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TOM TAT: Cdc hé théng truyén théng quang vo tuyén dimg tia hong ngogi (IR) hién
van chwa cé duwge bang thong 16m nhu cdc hé thong séng vé tuyén (RF), do dé truede day nguoi
ta van thuong ding ky thudt vo tuyé'n cho truyén thong ngodi troi ciing nhuw trong nha. Trong
khoang 10 ndam tre lai ddy tia hong ngoai dugc nghién ciu @é 1img dung cho truyén théng
ngoai troi cu ly ngdn va nhdt la truyén théng trong nha, do tia hong ngogi bi gi6i han trong
mat phong, khéng anh hwong dén cdc phong ké bén. That ra, tia hong ngogi da duwoe dimg rat
phé bién o cdc diéu khién remote nhung day la truyén theo duong thing (light of sight -LOS).

N Xy .

Khi truyén tia hong ngoai theo kiéu khuéch tan (do cé nhiéu vét can va sw phan xq) thi van de
phiic tap hon vi nhiéu va sw tan xa lam han ché bang thong cua kénh truyén va gia tang 16i bit.

O day, ching téi gioi thiéu mot bo thu (detector) hoat dong dwa trén tinh chdt trich ddc
trung da phdn giai cua phdn tich wavelet két hop véi kha ndng nhdn dang cua mang no-ron
nhdam tang hiéu qua cua kénh truyén théng IR.

1. GIOI THIEU

Anh sang hdng ngoai (IR) 12 4nh sang khong thé nhin thdy duoc bang mat thuong, c6 bude
séng khoang 700nm — 1500 nm. IR la nén tang cia cac hé théng truyén thong trong pham vi
hep, bing thong 16n (réng t6i 200 THz). IR ¢6 céc tinh chat tuong tu nhu anh sang thay dugc:
Ca hai déu bj hap thy béi cdc vét tdi, bj phan xa boi cac vat ¢6 mau sang va cdc bé mit bong
lang. Buc xa IR khong thé xuyén qua cac cAu tric mo duc nhur tuong, tran nha, pham vi truyén
bi gi6i han trong can phong. Diéu nay mang lai mt s6 kha ning bao mat nhét dinh, dong thoi
ciing cho phép sur dung lai dai tan s6 & mot phong ngay ké bén.

Truyén thong hdng ngoai trong pham vi phong bi anh hudng boi nhiéu va su tan xa. Pa )
nhiéu trong cac mdi trudng IR déu bat ngudn tir 4n sang xung quanh, do anh sang mat troi tu
nhién hoic tir cac nguén anh sang nhan tao khéac. Tén xa 1a do céc phan xa nhiéu 1an & cac vat
trong phong nhu, trin, tudng, ghé, ban ... Nguoi ta md hinh héa su tan xa thanh méo da
duong: Tin hiéu phét t6i dAu thu & cac thoi diém khéc nhau va c6 cuong d6 khdc nhau, két qua
14 1am nhoe cdc xung, dan dén can nhiéu (giao thoa) lién ky hiéu (Intersymbol Interference -
ISI). Ta khong thé ting cong suét phat dé khéc phuc cdc trd ngai nay vi s€ lam hai mit. Hé
théng IR may mén khong bi anh hudng bdi hién tugng fadin da dudng (multipath fading) nhu
& céc hé théng vo tuyén (RF). C6 duge diéu nay 12 do bude song cia IR nh so véi kich thudc
ctia bd tach song (detector).

Hinh 1 m6 ta mot mé hinh thu/phét hdng ngoai khéng cé dudng truyén truc tiép (truyén
nhin thdy — LOS). O day, bo phat va bd thu huéng thing lén trin nha, gia dinh nhu gitra hai b
thu, phat c6 mét vt ngén cach nén khéng truyén truc tiép voi nhau, bit cir tia ndo di tir déu
phat dén dau thu phai chju phan xa it nhdt mot lan.
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Hinh 1. M6 hinh truyén thong hdng ngoai khuéch tan khéng c6 dudng truyén thing nhin théy

2. TRUYEN THONG HONG NGOAI

Kiéu truyén tryc tiép dat duge hiéu qua cao nhit vi né giam thiéu kha nidng suy hao dudong
truyén va anh huéng cia cac nguon sang nhidu xung quanh. Két ndi truc tiép thuong duge sir
dung khi truyén giita céc toa nha véi nhau. Trong pham vi mgt phong do bi giéi han béi tran,
tuong, vach ngan va nhiéu vat can khac nén cach thitc truyén 14 két néi khéng tryc tiép sur
dung mot goc phat va thu réng. Con c6 trudng hop thiét bi dau cubi di déng, luc bay giv diu
phét, déu thu khéng yéu ciu phai huéng thang vao nhau khi truyén hodc nhén.

Su nhoe xung do hién tuong ISI dugc biéu dién & Hinh 2 [1][2]. O tc d6 cao, su nhoe s&
1am anh huéng dén bién d6 tin hiéu, trong truong hop nhu vy diém ldy mau tét nht 1a diém
cudi cling ctia bit, noi d6 bién d tin hiéu dat téi da.
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Hinh 2. Méo da dudng truong hop OOK ding dang xung NRZ ¢ téc dd 40 Mbps. (Cdc xung vuéng la
tin higu nguyén thity, cic xung nhon 14 tin hiéu nhén duoc ¢ dau thu)

Gia str cong suat khong bj suy giam trén dudng truyén, ning luong cia tin hiéu phat vin
dugc duy tri day du & tin hiéu thu bét chidp méo va nhiéu cong. Trong truong hop ndy kénh
truyén da dudng duoc biéu dién béi dép (g xung tuong duong h(t), 1a gié tri khong déi véi vi
tri bd phat, bo thu va cc bé mat phan xa cho trude [1][2], duge cho bdi cong thirc sau:
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Trong do:

u(t) 12 ham béc don vi (dé chi dap ing xung 13 nhan qua)

a 14 thoi gian t5i thiéu dé mot tin hiéu di tir dAu phét, phan xa tai tran nha, rdi t&i dau thu:

a= 24 (2)
véi H 1a chidu cao tir bd phét — thu dén trin nha.

Tin hiéu phan tan sé€ tiép tuc bi anh hudng boi cdc ngudn sang nhiéu ma dugc gia thiét 1a
nhidu Gauss cong N(t). Két qua 1a xuat hién thém thanh phin nhidu trong tin hiéu tai dau thu
(Hinh 3) [6]:

y(t) = x(t)* h(t) +N(b) (3)

Trong d(’)mtin hiéu phat x(t) cho bdi [6]
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Hinh 3. Nhifu vi méo da duong (xung vudng 1a tin hiéu nguyén thiy & dau phat).

Chudi {an} dién ta thong tin s6 dang dugc truyén, Sa, () dién ta mdt trong L. dang xung
v6i thoi khoang ky higu Ts. Téc do dir ligu (hay téc d9 bit) Rb, thoi khoang bit T, téc do ky
hiéu Rs, thoi khoang ky tu Ts lién hé v6i nhau nhur sau [6]:

Rb = -lf 5 Rs it " Ts =log2(L)T. (5)

5
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3. PHAN TICH WAVELET

Wavelet [6][7] la dang séng con c6 khoang thoi gian tdn tai hitu han va cé gia tri trung
binh bing 0. C6 khé nhiéu wavelet da dugc dinh nghia cho viéc phén tich tin higu, hoic ching
ta ciing c6 thé tu dinh nghia. Bo cdng cy wavelet trong Matlab [8][9] cung cip kha ddy du cac
loai wavelet va cac kha ning mé phéng, phén tich va hién thi cac tin hiéu thyuc hién bién dbi
wavelet. Trong bai bao nay ching t6i sir dung bién ddi wavelet lién tuc (CWT). Phén tich
wavelet da dugc Gmg dung réng rai va khé quen thudc nén khéng duoc téng quan & day.

4. MANG NO-RON

Mang no-ron nhan tao (ANN) la mét hé théng gdbm nhidu no-ron két néi véi nhau
[8][10][11], c6 céu triic co ban gdm ba 16p: Lop vao, 16p 4n, va 16p ra. Cé hai m hinh két néi
trong cdc mang no-ron, dé 1a md hinh két néi truyén thang va md hinh két ndi lan truyén
ngugc. Mang truyén thing nhiéu 16p 12 mang truyén tin hiéu tudn ty chuyén tiép tir 16p vao,
théng qua céc 16p an va dén 16p ra. Pay 1a mé hinh thudng duoc sir dung nhét. Ludt hoc tong
quét c6 thé phan ra lam ba dang d6 14 hoc gidm sat, hoc khéng gidm sat va hoc ting cudng.
Trong dang hoc gidm sit, mang dugc cung cép cic cip vao ra mong muén tai mdi thai didm
hoc dé bao mang hiéu din dén hanh xi dung. Trong dang hoc khéng gidm sat, mang duoc
cung cdp cdc mau vio nhung khéng dugc cung cip céc ngd ra mong muodn, mang s€ tu kham
phé véi cac miu vao mong mudn dé tim cho né ngd ra thich hop. Hoc tang cudng ciing la
dang hoc gidm sét, tuy nhién tin hiéu ra mong mudn cua mang dugc danh gid la dung hoic sai.
Mang no-ron ciing da kha quen thudc, & diy ching toi chi sur dung chir khéng nghién ctu gi
thém nén khéng di vao chi tiét.

5. MO PHONG HE THONG THU PHAT HONG NGOAI KHUECH TAN

Phan nay sé& trinh bay cic m6 hinh md phong hé théng thu/phat héng ngoai khuéch tan
. trong nha (Hinh 4).

: - — ! [
! |Chubi tin hiéu vaon| [ Ldy |i ! [Taoméo da duong,| |
| bit (OOK-NRZ, RZ-—» méu [H—'»  cong nhidu i
i| 8 L-PPM): x(t) 1' i x(t)*h(t) + N(t) [
: : |
. X s L. =7
Khéi phat Kénh truyén
y(t)
s e TR S ety !
| 1 1 r : |
| i Trich ddc | i Mohinh |
| trung ; i nhéan dang | I
. P : ! L 92
| .| Phantich |} [ Mang |: [ Dd : Trinh bay
bl wavelet | | No-ron |} ngudng ! ket qua
I = 1 | —— ! I
SRS I it SO |
Khéi thu

Hinh 4.H¢ théng phit - truyén — thu




TAP CHi PHAT TRIEN KH&CN, TAP 11, S0 05 - 2008

Bo thu vai su ket hop ctia phan tich wavelet va mang no-ron s& trich ddc trung va nhdn
dang tin hiéu ban déu tir chudi tin hiéu bi méo da dudong va nhleu Chung t6i da st dung nhiéu
cach didu ché khac nhau, nhiéu loai wavelet v6i cac tham s ti 18 va dich chuyén khac nhau dé
trich dic trung da phan giai thoi gian - tan s6 ciia tin hiéu, , mang no-ron ciing duoc thay doi
v6i nhiéu cau tric (so 16p, s6 no-ron), ham huén luyén, s6 thé hé hudn luyén khéc nhau dé
nhén dang tin hiéu nhim tim ra md hinh tdi wu cho timg trudng hop cu thé.

Hé théng dugc mod phong va thue hién trén Matlab. Tin hiéu vao 1a mot chubi dir liéu (tin
hiéu) lién tuc, dugc didu ché theo so dd OOK-NRZ (On-Off Keying Non-Return-to-Zero) [1],

OOK RZ-8 (OOK Return-to-Zero), hogc L-PPM (Pulse Position Modulation). Chudi dir liéu
sau do bi tac dong bdi méo da duong (nhén chép voi dap {mg xung h(t) twong duong cia moi
truong) (2], va tiép tuc bi anh huong boi nhiéu tir cac nguon sing xung quanh (cong thém
nhiéu Gauss) [1]. Sau khi diéu ché va chiu cac tic dong ctia mdi truong truyén, chudi dir liéu
dugc dua dén ngd vao cia bd thu. O ddy, n6 dugc dua qua bd phan tich wavelet de trich céc hé
s6 dac trung, r6i dua dén cac ngd vao mang no-ron. Hinh 8 12 luu db giai thuat téng quat.

Mb hinh mang no-ron ding nhidu c4u triic khéc nhau, dugc huan luyén dé phét hién dung
gia tri chudi dit liéu ban dau tir chudi dir lidu di bi méo da duong va nhleu Vi du, mét mang
no-ron dugc chon dé mé phong ¢6 176 no-ron, chia 1am 4 16p, bao gdm 75 no-ron & 16p dau,
50 no-ron & 16p thir hai va thir ba, 1 no-ron & 16p cubi cung. Thuét toan huén luyén dua trén
Conjugate Gradient with Powell-Beale restart (tramcgb) Maéi 16p ding mét ham tac dong khac
nhau, ham téc dong cia 16p thir nhét la Tan-Sigmoid, cta 16p thir hai la tuyén tinh, cia 16p thi
ba va thir tu 1a Log- -Sigmoid cung cép gié tri ngd ra nim trong khoang tir 0 téi 1. Ngd ra nay
tiép tuc qua mot bo do ngudng va s€ dugc gan gia trj 1a “1” néu >0.5 va “0” néu <0.5. Cudi
clng 1a qud trinh kiém tra két qua (so sanh tin hiéu thu dugc véi tin hiéu (dir liéu) ban dau, xé4c
dinh sb bit 151, vi tri bit 13i, tinh ti 1& 18i bit (BER).

Luu d6 giai thuét tdng quat ciia chuong trinh duge trinh bay ¢ Hinh 5.
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Hinh 5. Luu d6 giai thudt tong quat cia chuong trinh md phong
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5.1.Céc két qua

Sau diy la mot s6 man hinh md phong qua trinh didu ché chudi tin hiéu, tac dong clia mdi
truong (tao méo da dudng + nhiéu), trich dic trung (phén tich wavelet), huin luyén va nhén
dang (mang no-ron), do ngudng, va trinh bay két qua.

il

-w Ms

Didu ché chudi tin hiéu OOK NRZ, méo da duong+nhiéu
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P e ST N M SRS S Y A

So sanh dit lidu phat va thu dugc

Két qua (100 bit RZ [1 1/4, epochs = 500)
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5.2.Nhén xét

Tir céc két qua thuc hién duge qua md phong (do gidi han khéng gian ciia bai nén céc
bang nay khéng dugc néu ra & diy), ching t6i rit ra mét sé nhéan xét sau:

Céc wavelets Db2, Coif4 [1], Haar (phan thém cta chung t6i) ¢6 dang twong déi gan ging
v6i dang tin hiéu cén phén tich, tao diéu kién cho mang no-ron nhan dang chinh xac hon véi
céc hé s6 duoc cung cp tir viéc phén tich cdc waveles nay. Sé hé s ti 1é (scale) phai duoc
chon vira du, néu chon qua it (10 scale trd xuéng) thi két qua nhan dang ctia mang no-ron sau
do sé cho do chinh xac khéng cao, hodc qua nhidu (100 scale trd 1én) s& mat nhiéu thoi gian
huén luyén. Tir thuc nghiém chung t6i chon sb scale khoang 40 (2:2:80).

S6 16p no-ron va sé no-ron trong mdi 16p (cdu tric mang no-ron) ciing phai dugc chon vira
di dé két qua nhan dang c6 d6 chinh xdc cao. Tir thyc nghiém ching t61 chon mang no-ron voi
céc cu tric sau: 75:50:50:1. Két qua khong bi anh hudéng néu sb no-ron trong céc 16p cia céu
tric trén giam it, vi du:, 75:30:20:1 nhung s& anh huéng déng ké néu s6 no-ron trong cac 16p
giam nhiéu, vi du, 75:5:5:1 hay s6 16p bi gidm (3 16p tr& xubng), vi dy, 75:50:1 hoic ting (6
16p tro 1én), vi dy, 75:50:50:50:50:1. S6 thé hé hudn luyén (epoch) tét nhit nim trong khoang
250 — 750 dé tranh trudng hop hudn luyén khong héi tu duge. Ham hudn Iuyén dugc chon 1a
traincgb, riéng trudng hop OOK NRZ néu chon ham huin luyén la trainrp sé& giam bét duoc
thoi gian hudn luyén va cho do chinh xac cao hon.

Chuong trinh mé phéng tin hiéu mg véi 3 diéu ché khac nhau, ngoai diéu ché co ban
OOK-NRZ [1], ching t6i con dua ra thém hai diéu ché khdc (OOK RZ-1/2 va 4-PPM) la
nhimg so dd duoc img dung nhidu hon trong thue té. Tin hidu dugc mé phéng truyén & cdc toc
do khac nhau (40 Mbps, 20 Mbps, 10 Mbps) véi 2 truong hop (truyén thing — LOS va khuéch
tin). Bén canh muc dich chinh la khao sat trudng hop tin hiéu truyén khuéch tén trong phong,
ching t6i khao sat thém truong hop truyén théng (tin hiéu khong bi anh huéng béi méo da
dudng, chi bj anh hudng boi nhiéu tir méi truong xung quanh), & truong hop nay mang no-ron
cho ket qua hoi tu rat nhanh (chi cin huén luyén qua khoéng 150 dén 300 thé hé), va cho két
qua qhén dang rat tot (BER = 0) trong truong hop tin hiéu dugc phéan tich v&i bat cir wavelet
nao. O trudng hop khuéch tan, ching t6i chon chudi tin higu véi chidu dai 100 bit (c6 thé chon
nhiéu hogc it hon tuy theo cAu hinh cua méy tinh ding dé m6 phong) va két qua sai s6 la
khoang vai phan tram (BER 0.02 dén 0.1). Dé chwong trinh thuc hién duge hiéu qua, may phai
¢6 céu hinh cao.

6. KET LUAN

Céc hé thong truyén thong khong ddy hong ngoai (IR) di cung cp mot su bd sung quan
trong cho céc hé théng truyén thong sir dung séng v6 tuyén (RF), dic biét 1a cac hé théng yéu
ciu gid thanh thép, tdc do truyén dir liéu cao, va hoat dong trong pham vi ngén nhu cic bd didu
khién tir xa, céc thiét bi di dong, mang LAN khong day,... Bai bio dd dua ra mdt md hinh bod
thu hoat dong dwa trén sy két hop tinh chét trich dic trung da phan giai thoi gian - tin sb cla
phéan tich wavelet v6i kha ning nhan dang ciia mang no-ron dé tach soéng tir tin hiéu hong
ngoai b méo da duong va nhiu trong truyén théng hong ngoai khuéch tén trong nha.

Véi nhiéu so dd diéu ché tin hiéu, nhidu wavelet dugc thir nghiém, va no-ron véi nhiéu
yéu té thay déi, chiing t6i ¢6 thé so sanh hiéu qua cia timg td hop.

Ta co thé ding phan tich da phan giai dya trén bién déi wavelet rdi rac (DWT) thay vi
bién ddi wavelet lién tuc (CWT) nhu dung & ddy. Ciing can néi thém la viée sir dung bd cin
bing (equalizer) & ddu thu va co ché mé héa tin hiéu Ia hai cach dé giam BER nhung khong
thudc ndi dung nghién ciru cia bai bio nay.
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SIGNAL DETECTION IN WIRELESS IR COMMUNICATIONS

Dinh Quang Tuyen”, Nguyen Huu Phuong®
(1) University of Industry of HoChiMinh City
(2) University of Natural Sciences, VNU-HCM

ABSTRACT: At present, optical wireless communication systems using Infrared (IR)
do not enjoy large frequency bands as the RF systems. Thus, the RF techniques have been
poprilar for both outdoor and indoor communications. Over the last decade or so the IR has
been studied rather extensively for indoor applications because the light is limited within a
room, wherely not interfering with the communications in nearby rooms, and allowing an
effective frequency reuse. On the contrary, due to the presence of many obstacles and
reflections, the IR communication suffers from the narrowing of the bandwidth and increasing
the BER.

This paper presents a signal detector working on the feature extraction capability of
the wavelet multiresolution analysis, and the recognition capability of the ANN in order to
increase the effetiveness of the IR channel. With various signal modulation schemes, different
wavelets, and an ANN having variable factors used in our extensive computer simulation, the
effectiveness of each combination can be judged.Using of encoding schemes and equalizers to
reduce the system BER is not considered in this study.
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