc 2 4p dung algorithm tu huin luyén (unsupervised algorithm) dé loai
bd hoan toan nhiéu cling kénh va dat dwoc gidi phép t8i wu tng thé.

Cé thé bi€u dién tin hiéu ra cda kénh théng tin bing 1 véc to ra nhu sau [3):

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

Nhiém vu cia bd cian bing 13 khéi phuc lai t’.m hi¢u y(k) dwa trén khong gian quan tric (k). Phin
16n céc bd cin bing trén thuc té déu c6 ciu tric 13 tao cic quyét dinh theo tirng ky tw. Hinh 3
miéu t4 mot trong nhirng bb cin bing nhw viy vi sw twong dwong véi b can baing RBF.

x(k)x(k-1) 2(k-M+1) xk) x(k-1) Z(k-M+1)

y(k)=hx(k)

y(k)

vk=-7)
g

T

Hinh 8. Twong dwong giira bd cin bing RBF vi bd cin bing tuyén tinh truyén thuin

Véc to ra (céc trang thdi mong mudn) cda kénh 1a
. . A T
#(k) = [9(k), ..., 9(k — M +1)]
Nhirng gid tri nay dwoc phin thanh 2 loai thy theo gid tri cda y(k — 7)
Yyi. = {o(k)|y(k — ) = 1},
Yy = {9(k)|y(k — 1) = —1}.

MSi trang théi, Y;*,Y,” déu c6 cing xdc sudt xuit hién p; vi tit cd cic trang thai ndy 13 dbng xic
suit p = 1/N,. Véc to quan tric 1A mét qué trinh ngiu nhién c6 haim mit dé xic suit cé diéu kién
tap trung & mdi trang thai cda kénh
T
z(k) = [z(k),...,z(k — M + 1)]

Viéc xac dinh ki tu phét di y(k — 7) dwa trén véc to quan trac trén dwoc thwe hién bédi tiéu chuin

Bayes
olk =) = senlfaak) = { ;ZE:E:;; o

Bb loc Bayes t8i wu chinh 1 bi€u thic

(=(k)) —Zp. (2702) "M/ 2exp( — |l=(k) — = (k)||/202)
Ny

= D pi(2ma?) M Pexp( ~ ||=(k) — =7 (k)[|/207).

=1
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Dudng bién phin cich gilra cdc gid tri nhi phan +1 duwoc xdc dinh theo cong thic

{z| fB(=z) = 0}. -

Dudmng bién nay sé chia khéng gian quan tric thanh 2 ving twong dng véi 2 161 gidi §(k — 7) = £1.
Vi him quyét dinh Bayes la phi tuyén nén dudng bién phén cich 13 cic mit cong trong khéng gian
quan tric da chiéu. Viéc chon s8 lwong tim di€m sé dnh hudng dén dd chinh xic cda 141 gidi. Néu
chon s3 tam di€m qud 16n thi d6 chinh x4c cao nhung khéi lwong tinh todn sé lén. Théng thudmg
s8 tam di€ém cda mang RBF chon nhd hon hojc bing céc trang thii cda kénh 13 ¢é thé dat dwoc
mdt 1&i gidi t6i wu. Hinh 4 13 k€t qud mé phdng cho trudng hop 2 kénh thong tin véi ddc tinh kénh
khic nhau trong dé 1 kénh chinh va kénh cling tin s8. Ta thiy dudmng bién quyét dinh gin gidng
véi dudng bién t8i wu theo Bayes. Hinh 5 13 sw phu thudc xéc sudt 13i vio t¥ s8 tin hiéu trén nhitu
cho trudmg hop dung mang RBF véi s6 tdm di€m 13 64.
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Hinh 4. Pudng bién quyét dinh Hinh 5. BER dat dwoc véi cac gid tri SINR

Ham truyén cda kénh: Ho(z) =1,0+0,5 x 27 %; khic nhau

ham truyén ddng kénh: Kénh: Hy(z) = 1,0+0,5271; dong kénh: H,(z) =

Hi(z) =0,346 x (1 +0,2 x z71); 0,174(1,040,2z71); m = 2, 7 = 0, SINR = 16 (dB);
m = 2 va 1 = 0; X va o: céc trang thdi khéng sd& dung mang RBF 64 tim véip = 202 sau lan
nhiéu st dung mang RBF 64 tam. hoc thi 2.

5. XU LY TiN HIEU TRONG MIEN KHONG GIAN BANG MANG RBF

Gian day, nhiéu tac gid da dé xuit két hop mang RBF trong cic hé thdng thu tir cic gian
antenna tu diéu hop. Nguyén tic co bdn cida cac thiét bi thu nay 13 danh gid duwgc géc téi cda tin
hiéu dé loai bé dwoc céc tin hiéu tir cic huéng khéng mong mudn. Mot trong nhirng hé théng mdy
thu nhu viy dwoc trinh bay trén hinh 6 [4].

Nhin chung cac tin hiéu t&i mdy thu sé khic nhau cd vé théi gian va khong gian. Néu chi st
dung mét antenna duy nhét thi khéng thé tich dwoc cic thdng tin vé khong gian, cic thong tin niy
rat quan trong trong cic hé thdng mdy thu, dic biét 13 trong truwdng hop ma thoi gian tré khong
phdi 13 bdi s8 cia dd réng ky tw. Trén hinh 6, m4y thu bao gébm cic antenna thu cling loai, hé théng
cdc bd twong quan, mang RBF va bd quyét dinh. Gid st tin hiéu phat di 14 BPSK va nhiéu n(k)
trong kénh 13 nhi€u cong tring. Tin hiéu thu dwoc tai phin td antenna thé m 13

Sm(k) = ZSJ'(]C - (m - l)TJ') + nm(k))

=1
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sin 6
trong d6 7; = 27 2 vam=1,2,.., M. Tai diu ra thit m cda bd twong quan, tin hiéu sé c6 dang:
c .
3T
. 2 -
zm(7) = \/ T / rm (t) cos(2m f,t)dt,
(1-1)Ts

T, 1a 46 rong ky tu.

Chudi nhi
phan du doan
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Hinh 6. Hé thong thu két hop giira gidn antenna vid mang RBF
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Hinh 7. Quan hg gitta BER va ty s8 tin hiéu trén tap 4m cho 3 loai
mdy thu khic nhau

Véc to dir lidu z; xac dinh theo bi€u thirc

&y = [II(J.)’ ZZ(J-)) sy IM (J.)]T

sé dwgc 4nh xa vio cidc diém trong khéng gian quan tric M chiéu. Trong thdi gian huin luyén,
mang RBF sé tao ra mét dwdng bién giira hai ving 1&i gidi trong khong gian quan tric. Khi qué
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trinh huin luyén két thiic mang sé thwe hién viéc tdch chudi cic tin hiéu nhi phin di phit di cda
cic d6i twong st dung. Mang RBF 4p dung & day cé cu tric xi 1y tin hiéu theo 2 1ép véi P tin
hiéu vao va tin hiéu ra 13 y(k). Nhu viy mang RBF sé tao ra mdt su chuyén d8i phi tuyén tir khong
gian R? sang R bingcich két hop tuyén tinh cic haim co bin phi tuyén theo bi€u thirc

M
y(k) = g(z;) = Z wi@(”_’j - &),

trong d6 M 13 s& lwgng céc phin ti& an, z; 1a véc to vao thir 7, ¢; 13 tdm di€m cda ham RBF d&i véi
phin t& &n thi 4, ©(-) 1 hAm co ban phi tuyén, w; 14 trong s3 két ndi lién quan dén phian ti& &n thi
t va || - || 12 khodng cach Oclit. Ngudi ta thuong chon ¢(-) 1a hAim Gauxo. Khi st dung tiéu chuin
Bayes cho trudng hop niy thi bién cda 151 gidi sé 13 bé m#t phi tuyén va sé rit gin véi bé mit t51
wu. K&t qud mé phdng theo phuwong phap Monte-Carlo cho thiy cic dic tinh BER cda thiét bi cé
mang RBF sé t8t hon nhiéu so v&i cidc bd cin bing st dung thuit todn LMS va RLS.

Hinh 7 14 trich din két qud m6 phdng dic tinh BER cia may thu theo phuong phip Monte-
Carlo. Két qud cho thiy mdy thu RBF c¢é dic tinh BER t8t hon LMS va RLS.

6. KET LUAN

Mang RBF dwoc st dung réng rai trong xi& ly tin hiéu s8 va di chéng td rit hiéu qué trong
viéc loai bd nhiéu cing kénh véi cac bd loc dung thuit todn LMS va RLS. Mang RBF c6 nhiéu hira
hen trong xi 1y tin hi¢u bing réng, dic biét 1a cdc hé théng thong tin trdi phd.
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