TAP CHi PHAT TRIEN KH&CN, TAP 20, S0 T4- 2017

Ti 1¢ 16i bit cua h¢ thong DCO-OFDM qua
kénh truyén phan xa khuéch tan

e DPing Lé Khoa

e  Huynh Quéc Anh

e Nguyén Vii Linh

e Nguyén Hiru Phuong

Truong Pai hoc Khoa hoc Tu nhién, PHQG-HCM

e Hiroshi Ochi
Kyushu Institute of Technology, Japan

TOM TAT

Ky thudt thém dién thé nén DC cho tin hiéu
OFDM dwoc goi la DCO-OFDM dwoc st dung
phé bién trong hé thong truyén thong khéong day
quang. Trong bdi bdo nay, ching t6i lan dau tién
trinh bay phwong phdp xdc dinh ti 1é 16i bit
(BER) cho hé thong DCO-OFDM qua kénh

Tir khéa: DCO-OFDM, khdng day quang, ¢ Ié 1i bit,

MO PAU

Truyén théng khong day quang 1a mét tng
vién tiém ning cho mang truyén théng khong day
thé hé tha 5 (5G) [1]. Hién nay, nhiéu hé thong
khong day quang dang duoc dau tu nghién ciu
va c6 thé dat t6i tc do vai traim Mb/s [2]. Puong
truyén khong day quang bi suy hao va phan xa
khuéch tan (diffuse reflection) twong tu nhu hién
tuong truyén da duong trong truyén song dién ti.
Khi d6, ky thuat OFDM duoc st dung dé gui
ludng dit liéu & téc do cao. Do tin hiéu dit vao
cac LED phai thyc va khdng &m, nén ky thuat
OFDM can phai c¢6 nhiing cai tién. Nhiéu ky
thuat dugc dé& xuat nhu cong thém dién thé nén
mot chidu (DCO-OFDM), xén di xing (ACO-
OFDM), phan cyc vong (CPO-OFDM), va sip
xép cac dir liu dé tao tin hiéu don cuc (U-
OFDM) [3, 4]. Trong do, hai ky thuat duogc quan
tam 1a DCO-OFDM do cau trac don gian va
ACO-OFDM do hiéu suat sir dung cng suét cao.
Céc nghién ctru trudc ddy di quan tim dén chit
luong, toc do, dai dong, va dang tin hiéu cua hé

truyén phan xa khuéch tan bang phiong phép sé.
Phwong trinh xdc dinh ti I1¢ 16i bit dwa trén phan
tich ham mat d¢ xdc xudt cia véi gidi dinh kénh
truyén c6 phdan phé Rician. Mé hinh mé phong
diwge dé xudt, va két qua mé phong cho thdy phii
hop véi phan tich 1y thuyét.

phdn xa khuéch tin

théng OFDM khéng day quang [5-7]. Phan 16n
nghién ctu ndy tap trung vao kénh truyén
AWGN. Tuy nhién, kénh truyén khong day
quang trong thuc té s& bi anh huéng cua phan xa
khuéch tan [8-11]. Hién nay, c6 nhidu dé xuat
khéc nhau cho mé hinh kénh truyén quang khong
day. D6i v6i méi truong truyén trong nha, phan
bé Rician c6 thé dugc sir dung dé md hinh kénh
khong day quang [12]. Bai bao nay tap trung xay
dung cac phuong trinh xac dinh ti ¢ 13i bit bang
phuong phap sé cho hé théng DCO-OFDM qua
kénh truyén phan xa khuéch tan.
MO HiNH HE THONG

Goi D(i) la cac bit dit liéu ddu vao, cac bit
nay s€ anh xa chom sao thanh ky hiéu X (k).
Cac ky hiéu phtc dugc tao ra tir chom sao M-
PAM, BPSK, QPSK hoiac M-QAM s& duoc ghép
thanh mot cau tric nhat dinh X . Do tin hiéu
mién thoi gian duoc str dung dé diéu chinh cuong
d6 cua LED nén céc tin hiéu ndy phai thuc va
dwong trude khi diéu chinh cuong do LED [13].
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C6 nhiéu phuong phap dé tao tin hiéu thuc va
khong am. Phuong phép thém DC kha pho bién.
Tét ca song mang déu dugc diéu bién trir tan sé
bang khdng, tin s nay s& 1a dién thé nén DC. Tin
hiéu nay sé bi xén phan am dé tr¢ thanh dang don
cuc va thyc hién diéu bién cuong do dé tao thanh
séng quang [14]. Vi tin hiégu OFDM c6 ti sb
PAPR cao nén yéu cau dién thé DC y,4, da lén.
Trong thyc té, tin hiéu nay dugc xén bot dé giam
dién thé DC. Cong suat tin hiéu & mién quang
Ropty Phu thudc vao cong suat nén R, pi.s boi
phuong trinh:

2
Peopty = Prxpias = 7dc 1)

Tin hiéu sau khi ghép theo mét ciu tric
DCO-OFDM dugc thuc hién bién ddi Fourier roi
rac nguoc (IFFT) dé tao thanh tin hiéu & mién
thoi gian. Sau dé, khoang tién t6 vong dwoc thém
vao dé d¢am bao tin hiéu khéng bi can nhiéu lién
ky hiéu (1S1). Khdi chuyén tir ludng cuc sang don
cuc & hé thbng DCO-OFDM la thém mot dién thé
DC truéc khi xén cac phan am cua tin hiéu. Bé
dam bao tin hiéu vao nam trong dai hoat dong
cua LED (light-emitting diode), céc tin hiéu nay
dugc xén bai mot ngudng xac dinh. Anh huong
cua xén dén dau thu bang cach gia st tin hiéu

s"(n) dugc chuyén thanh ludng cuc s (n). Lic
nay, tin hiéu phat dugc biéu dién boi phuong
trinh [6]:

s (n)=as® (t)+d,(t), @)

Vi @ =R (0)/ R (0), Ry & ham
twong quan chéo cua tin hiéu Sg P va s, Reenp
la ham tu twong quan cua tin hiéu s® véi do
dich thoi gian 1a 0, d,(t) 1a thanh phan méo dang
do xén. Ddng thoi do ham chuyén cua LED la
khong tuyén tinh véi tin hiéu vao, nén bo tién
méo dang duoc sir dung dé dam bao su tuyén tin
cua tin hiéu ra s(t) so vai tin hiéu hiéu vao
s."(n) [15]. Tin hiéu ra véi anh hudng cia xén
duoc dién béi phwong trinh [6]:

S(t) = S(l:m (t)+ P‘I’x,bias ) (3)

V6i By pias 12 €ONG SUAL Nén cua LED. Dit lidu sb
dugc qua bd chuyén doi sé sang twong tu (DAC)
dé tao thanh tin hiéu twong ty va diéu khién
cuong do sang cua LED. Cac DAC dugc thiét lap
sao cho dau ra phu hop véi pham vi hoat dong
cia LED. Hé théng OFDM khéng day quang
duoc md ta nhu Hinh 1.
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Hinh 1. M6 hinh h¢ théng OFDM khéng day quang

Tai dau thu, r'"(t) 1a dong tuc thoi sau
photodetector va ti 1& thuan voi téng cong suat
thu duoc:

r (t) = Reps(t) * h(t) +n(t), (4)

voi Rpp 1a dap (ng cua photodetector, * I3 tich
chap, h(t) 1a dap Gng cua kénh truyén quang,
n(t) 1a nhidu nhiét va nhidu tir céc ngudn khéc
dugc gia dinh 1a nhiéu AWGN. h(t) c6 thé mo
hinh boi phan bb dang Rician gdm duong truyén
thing va duong phan xa khuéch téan [12, 16]. Tin
hieu r'"(t) dwoc ldy miu dé chuyén sang sé
r'"(n) . Sau do, tin hiéu nay duoc chuyén thanh
tin hiéu ludng cuc va loai tién t6 vong. Di liéu
sau khi bién d6i FFT dugc cho bai:

X (f)=RppH(F)S(f)+N(f), ®)

v6i H(f), S(f), N(f) la bién dbi Fourier ctia
h(t), s(t) va n(t). Gia sir, & dau thu udc lugng
chinh ?céc kénh truyén, tin hiéu & dau thu duoc
tach bang thuat toan ép khong (ZF) nhu phuong
trinh:

X =S(f)+(RepH(F)) " N(f). (6)

Céc ky hiéu mang thong tin X (k) c6 duoc
bang cach chon cac vi tri mang thdng tin theo cu
tric DCO-OFDM.

Ti LE LOI BIT CUA HE THONG DCO-
OFDM

Do gigi han cdng suit LED phat ciing nhu dé
bao vé mit, c4c tin hieu DCO-OFDM trong hé
thong khong day quang bi xén boi mot ham dwgc
mo ta boi:

DCO DCO
Aot X< Ay~ <0
DCO DCO
Pbco (X) = X, Abot X< op ! (7)
DCO DCO
op X> Pygp

voi Ab%(t:o 14 ngudng xén dudi cia tin hiéu, X 1a
tin hiéu OFDM tirc thoi, va Ags® 1a ngudng xén
trén cua tin hiéu. Ham phan b cua tin hi¢u DCO-
OFDM ciing giong nhu tin hi¢u thong thuong va
tuan theo phan bo Gaussian dugc dien ta boi
phuong trinh:

X2

L o™ (®)

foco (X) = ———= ,
DCO() W
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. HDCO 1+ . % 1 oco : peo 2
v6i B 1a cong suat trung binh cua tin higu AT poco_L *Z;wd T, 1 ;
N , . o XAt —me5 € X + J X e X
DCO-OFDM va dugc xac dinh boi: 1 J o pbee a0 RO
ot

o=
N -2 R | 1
PSDCO :—( N )’PS . 9) + J. XAps© 50 © 2R dx

DCO
Ao

\ 11
Dinh ly Bussgang [17] dugc str dung d€ phén tinh (1)
cho hé thong D?O—OFDM gom h¢ so tuortl)%oquan St dung phuong php tich phan timg phén va déi
pco > cOng suat sau khi xén tin hiu B, va bién so, gid tri & dugc xac dinh bai:

cong suat méo dang DCDCO. Gia tri o lac nay sé
1a: = Eerfc(ybot) erfc(ytop) (12)

XZ

17 1 e N
@= o [Poco () —zze o (10 v gy = A 1J2RP v
S —o0 s
DCO
Yiop =Atop/,/2795 :

Cong suét tin hiéu sau khi xén dugc tinh bai
phuong trinh (19).

RP% ~VAR(S™ (M) = (s (n)2) - (s () (13)

Tich phan trén c6 thé duogc tach thanh ba tich
phan:

2 2 2

0 X 0 X
7%Dco _ HDDCO(X)‘Z 1 e 2RPC0 dx — J‘pDCO(X);e 2P 4 | 14

J {2 2P, DCO J {2 2P DCO

Str dung cac phuong phap tinh tich phan timg phin va ddi bién sd, 730DCO duogc xac dinh

PPCO _ Voot o(~7ar) _ Tiop _(~75p)

= 7b0terfc( Yoot) T = ——¢€ += 5 erfC(7bot) erfC(7/top)
. i . (15)
2 -2
+ 7t%perfc(7top) - E Yoot €fC(=7pot ) + ; [e( o) e( 7ip) jl + ytoperfco/bot )-
Cong suit méo dang do xén trong hé théng DCO-OFDM la:
DDCO _ PDCO —C(ZPDCO _ GDCOPDCO (16)
C —’c S - S ’
voi GPO° duoc xac dinh:
2
G = yluerfo(~a) + “—f‘”e”fm) T gl i) ; erC(fhet) > ere(zip)
i i 17)

1 (~7) _ p7ip) 2
+7/toperfc(7/t0p) 7boterfc( 7bot)+ g i —e +7toperfc(7bot)_a .
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Chat lugng cua hé théng phu thudc vao ti sé
cdng suét tin hiéu trén cong suit nhidu do méo
dang va cong suét nhidu AWGN nhu sau [6]:

azps(elec) /GB
DCDCO+ GBZ'/\[ ’
Reph“Gpc

(18)

SNDRp¢o =

Vi Relecy 1a cOng sudt dién, Gg la do loi vé
bang thong, Gp: la suy hao cong suét ¢o ich do
thém dién thé nén PRy, i, - Trong h¢ thong DCO-
OFDM, hé s6 Gpc dugce x4c dinh boi:

73s(elec)

N LR (19)
2
7)s(elec) + Yde

GDC =

Khi d6, néu gia st kénh truyén chi c6 duong
LOS, nhiéu cua hé théng chi 1a AWGN. Lic nay,
kénh truyén h 13 hing s va c6 thé gia dinh
Reph?=1. Ti ¢ 13i bit cia h¢ théng dwoc xac
dinh qua ti s6 tin hiéu trén nhidu va méo dang
SNDR do xén duogc xac dinh bai:

(20)

GBN '

DC

G DCOPSDCO +

Néu goi 77 14 ti s tin hiéu trén nhiu va méo
SNDR tirc thoi sau khi qua kénh truyén co dap
tmg h(t) va nhidu cong, 77 s& co dang:

&? PP, _ a?p, o)

p,D,0C0 +GBN D,Peo Gg NV e
c~c T e
[ e poco g pbCo

(21)

o 2 0y A Ao o Nt a1
voi pg = |h(t)| la cong suat tirc thoi cua tin hiéu.
Ti sb tin hiéu trén nhiéu cta hé théng duoc xac
dinh:

PSDCO ES Eb
=—%=log, (M)—=, 22
N N 92 (M) N, (22)

v6i M 14 sb mitc didu bién, va E, / N, 1a ti s6
ning luong bit trén ning luong nhiéu ctia kénh
truyén AWGN khi chua xén. 77 dugc viét lai nhu
Sau:
2
ap

p.G pco , ©8No

GDC Es

Ti 16 151 bit cua hé théng phu thudc vao ham mat

dd xéac sut cua tin hiéu bi xén qua kénh truyén.

Ham nay c6 thé dugc tinh bang cach sir dung bo

dé duoc dé xuit boi [18]. Trudce hét, bién thanh
p. mot ham cta g(77) :

_ n
GocEs (a® —~GPp)
GgNo

Pe =0, (). (24)

Do p, la cong suit tirc thoi ( p, > 0) nén diéu

kién ciia 7 12 0<77<a® 1GP° . Ham mat do

xac suat cua 5 dugc cho boi:

dg . (17) 2
URACHD) L

(25)

voi fy 1a ham mat do xac xudt cia p, . Trong
hé thong truyén thong khong day quang, p. co

thé dugc mo hinh theo phan bd Rician nén fo

cho bai phuong trinh:
(K+1)p,
(K1) {5
f = e ' lgl 2
Pe ( pc ) 73r 0 pC 7)r
(26)

voi K 1a ti sb cua duong LOS véi cac dudng
NLOS, I, 1a ham Bessel bac 0 loai 1, va P, la
cong suit trung binh cua kénh truyén. Ham mat
d06 xéc sut ciia 1] khi qua kénh truyén Rician:
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(K+1)n K
2 ) GpcEs( 2 Gbco ‘
a® (K+1) ﬁw(“ ~G")
£, ()= el G lo| 2 ,
" D GpcEs ol —GDCO;;)Z D 77)
r GB NO r
@7)
az ~ \ . s
voi 0<n <—F5-5. Til¢ 16i bit qua kénh truyén c6 ham mat do xac suat f, (») duoc tinh bang cong
thirc [19]:

BER = [BERwwen (7) T, (7)dn.
0

Ti 1& 13i bit ctia hé thing DCO-OFDM dugc xac dinh bang cach thay f, (77) vao phuong trinh trén.

o2 (K+1)p
G 2 | 5 GocEs( 2 =beo K
a (K +1) R GgN, (a -G '7)
BER = [ {BERuon (7)—5—¢ .
0 DC S((ZZ—GDCOU)
>
Gg Ny
K(K+1
xly 2 | < T (K+1) dn.
p BocEs (2 gpeo
\I r GeN, ( n)

Thuc hién thay ham Bessel cai tién, phuong trinh trén dugc viét lai nhu sau:

o2 | (K+1)n
G 2 K 41 pGDcEs(azienco,])JrK
BERpco :J BERanen (7) o (K+1) el Gl
2 RS0t (52 _gocoy)
B0
nK(K+1) cosu

1 z RGDCES(!XZ_GDCOV)
xz— Ie GeMNo dudn.

a4 -

(28)

(29)

(30)

Dé xac dinh ti 18 13i bit bing phwong phap  16p. Piéu ndy c6 thé thuc hién d& dang biang su
sd, ti 1¢ 15i bit qua kénh truyén AWGN dugc thay  hd trg ctia cac phan mém hién nay [20]. Thi du, ti
bang phép tinh tich phan. Khi do, ti 1& 15i bit 1 15i bit tin hiéu QPSK (M =4) dugc xac dinh

duogc xac dinh théng qua phép tinh tich phan 3 b&i phuong trinh:
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1 o (K +1)
%2 2n\m P 2GpcEy (aéco _GDcon)2
T 0 G N
BERGco. = I I I o dtdudz. (31)
0-7[n ) (K+1)y | nK(K+1)
- |t LK [+2 cosu
2 PrZ(G-J.l:i,C\lfb(aéCO _GDcoﬂ) ¢7,r ZEEE? (B0 -G %)
xe
KET QUA MO PHONG khi st dung hé sé xén Iy tuong. Két qua mo

Hé thdng s dung 1024 séng mang con,
trong d6 sb séng mang chira théng tin 1a 511,
khoang bao vé 1a 2. Hinh 2 13 BER cua hé théng
DCO-OFDM qua kénh truyén AWGN véi cac hé
s6 xén khac nhau. Truong hop 1y twong, hé thdng
€6 cac h¢ 6 XéNn 13 o =—00 VA ) = oo
Truong hop tha nhat (case 1), tha hai (case 2), va
thir ba (case 3) hé thong c6 cac hé sé xén tuong
ung  la oy =-102 va 4 =82,
Yoot = —L35 VA& 40 = 4,73, Ypor = —2,25 Va
Yiop = 2,25 Trong do, truong hop thr 3 dugc
xem la truong hop 1y tudng trong thuc nghiém.
Két qua mod phong tuwong thich tét véi cac
phuong trinh xac dinh BER tai cac hé sb xén
khéac nhau. Két qua cho thay hé thong cua truong
hop 1y tuong cho két qua tét nhat. Tuy vay,
truong hop thir ba 1a tdi wu do ¢6 y nghia thyc
nghiém va BER thép hon so vdi cac truong hop
con lai. Trong trudng hop chon duoc hé s6 xén
t6i wu, anh huéng cia xén tin higu 1a khong dang
ké. Viéc chon cac hé sé xén khac nhau anh huéng
nghiém trong dén chat luong hé thdng. Vi du
E, /N, =15dB, truong hop tha 3 c6 BER la
3x10 *, trong khi truong hop thir hai va thir
nhat c6 ti 1& 15i bit twong Gng 1a 2x103, va
7x10 2. Khi tang E, / N, thi chat lugng cang
c6 su khac biét dang ké gitra cac hé s6 xén khéc
nhau do anh huong cua nhiéu xén khong doi,
trong khi nhiéu do cic anh huéng khéac giam.
Chit lwong cua hé théng kém hon so véi kénh
truyén AWGN ¢ Hinh 2. Biéu nay cho thay hién
tuong phan xa khéch tan 1am giam chét luong hé
thdng. Hinh 3 khao sat ti 1& 15i bit cua hé théng
DCO-OFDM tai cac truong hop K khac nhau

phong phi hop hoan toan véi cac hé sé K khac
nhau. Khi dau thu di chuyén xa dau phét hé sb
K s& giam nhanh chéng va 1am giam chit luong
hé théng. Tai E, /N, =20 dB, ti I¢ 18i bit tai vi
tri K=1s&1a10 2 vakhi K =10 1a10*.

Bit Error Rate

0 é 1‘0 1‘5 ) io 2‘5

Eb/No (dB)

Hinh 2. BER ciia h¢ thong DCO-OFDM qua kénh
truyén AWGN

Bit Error Rate

20 25

0 5 10

15
Eb/No (dB)

Hinh 3. BER ciia h¢ théng DCO-OFDM qua kénh
truyén phan xa khuéch tan.
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KET LUAN

Bai bao nay da xay dung cdng thirc xac dinh
ti 1& 16i bit cua tin hieu DCO-OFDM qua kénh
phan xa khuéch tan. Két qua mé phong phu hop
hoan toan véi cac cong thuc tai cac hé sé cit va
hé s K . Cac cdng thirc nay gitip xac dinh chat
luong cua hé théng DCO-OFDM. Ti 1¢ 15 bit s&
tang dang ké khi chon hé sb cat khéng chinh xéac
hoic khi di chuyén dau thu phat ra xa. Phuong
trinh xac dinh BER duoc xay dung dua trén ham
mat d6 phd cong suat cua tin hiéu bi xén qua

kénh truyén fading. Cong thirc xac dinh ti I¢ 16i
bit can tinh tich phan 3 16p nhung ching c6 thé
duoc thuc hién dé dang véi du hd trg cua cac
phan mém hién nay. Hién nay, ching toi dang
mé rong viéc phan tich ti & 18 bit cho cac hé
thdng MIMO-OFDM

Loi cam on: Nghién ciru nay duwoc tai tro boi
DBai hoc Quoc gia Thanh pho Ho Chi Minh
(VNU-HCM) trong khuén kho dé tai md so
C2014-18-05.
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ABSTRACT

The technique named DC biased orthogonal
frequency division multiplexing (DCO-OFDM) is
the most popular method in optical wireless
communication system. In this article, we
describe for the first time an exact numerical

computation for the bit error rate (BER) of DCO-
OFDM over an indoor diffuse link. The
simulation model is also provided, and
simulation results showed a good agreement with
theoretical analysis.

Keywords: DCO-OFDM, optical wireless, bit error rate, diffuse link
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